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WIDE-ANGLE DEWARPING METHOD AND
APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This 1s a reissue of U.S. Pat. No. 7,042,497, which is a
continuation of application Ser. No. 09/429,697, filed Oct. 28,
1999, now U.S. Pat. No. 6,346,967 which 1s a continuation of

prior application Ser. No. 09/128,963, filed Aug. 4, 1998, U.S.
Pat. No. 6,005,611, and which was a continuation of applica-
tion Ser. No. 08/250,594 filed May 27, 1994, U.S. Pat. No.
5,796,426, incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a method and apparatus for
displaying a perspective corrected field of view from wide
angle video sources, and more particularly relates to permit-
ting the user of an orientation sensing means to view a
selected portion of stored or real time video encoded from a
wide angle source and transforming that portion to a perspec-
tive-corrected field of view.

BACKGROUND OF THE INVENTION

“Virtual reality” and “telepresence” have become
extremely popular for use in research, industrial and enter-
tainment applications In “virtual reality”, or VR, a user 1s
permitted to view a computer-generated graphical represen-
tation of a selected environment. Depending on the sophisti-
cation of the hardware and software used to generate the
virtual reality environment, the user may be treated to a three
dimensional view of the simulated environment. In “telepres-
ence,” a user 1s permitted to view a real-world, live or
recorded environment from a three dimensional perspective.

In addition, 1n some higher end systems the user 1s permit-

ted to see different portions of the VR and telepresence envi-
ronments simply by moving or orienting his head in one or
more degrees of freedom. This permits the user to obtain the
sensation that he 1s immersed 1n the computer-generated/real -
world environment. High end devices detect pan, roll and talt
motions by the user and cause the environment to change
accordingly. The pan\tiltiroll motions may be putted by
many types ol mput devices, such as joysticks, buttons or
head orientation sensors (which may be connected to head
mounted displays).
In VR applications, a continuing problem 1s how to render
a three dimensional environment of the quality and speed
users want while offering the product at a price they can
afford. To make a realistic environment, such as 1n a three
dimensional video game, many three dimensional polygons
need to be rendered. This rendering requires prohibitively
expensive hardware which greatly restricts the commercial
value of such a system.

In relation to telepresence applications, a continuing prob-
lem with the prior art 1s how to encode suilicient data that a
viewer may arbitrarily move his viewing perspective within
the telepresence environment and not look beyond the field of
view. One relatively simple solution, where the telepresence
environment 1s based on a real three dimensional environ-
ment, 1s to simply use the head orientation sensors to cause a
camera to track the orientation of the viewer. This has obvious
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2

limitations 1n that only one viewer can be 1n the telepresence
environment at a time (since the camera can only track one
viewer, and the other viewers will not typically be able to
follow the head motions of the controlling viewer) and, also,
prerecorded data cannot be used. Further, there 1s an inherent
delay between a change 1n user viewing perspective and the
time that it takes to realign the corresponding camera. These
limitations greatly restrict the value of such systems.

One method for overcoming each of these limitations 1s to
encode, erther 1n real time or by pre-recording, a field of view
largely equivalent to the entire range of motion vision of a
viewer—that 1s, what the viewer would see 1I he moved his
head 1n each permitted direction throughout the entire per-
missible range. For example, encoding substantially a full
hemisphere of visual information would permit a plurality of
viewers a reasonable degree of freedom to 1nteractively look
in a range ol directions within the telepresence environment.

The difficulty with this approach 1s that most means for
encoding such information distort, or warp, the visual data, so
that the information must be corrected, or “de-warped” before
a viewer can readily assimilate it. For example, a typical
approach for encoding substantially a full hemisphere of
information involves using a fish-eye lens. Fish-eye lenses, by
their nature, convert a three dimensional scene to a two-
dimensional representation by compressing the data at the
periphery of the field of view. For the information to be
viewed comiortably by a viewer 1n the VR environment, the
visual data must be decompressed, or dewarped, so that 1t 1s
presented 1n normal perspective as a two dimensional repre-
sentation.

