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Abstract—In this paper, a concept of interactive image
communications is presented, in which an image itself is
not sent but only small set of invariants for each object is
sent to other terminals. Generating meshes from the in-
variants, the objects are represented in suitable resolution
for observation at receiver’s side. This concept is avail-
able even for very narrow-band communication channel.
This concept(paper) is practically followed by two papers,
Sagara and Kaneko.

1. Introduction

Multimedia data has been recently used in intelli-
gent communication system such as tele-existence, tele-
immersive and tele-collaboration, as well as they have been
used in the internet. Among the data, image is essential in-
formation to the system, since we obtain much information
through eyes.

When we send a raw image to a receiver, its quality
and quantity should be considered for good communica-
tion whether the image has necessary and sufficient (nei-
ther short nor redundant) information to be played at the
receiver. Furthermore, we have to take performance of
a communication path into account, which connects the
sender with the receiver. When the path has low capac-
ity (narrow-band), transmission of images with high qual-
ity and large quantity is very difficult. By contraries, when
the path has too enough capacity (wide-band), a receiver
is forced to satisfy images images with lower quality and
smaller quantity than transmittable images. Therefore im-
age and video compression technologies are not absolute
solution in a case beyond expectations of the sender, al-
though they are very useful in some forecastable cases.

We can see many examples in the internet that a sender
provides an image/video with a variety of resolusions and
bit rates, for their comfortable transmission and replay at a
receiver. Since performance of communication path and
environment (equipment) differ very much, such variety
works limitedly effectively. If a sender add another reso-
lusion and/or bit rate, it causes a raise in cost.

While the above handles raw image/video, there are
communication systems such as VRML, which do not
send/receive raw information but only information on gen-
erating image/animation. The sender in the system pro-

vides unique information for each image, which is used for
generation of an image by a receiver, in consideration of
the receiver’s environment. Since an image itself has usu-
ally larger size than its information (parameters) which can
generate the same image in any resolusion, such system are
not sensitive to performance of communication path. Al-
ternatively, it requires efficient (high speed) generation of
images from a set of parameters at a receiver. Such system
supposes that terminal (computer) of communication chan-
nel is developed faster than communication channel with a
variety of capacity. Computer graphics (CG) technology
must play an important role in this respect of fast image
generation.

In this paper, a concept of interactive image communica-
tions is presented, in which an image itself is not sent but
only small set of invariants defined by Lie algebra for each
object is sent to other terminals. Generating meshes from
a surface determined by the invariants, the objects are rep-
resented in suitable resolution for observation at receiver’s
side. This concept is available for very narrow-band com-
munication channel as well as for wide-band channel. In
the following sections, we clarify requirements for such
communication and consider some kinds of surface mod-
els under the requirements.

2. Requirements

Shapes and sizes of objects are the first priority for gen-
erating an image in a scene, and, texture and color should
be discussed later. For interactive communication systems,
it is important that generation of an image at a receiver con-
sists with definition of parameters at a sender. In a case
of shape generation/definition, a shape (surface) model re-
quires the followings (also see Fig.1):

1. the smallest possible number of parameters, which
can define shape of a surface,

2. adaptive image generation including the surface given
by 1. with CG technology, which does not corre-
sponds to the sender’s environment but to a receiver’s
environment,

3. easy manipulation (e.g., movement, rotation and de-
formation) of the surface at the receiver,
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4. easy re-definition of the manipulated surface by a new
set of parameters, which enables us to send the up-
dated parameters to another side.

Furthermore, shape parameters of a surface should be
separated from position and orientation parameters, in or-
der to enable us to reuse smoothly the manipulated surface
in 4, as well as to identify a surface having the same shape.

——

Shape definition

( small number of parameters J

Shape synthesis

Manipulation
(movement, rotation and deformation)

Figure 1: Flow of supposed interactive communication sys-
tem. White arrowhead shows communication path.

3. Consistency/inconsistency of Major Models with Re-
quirements

3.1. VRML

The VRML (Virtual Reality Modeling Language) is a
standard file format, which represents three dimensional in-
teractive graphics, designed particularly with WWW. The
current version is VRMLO97 standardized by ISO (ISE/IEC
14772-1: 1997), following by X3D.

Figure 2 shows an example of a sphere with radius 2.
By the VRML shape information is separated from size,
position and orientation. Such feature matches the require-
ments described in the previous section. However, the for-
mat has some restriction of definition of shape that only
simple shape can be defined by a set of parameters and
complex shape is defined by meshes (see Fig.3. When we
use meshes, the VRML does not satisfy the requirement 1.

