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THREE-DIMENSIONAL IMAGE SYNTHESIS
USING VIEW INTERPOLATION

Field of the Invention

The present invention is directed to the computer generation
of three-dimensional graphic scenes from different perspectives,
and more particularly to the generation of such scenes through the

synthesis of two-dimensional images.

Background Information

The ability to generate a large number of images of an
environment from closely spaced viewpoints is a very useful
capability. A traditional application of this capability is a flight in
the cabin of an aircraft simulator. A more contemporary
application is a walk through a virtual environment. In both cases
the same scene is displayed from the view of a virtual camera
controlled by the user. A different view of a scene must be
determined and presented for each different location of the camera.
The computation of global illumination effects pertinent to the
scene, such as shadows, diffuse and specular inter-reflections, also
requires a large number of visibility calculations. A typiéal
approach to this objective is to rely on a computer to repetitively
render the scene from the different viewpoints. This approach has
two major drawbacks. First, real-time rendering of a complex
scene is computationally expensive and usually requires specialized

graphics hardware. Second, the rendering time is usually not
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constant and is dependent on the scene complexity. This problem
is particularly critical in simulation and virtual reality applications
because of the demand for real-time feedback. Since scene
complexity is potentially unbounded, this latter problem will always

exist regardless of the available processing power.

A number of approaches have been proposed to address this
problem. Most of these approaches use a preprocess technique to
compute a subset of the scene visible from a specified viewing
region. Only the potentially visible objects are processed in the
available time. This approach does not completely solve the
problem, however, because there may be viewing regions from
which all objects are visible. A different method has been
developed to approximate the visibility at a location from adjacent
environment maps. In this method, the environment maps are Z-
buffered images rendered from a set of discrete viewpoints in a
three-dimensional space. Each environment map shows a complete
view of the scene from a point. An environment map can take the
form of a cubic map, computed by rendering a cube of 90° views
radiating from the point. The environment maps are pre-computed
and stored with viewpoints arranged in a structured way, such as a
three-dimensional lattice. An image from a new viewpoint can be
generated by re-sampling the environment maps stored in adjacent
locations. The re-sampling process involves rendering the pixels in
the environment maps as three-dimensional polygons from the new
viewpoint. In this approach, the rendering time is proportional to

the environment map resolutions and is independent of the scene
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complexity. However, the requirement that samples from the maps
be regenerated as three-dimensional polygons imposes substantial

overhead, and may require special-purpose hardware.

Accordingly, it is desirable to provide a technique for
rapidly generating images from nearby viewpoints which is
independent of scene complexity and which does not require
specialized hardware to implement, to enable a continuous sequence

of new images to be generated rapidly on a real-time basis.

Summary of the Invention

In accordance with the present invention, these objectives
are achieved through the use of view interpolation to generate
intermediate images from stored images that are taken from nearby
viewpoints. The view interpolation is based on techniques that are

similar to image morphing.

More particularly, a plurality of images are stored which
respectively correspond to the views of a scene from different
locations. To generate the view from an intermediate viewpoint
between those locations, adjacent images are morphed to create the
new image. Maps which identify the correspondence between any
two adjacent images are pre-computed and stored. These maps are
employed during the morphing process, to thereby allow the image

generation to be carried out at interactive rates.
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To accelerate the morphing process, a block compression
technique is employed to compress the maps, thereby reducing the
number of computations that are performed in the generation of a
new image. In addition, though proper selection of the stored
images, the visibility priority of pixels within an image can be
made view independent, thereby eliminating the need to resolve

visibility during the morphing step.

The mapping operation enables other results to be achieved
more rapidly as well. Many computer graphic renderings are
computed much more slowly than real time, but rety on the
capability of creating many subsidiary images from closely spaced
viewpoints to depict complex effects of light and shadow in a single
final image. In such situations, the pictures created by the mapping
techniques of the present invention can be used instead of much
more expensive traditional rendering. For example, a sequence of
mapped views can be constructed to portray soft shadows that result
in a scene from an extended light source. In addition, blurring due
to motion of an object within a scene can be computed more

efficiently.