One solution to the distortion problem 1s proposed in U.S.
Pat. No. 5,185,667 1ssued to Steven Zimmerman. The 667
patent describes an apparatus which etlects camera control
for pan, tilt, rotate and zoom while having no moving parts.
Through the use of a fisheye lens and a complicated trigono-
metric technique, portions of the video 1images can be dew-
arped. However, the solution proposed by the 6677 patent 1s
impractical because it 1s msuificiently tlexible to accommo-
date the use of other lenses besides a theoretically perfect
hemispherical fisheye lens without the introduction of math-
ematical errors due to the misfit between the theoretical and
the actual lens characteristics. This solution also introduces
undesirable trigonometric complexity which slows down the
transformation and 1s overly expensive to implement. This
solution further maps each individual pixel through the com-
plex trigonometric mapping formula further reducing the
speed of the transformation from one coordinate system to
another.

As a result, there has been a substantial need for a method
and apparatus which can dewarp encoded wide angle visual
data with sufficient speed and accuracy to permit a viewer to
immerse himself 1n a VR or telepresence environment and
look around within the environment while at the same time
permitting other viewers concurrently to independently
engage 1n the same activity on the same broadcast video
signal. There has also been a need for a method and apparatus
capable of providing such dewarping on a general purpose
high speed computer.

SUMMARY OF THE INVENTION

The present invention overcomes the limitations of the
prior art. In particular, the present invention transforms a
plurality of viewing vectors within a selected portion of the
wide angle, three dimensional video mput mto two dimen-
s1onal control points and uses a comparatively simple method
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to transform the 1mage between the control points to create a
perspective-corrected field of view.

More specifically, the present mmvention i1s drawn to a
method and apparatus which provides perspective corrected
views of live, prerecorded or simulated wide angle environ-
ments. The present mnvention first captures a wide angle digi-
tal video mput by any suitable means, such as through the
combination of a high resolution video camera, hemispheri-
cal fisheye lens and real time digital image capture board. The
captured image 1s then stored 1n a suitable memory means so
portions of the image may be selected at a later time.

When a portion of the stored video 1s selected, a plurality of
discrete viewing vectors in three dimensional space are cho-
sen and transformed into a plurality of control points 1n a
corresponding two dimensional plane. The area between the
control points, which 1s still warped from the original wide
angle 1mage capture, 1s then transformed 1nto a perspective
corrected field of view through a biquadratic polynomial
mapping technique. The perspective corrected field of view 1s
then displayed on a suitable displaying apparatus, such as a
monitor or head mounted display. The present invention fur-
ther has the ability to sense an inputted selection, orientation
and magnification of a new portion of the stored video for
transformation.

In comparison with the prior art, the present invention
provides a dependable, low cost, faster and more elegantly
simple solution to dewarping wide angle three dimensional
images. The present invention also allows for simultaneous
dynamic transformation of wide angle video to multiple
viewers and provides each user with the ability to access and
manipulate the same or different portions of the video mput.
In VR applications, the present invention also allows the
computer generated three dimensional polygons to be ren-
dered 1n advance; thus, users may view the environments
from any orientation quickly and without expensive render-
ing hardware.

It 1s therefore one object of the present invention to provide
a method and apparatus for dewarping wide angle video to a
perspective corrected field of view which can then be dis-
played.

It 1s another object of the present mvention to provide a
method and apparatus which can simultaneously transform
the same or different portions of wide angle video input for
different users.

It 1s yet another object of the present invention to provide a
method and apparatus which allows selection and orientation
of any portion of the video mput.

It 1s st1ll another object of the present invention to provide
a method and apparatus for magnification of the video input.

It 1s st1ll another object of the present invention to provide
a method and apparatus which performs all of the foregoing
objects while having no moving parts.

These and other objects of the mvention will be better

understood from the following Detailed Description of the
Invention, taken together with the attached Figures.

THE FIGURES

FIG. 1 shows a functional block diagram of one embodi-
ment of the present invention.

FIG. 2 diagrams the geometry between three dimensional
(X-Y-Z) space and 1ts corresponding two dimensional (U-V)
plane.

FIG. 3a shows a bilinear mapping of a warped image.

FIG. 3b shows a biquadratic mapping of a warped 1mage.

FIG. 4 shows a side view of a viewing vector from a three
dimensional (X-Y-7Z) wide angle lens as 1t 1s seen on a two
dimensional (U-V) plane.
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4

FIG. 5 shows a three dimensional field of view along with
a plurality of viewing vectors according to the present mven-
tion.

FIG. 6 shows a block diagram of the elements of a forward
texture mapping ASIC according to the present invention.

