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Abstract

Virtual reality technology provides a new method-
ology for visualization with realistic sensation, and
has attracted special interests of human interface,
visual communication communities. The key is-
sue there is how to represent and reconstruct hu-
man naturally and realistically. Accordingly, recent
study of facial expression has been received grow-
ing attention and intensively investigated. In this
paper, We propose a hybrid approach to Live fa-
cial expression generation based on mixed reality.
We first propose a novel approach to mixed real-
ity, we call Augmented Virtuality, which enhances
and augments the reality of complex and delicate
live motions of the object in the virtual space, by
projecting portions of live video images observing
the deformation and motion of the object onto the
surface of its static CG model. We also propose a
new method of adapting color properties for smooth
merging of real and virtual spaces, and also propose
a new method of extraction of the region effective
for merging, based on the optical flow analysis of
both range and color images in which in the vir-
tual space, shape and texture changes are observed.
We apply this technique to real time generation of
realistic eye expression. We then propose the ho-
motopy sweep method for surface deformation us-
ing 3D control vectors, and apply this technique to
the animation of mouth/lips expression. Our ap-
proach has the advantages of descripting the geo-
metric shapes and the deformation of circular mus-
cle simply, and of reconstructing realistic deforma-
tion efficiently. Experimental results demonstrate
the effectiveness of the proposed hybrid approach
in representive and visualizing live facial expression
in real time.

1 Introduction

Virtual reality technology provides a new method-
ology for visualization with realistic sensation, and
has attracted special interests of human interface,
visual communication communities. The key is-
sue there is how to represent and reconstruct hu-
man naturally and realistically. Accordingly, recent
study of facial expression has been received growing

attention and intensively investigated in the field of
human interface, computer vision, and psychology.

Generally, facial expression are generated by de-
formation of facial muscles such orbicularis oris,
orbicularis oculll, and venter frontalls. Many pre-
viously proposed approaches [7, 8, 9] for the fa-
cial expression problem, have been based on the
analysis of facial feature points such as Facial Ac-
tion Cording System(FACS). And facial expres-
sions have been generated by deforming the face
wireframe model according to the displacement of
such feature points. However, individual structure
of every different facial muscle and its delicate and
complex motions have not been described correctly
and efficiently with such feature points.

In this paper, we propose a novel approach to live
facial expression generation based on mixed reality,
which merges live video images in a 3D face CG
model to represent and reconstruct the fine details
of live facial expression.

First, we propose a novel approach to mixed re-
ality, we call Augmented Virtuality(AV), which en-
hances and augments the reality of complex and
delicate live motions in the virtual space, by pro-
Jjecting portions of live video images which observes
the deformation and motion of the object, onto the
surface of its static CG (Wireframe) model.

We apply this technique to real time eye expres-
sion generation. Consequently, live eye expressions
are realized and visualized in real time in the vir-
tual space by continuously projecting video images
onto the 3D face model.

Next, we propose a smooth surface deformation
method based on the homotopy sweep technique,
which deforms a surface by interpolating contin-
uous transition between coarsely sampled time-
varying cross-section contours with three dimen-
sional velocity vectors.

The homotopy sweep method was originally pro-
posed for solid surface generation using the con-
tinuous transition among a set of two cross-section
contours, where the three dimensional shape and
volume are described as a “swept volume” of two
dimensional cross-section contours along a space
curve called a trajectory. In this work, we extend
the homotopy sweep method to surface deforma-
tion by replacing “the space-trajectory” by “time-
trajectory”. We then successfully apply the pro-

- 146 -



posed method to real time animation of mouth/lips
expression. Our approach to adapt the homotopy
sweep method, is based on that mouth/lips expres-
sion 1s composed of deformation of circular muscle
around the mouth and these muscles can be mod-
eled as a set of closed contours.

Experimental results show the effectiveness and
feasibility of the proposed approach to live facial
expression generation in realtime.

