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Abstract

In this paper, a novel concept, rayset, is proposed.
A new image based representation, object centered
concentric mosaics (OCCM), is derived based on this
concept. The rayset is a parametric function, which
consists of two mapping relations. The first mapping
relation mapsfroma parameter spacetotheray space.
The second one maps from the parameter spaceto the
attribute space. We show that different image-based
scenerepresentations can all be cast asdifferent kinds
of raysets, and image-based rendering approachescan
beregarded asattemptsto sample and reconstruct the
sceneusing different raysets. A collection of OCCM isa
3-D rayset, which can be used to represent an object.
The storage size for OCCM is about the same as an
animation sequence generated with a virtual camera
rotated around the object. However, comparing with
such an animation sequence, OCCM provide a much
richer experience because the user can move back and
forth freely in the scene and observe the changesin
parallax.
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1 Introduction

Many approaches have been proposed in the image-
based rendering area. Based on the kind of scenes that
can be represented, these approaches can be classified
into the following categories:

- Represent an environment [5, 6, 13, 16, 17, 28]

- Represent alayer of an environment [22, 27]

- Represent an object [9, 19, 23, 24, 30]

- Represent part of an object [2, 8, 10, 20, 25]

- Represent both environments and objects [3, 11, 12,
14, 15, 26, 29]

McMillan and Bishop claim that “al image-based
rendering approaches can be cast as attempts to
reconstruct the plenoptic function from asampled set of
that function” [18]. However, their framework does not
include texture-mapping based approaches [2, 8, 20].

Chai et a. [4] andlyze how many samples of the
plenoptic function are needed to reconstruct a new
scene. Nonetheless, their derivation is based on the
sampling scheme used in light field rendering only, and
they do not try to classify different sasmpling schemes.
In addition, the question of what is an image [7] has not
yet been answered. Conventionaly, an image is
considered as a 2D RGB vaued function. Recently,
depth images and multiple-center-of -projection images
have been proposed for image-based rendering. The
questionis: Arethey till images? In addition, 4-D light
field [14] or lumigraph[11] and 3-D concentric mosaics
[28] are dso introduced. So, what are their relations
with the conventional images?

In this paper, anovel concept, rayset, which is more
general than the concept of an image, is proposed.
Based on the sampling schemes used, we classify
differentimage-based scenerepresentations as different
kinds of raysets. Different image-based rendering
approaches, therefore, can be regarded as attempts to
sample and reconstruct the scene using different
raysets.

Based on the rayset concept, we propose a hovel
image-based representation % object centered
concentric mosaics (OCCM for short). The OCCM isa
3-D rayset, which can be used to represent an object.
The storage size of OCCM is about the same as a
sequence of an animation generated with a virtua
camera rotated around the object. However, comparing
with such an animation sequence, OCCM provides a
much richer experience because it allows a user to
move back and forth freely in the scene and to observe
the changes in parallax.

The rest of the paper is organized as follows. First,
in section 2, the definition of rayset is given, and based
on it, several commonly known scene representation
techniques are classified. Then, in section 3, the novel
object centered concentric mosaic is discussed. The
paper concludes in section 4.



2 Rayset

The plenoptic function [1] defines the intensity of
ray at direction (q,f ), frompoint (x,y,2) in space, at time
t, and with a wavelength | . For a static scene, and
consider only the visible light domain, the original
plenoptic function can be reduced to five dimensions,
which maps any ray in spaceto acolor vector [18]:

C=P(x,y,2q.f) (1)

The plenoptic model is an explicit function that
depicts the scene. We can aso try to use a parametric
function to describe the scene. This inspires the
definition of arayset.

2.1 Definition of Rayset

A rayset is a parametric function, which is defined
as.

| (xy.2a.0)=5(V) .
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where U is the parameter space, T the attribute space’,
S(U) the support function, which maps from the
parameter space to the 5D ray space, and A(U) the
attribute function, which maps from the parameter
space to the attribute space. The dimension of the
parameter spaceis called the dimension of the rayset.

Different image-based rendering approaches can be
cast as attempts to sample and reconstruct the scene
using different raysets. In the rayset generation stage,
the attribute function needs to be constructed.
Normally, this is fulfilled through sampling and
enumerating the parameter space. For each given set of
parameters, the support function is used to find the
corresponding testing ray, which starts from the
viewpoint. The attributes of testing rays are obtained
through either rendering a synthetic model, taking
pictures, or resampling existing images.