FIG. 7 shows an example of a U-V source texture trans-
formed into a X-Y plane destination texture according to the
present 1nvention.

FIG. 8 1s one embodiment of how to obtain a 360 degree
view using six hemispherical fisheye lenses according to the
present 1nvention.

FIG. 9 1s a functional flow chart of one embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, an embodiment of the present
invention for processing wide angle video information in real
time 1s shown. A high resolution video camera 10 having a
wide angle lens 20, such as a hemispherical fisheye lens, 1s
directed to areal world scene 22. The output 24 of the camera
10 1s provided to a real time i1mage digitizing board 30,
commonly referred to as a “frame grabber,” located 1n or
operatively connected to a conventional high speed computer
indicated generally at 150. The camera 10 may be any camera
which 1s capable of using a wide angle lens and providing
suitable resolution. In most nstances the camera will be a
video camera, although in some instances 1t may be desirable

to use a still frame camera. One suitable fisheye lens 1s the
Nikkor Auto 1:1.8 =8 mm fisheye lens which can be adapted

to a standard high resolution broadcast video camera with a
Nikon FW-Eng TMW-B1 converter. The computer 150 1s any
computer capable of recerving and processing video informa-
tion at an acceptable rate and may, for example, be an 80486-
based or Pentium™-based system, or other computer plat-
form such as are made by Silicon Graphics, Sun Micro
Systems, Apple Computer, or similar other computer manu-
facturers.

The fisheye lens 20 causes the video output signal 24 from
the camera 10 to be optically warped in a non-linear manner.
Betore the image can be comiortably viewed by a user, per-
spective-correcting measures must be taken. The digitized
video signal 24 1s thus transferred through the digitizing
board 30 (typically but not necessarily operating at 30 frames
per second) into memory 40 of the computer 150 so that
portions of the video picture can be randomly accessed by a
microprocessor 30, also within the computer 150, at any time.

The dewarping software 1s also stored in memory 40 and 1s
applied to the video signal 24 by the microprocessor 50. The
stored video signal 1s then transmitted from memory 40 to a
special purpose ASIC 60 capable of biquadratic or higher
order polynomial transformations for texture warping and
interpolation. Alternatively, the texture warping ASIC 60 may
be omitted and its functionality may be performed by soft-
ware. Phantom lines have been used to show the optional
nature ol ASIC 60. The perspective corrected video signal 1s
next transmitted to a video output stage 70, such as a standard
VGA card, and from there displayed on a suitable monitor,
head mounted display or the like 80. An 1nput device 90, such
as a joystick or headtracker (which senses the head move-
ments of a user wearing a headmounted display), transmits
position mnformation through a suitable input port 100, such
as a standard serial, parallel or game port, to the micropro-
cessor 50 to control the portion of the stored video that 1s
selected, dewarped and displayed. The mput device 90 also
transmits roll/pitch/yaw information to the microprocessor
50 so that a user may control the orientation of the dewarped
video signal. Further, one skilled in the art will appreciate that
a magnification option could be added to the mput device 90
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to allow the user to magnity the selected portion of video
input, constrained only by the resolution of the camera 10.

FI1G. 2 shows a real world three dimensional environment
200 which has been 1maged by the wide angle lens 20. This
environment 1s defined by the Cartesian coordinate system 1n
X, Y and Z with the viewpoint defined to be the origin of the
coordinate system. The viewing direction of the user, as
defined by the mnput device 90, 1s given as a viewing vector 1n
the X-Y-Z coordinate system. The image plane 210 contain-
ing the warped wide angle image 1s defined by a two dimen-
sional coordinate system i1n U and V, with the origin of the
coordinate system coincident with the ornigin of the X-Y-Z
coordinate system. If the field of view of the lens 20 1s suili-
cient, and the lens 1s rotationally symmetric about the viewing
axis, the digitized warped 1image will be roughly circular 1n

the U-V plane.

The first generation of ASICs, developed for low-cost tex-
ture mapping of three dimensional graphics, mapped video
images through a bilinear technique, such as 1s shown 1 FIG.
3(a). These chips were able to apply linear interpolation to
texture pixels 1n both the X andY directions and could thereby
stretch rectangular source textures to any two dimensional
quadrilateral shape. An example of a chip of this type 1s the
Artist Graphics 3GA chip. These bilinear chips do, however,
introduce texture errors for polygons whose vertices have
been subject to significant amounts of perspective, and fur-
ther are not capable of suificiently high order texture distor-
tion to adequately flatten extreme wide angle views, such as
with hemispherical fisheye lenses.