2 Image (Projection) - based
Eye Expression Generation

2.1 Representing and Visualizing
Live Motions with Augmented
Virtuality

In this section, we introduce a novel approach to
mixed reality, we call Augmented Virtuality(AV),
which enhances and augments the reality of com-
plex and delicate live motions in the virtual space,
by projecting portions of live video images which
are observing the deformation and motion of the
object, onto the surface of its static CG (Wire-
frame) model.

This technique extends the use of real image to
the dynamic region, and releases the complexity of
3D modeling to represent live motion of the object,
and also provides to present the stereoscopic im-
ages from arbitrary directions. First, we extract
merging regions from the video images which ob-
serve live motions, that is, effective for merging,
based on the optical flow analysis of both range
and color real images. We then adapt properties
of color texture image of the CG model to that of
the merging region, according to the changes in the
color values of the corresponding regions. This pro-
cess decreases the contrast along the boundary of
the merging region and achieves smooth merging
of real and virtual spaces in real time. The nov-
elty of our approach is that merging regions from
real video images are extracted based on the op-
tical flow analysis of images observing both shape
and texture changes of the objects.

We apply this technique to real time generation
of live eye expression. Consequently, live facial ex-
pressions are realized and visualized in real time in
the virtual space by continuously projecting video
images onto the 3D face models.

2.2 Region Effective for Merging

First, we define a region effective for merging
(REM) in which our technique works effectively to
enhance the reality of 3D CG model in representing
and visualizing live motions.

When we evaluate cost and quality in generating
dynamic views, live video images are not sufficient
to represent dynamic changes, if the 3D shape de-
formation of the region occurs in large scale, more-

over, if such deformation can be generated easily.
On the other hand, video images is efficient, as a
texture image on the region in which complex and
delicate motions occur over solid and static sur-
face structure. In short, we define REMs as regions
where the 2D texture changes are much lager and
more complex than 3D shape deformation. In the
following, we describe REM in case of a face sur-
face.

2.2.1 3D shape Deformation Analysis

As the analysis of 3D shape deformation, we refer
to the result of face surface segmentation based on
the motion analysis reported by Ueno [6], where a
face surface was divided into 4 parts as shown in
Figure 1.

As Figure 1(a) shows, the candidates regions for
REMs are extracted as regions with sliding motion
or stable regions(Figure 1(a) and Figure 1(d))

2.2.2 2D texture Change Analysis

The apparent velocity of the object is computed
as optical flows from spatio-temporal gradients of
the image intensities, with the condition that the
object moves keeping the distribution of the image
intensities unchanged. The optical flow v = (u,v)
is defined from the following equation.

dp dz dp dy  Op (1)
dr dt 9y dt ot
where p is image intensity, u = dz/dt and v =

dy/dt denote the z and y elements of the velocity
respectively.

Figure 2 shows the result of the optical flow anal-
ysis computation from video images of facial ex-
pressions. The candidates for REMs are extracted
over eye region, as shown in Figure 3(b).

2.2.3 Extraction of REMs

From the result shown in Figure 3(a) and Fig-
ure 3(b), REM is extracted over the eye region,
and shown in Figure 3(c). Then REM is manu-
ally selected on the wireframe model by considering
symmetry, as shown in Figure 3(d)

2.3 Adapting Color Properties

The difference in color tone is outstanding along the
boundaries of the merging region, because the dif-
ferent lighting conditions cause significant changes
in color properties between the texture image of 3D
CG model and the live images.

We describe the method of adapting color prop-
erties for smooth merging of virtual and real spaces.
In order to reflect live states of the objects to the
virtual space, we adapt properties of color texture
image of the CG models to that of the live video
image, according to the changes in the color values
of the corresponding regions.
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2.3.1 Color Adaptation Algorithm

We define the reference color of REM to measure
the difference in the color tone which is dominant
in quantity and also in quality in representing live
states of the object (e.g. a skin color for hu-
man). We extract the reference color based on the
HSV (H:hue, S:saturation, V:value) color histogram
analysis. The algorithm is shown below.