There are essentially two different waysto render a
rayset, which are the forward and the backward
approaches. In the backward approaches, for a given
testing ray, parameters are computed through a reverse
process based on the support function. The attributes of
the ray can then be found directly using the attribute
function. In the forward approaches, all the rays defined
in the rayset are enumerated. Each ray is reprojected to
the desired view and the attributes of theray are used to
color its corresponding ray in the desired view.

It is noteworthy that the direct inverse function of

! The attribute space can be one of the color spaces, such as
RGB. It may dso be of higher dimensions and cary
information of other attributes such as transparency, depth,
surface normal, etc.

the support function may not exist since the parameter
space normally has fewer dimensions than the ray
gpace. Thereverse processisaccomplished under some
assumptions. For example, in light field rendering, itis
assumed that the space is transparent and that the region
we consider is free of occluders. Therefore, rays that
start from different locations along the direction of the
ray are considered the same.
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Figure 1: Classification of raysets.

As shown in Figure 1, raysets can be classified
according to the dimension of the parameter space.
Contingent on whether or not the support function is
continuous, raysets can be classified into continuous
raysets and discontinuous raysets. Furthermore, they
can be classified into sampled raysets and unsampled
raysets depending on whether or not the parameter
spaceis discretized.

Most of the image-based rendering techniques
employ some kinds of 2-D raysets. Many of these
approaches use the simplest planar projection images.
In section 2.2, three specia planar projection images,
which are perspective images, parallel images, and
object images, are discussed first. Other kinds of 2-D
raysets are covered in section 2.3. High-dimensional
raysets are discussed in section 2.4.

2.2 Perspective, Parallel, and Object Images
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Figure?2: (a) perspectiveimage (b) parallel image(c)
object image.

A perspective image is an image obtained using a
planar pinhole camera. As shown in Figure 2(a), all the
raysdefined in aperspectiveimage start from the center
of projection, a.k.a. the viewpoint. Based on the planar
pinhole camera model, the support function of the
corresponding rayset representation can be defined as:
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where C,, C,, and C, are the x-, y-, and z-coordinates of
the center of the projection, d the viewing direction, s
andt the basis vectors of the image plane.

A perspective image represents a scene that is
visible from agiven viewpoint. It isthe most commonly
used representation in image-based rendering. Figure 3
shows the relationship among different representations
that are based on perspective images.
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Figure 3: Representations based on per spective
images.

Images acquired using ascanner are parallel images.
As shown in Figure 2(b), al rays defined in a parallel
image have the same direction, which is the viewing
direction. Different rays start from different locations
on a plane, which we refer to as the camera plane.
Assuming that the parametric equation of the camera
plane is F(xy), then the support function of
corresponding rayset representation can be defined as:

15,(mn)=F, (mn)
+S,(mn)=F,(mn)
i S(mn)=F,(mn) (4)
's,(mn)° q,
i (mn)of,
where (0o.f o) specifies the viewing direction, F,, F,,
and F, the x-, y-, and z-components of function F.

A pardle image represents the appearance of a
scene viewed from an infinite distance. It samples the
scene more evenly, while a perspective image has bias
to objects that are closer to the viewpoint. Several
representations used in image-based rendering that are
derived from parallel images are shown in Figure 3.
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Figure4: Representationsbased on parallel images.

It is noteworthy that for texture mapping, the
support function used in the rayset rendering stage
might be different from the one used in the rayset
generation stage. That is, the support function is atered
without changing the attribute function so that the
desired distortion effect can be generated.

Asshown in Figure 2(c), different rays defined in an
object image also start from different locations on the
camera plane. However, al these rays pass through a
point, which we refer to asthe object center. Assuming
that the parametric equation of the camera plane is
F(x,y), the support function of the corresponding rayset
can then be defined as:

i S, (mn)=F,(mn)

i ~

.J[.Sy(m, n)=F, (mn)

i'S,(mn)=F,(mn) (5)

'S, (m,n) = arctz?\nz(oy - F,(mn)O, - F,(mn))

§S (mn)=arcsi o,- F,(m n)/Jo- F(m, n)||)
where O,, O, and O, are the x-, y-, and z-coordinates
of the object center.

Object images have been used in image-based
rendering research. However, they are sometimes
referred to as perspective images, which may cause
misunderstanding. For example, in the image-based
object approach described in [19], Oliveira and Bishop
refer to the object images sharing the same object
center asimages sharing the same center of projection.
Schaufler [24] uses the name “back perspective
images’ to denote object images. Nonethel ess, he does
not distinguish the difference between the object center
and the center of projection.