These, as well as other features and advantages of the
invention are explained in greater detail hereinafter with reference

to specific examples illustrated in the accompanying drawings.
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Brief Descriptions of the Drawings

Figure 1 is a perspective view of an object constituting a

scene to be viewed, along with a path for various viewpoints;

Figure 2 is a block diagram of a system for presenting views

in accordance with the present invention;

Figure 3 is an illustration of three stored views of the scene
of Figure 1, showing the correspondence maps that are generated

for the stored views;

Figures 4A-4C depict the sequence of general steps that are

carried out in the morphing of an image;

Figures 5A-5C show a sequence of related images,

illustrating holes that can result during image interpolation;

Figure 6 is a ray trace diagram which depicts the manner in

which holes can be formed in an image;

Figure 7 is an illustration of a scene that is viewed from
three respective viewpoints, depicting the feature of view-
independent visibility priority;

Figure 8 is an illustration of an image frame, depicting

quadtree blocks;
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Figures 9A and 9B are flowcharts of the main steps involved

in the implementation of the present invention;

Figure 10 is a graph of a portion of an image array,

depicting the locations of different viewpoints;

Figure 11A and 11B are graphs of a temporal visibility

function for a pixel in a target image; and

Figure 12 is an illustration of the application of the

invention to the generation of soft shadows.
Detailed Description

As described previously, the present invention is directed to
the generation of images representing the views of a three-
dimensional scene from different perspectives, such as different
locations of a virtual camera. Depending upon the particular
application, the camera might be movable in one-dimensional, two-
dimensional or three-dimensional space. To facilitate an
understanding of the fundamental principles which underlie the
present invention, it is first described with reference to examples of
movement of the camera in one-dimensional and two-dimensional
space. Furthermore, in these preliminary examples, the scene that
is being viewed is assumed to be static, and all changes which

occur in the scene are a result of camera movement.
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The scene to be viewed could comprise a single, three-
dimensional object, such as a teapot 10 shown in Figure 1. A ring
12 surrounding the object 10 illustrates the path of movement of a
virtual camera through which the scene is viewed. Three positions
along this path, displaced by 90° from one another, are respectively
indicated by the arrows labelled A, B and C.

In practice, with reference to Figure 2, the viewed scene is
actually a two-dimensional image that is presented on a suitable
display 14, such as a monitor for a computer system, a television
set, or any other suitable display arrangement. The generation of
the image is carried out under the control of a computer 16. The
movement of the virtual camera, to present different views of the
scene, is controlled by the viewer through a suitable input device
18. This input device could comprise, for example, a joystick in a
simulator, a head position detector in a virtual reality system,
cursor control keys on a keyboard, or a mouse. If the viewer
inputs a command for the camera to move to the right, the
viewpoint will move from position A, for example, toward position
B. The image presented on the display 14 changes along with the
movement of the camera, i.e. objects in the scene will move in the
opposite direction. In the case of the teapot 10 shown in Figure 1,
it will appear to rotate in a direction from right to left.

In accordance with the present invention, selected views of a
scene, from different viewpoints, are recorded. In the example of

Figure 1, the view of the object 10 from each of the positions A, B
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and C is stored in a memory of the computer 16. Each of these
three views is represented in Figure 3. These views can be
computer-generated images, artists’ renditions, or digitized versions
of respective photographic images. Once each of these views has
been stored, the image from any viewpoint between any two of the
recorded locations can be obtained by interpoiation of two adjacent
stored images. Thus, the user’s view of the scene is not limited to
the prestored images. Rather, the scene can be viewed from any
viewpoint within a continuous range defined by the stored images,

providing a more realistic presentation.

In accordance with the present invention, the interpolation is
carried out through image morphing. Generally speaking, image
morphing is a simultaneous interpolation of shape and texture. The
morphing technique involves two basic steps. In the first step, a
correspondence is established between two images. This step is
usually the most difficult part of the morphing technique.
Typically, the correspondence is established by a human operator.
The operator might, for example, define a set of corresponding
points or line segments within a pair or set of images. An
algorithm is then employed to determine the correspondence, or
mapping, of the remaining points of the images. The second basic
step in the process is to employ the correspondence mapping to
interpolate the shape of each image toward the other, according to
the particular intermediate image to be formed. The morph is
completed by blending the pixel values of the two images by the

same respective coefficients.
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This technique, as applied to the present invention, is
illustrated in Figures 4A-4C. In Figure 4A, a pair of images are
respectively labelled A and B. In the first step of the image
morphing process, a pixel 20, or group of pixels, is identified in
one of the images, and the location of the same pixel or group of
pixels is determined in the second image. In the example of Figure -
4A, pixel 20 in image A is located in image B at the position
identified by the reference character 22. The displacement of the
pixel 20 in going from image A to image B is used to form an
offset map M,,. In essence, the offset map is comprised of vectors,
such as the vector 24, which identify the displacement of each pixel

in going from the source image (A) to a destination image (B).