FI1G. 3b shows an example of a biquadratic technique, such
as 1s now coming onto the market. The preferred embodiment
ol the present invention uses an ASIC chip which implements
a texture warping technique of at least second polynomial
order. The present invention 1s of suificient simplicity that this
technique could also be implemented in software on a general
purpose high speed computer, such as a Silicon Graphics
Indigo™ computer or a Pentium™ based computer.

The warped 1image in the U-V plane, shown in FIG. 2, has
a radius 220 equal to RADIUS pixels with an origin at UORI-
GIN and VORIGIN. For any rotationally symmetric lens, the
warping effect of the lens can be described by a single lens
equation, r=1(0), where the function 1(0) maps any incident
ray at angle 0 from the axis of viewing to a radial displace-

ment 1n pixels, r, from the center of the U-V plane, as shown
in FIG. 4.

For any given viewing direction in three dimensional
X-Y-7 space, we then have:

s = VX2 +y2 (1)
S
0 = arctan—
Z
r = {(0)
X
U= —
S
ry

In the case of an 1deal hemispheric fisheye lens, 1(0)=(RA-
DIUS)(s1n(0)) and the lens equation which results 1s:
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~ (RADIUS)s) (RADIUS)Vx? + y? (2)

82
z l+—2 z. {1+
z

Equations (1) convert an inputted X-Y-Z three dimensional
viewing vector nto a corresponding control point in the U-V
plane.

To dewarp a rectangular portion of the wide angle video
input for a given viewing direction (X,y,z), e1ght other viewing
vectors, which surround the primary viewing vector, are com-
puted at the field of view angles fov_h and fov_v from the
primary viewing vector, as shown in FIG. 5. Each of these
nine vectors are then projected from three dimensional X-Y-Z
space to the two dimensional U-V plane by equations (1). The
resultis a 3x3 grid of control points 1in the U-V plane, with the
edges of the grid curving mathematically to conform with the
curvature imnduced by the warping effect of the wide angle
lens.

The global bivariate polynomial transformation

r

X% + y2

72

(3)

with X and y now referring to the pixel coordinates

in the output device

1s then found to describe the geometric correction necessary
to transform the region within the warped 3x3 grid in the U-V
plane 1nto a perspective corrected field of view. A biquadratic
polynomial transformation, N=2 1n the above equations, has
been selected because a second order polynomial approxi-
mates the warping characteristics of most lenses to an
adequately high degree of precision and because there is
existing hardware to perform the resulting biquadratic trans-
formation. However, 1t will be appreciated by one skilled 1n
the art that other polynomial transformations of higher degree
could be used to increase the precision of the transformation.
Expanding the above equations (3):

_ 1 ox y, X1y, X2y (4)
U
. 1 % vy, X2, X% Y%
2
s 1 %3 y; X3y3 X3 y% <00
a
W Xe Yy %ayy Xovi |l
aol
us [=|1 X5 y5 Xs¥s X5 V3
, djy
Yo X6 Yo X6Ys %6 Y6 || an
1
’ 1 X7 Y7 A7Yy X% yg ago
Ug
2
o 1 X3 vyg ZXsvg Xz Y§
Il X9 y9 X9¥9 X Yé_

Thevalues for vandb,; can be similarly found. In matrix form,
the expanded equations (4) can be written as:

U=WA

V=WB (5)

To discover a;; and b;; according to the method ot the present
invention, a pseudo-nverse technique 1s used. However, one
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skilled 1n the art will appreciate that there are methods to
solve equations (5) other than by a pseudo mverse technique,
1.¢. a least squares technique. The pseudo-inverse solutions
for A and B 1n the above equation (35) are:

A=(WIw)"'wiUy

B=(WiW)'wiv (6)

Therefore, for a target display Cot a given pixel resolution
NxM, W and its pseudo-inverse (W*W)"W? can be calcu-
lated a prior1. The values for a,; and b,; are then found by
mapping the points in the U-V plane for the 3x3 grid of
control points using the above equations (6). The biquadratic
polynomial transformations of the equations (3) are then used
to transform the area between the control points. In this
embodiment, the determination of the coordinates of each
pixel i the U-V plane takes a total of thirteen multiplication
and ten addition operations. Additionally, three of the
required multiplication operations per pixel may be obviated
by storing a table of xy, x* and y~ values for each xy coordi-
nate pair in the dewarped destination image. In another
embodiment, the “x” values which do not vary as *“y” changes
(i.e. a,*x+a,*x* and b, *x+b,*x*) may also be precomputed
and stored. Likewise, the “y” values which do not vary as “x”
changes may be precomputed and stored. These further opti-
mizations reduce the operations needed to determine the
coordinates of each pixel in the U-V plane to two multiplica-
tion and four addition operations.