1. RGB to HSV conversion of input images.

2. Computing the color histograms on each H, S,
V value in the REM

3. Finding a peak value of H, and average values
of both S and V

4. Adapting color properties based on the equa-
tions as shown below,

H cg=H_cg+ AH
S_ceg=S.cg-AS
Viceg=V_cg-AV
AH = Hpeak_yigeo — Hpeak_cq
AS = Saverage_yideo/Saverage_ca

(2)

AV = Vaverage_yidgeo/Vaverage_cg

5. HSV to RGB conversion of adapted texture
image of the CG model

2.4 Computation Steps

Figure 12 and Figure 14 shows two input images:
a color texture image of the CG model; and a live
video image by a CCD camera shown in Fig.14(b).

stepl. Extract REMs from live video images
step2. Extract the dominant color of REM

step3. Adapt color properties of the whole color
texture image of the CG model to that of the
video image

step4. Merge a portion of video images in the color
texture image of the 3D CG model

step5. Display the 3D CG model, i.e, the static
wireframe mapped with dynamic changing tex-
ture

Figure 14(a) shows our experimental video cam-
era mounted on the helmet to observe a fixed re-
gion independent of the object’s motion, as shown
in Figure 14(b). It results in avoiding feature cor-
responding problems in real time.

In step 1, the complexity of the texture changes
in different facial expressions is analyzed from op-
tical flow analysis. The texture change of around
eyes region is significant as observed from the opti-
cal flow in Figure 2 where Figure(a) and Figure(b)
show the directions and magnitude of the optical

flow respectively. In addition to that, the deforma-
tion of 3D shape is small in the region around eyes
as shown in Figure 1. Compared with other regions
that are important in generating facial expression,
the shape deformation in eyes region is smaller than
the texture change. Therefore, the region of spec-
tacles shape around eyes is extracted for merging
to the virtual space.

3 Deformation-based Mouth
/ Lips Expression Genera-
tion

3.1 Homotopy Sweep-based Surface

Deformation

The homotopy sweep method was originally pro-
posed for solid surface generation using the con-
tinuous transition among a set of two cross-section
contours, where the three dimensional shape and
volume are described as a “swept volume” of two
dimensional cross-section contours along a space
curve called a trajectory [10] (cf. Figure 5).

The technique provides a convenient and intu-
itive control of surface generation, and allows the
generalized cylinders to be modeled with a smaller
set of input parameters. The problem is, however,
how to determine the path connecting two adja-
cent contours, out of infinitely possible ones. In
this work, we extend the homotopy sweep method
to surface deformation by replacing “the space-
trajectory” by “time-trajectory”. In this section,
we describe the method to control and find the path
with the use of a scaling function of 3D control vec-
tors along the contours. We then successfully ap-
ply the proposed method to real time generation
of mouth/lips expression. Our approach based on
that mouth/lips expression is composed of defor-
mation of circular muscles around the mouth and
these muscles can be modeled as a set of closed
contours.

3.2 Definition

Let O be the origin of the world coordinate system,
A be a point on a contour C; and B be a corre-
sponding point of A on the contour Cy after a unit
sampling period At(cf. Figure 6). The points A,B
are defined in the local cylindrial coordinate system
(0,Ur(6),Uy(0),Uz(6) ) at A, where the x, y, and
z axises are defined by Ur(8) = T”Oﬁll ,Ug(#) and

Uz(0) = Ur(f) x Uy(f) respectively. Then A on
C1 and B on C; are given by

A = C1(6) = [Cl,-(o), 0, Clz(g)]

B = C3(0) = [C2,(8),C24(0), C2.(8)]

We define the homotopy in the local system to give
the 3D deformation. Then a path M(6,t) between
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A and B is given by (cf. Figure 6),

OM(4,t) =
r(6,t)Ur(0) + 0(6,t)Uy(0) + 2(0,t)Uz(6) (3)
where r(6,t) is the homotopy value in Ur(8) di-
rection, 0(6 t) is the homotopy value in Uy(f) di-

rection, and z(#,t) is the homotopy value in Uz(#)
direction.