In the second step of the process, an interpolated offset map
is determined for an intermediate viewing position that is located
between the respective viewpoints for the images A and B.
Refefring to Figure 4B, the product of the offset map M,, and a
coefficient t is computed to determine an interpolated offset map
M,. The coefficient t represents the location of the viewing
position for which the interpolated map is computed. For example,
the coefficient t can be the ratio of (a) the distance between the
intermediate viewing position and the viewing position for a source
image A, relative to (b) the total distance between the viewing
positions for the source image A and a destination image B,
respectively. Once the interpolated map M,, is determined, its
vectors are applied to the pixels of the source image A, to result in

an intermediate view T, as shown in Figure 4C. In other words,
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the pixels from the source image A are moved to their interpolated
locations, as defined by the map M,,, to create the interpolated

image T.

As noted previously, each of the images A, B and C from
various viewpoints is stored in the memory of the computer 16. In
addition, to reduce real-time processing requirements, the offset
maps which describe the correspondence between each two adjacent
images are also precomputed and stored. In practice, a pair of bi-
directional maps are stored for each pair of adjacent-images.
Referring again to Figure 3, one map 19a identifies the
correspondence between images in going from image A to image B,
and the other map 19b identifies the correspondence in going from
image B to image A. Thus, each of the two images A and B can

act as a source image and a destination image.

In going from a source imége to an interpolated image, two
or more pixels in the source image may map to the same pixel
location in the interpolated image. To resolve visibility, the z-
coordinate of each of these pixels can be compared to one another,
and only the pixel having the nearest (most proximal) z-coordinate

(as measured from the location of the camera) is displayed.

In a conventional morphing process, two deformed images
are computed, i.e., one going from the source image to the
destination image and one going from the destination image to the

source image. Once these two deformed images have been
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determined, they are crossed-dissolved to produce the final

interpolated image. In the practice of the present invention, the
morphing occurs between different views of the same scene or
object, rather than between completely different images, and the

5 surface shading of the same object is view indepehdent. Asa
result, there is no strict need to cross-dissolve plural deformed
images. However, cross-dissolving can still be employed where the

z values are identical (or within a threshold distance), to provide

smoother interpolation.

10 ‘ When one-directional mapping alone is used to compute the
interpolated image, holes may occur in the final image. These
holes are created at every target pixel to which no source sample is
transformed. These holes appear first at the steep slopes in the
depth map of an image as it is transformed, where adjacent pixels

15 have widely differing depths, and where the mapping causes local
image expansion. For example, Figures 5A-5C illustrate a scene
that is viewed from different viewpoints respectively moving to the
right. The shaded regions 24 in Figures 5B and 5C indicate holes,
i.e. pixels in the interpolated images that have no correspondence in

20 the original source image.

One method to fill the hoies is to interpolate the colors or
offset vectors of adjacent pixels. To identify holes, the destination
image can be first filled with a predetermined background color.
This background color is "reserved" as a marker, and is restricted

25 from all prestored source images. After the interpolated offset map
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is applied to the original image, the hole pixels will retain the
background color. New colors for these hole pixels can be
computed by interpolating the colors of non-background pixels that
are adjacent to or otherwise in the neighborhood of the hole pixels.
Alternatively, the offset vectors of the neighborhood pixels can be
interpolated. The interpolated offset can be used with reference

back to the source image, to obtain a new sample color.

Holes can also arise from objects that are invisible in each
of the source images but visible in the destination image. An
example is shown in Figure 6. In this example, two large objects
26 appear in the foreground of the scene, and a smaller object 28 is
located behind them, in a hole region that is not visible from either
of the source viewpoints A and B. The hole region of concern is
the intersection of the umbra regions Ua, Ub cast by each of the
viewpoints A and B, and the visible region Vm from an
intermediate viewpoint M. The small object 28 in the hole region
is completely missed by the two source images from points A and
B, although it should be visible from the viewpoint M. The
problem of holes, such as illustrated in Figure 6, can be reduced by
using multiple source images to minimize the umbra regions. The
closer the two source viewpoints are placed to one another, the

greater the reduction in the number of holes.