For clarifications, the differences between an object
image and a perspective image are listed below:

- Inan object image, all testing rays start from different
positions. Therefore, they are actualy multiple-
center-of-projection images. In a perspective image,
however, rays start from the same location, which is
the center of projection.

- An object image is normaly used to sample the
outside of an object. A perspectiveimageisnormally
used to sample the inside of an environment.
Therefore, when only one intersection exists between
the testing ray and the scene, object images and



perspective images are sampling different sides of the
same surface.

- When multiple intersections exist, a perspective
image recodes the attributes of the intersection that is
closest to the center of projection. But an object
image recodes the attributes of the intersection that is
closest to the camera plane, which is often the furthest
one from the object center.
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Figure 5: Representations based on object images.

We cannot generate a view using a single object
image since al the defined rays start from different
locations. However, if we add depth information to an
object image, we can reproject it to create new views.
As shown in Figure 5, representations based on object
images are mainly used to depict an object.

2.3 Other 2-D Raysets

Some image-based rendering approaches employ 2-
D representations other than planar projection images,
such & cylindrical panorama and images taken by a
continuous strip camera. These representations can be
regarded asinstantiations of 2-D raysets.

A cylindrical panorama can be captured using
specia devices that rotate around the camera's optical
center. Cylindrical pinhole-cameramodel is often used
to map pixels on a cylindrical panorama to the ray
space. To classify cylindrical panoramainto 2-D rayset,
we simply need to define the support function as
follows:
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where, C,, C,, and C, are the x-, y-, and z-coordinates
of the center of the projection, f thefocuslength, which
isalso equal to the radius of the cylinder.

The concept of the multiple-center-of-projection
images [23] is similar to that of the 2-D sampled
continuous raysets. Both of them allow different
samples to have different viewpoints and both require

the viewing rays to vary continuously across
neighboring samples. Nonetheless, they are not exactly
the same since the multi ple-center-of-projection image
defines the mapping between the parameter space and
the ray spaceimplicitly using a set of cameras, while 2-
D sampled continuous raysets describe the mapping

relation explicitly using support functions.

Figure6: Thecontinuousstrip cameramodel.

Rademacher and Bishop use images taken by a
continuous strip cameraas examples of multiple-center-
of-projection images [23]. Figure 6 shows the
continuous strip cameramodel. Assume that the camera
path is defined using a curve, whose function is C(u),
the viewing direction is defined using function d(u),
and the direction of the strip is defined using function
k(u). Then the support function of the corresponding
rayset representation can be defined as:

(uv)=c,(u)
.': S, (uv)=c,(u)
(uv)=c,(u) @)
 (uv)=arctan2(d (u )+V'< (u)d, (u)+vk, (u)
o mear bh Ll)

2.4 High-Dimensional Raysets

A 5-D rayset has five parameters. The plenoptic
model itself can be expressed as a 5-D rayset. Such a
rayset is just a parametric representation of the
plenoptic model.

Since the parameter space is introduced, rayset has
much more flexibility than the plenoptic model because
it makes generating new representations simpler. Using
different support functions, we can change the sampling
scheme even though the parameter space is aways
evenly sampled. For example, in the plenoptic model,
the starting positions of rays are sampled uniformly
throughout the space. In rayset, we can use the
following support function (eguation 8) to allow areas
closer to the origin to be sampled more densely than
areasfar away.
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The light field function and the lumigraph function
use similar ways to parameterize rays using four
parameters. Hence, these two representations can be
cast as aspecial instantiation of 4-D continuous rayset.

Figure7: Thetwo planes parameterization used by
thelight field function.

The light field function and the lumigraph function
parameterize rays by their intersections with two
planes. Following the notation used in light field
rendering, the cameraplaneis denoted asthe UV plane,
and the focal plane asthe ST plane. As shown in Figure
7, the parameter (mn,j,k) defines aray, P, that starts
from a point on the UV plane whose local coordinates
are (mn), and passes through another point on the ST
plane whose local coordinates are (j,k). Suppose the
parametric equations of the UV plane and the ST plane
are F(x,y) and G(x,y), respectively. Then, the support
function of the corresponding rayset representation can
be defined as:

|S(mnjk) F.(mn)

'S, (mn, j,k)=F,(mn)

z(ank) F,(mn)
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where, F,, Fy, F,and G,, G,, G, are the x-, y-, and z-
component of function F and G, respectively.