It will be appreciated by one skilled in the art that the
accuracy of the dewarping transformation will increase as the
number of transformed viewing vectors increases, 1.€. a 4x4
orid of control points will produce a more accurate transior-
mation than a 3x3 grid of control points. However, the amount
of increase 1n accuracy quickly draws near an asymptote as
the number of control points 1s increased. One skilled 1n the
art will recognize, therefore, that there 1s little reason 1n
increasing the number of viewing vectors to more than half of
the total number of pixels 1n the displayed region.

It will be further appreciated by one skilled in the art that
the selection of arectangular shape of the video input could be
changed to another shape and still be within the scope of the
invention. Further, the number of control points could be
increased or decreased to correspondingly increase or
decrease the accuracy of the transtormation. Further still, an
image liltering stage could be applied during the inverse
texture mapping without deviating from the present imven-
tion.

FIG. 9 shows a functional flow chart of the major elements
of one embodiment of the present invention. First, the fixed
warped 1image parameters (step 400) are defined, such as the
s1ze of the mput 1image, the mput 1image radius, and the input
image center 1n U-V coordinates typically measured in pixels.
The next step 410 1s to mitialize the variable dewarped image
parameters, such as the size of the dewarped 1mage area, the
horizontal and vertical field of views (generally shown in
degrees), the creation of an untransformed view cone cen-
tered 1n this embodiment on the +7. axis and the initialization
of the layout and number control points used therewith. Typi-
cally, the next step 1s to load the precomputed 1nner-loop
matrix values as well as the “xy”” product terms, as shown in
step 420, to ensure that the transformation 1s accomplished as
quickly and efficiently as possible. In step 430, the video
signal 1s mput to the system in any suitable form, 1.e. live or
pre-recorded real-time digitized video or computer synthe-
s1zed video environments. The system then allows the user to
select the viewing vector (step 440) which 1n turn determines
the portion of video which 1s to be transformed. The control
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points are next transformed from the selected viewing vectors
(step 450) and the region defined by the control points 1s
dewarped (step 460). The signal i1s then sent to the video
builfer and to an appropriate viewing apparatus (step 470).
There 1s arecursive loop from step 470 to step 430 to allow the
video signal to be refreshed, as 1s needed with live motion
video. The loop also allows the user to make on-the-1ly selec-
tions of alternate portions of the incoming video.

The foregoing description describes an inverse texture
mapping technique whereby the biquadratic output (X-Y) 1s
mapped to the mput (U-V). In the case where a forward
texture mapping ASIC 1s used, the coordinates for the desti-
nation control points 1n X-Y must be supplied so that the
rectilinear source texture region can be mapped from the U-V

plane, as provided by the mverse texture mapping soitware
solution above, to the X-Y plane. An example of a forward
texture mapping ASIC 1s the NV-1 chip sold by N-Vidia
Corporation. FIG. 6 gives another example of an ASIC chip
230 which accepts control pixel coordinates at a forward
mapping solution stage 240. Four pixel coordinates will be
accepted for a bilinear mapping, nine 1n the case of quadratic
mapping, 16 in the case of cubic mapping, etc. These control
pixels are produced 1n the host CPU according to the equa-
tions (7), below. As shown 1 FIG. 7, the coordinates of a
rectangular bounding box are determined to enclose an exem-
plary 3x3 grid of control points u,v, in the U-V plane. The
corners of the bounding box are found from the u v, extrema.
Using the same technique described in equations (3), a,, and
b,; for N=2 can be solved with the equations (7) for enclosing
the region to be warped to the comers of the display screen.

(7)

Thus, the same control points for the U-V plane map to the
corners of the display screen 1n the X-Y plane. The warped
regions outside the bounding box may be clipped by hardware
or software so that they are not visible on the display screen.