As a further feature of the invention, certain criteria can be
employed in the selection of views to eliminate, or at least

substantially reduce, the need to interpolate and compare the z
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coordinates of each pixel to determine view priority. Figure 7
illustrates a scene containing two objects 30 and 32. This scene is
viewed from three locations. In view 1, the viewing priority is that
point A on object 30 is closer than point B on object 32. This
priority is also valid for view 2, since points A and B do not
overlap in this view. However, the priority is not correct for view

3, where points A and B overlap.

In the illustration of Figure 7, the field of view from each
viewpoint is indicated by a triangle 34. An angle 6 is formed
between the edge of one viewpoint’s' field of view and the center
line (or optical axis) for the adjacent viewpoint. It has been
determined that, as long as the angle @ is less than 90 degrees for
adjacent viewpoints, the A-B priority of any two pixels does not
need to be changed when moving from one viewpoint to the other.
Thus, a view-independent visibility priority can be established for
every source pixel for a given viewing range, by selecting the
source images so that the angle 6 is less than 90° between any two

adjacent images.

In the implementation of view-independent visibility
priority, when the offset maps are created, the pixels are ordered
from back to front based on their original z coordinates.
Subsequently, during the interpolation process, the pixels are
displayed in back-to-front order. This ordering of the pixels
eliminates the need to interpolate the z coordinate of each pixel

during the interpolation process.



WO 95/04331

10

15

20

25

14

Since adjacent pixels tend to move together in the mapping
from one image to another, a block compression technique, such as
quadtree, can be employed to compress the offset maps 19.
Adjacent pixels which move in a similar manner can be grouped in
blocks 36, as shown in Figure 8, and moved together. This
compression serves two purposes. First, it reduces the size of the
offset maps. Second, it allows offsets for entire blocks of pixels to
be interpolated, rather than pixel-by-pixel. This second aspect of
the block compression greatly accelerates the interpolation process,
since the main effort in the process is the interpolation of the offset

vectors.

The compression ratio that is employed can be related to the
complexity of the image depth and the viewpoint movement. For
images with high depth complexity, the compression ratio is
preferably low. The ratio should also be lower as the movement of
the viewpoint results in greater pixel depth change. A maximum
offset threshold can be employed to determine the appropriate
compression ratio. A maximum offset threshold of one or two
pixels, for example, would mean that the offset vector coordinates
for individual pixels within a block do not differ by more than one
or two pixel units. Thus, as shown in Figure 8, the various blocks
can be of differing sizes, in dependence upon the variation in the
magnitudes of the offset vectors. The threshold provides a smooth
quality degradation path for increased performancé. Large
threshold factors result in fewer quadtree blocks and, therefore,

reduce the interpolation time.

PCT/US94/08467
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The view-independent visibility priority described above is
applicable to the quadtree blocks. The priority can be assigned to
every quadtree pixel block. Since the pixels within a block have
similar offsets, they also have similar z coordinates. The z
coordinates within a block can be averaged, or otherwise filtered,
to determine a z-value for the block as a whole. This value is
employed in a visibility priority sort. A sorted list of pixel blocks
can thereby be created, which is the value for the entire range

between two stored views.

The foregoing aspects of the present invention are
summarized in the flowcharts of Figures 9A and 9B. Generally
speaking, the process of the present invention involves two main
stages, a preprocessing stage and an interactive interpolation stage.
In the preprocessing stage, the correspondence between each
adjacent pair of source and destination images is established. This
stage is the more computationally intensive, and can be carried out
in advance, using as much time as is necessary. In the
interpolation stage, a new image is generated to correspond to a

new viewing location. This stage is implemented in real time, at

" interactive rates.

The steps of the preprocessing stage are depicted in Figure
9A. As a first step 40, the appropriate input data is gathered

and/or determined. This input data includes the source and

~ destination images, as well as range data (z coordinates) and

camera parameters associated with each image. The input data also
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includes a threshold factor for the quadtree decomposition. In the
second step 42 of the process, an offset map is created from the
source to the destination image. The offset map is decomposed into
quadtree blocks, and the blocks are added to a block list (step 44).
The block list is then sorted from back to front, according to each
block’s respective z coordinates (step 46).