#VRML V2.0 utf8 # header
Shape{ # definition of shape
appearance Appearancef{
material Material{}
}
geometry Sphere{ # definition of sphere
radius 2.0 # radius
}
}

Figure 2: Description of a sphere in VRML

#VRML V2.0 utf8
Shape{
appearance Appearancef{
material Material{}
}
geometry IndexedFaceSet{
coord Coordinatef{

point[ # position of vertex
1.0 0.0 0.0,# no.0®
0.0 1.0 0.0,# no.1
-1.0 0.0 0.0, # no.2
0.0 -1.0 0.0 # no.3
]
}
coordIndex[ # triangles
0,1,2, -1,# vertex 0,1,2
90,2,3, -1 # vertex 0,2,3
]

}

Figure 3: Description of two triangles in VRML

3.2. Free Form Surface

Since the so-called free form surface can define smooth
surface, it is applicable to CAD (computer aided design),
CAM (computer aided manifacuturing) and CAE (com-
puter aided engineering) as well as computer graphics. In
a case of bicubic Bézier model, a surface S (i, v) is repre-
sented by the following formula:

S(u,v) = P;iBi(wB;(v), 0<uv<l1, (1)

3 3
i=0 j=0

where P;j,i = 0,1,2,3,j = 0,1,2,3, are control points,
which defines shape of the surface, and By(w),k = 0, 1,2, 3,
are blending functions such that

Bi(w) = w1 -w)’ % 0<w<l. (2

(3 -k)'k!
In the above case, information on position of the 16 control
points is enough to form shape (see Fig.4). Although this
formation matches partially the requirements, information
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on size, position and orientation is involved in the param-
eters (16 points). Therefore, there are some difficulties in
reuse and identification of surfaces.

Figure 4: An example of a bicubic Bézier surface: 16 small
circles are control points, and surrounded area by thick
lines is a surface generated by the points.

4. Surface Model defined by Lie Algebra

A surface model defined by Lie algebra (L surface
model) has been studied both in computer vision[1][2] and
computer graphics field[3][4]. It is noted that characteris-
tics of a shape of surface, defined by the L. surface model,
are represented by a few parameters called as “invariants.”
As a result, a certain complicated and smooth objects can
be defined by a set of the invariants. Since position infor-
mation is not involved in the invariants, its property bene-
fits in identification of shape. Since both of extraction from
real objects and representation by computer graphics have
been being studied, it is expected to connect virtual world
with real world.

For example, in a case of linear Lie algebra, the L. surface
model can be described as follows:

v =Ax, 3)
where v is a normal vector at a point x on the surface. A is
called as a representation matrix such that:

ain  diz di3
A=| an axn ax “
a4z as
A can be decomposed by product of four matrices:
A 0 0
A= 0 A 0 [PyQyRy. ®)
0 0 A

Here Py, Qp and R, are rotation matrices determined by
angles 0, ¢ and ¥ with respect to X, Y and Z, respectively.

Here asetof A;,1 = 1,2,3 and 6, ¢ and y is called as invari-
ants. Adding an initial point on a surface to the invariants,
we can obtain points on a surface by solving Eq.(3). The
similar formulation can be discussed in other type of the
L surface model, e.g., Hamiltonian Lie algebra and fibre
bundle. From the points a smooth surface can be defined.

However, the model has a disadvantage that exact repre-
sentation of a surface may require huge computational cost
because of complicated and large calculation of many inte-
gral calculus curves on the surface. In such case, meshes
of triangular patches usually substitutes for the original sur-
face.

For an initial point (position) xp on a L surface, a normal
vector vg can be obtained by Eq.(3), and tangent lines at xy
can be defined. Here wjo, j = 1,2,...,m, is assumed to be
tangent vectors selected under a certain condition. Then a
series of points {x;;} for each wjg can be calculated as the
followings:

(6)

where w;; is a tangent vector at x;; calculated by Eq.(3).
Interlacing three neighbor points, we can define an approx-
imated L surface as a set of meshes.

In order to establish interactive communication with the
meshes, meshing technique with high quality in low com-
putational cost is required. Therefore appropriate determi-
nation of Ar to local shape of the surface should be dis-
cussed. Also effecient extraction of invariants and position
from deformed meshes should be considered for interactive
communication such as tele-collaboration.

Adaptive and efficient generation of meshes has
been proposed in order not to generate meshes
redundantly[3][4]. The proposals focus on local vari-
ation on a surface. Therefore more efficient meshing
technique should be developed with respect to level of
detail (LOD) and view-dependence, which are current
major techniques for fast representation of surfaces in CG
field. Sagara et al.[5] propose an adaptive meshing method,
which is combined with the LOD and view-dependence.
Furthermore efficient manipulation should be developed
for the L. surface model. Kaneko et al.[6] propose an
interactive manipulation system, in which a kind of the L.
surface model can be deformed and invariants and position
are extracted from the deformed surface.

xj,,-+1=xj,,-+Atwj,,-, i=0,1,...,n,

5. Conclusion

In this paper, a concept of interactive image communica-
tions is presented, in which an image itself is not sent but
only small set of invariants for each object is sent to other
terminals. Generating meshes from the invariants, the ob-
jects are represented in suitable resolution for observation
at receiver’s side. This concept is applicable from very
narrow-band to wide-band communication channel. Also
application to three dimensional interactive shape database
via the network is expected. In such case separation of the
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invariants (shape information) from position is useful for
manipulation.

More detailed discussion and consideration will be
shown in other papers, which focus matters from appro-
priate meshing to some applications.
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