The source pixel coordinates, which are fed from the host
CPU, are converted to a,; and b,; coordinates for forward
mapping in the forward mapping solution stage 240, again
using techniques mathematically equivalent to those of the
equations (7). A series of mstructions 1s further sent from the
host CPU to the chip 230 and recerved by a control unit 260.
The control umt 260 sequences and controls the operation of
the other functional stages within the chip 230. The host CPU
also directs a linear sequence of source pixels, which are to be
warped, to an interpolation sampler stage 250 within chip
230. Optionally, these can be subject to a low-pass spatial
prefiltering stage 270 prior to transmission to the chip, to
reduce sampling error during the warping process. Thus,
within the chip 230, the source pixels and the a,; and b,
coordinates are both fed to the interpolation sampler 250. For
cach mput pixel, one or more destination pixels together with
their corresponding X-Y destination coordinates are pro-
duced. These warped pixels are then fed into the video frame
butiler 280, located outside of the ASIC chip 230. Optionally,
anti-aliasing circuitry 290 within the chip performs interpo-
lation on output pixel values, such as bilinear interpolation
between adjacent pixel samples, to minimize the effects of
output spatial quantization error. One skilled 1n the art will




US RE43,490 E

9

recognize that the preceding hardware solution is merely
exemplary and that there are many such solutions which
could be employed and still fall within the scope of the
present invention.

The techniques described herein may also be applied to >
synthetic images. Such images may be created entirely within
a computer environment and may be composed of three
dimensional geometrical descriptions of objects which can be
produced by computer graphics rendering techniques gener-
ally known to those skilled in the art. Typically, synthetic
images are produced by linear perspective projection, emu-
lating the physical process of imaging onto planar film with a

lens having a narrow field of view and producing a view of the
synthetic environment as seen through a cone or truncated
three dimensional pyramid. The color, intensity shading and
other simulated physical properties of each pixel on the planar
image grid can also be readily determined. For a synthetic
environment, the viewing vectors in X-Y-Z space are rewrit-
ten 1n terms of the warped control points coordinates in the

U-V plane
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A direction vector 1n X-Y-Z space can thus be generated for 35
cach pixel in the U-V plane 1n the synthetic wide angle image
which 1s created. For a perfect hemispherical fisheye, the
generated vectors point 1n all directions within the created
hemisphere, spaced to the limits of the resolution of the U-V
image. This simulates a non-planar 1mage grid, such as the 40
projection of the synthetic environment onto a surface of a
spherical image substrate. In this way, a fisheye or other wide
angle image of a synthetic three dimensional environment can
be produced. This technique can be used for the production of
three dimensional modeled cartoons or interactive home 45
gaming applications, among others.

One skilled 1n the art will appreciate that the present inven-
tion may be applied to a sequence of wide angle 1mages
changing 1n time, either live or recorded to an analog or digital
storage media. The image substrate for recordation may be an 50
clectronic two dimensional 1mage sensor, such as a CCD
chip, or photographic film capable of chemically recording
the 1mage for subsequent transier into digital form.

One skilled in the art will also appreciate that the present
invention 1s not limited to transforming wide angle video onto 55
a planar (U-V) surface, but that 1t 1s within the scope of the
invention to transform wide angle video onto any suitable
surface for displaying the video for the user.

Further, two real world, wide angle lenses can be posi-
tioned opposite each other to permit near 360 degrees of total s0
coverage of the environment. If seamless omnidirectional
coverage ol an environment 1s required, this could be
achieved with six wide angle lenses positioned along each
direction of a three dimensional axis, as shown in FIG. 8. This
arrangement can be coupled with a video switching mecha- 65
nism for choosing which signal 1s to be dewarped for the
selected view and orientation of the video input.

10

Further still, the same video signal may be simultaneously
transmitted to an arbitrarily large number of viewers all hav-
ing the ability to simultaneously dewarp the same or different
portions of the video 1nput, as 1n the case of interactive cable
TV viewing or multiple player online interactive video game
playing.

Having fully described the preferred embodiment of the
present invention, 1t will be apparent to those of ordinary skall
in the art that numerous alternatives and equivalents exist
which do not depart from the invention set forth above. It 1s
therefore to be understood that the present invention 1s not to
be limited by the foregoing description, but only by the
appended claims.