3.3 Surface Deformation by Homo-
topy Sweep Method

The interpolation between the two values C;, and
Cyr in the Ur(6) direction is computed from Eq.(4).

r(0,t) =
(1= Rn(t))(1+ Sc1(8,1))C1,(6)
+ R, (t)(1 4 Scz(8,1))Car () (4)

where 0 <t < 1 R, is a blending function given by
Eq.(7), and Se; and Scp are scaling functions for
the contours C; and C, are used in our proposed
scaling function Eq.(8), which allow to control the
contour deformation in arbitrary 3D directions.

The interpolation between the two values 0 and
Ca in the Uy(0) direction is computed from Eq.(5).

6(6,t) =

(1= Ry (8))(1 + Sey(6,2))N
Ry (8)(1 4 Sca(8,1))(Ca(8) + N) — N(5)

where 0 < ¢t < 1 N is an offset value which make
the scaling function effective at t=0, and is used
in the interpolation from the interval [0 C2(0)] to
[N,C9(0) + N], a blending function R, is given
by Eq.(7) and the scaling functions Se¢; and Ses
are computed from Eq.(8).

The interpolation between the two values Cj,
and C,, in the Uz(#) direction is computed from
Eq.(6)

z(6,t) =
(1= Re(8))(1 + Sc1(0,2))Cr2 (6)
+ R (t)(1+ Sca(6,1))C2,(8) (6)
where 0 < t < la blending function Ry is given by

Eq.(7) and Sc¢; and Secy are the scaling functions
defined in Eq.(8).

3.4 A Blending Function

A Blending function R, (v) which arbitrarily con-
trols surface deformation between the contours C;
and C, with parameter n, with G' geometric con-
tinuity, is given by[10].

(1 + n)v?

Bav) = iy r oy

(™)

where 0<v <1, -1<n

Figure 7 shows the graph of a blending function
when the parameter n changes, Figure 8(a) shows
the generalized cylinder of n = -0.9, and Figure 8(b)
shows the generalized cylinder of n = 9.

3.5 A Scaling Function with 3D
Control Vectors

With the proposed scaling function, however the
control is not allowed to arbitrary directions along
the contour. We solve this limitation by adding an-
other weight parameter k to specify a valid range
where the control vectors are effective. Then scal-
ing functions with 3D control vectors for C; and C,
are given by

Sex(6,4) = t(t — 1)(l - 1)p1(9)

Sea(0,1) = —t(t = D(;—— — Dp2(f) (8)

where 0 < k3, 0 < k3 Se¢; and Seco are
the scaling functions for the contours C; and
Cy, the parameter k is a weight parameter(O <

k), {p1(6)} = {(P1r(F),P1,(F),P14(0))}, and

{p2(0)} = {(p2r(0), p24(0), p24(0))} are 3D con-
trol vectors along C; an 9 respectively.

Figure 9 demonstrates the property of a scaling
function applied to free-formed surface generation,
where tangent vectors along cross- section contours
are used as a set of 3D control vectors.

3.6 3D Control Vectors

The following form of 3D control vectors p
are provided along contours C; and C; in the loci
coordinate system, as shown in Figure 6.