From equation 9 we can see that when the
parameters mand n are fixed, the function degenerates
into the support function of the perspective image.
When the parameters j and k are fixed, the function
degenerates into the support function of the object
image.

Similarly, the spherical light field [12],
uniformly sampled light field [3], and polar
parameterized light field [30] are also special kinds of
4-D continuous rayset. The differences between them
are the ways the support functions are defined.

Concentric mosaics uses three parameters, radius,
rotation angle, and vertical elevation, to parameterize
the rays. Therefore, concentric mosaics can be cast asa
special kind of 3-D continuous support image.
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Figure 8: The parameterization used in concentric
mosaics.

Assuming that the center of the concentric mosaics
is O, Figure 8(a) shows the projection of concentric
mosaics on the X-Y plane and Figure 8(b) shows one
concentric mosaic, whose radius is r. The parameter
(r,a,v) definesaray, P, that starts from apoint C on the
circle, where the length of OC is r and the angle
between X-axisand OC is a. The direction of ray P is
tangent with the concentric mosaic of radius r. The
vertical elevation of the projection of ray P on the
concentric mosaic isv.

Based on this parameterization method, the support
function of the corresponding rayset representation can
be defined as:

iS,(r,a,v)=0, +rxoda)
's,(r,a,v)=0, +rsin@)
?S(rav)

: L (ra,v)= a+p/2

iS (ra,v)=arctan2(v, f)

where, O,, Oy, and O, are the x-, y-, and z-coordinates
of the center of the concentric mosaics, and f is the
focal length.

From equation 10 we observe that when the
parametersr is equal to zero, the function degenerates
into the support function of the cylindrical panorama.
When the parameter a isfixed, the function degenerates
into the support function of the semi-parallel image.
The term semi-parallel imagereferstoimages, inwhich
different strips are paralel to each other, but within the
stripsthe projection is still perspective[21].

(10)



3 Object Centered Concentric Mosaics

In most of the cases, when a user walks through a
virtual environment, the height of the viewpoint is
fixed. Based on this observation, the concentric mosaics
approach constrains the camera motion to a horizontal
plane and uses manifold mosaics of different radii to
depict the scene. It allows a user to move freely in a
circular region and to observe lighting changes and
horizontal parallax effects. However, vertica
distortions still exist. In addition, this approach cannot
be used to represent objects.

Based on the taxonomy we discussed above, we
know that if we reverse the sampling direction of a
perspective image we will get an object image, which
describes the appearance of a point under different
viewing direction. Following this idea, we can reverse
the sampling direction of concentric mosaics to get,
what we call, OCCM, which represents the appearance
of an object under different viewing directions.

3.1 Parameterization Scheme

AY

Az

prh C
L = AV |i
KR { J

@ (b)
Figure 9: The parameterization used in OCCM.

OCCM uses three parameters, namely, radius,
rotation angle, and vertical elevation, to parameterize
the rays. However, instead of shooting the rays from
planar circles on a plane, al the rays start from a
bounding cylinder, which surrounds the object tightly.
Moreover, the directions of all testing rays are parallel
tothe X-Y plane.

Figure 9(a) shows the projection of OCCM on the
X-Y plane and Figure 9(b) shows one object centered
concentric mosaic. The ray with parameters (r,a,v) is
tangent to acircle of radiusr. The angle between the X -
axisand Op is a, where Op is the line connecting the
center of the circle and the tangent point. The vertical
elevation, v, determines the height of the starting
position of theray.

More concisely, this sampling scheme can be
defined using the following support function:

r,a,v)=0, + Rxcoda +arccodr/R))
r,a,v) =0, +Rsin(a +arccoqr/R))
ra,v)=0, +v

'S, ra,v)=a-p/2

iS (ra,v)°o
where, O,, Oy, and O, are the x-, y-, and z-coordinates
of the geometric center of the bounding cylinder, and R
is the radius of the bounding cylinder. The parameter r

can be both positive and negative so that both sides of
the object can be samples.

3.2 Construction of OCCM

To construct OCCM, we need to sample the
continuous support function defined in equation 11. In
the original concentric mosaics approach, the angular
direction is sampled uniformly. But in the radia
direction, the radii are sampled at locations: 0, 1/n"?,
2/n"2, ..., 1. Using the same way to sample the OCCM
will cause the boundary of the object to be over
sampled and the center part of the object under
sampled. Therefore, in our approach, both the angular
direction and the radia direction are uniformly
sampled.