These steps are repeated for each set of adjacent stored
images. For every pair of images, the steps are carried out twice,

once in each direction.

The interactive interpolation stage is illustrated in Figure
OB. As a first step 50, input data, comprising interpolation
parameters and a sorted block list, are obtained. The interpolation
parameters are the parametric coordinates of the new viewing
location, relative to the viewing locations of adjacent stored images.
In the second step 52, the interpolated image is filled with a
distinctive background color. A new location is computed for each
block in the block list, going from back to front (step 54). As the
location of each block is determined, it is copied to that location in
the interpolated image (step 56). After all of the blocks have been
copied to the new image, each pixel which retains the background
color is identified (step 57), and its color is computed by filtering
the colors of adjacent non-background pixels, or the offset vectors

of the adjacent pixels (step 58).
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In the example of Figure 1, the movement of the virtual
camera is one-dimensional. In practical applications of the
invention, the user’s control over the displayed scene can be multi-
dimensional. For example, the views of the teapot 10 can be taken
from any point on a sphere which completely surrounds the teapot,
rather than only a ring. An array of prestored images is
determined for selected points on the sphere. These images can be
connected to form a graph, where each node on the graph
comprises a source image and each arc in the graph (connecting
any two adjacent nodes) represents the correspondence maPPing
between the images. Since the mapping is bidirectional, two maps

are associated with each arc.

An example of a portion of an image array is shown in
Figure 10. In the graph, the images are grouped in sets of three,
so that the arcs 60 between adjacent image nodes 62 form triangles.
A scene can be viewed from any point encompassed by the triangle.
For a viewpoint 64 located along one of the edges 60 of the
triangle, the interpolation is carried out with two offset maps from
two source images, as explained with reference to the example of
Figure 1. For a viewpoint 66 located within the triangle, its
barycentric coordinates are determined, and used to interpolate

from among three source images.

More particularly, in the example of Figure 10, each pixel
in image A will have two offset vectors associated with it. One

vector identifies that pixel’s displacement in going from image A to
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image B, and the other vector corresponds to the pixel’s
displacement in going from image A to image C. The barycentric
coordinates of the viewpoint 66 determine the coefficients by which
each of these vectors is scaled. Each scaled vector represents an
interpolated image, and all of the interpolated images (in this case,
three) are combined to form a composite image that is displayed.

From the foregoing, it can be seen that the changes in the
displayed scene can be multi-dimensional and are determined by
multivariate interpolation. Furthermore, the dimensions can be
other than spatial, e.g. they can relate to object movement or
surface distortions. The changes in each dimension are
accompanied by an appropriate correspondence map, which is
employed in the multivariate interpolation. As more dimensions
are added, the view-independent visibility priority may no longer
apply. In such a case, it may be appropriate to include range data
with each sample or block of samples, to effect compositing of

images.

The ability of the present invention to rapidly generate a
large number of scenes facilitates the simulation of motion in a
displayed scene. For example, if the camera’s location is-moved at
a rapid rate some of the objects in the scene may appear blurred.
In the present invention, such blurring can be simulated through a
temporal sampling technique. If an image of a motion sequence is
rendered for an instant of time, rather than a time interval, the
motion will appear to be jerky, and the image is said to be aliased
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in the temporal domain. One conventional technique to perform
temporal anti-aliasing is super-sampling. The motion is sampled at
a higher rate in the temporal domain, and the samples are filtered
to the display rate. Super-sampling requires the computation of
many more samples. For images which require a significant
amount of processing to render, this technique can be

computationally expensive.

The morphing method of the present invention allows
additional temporal samples to be created by interpolation. The
interpolation time is constant regardless of the complexity of the
images being interpolated. The sampling rate is determined by the
largest offset vector from the morph map, in order to perform

proper anti-aliasing.

When a super-sampling approach is employed, the sampling
rate is determined on the basis of the worst case. If an image has a
fast moving object and slowly moving background, the super-
sampling approach is not very-efficient. One way to improve upon
this approach is to segment the images based on object movement,
and use different sampling rates for each segment. For instance, a
foreground object in a scene should be sampled at a high rate,
while a stationary wall in the background needs only a few
samples. In the case of motion caused by viewpoint changes, the
different segments can be sorted in order of depth. Each segment
is filtered independently and a temporal coverage value is stored for

each pixel, to indicate the ratio of background samples relative to
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“all samples. The multiple segment layers are composited in front-

to-back order, with each segment’s pixel colors attenuated by the
coverage value. The function of the coverage value, therefore, is
to normalize the brightness of all of the pixels, so that the pixels
which have been sampled a greater number of times do not have

their brightnesses artificially increased.

