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Abstract - Natural Human-Computer Interface requires integration
of realistic audio and visual information for perception and display. An
example of such an interface is an animated talking head displayed on
the computer screen in the form of a human-like computer agent. This
system converts text to acoustic speech with synchronized animation of
mouth movements. The talking head is based on a generic 3D human
head model, but to improve realism, natural looking personalized models
are necessary. In this paper we report results in adapting a generic head
model to 3D range data of a human head obtained from a 3D laser range
scanner. This personalized model is incorporated into the talking head
system. With texture mapping, the personalized model offers a more
natural and realistic look than the generic model.

INTRODUCTION

Human Computer Interface is an application area where audio, text, graph-
ics, and video are integrated to convey various types of information. Often
conversion is necessary between different media [1]. The objective is to pro-
vide more natural interaction between the human user and computer. One
approach is to display an animated character or a life-like talking head on the
computer screen, with the ability to receive input from the user and respond
in a natural and intelligent way. Such an agent may perform information
retrieval, reading or replying email messages. Already available are software
programs that display a generic animated talking head or a cartoon animal
character on the screen to perform various tasks. One program is able to fetch
songs at the user’s request [2]. Another is able to carry on simple conversa-
tions [3]. Yet another is able to convert ASCII text into synthetic speech and
synchronized talking head with very realistic lip and jaw movements, with
visible teeth and tongue [4].

Most programs use a generic model that is deformable according to a set
of parameters. However, to make such interaction more resemblant to that

1This work was performed while Lawrence Chen was a summer intern at AT&T Labs-
Research.
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of a human-to-human interaction, realistic and natural looking displays are
required. This calls for models that are based on real measurements of the
structures of the human face, as well as facial features such as color, shape,
and size. Such information is available through the use of a 3D laser scanner
that produces very dense range data of the human head. In addition it also
provides the corresponding color image of the head. These information can
be utilized to achieve a more natural looking talking head than the generic
model.

This paper describes preliminary results of fitting a generic head model to
a set of 3D range and color data. The fitted model is incorporated into an
existing text-to-speech animated talking head program, and the color image
is used for texture mapping for animation. With the personalized model, the
interface is more natural looking and more believable.

ANIMATED TALKING HEAD

We first describe the animated talking head system used in our work. This
system is based on an AT&T text-to-speech(TTS) program. The program
converts text to synthetic speech, and displays a generic animated talking
head with realistic lip movements synchronized to the speech. The text is
parsed and analyzed extensively to produce the speech, and to provide pho-
netic information for animating mouth movements. The animation subsystem
uses a parameterized 3D model, which is a descendant of Parke’s model [3],
further improved with coarticulation models for synthetic visual speech re-
search at UC Santa Babara [6]. The structure of the 3D model is a wireframe
of numbered vertices in 3D coordinate space, with connections specified to
form polygons (Figure 1(a)). Prescribed colors are added to each polygon to
form smooth-shaded surfaces (Figure 1(b)). This sophisticated model includes
the face, eyes, mouth, teeth and tongue, and is capable of producing very re-
alistic mouth movements. It is controlled by a set of deformation parameters.
With a set of time-varying parameters, an animation sequence is produced.
Occasional head movement and eye blinking are added heuristically.

This system gives satisfactory performance with synchronized speech and
lip movements. However, this talking head may seem impersonal because it
does not represent any person the human user may know. If one can produce
personalized models, the interface would improve, and the user may even have
the choice of selecting from models of several different persons.

Our goal is to fit the generic model to 3D range data of a person’s head,
and this fitted model replaces the generic model in the talking head system
to give a personalized display.

3D RANGE DATA

The 3D scanner used is the Cyberware 3D laser range scanner. The subject
sits in a chair while the scanner revolves around the person to scan the surface
structure of the head. The scanner gives a very dense set (over 260,000 points)
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(a) (b)

Figure 1: (a)Wireframe of the generic model;(b)Smooth shaded talking head.

of range data in cylindrical coordinates. In addition to the range data, a
color camera captures the surface color the head, so for each range point the
corresponding color is also available. This is useful for texture mapping in
the final rendering of the talking head.

Carefully scanned dataset ensures that the head is upright and centered.
Software manipulation is possible if the head is slightly off-center via coordi-
nation transformation. Figure 2 shows two rendered views of the 3D range
data.

Figure 2: Two views of the 3D range data.

MODEL FITTING

In this section we describe fitting of the generic model to the 3D range
data. Initially, the generic head model is larger in scale than the range data.
Vertical scaling factor is first obtained to scale down the model, and the
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vertical profile line down the center of the face is fitted. After the profile line
is fitted, the rest of the face is fitted through radial projection.

The range scanner gives a data set in the left-handed cylindrical coordinate
system (rz,yr,¢r), while the wireframe model is in the usual right-handed
Cartesian coordinate system (z,y,z). They are transformed into the same
right-handed cylindrical coordinate system (rg,yg, ®r) by

TR=TL,YR =YL, ORr = 27 — ¢ (1)

and

TR =Vz?+ 2% yr = y,¢p = arctan (—E) (2)

To find the vertical profile line, we first find the tip of the nose. The tip of
the nose is generally the most protruded structure of the face, i.e., its distance
is greatest to an imaginary vertical rotation axis in the center of the head.
This point is selected manually, but it can also be detected automatically.
After the point is obtained, the profile line can be determined. From the
profile line, feature points such as the indent above the nose, the upper lip,
mouth center, and the lower lip can be detected automatically. The location
and separation distance of these features are used to give vertical and scaling
factor.

This scaling factor is used to scale down the generic model to the size of
the range data in the vertical direction. Then each vertex point on the model
is radially projected onto the surface of the range data. For each vertex point,
we have the height yr and the angle ¢ in the cylindrical coordinate system.
Then we trace a ray radially back towards the vertical axis y, piercing the
range data. This ray may not intercept the range data at exactly one range
point, so the nearest four range data points are averaged to give the new
coordinate for the model vertex. The radial projection is depicted in Figure
3.

Figure 3: Radial projection: The inner curve is the range data, and the outer
curve is the wireframe model. The places where the rays intercept the range
data are the new coordinates for the model.
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This fits the skin part of the generic model to the range data, but the eye
and mouth positions are critical and need to be adjusted manually. Right
now only the face is fitted, but the procedure can be easily extended to fit
the entire head including the hack of the head.

The fitted wireframe (Figure 4) is then ready to be incorporated into the
talking head system.

Figure 4: Fitted wireframe model.

RESULTS

Figure 5(a) shows the talking head with the new model with smooth shad-
ing. At first glance, it does not appear to be much better than the original
model, because the original mode! does not contain hair, but the 3D range
data contains the structure of hair. This problem is overcome by texture
mapping. Instead of smooth shaded polygons with prescribed colors, the
color and texture of the polygon surface of the face come from a color im-
age. The image is literally pasted onto the polygonal wireframe. Geometric
transformation is done automatically by bilinearly interpolating the texture
through the computer graphics library routines. Figure 5(b) is the texture
mapped rendering of the head. Clearly the resulting rendering is much more
realistic.

CONCLUSIONS

In this paper we described the fitting of a personalized 3D model for a
talking head software. The fitted wireframe model with texture mapping
looks more realistic and more believable than a simple generic model.

We are now working on adding the back of the head as well as body to the
model, so the talking head does not appear to be floating in space. Also in
progress is work to further automate the fitting process and texture mapping.
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Figure 5: Fitted model with (a)smooth shading; (b)texture mapping.

Another challenge is to include expressions into the system, so the talking
head would smile once in a while.
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