The shape of the object to be represented determines
the parameters of bounding cylinder. Wetry to keep the
ratio between the number of mosaics and the vertical
resolution of the mosaic to be the same as the ratio
between the diameter and the height of the bounding
cylinder. This restriction helps to achieve similar
sampling rate for both the horizontal and the vertical
directions. The actua sampling rate needed is
determined by the maximum output resolution of the
object in novel views.

For each sample ray, both the illumination
information and the depth information are sampled.
Since the object is surrounded by the bounding
cylinder, we know that the depth of intersection must be
within the range [0, (R?- r%)"?]. Therefore, the depth is
quantified using the following equation:
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Figure 10 shows two examples of OCCM generated
for the synthetic Utah teapot model. Figure 10(a) and
(b) are the color information and depth information for
the object centered concentric mosaic of radius 0,
respectively. Figure 10(c) and (d) are those for the
object centered concentric mosaic whoseradiusi sequa
to half of the bounding cylinder’ sradius.

To construct OCCM for real objects is aso



relatively simple. From equation 11, we notice that
when the parameter a is fixed, the rayset degenerates
into a 2D rayset, W, in which all rays defined are
pardlel with each other. Since both parametersr andv
are uniformly sampled, the only difference between a
sampled rayset W and a discrete parallel image is that
in W all the rays start from a cylinder, rather than from
a camera plane. Since no intersection should exist
outside the bounding cylinder, we can always convert a
paradlel image into rayset W through adjusting the
depth value of each pixel. Therefore, the full OCCM
can be converted from a set of depth paralel images,
whose horizontal directions evenly sample the angular

Figure 10: Two OCCM for ateapot model.

The above feature leads to a simple way to construct
OCCM for real objects. Put the object on a turntable
and rotate the object dong a vertical axis. For each
angular direction, sample both color and depth
information using a fixed paralel projected range
scanner. The obtained depth parallel images can then be
converted into an object centered concentric mosaic. No
resampling processis needed since all weneedtodois
to reindex the captured pixels.

3.3 Rendering of OCCM

The rendering process contains three steps, which
are the backward mapping in the horizontal direction,
the forward mapping in the vertical direction, and then,
postwarping. The first two steps generate an
intermediate image, whose center of projection is the
same as the nove view, but its view direction is
adjusted to make it parallel to the X-Y plane. In the
intermediateimage, different pixelsin the same column

have the same horizontal viewing direction, i.e. the
parameter g of the corresponding rays are the same.
This makes it possible to do the rendering one column
at atime.

The backward mapping process is similar to the
approaches used in the concentric mosaic approach.
Basicaly, for each column in the intermediate image,
wetry to find a corresponding column in a pre-sampled
concentric mosaic or to bilinearly interpolate between
neighboring mosaics. This process is very efficient
since the two parameters needed, r and a, can be
calculated directly using the following equations:
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where, O¢[0,,0,]", P&[P,P,]", and deé[d,d,]" are
the proj ections of the concentric mosaics center, O, the
start position of ray, P, and the direction of the ray, d,
respectively.

After the corresponding column is found or
interpolated, forward mapping is applied within the
column. This process takes the position of the novel
viewpoint and the depth information as inputs, and
warps pixels to new locations to eliminate the vertical
distortion. The warping is conducted in the occlusion
compatible order [17]. Therefore, no z-buffer is needed.
Thisprocessis also efficient since only 1-D warping is
involved. Details of the 1-D warping process can be
foundin [20].

Finaly, the postwarping process is conducted to
apply projective transforms to the intermediate image.
The novel view is then produced based on the required
viewing direction. Our implementation takes advantage
of an efficient scanline algorithm [31]. Thisprocesscan
aso be performed through texture mapping and exploit
graphics hardware.

fa= arctanZ(d

Figure1l: Thethreestepsused in rendering
process.

Figure 11 shows the images generated after each
step. It shows that the horizontal parallax effect is
produced in the backward mapping process (Figure



11a). The vertical paralax effect is introduced in the
forward mapping process (Figure 11b). Finaly the
postwarping process adds the foreshortening effect
according to the viewing direction (Figure 11c).