Another approach to anti-aliasing motion is to generate a
continuous temporal visibility function for each pixel from the
mapping. By treating a pixel in the destination image as a window,
this continuous function describes when and which source pixels
cross the window over a predetermined time interval. Referring to
Figures 11A and 11B, the continuous function can be computed by
moving all of the source image pixels to their destinations, and
recording the time they cross each target pixel’s center. After this
process, each target pixel has a list of records for the source pixels
which have crossed the target pixel in the time interval. As shown
in Figure 11A, each record contains an identification of the source
pixel’s coordinates, Pxy, and a sub-interval for the crossing times.
This list is then sorted by the z-coordinates, and occluded sub-
intervals are deleted, as shown in Figure 11B. The remaining list
is a continuous function and can be integrated for any time interval

to simulate motion.

Another application of the present invention is in the
rendering of shadows. In a conventional approach, a shadow

buffer algorithm was computed using a z-buffer, or shadow map,
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from the point of view of a light source. To compute shadows, the
coordinates of a surfacé point in an image were transformed to the
light source’s space, and its z-coordinates compared to the
corresponding z-coordinates in the shadow map. While this

5 approach is acceptable for point light sources, it is not very
efficient for the approximation of linear or area sources, which

require many different point light sources to be employed.

The morphing method of the present invention can be used

to significantly reduce the cost of computing a shadow map for

10 each of the point sources. Referring to Figure 12, a shadow map is
computed first for each of the two end points lightl and light2 of a
linear light source, using a conventional rendering method.
Interpolation maps, map1 aqd map2, from the viewpoint to each of
the two end points are also computed, to transform the scene

15 coordinates to each point source’s coordinate space. A shadow
map for an intermediate point, light3, on the linear source is
interpolated from the end point shadow maps, using the morphing
method. The same interpolation factor is used to interpolate the
two interpolation maps, to create a map from the viewpoint to the

20 intermediate light source point. A standard shadow buffer
algorithm can then be employed to compute shadows for the
intermediate point source. This process is repeated for all
intermediate points at a desired interval. The resulting shadow

images are composited, to create a soft shadow of the linear source.
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From the foregoing, it can be seen that the present invention
employs images and environment maps to represent a three-
dimensional scene. To view the scene from different perspectives,
images adjacent to a viewpoint are interpolated to create the desired
view. With this method, only a few key images are required, and
interpolation is used to generate in-between frames at interactive
rates, regardless of scene complexity. This ability to generate
images at an accelerated rate is a result of separating the slower
process of computing image correspondence from the faster
interpolation process, and carrying out the slow processes ahead of

time.

The image morphing method of the present invention is
computationally inexpensive and yet provides the capability to
present images from any viewpoint in a defined range at a real-time
rate. While a large amount of data may need to be stored, the
amount needed to compute any given frame is relatively small and
can be read from secondary storage, as needed. Thus, the
approach of the present invention is quite appropriate for CD-ROM
based devices, for example, due to their large storage capacity. As
the complexity of geometric models increases, the advantages
provided by the image-based approach of the present invention

become more significant.

One important design decision in the image morphing
method is the nature of the offset maps used to apply image

deformations. In the foregoing discussion, maps may store new
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image coordinates for pixels in a source image, or offset vectors to
these new image coordinates (from each pixel’s original
coordinates). Such a set of coordinates or offsets is termed a
*forward mapping", as it maps each pixel to a new target location.
5 Another possibility, often used in conventional image morphing, is

to use an "inverse mapping". An inverse map is a set of -
coordinates or offsets, defined for each pixel in the target image,
which specifies the location of pixels in a source image. To
illustrate, for any two images, A and B, for which correspondences

10 can be mapped, the forward map from A to B indicates where to
move each pixel in A to arrive at a close approximation to image
B. A new location is specified for every source pixel in such a
mapping, but it does not guarantee that all target image pixels will
be covered with a pixel from the source image, and so (as

15 previously discussed) "holes" may arise. The inverse map from A
to B indicates, for each pixel in image B, the coordinates (or
offsets) of corresponding pixels in image A. In using the inverse
map, no holes occur, since every target pixel has a defined source
pixel in the undeformed imagé. On the other hand, defining the