[01,(8)/C11(6)
V19 (0)/N
| v1:(0)/C1:(8)
var (0)/Cr (8)
v26(0)/(C26(0) + N)
V22 (0)/022 (0)

p1(0) =

p2(9) = (9)

3.7 Algorithm

We have applied the proposed homotopy sweep
method to the real time animation of mouth/lips
expression.

stepl Sample key frames at every At from input
video images according to the given sampling
rate.

step2 Obtain the mouth/lips contour using 3D co-
ordinates of marker points
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step3 Compute the homotopy sweep using 3D con-
trol vectors computed along the contour

step4 Deform the 3D mouth wireframe model of
mouth/lips region based on the interpolation
in step3

step5 Display the 3D deformed wireframe model

3.7.1 The Mouth Model of Circular Muscle

Figure 10(b) shows a wireframe model of a
mouth/lips region considering the circular muscle
structure. This model consists of four nested con-
tours along circular muscle fibers. Py corresponds
to marker points on the outer and inner contours
( cf. marker points in Figure 10(a) ). Our homo-
topy sweep method deforms the surface according
to displacement of four marker points at every At.

The inbetween points between the outer and in-

ner contours ( A1,A2 ) is correspond to %‘2’% =1

3
and ﬁz = % because the the ratio of displace-

ments of circular muscle is constant along the mus-
cle fibers.

The inbetween points on the same contour (P;-
Py) is correspond to a point on an ellipse approxi-
mated from the four markers. In addition, the 3D
shape of the muscle fibers is estimated using a co-
sine curve.

We compute the inbetween points on the same
contour and different contours with displaced the
homotopy sweep method.

4 Experiment

Figure 13 shows our hybrid system of live facial
expression generation based on mixed reality tech-
nique.

We have implemented the proposed algorithm in
C language on a SGI Indy R4600, and applied the
algorithm to the real time generation of live fa-
cial expression. We used a CCD camera Panasonic
WYV-KS102 mounted on the helmet for video image
acquisition. The acquired image was 628 x 492. We
have obtained both range and color texture images
of size 512x512 using the Cyberware Digitizer to
construct a 3D CG face model.

We first analyzed the color change of the facial
expression image as color texture analysis as shown
in Figure 2. We nominated the region (a) in Fig-
ure 1 as the REM based on definition in Section 2.
In current stage we extracted the REM manually,
as shown in Figure 3, based on the definition in
Section 2.

Secondly, we analyzed color in the REM and
extracted the skin color as the reference color by
the color histogram. Then, we adapted the color
properties of (texture image of) 3D CG model for
smooth merging. The result of this adaptation is
shown in Table 1.

Finally, we presented the model merged with
video images in Figure 4.

We also aquired images in which an examinee
pronounces a set of single vowels “a”, “I”, “u”, “e”,
“o” We selected each image as a key frame and we
gave g L of displacement between the present frame
and the previous frame.

Nextly, we computed the homotopy sweep be-
tween the two key frames. We have used the follow-
ing parameters to compute the homotopy sweep.

e The parameter n of blending function is 0
e The parameter k of scaling function is 0.5

e The number of generated frames between two
key frames is 20

Figure 11 shows original images and systhesis im-
ages.

Figure 15 shows the final result of the hybrid
system in the receiver side.

5 Conclusion

We proposed a hybrid approach to Live facial ex-
pression generation based on mixed reality. We
first proposed a novel approach to mixed reality,
we call Augmented Virtuality, which enhances and
augments the reality of complex and delicate live
motions of the object in the virtual space, by pro-
Jecting portions of live video images observing the
deformation and motion of the object onto the sur-
face of its static CG model.

We also proposed a new method of adapting color
properties for smooth merging of real and virtual
spaces, and also proposed a new method of extrac-
tion of the region effective for merging, based on the
optical flow analysis of both range and color images
in which in the virtual space, shape and texture
changes are observed. We applied this technique to
real time generation of realistic eye expression.

We then proposed the homotopy sweep method
for surface deformation using 3D control vectors,
and applied this technique to the animation of
mouth/lips expression. Our approach has the ad-
vantages of descripting the geometric shapes and
the deformation of circular muscle simply, and of
reconstructing realistic deformation efficiently.

Experimental results demonstrated the effective-
ness of the proposed hybrid approach in represen-
tive and visualizing live facial expression in real
time.
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