3.4 Experimental Results

The algorithm is tested using a synthetic model, the
Utah teapot. The model is represented using Bezier
surfaceswith cellular textures mapped ontoit. Based on
the aspect ratio of the bounding cylinder for the teapot,
299 concentric mosaics are generated, with the vertical
resolution set as 138. The angular space is sampled at
every haf adegree, i.e. the horizontal resolution of the
concentric mosaicsis set as 720.

The raw data size is about 110MB. Similar to the
concentric mosaics approach and the light field
approach, vector quantization can be applied to reduce
the size. However, in our implementation, we chose to
use the raw image directly sinceit is affordable to load
them in the memory.

On our Pentium 111 733MHz PC with 256MB RAM
running Windows 2000, only 0.015 seconds are needed
to generate a frame of size 320" 240 (the actual object
fills theframe).

Figure 12: Renderingresultsfor different viewing
directions.

Figure 12 shows the rendering results for different
viewing directions. It demonstrates both the highlight
changes and the reflection changes.

Figure 13: Rendering resultsfor different camera
setting.

Figure 13 illustrates the parallax changes for the
same viewing direction but under different camera
settings. Figure 13(a) is captured using a virtual
telescope lens from a larger distance, while Figure
13(b) is captured using a wide-angle lens at a much
closer position.

The original concentric mosaics approach only
allows the user to move within a planar circular region,

i.e. the user cannot move up and down. Our approach
gives the user more freedom in changing the height of
the viewing position within the top and bottom
boundary of the bounding cylinder. Figure 14 showsthe
two rendering results with the same horizontal viewing
direction but at different heights.

Figure 14: Rendering resultsfor viewpoints at
different heights.

4 Concluson

In this paper, the rayset concept is proposed and a
novel image based representation is derived based on
this concept.

The rayset is a new concept that can be used to
classify existing image-based rendering techniques.
Comparing with images, the rayset concept explicitly
defines the mapping relation between the parameter
space and the ray space. Conventional approaches
either ignore this mapping relation or define it
implicitly. In the latter case, the mapping relation is
usually specified using the type of camera models and
some additional parameters. For example, for images
taken by a planar pinhole camera, the internal
parameters of the camera, such as the focal length and
the dimensions of the film, and the external parameters
of the camera, such as the center of projection and
viewing direction, are used.

Ancther extension to the conventional images,
which is defined on a 2D parameter space, is that
raysets allow the usage of high-dimensional parameter
space. Therefore, raysets can be used to generalize
goproaches like light field, lumigraph, and concentric
mosaics.

Comparing with the plenoptic model, rayset
separates the mapping from the ray space to the
attribute space into two separate mapping relations. The
first mapping relation defines how the ray space is
sampled, while the second one defines the sampling
result. Such a separation introduces flexibilities. For
example, keeping the support function constant and
changing the attribute function can simulate the effect
of changing objects in the scene. One the other hand,
changing the support function without altering the
attribute function can simulate the effect of distorting
the scene.

A texture is essentially a paralel image in the



context of rayset. Then, without altering the attribute
mapping, texture mapping can be facilitated by defining
a new support function to reorient the rays to conform
to the underlying geometric structure of the object.

Therefore, under the rayset concept, the approaches that
use images as textures are more naturally integrated
with other image-based rendering techniques.

A collection of OCCM isa3-D rayset, which can be
used to represent an object. These mosaics are all
multiple-center-of-projection  images.  However,
different from multiple-center-of -projection images, al
columns in the mosaics are constrained to be vertical.
The constraint makes it possible to find the
corresponding column in the mosaics directly. This
advantage is very important since we cannot afford to
reproject all the columnsin different mosaicsto render
asingleimage.

Comparing with the image-based object approach,
OCCM adds one more dimension. Therefore, non-
diffuse effect and self-occlusion are captured. In
addition, rendering OCCM uses backward mapping
plus 1-D warping, which is more efficient than the 3-D
image warping used in image-based object.

We can also represent objectsin the scene using six
relief textures mapped on the faces of a box.
Nonetheless, the relief texture approach uses a single
image [20]; therefore, it cannot produce non-diffuse
effects, such as highlight and reflection.

As a 3-D rayset, OCCM does not capture the
appearance of the object on the top and the bottom
direction. Therefore, the viewpoint islimited within the
height range of the bounding cylinder. However, in
many applications, such asto show a new product or to
evaluate an architectural model, there is no need to
observe the object from the top or the bottom. The
OCCM approach isagood choicefor these applications
since it requires only a reasonable storage and can be
rendered in real time.
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