20 source pixel coordinates for regions outside the on-screen
boundaries of an object that does not fill the screen (like the teapot)
may be problematic. In order to achieve reasonable results when
interpolating inverse maps, the regions of the maps outside the
boundaries of objects should contain coordinates or offsets

25 extrapolated from the coordinates or offsets within object
boundaries. The boundaries themselves, which delimit the visible

portions of objects, can be represented separately, as mattes. A
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matte is an extra component of the image - along with the red,
green, and blue components - which defines the opacity of the
image at each point. The mattes for the source and target images
in a morph are indexed, deformed, and composited in the same way
as the red, green, and blue components of the iméges.

It will be appreciated that the foregoing examples of the
invention are illustrative only, and that the invention can be
embodied in other specific forms without departing from the spirit
or essential characteristics thereof. For example, while the use of
linear interpolation has been described in the illustrated
embodiments, other types of interpolation, such as quadratic or
cubic, can also be employed to provide improved accuracy in the
interpolated image. The disclosed embodiments, therefore, should
not be considered to be restrictive in any sense. The scope of the
invention is indicated by the appended claims, rather than the
preceding description, and all variations which fall within the
meaning and range of equivalents thereof are intended to be

embraced therein.
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What is claimed is:

1. A method for synthesizing views of a three-

dimensional scene, comprising the steps of:

storing a plurality of two-dimensional images of the
scene from different respective source viewpoints;

for each pair of images relating to adjacent
viewpoints, determining and storing a map which identifies the
correspondence of pixels in the two images;

identifying a viewpoint between at least two of said
source viewpoints;

determining a coefficient relating to the location of
said intermediate viewpoint relative to said source viewpoints;

morphing at least one of said images in accordance
with said coefficient and the information.contained in at least one of
said maps to producé an interpolated image which defines the view
from said intermediate viewpoint; and

displaying the interpolated image.

2. The method of claim 1 wherein multiple images are
morphed, using multivariate interpolation, to produce a composite

image that comprises said interpolated image.

3. The method of claim 1 wherein a pair of
bidirectional offset maps are determined and stored for each pair of

adjacent images.
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4. The method of claim 1 wherein each map contains
offset vectors which describe spatial displacement of image pixels

in going from one image to another.

S. The method of claim 1, further including the step of
decomposing said maps into blocks of pixels, in accordance with a

compression threshold.

6. The method of claim 5, wherein the offset map

identifies the correspondence of groups of pixels in the two images.

7. The method of claim 5, further including the step of
sorting the blocks of pixels within a map in accordance with range

information.

8. The method of claim 7 wherein said step of
producing an interpolated image includes the steps of:

copying pixel blocks from the source image to the
destination image in said sorted order;

identifying pixels in the destination image to which no pixel
from the source image was copied; and

for each identified pixel, filtering a parameter associated
with at least one pixel in the neighborhood of said identified pixel,
to compute a display value for the identified pixel.

9. The method of claim 8 wherein said parameter is the

color of the adjacent pixel.



WO 95/04331 PCT/US94/08467

27

10.  The method of claim 8 wherein said parameter is a

displacement value for the adjacent pixel.

11.  The method of claim 1, wherein each source
viewpoint has an associated field of view defined by a central axis
5 and.edge boundaries, and wherein said source viewpoints are
selected such that the angle between the edge boundary of one
viewpoint and the central axis of ‘-an adjacent viewpoint does not
exceed 90°.

12. A system for generating a sequence of related images
10 corresponding to different views of a scene, comprising:
means for storing an array of images which
correspond to views of the scene from different respective source
viewpoints;
means for determining the correspondence between
15 adjacent images in said array and storing maps which identify said
correspondence;
“'means for indicating a new viewpoint located
between at least two of said source viewpoints;
' means for interpolating the information in at least
20 one of said maps to produce an interpolated image corresponding to
a view of the scene from said new viewpoint; and

means for displaying the interpolated image.

13.  The system of claim 12 further including means for

decomposing said maps into blocks of pixels, wherein the pixels in
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each block have a common characteristic relating to the

correspondence between images.

14.  The system of claim 13 wherein said decomposing
means includes means for determining the value of a parameter for
each block which relates to distance from a viewpoint, and means
for storing said blocks in an order determined by said parameter

values.

15.  The system of claim 14 wherein said interpolating
means interpolates and displays said blocks in said stored order.

16.  The system of claim 12 wherein said array is multi-
dimensional, and said interpolated image is interpolated from at
least two of said maps.



WO 95/04331 PCT/US94/08467

12 c
o o
10 J.,/ FIG. 1
B
A
14
) FIG. 2
16
MOVEMENT
18 5| CONTROL »| COMPUTER
19a )’79
A—-=B B~ C |
CYEBENY
B—+A cC+FB
L ’ 196~ B Y19 c
Y
FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 95/04331 PCT/US94/08467

2/5
20
N 20
e S
FIG. 4A ™ .
T e [(Re M§L24
S22 OFFSET MAP
F 48 | /)| v | 7
MAB war |
0
FIG. 4C + ‘F = O
A MAT T

7

FIG. 5A FIG. 5B

SUBSTITUTE SHEET (RULE 26)



WO 95/04331 PCT/US94/08467

3/5
/ Vb
Va A

s

) |

26 26
FIG. 6
A M B
34
VIEW 2
A 64 2
L 55 S
62 62
36; : 60 66
L36
FIG. 8 c 92 FIG. 10

SUBSTITUTE SHEET (RULE 26)



WO 95/04331 PCT/US94/08467

4/5
RECEVE |~ 50
RECEVE |~ 40 DATA
INPUT DATA
\
g FILL WITH | 52
COMPUTE T 42 BACKGROUND
OFFSET MAP |
: \
GET BACK
DECOMPOSE & - 44 BLOCK
LIST BLOCKS .
\
INTERPOLATE | — 54
SORT BLOCKS}— 46 FOR BLOCK
\
GET NEXT| [ _coPy T0
LAST YES BLOCK mice. %
IMAGE
NO
R NO FRONT
BLOCK
YES
57
NO
BACKGROUND
FiG. 9A PIXEL

FILTER
ADJACENT
PIXEL & COLOR

I L58

FIG. 9B
SUBSTITUTE SHEET (RULE 26)



WO 95/04331

PCT/US94/08467

5/5

p, . A SUBINTERVAL ~ CROSSING  §
20 ) TIME
X T 1 W
: S~
I
S S ;/l\l |
| 7y
FIG. 11B
LIGHT 2 LIGHT 3
LIGHT 1
MAP 3
/
MAP 2 MAP_1
EYE

FIG. 12

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Intern.

PCT/US 94/08467

1al Application No

. CLASSIFICATION OF SUBIECT MATTER

CE  Go6TIE/I0  B08Tis/70

According to [ﬁtcmau‘onal Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6 GO6T

Documentation searched other than mimimum documentation to the extent that such documnents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the reievant passages

Relevant to claim No.

LTV AEROSPACE AND DEFENSE COMPANY, 25 July

1-16

1985
pages 54 - 65

TECHNOLOGY®

see the whole document
COMPUTER & GRAPHICS,
pages 107 - 115

OF PIPS'
see the whole document

DEVARAJAN AND HOOKS 'LOW ALTITUDE HIGH
SPEED FLIGHT SIMULATION USING VIDEO DISC

vol.16, no.1l, 1992, GREAT BRITAIN

KAUL AND ROSSIGNAC 'SOLID-INTERPOLATING
DEFORMATIONS: CONSTRUCTION AND ANIMATION

1-16

D Further documents are listed in the continuation of box C.

D Patent family members are listed in annex.

A*

* Speaial categories of cited documents :

document defining the general state of the art which is not
considered to be of parucular reicvance

T

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“E" earlier document but published on or after the international *X" document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
L’ docur'r:em wh‘iich may m“t’h doubl!; on priority claim(s'}. or involve an inventive step when the document is taken alone
which is cited to establish the publicaton date of another *Y* document of ; " - 4 i
. ’ particular relevance; the claimed invention
atation or other speaal reason (as specified) cannot be considered to invalve an inventive step when the
“0° document refernng to an oral disclosure, use, exhibition or document 1s combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P" document published prior to the international filing date but in the art.
later than the pnority date claimed “&" document member of the same patent family

Date of the actual completion of the international search

27 October 1994

Date of mailing of the international search report

04.11.94

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 )

Authonzed officer

Burgaud, C

Form PCT/1SA/210 (second sheet) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