The mnvention claimed 1s:

1. A method for providing perspective corrected 1mages
from at least one distorted 1mage, the method comprising
steps of:

recerving said distorted image;

storing a portion of said distorted image;

transforming a set of control vectors to a set of control

points that defines an area that associates said portion of
said distorted 1mage with a portion of a perspective
corrected 1mage;

transforming said portion of said distorted 1mage associ-

ated with said area to said portion of said perspective
corrected 1mage using a global bivariate polynomial
transformation;

displaying said portion of said perspective corrected

1mage;

sensing mputted information; and

controlling the transformation and display of said perspec-

tive corrected 1mage through said mputted information.

2. The method of claim 1 wherein the step of transforming,
said portion of said distorted image 1s accomplished using:

as said global bivariate polynomial transformation.

3. The method of claim 2 wherein N 1s 2 or 3.

4. The method of claim 1 wherein said set of control points
contains a number of control points, said number having a
lower limit of five and an upper limit of one-half of the
number of pixels in said portion of said perspective corrected
image.

5. The method of claim 1 wherein said distorted image 1s
received from a computer storage device.

6. The method of claim 1 wherein said distorted 1mage 1s
received from a network.

7. The method of claim 6 wherein said network 1s a com-
puter network.

8. The method of claim 6 wherein said network 1s 1n com-
munication with the Internet.

9. The method of claim 1 wherein said distorted image 1s a
result of 1maging an environment through at least one wide-
angle lens.

10. The method of claim 1 wherein said distorted 1image 1s
a result of 1maging an environment through at least one fish-
eye lens.

11. The method of claim 1 wherein said distorted 1image
includes an 1mage of at least one sixth of an environment.
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12. An apparatus for providing perspective corrected
images from at least one distorted image, the apparatus com-
prising:

an 1put configured to recerve said distorted 1image;

a memory, coupled to the input, configured to store a por- >
tion of said distorted 1mage;

a processor, coupled to the memory, configured to trans-
form a set of control vectors to a set of control points that
defines an area that associates said portion of said dis-
torted 1image with a portion of a perspective corrected
image, the processor further configured to transform
said portion of said distorted 1mage associated with said
area to said portion of said perspective corrected image
using a global bivariate polynomial transformation;

a presentation mechanism, coupled to the memory, config-
ured to present said portion of said perspective corrected
image; and

a selection mechanism, coupled to the processor, config-
ured to specity said set of control vectors. 50

13. The apparatus of claim 12 wherein the transformation
of said portion of said distorted 1mage 1s accomplished using:
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as said global bivariate polynomial transformation.

14. The method of claim 13 wherein N 1s 2 or 3.

15. The apparatus of claim 12 wherein said set of control
points contains a number of control points, said number hav- 35
ing a lower limit of five and an upper limit of one-half of the
number of pixels in said portion of said perspective corrected
image.

16. The apparatus of claim 12 wherein said distorted image
1s recerved from a computer storage device. 40

17. The apparatus of claim 12 wherein said distorted image
1s received from a network.

18. The apparatus of claim 17 wherein said network 1s a
computer network.

19. The apparatus of claim 17 wherein said network 1s 1n 45
communication with the Internet.

20. The apparatus of claim 12 wherein said distorted image
1s a result of 1imaging an environment through at least one
wide-angle lens.

21. The apparatus of claim 12 wherein said distorted image 50
1s a result of 1imaging an environment through at least one
fisheye lens.

22. The apparatus of claim 12 wherein said plurality of
distorted 1mages includes an 1image of at least one sixth of an
environment. 55

23. A method of providing perspective corrected views of
live, prerecovded or simulated envivonments from wide angle
video signals, the method comprising:

receiving video input data at a computing device;

transforming, by the computing device, a plurality of view- 60

ing vectors defining a portion of the video input data to
a plurality of control points;
transforming, by the computing device, pixel data in an
area between the plurality of control points to define
perspective corrected pixel data; and 65
sending the perspective corrected pixel data to a display
for display of the perspective corrected pixel data.
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24. The method of claim 23 further comprising determining
the plurality of viewing vectors at the computing device based
on position and orientation information of a device and a
horizontal field of view and a vertical field of view.

25. The method of claim 23 further comprising veceiving a
selection of the plurality of viewing vectors at the computing
device.

26. The method of claim 23 wherein the plurality of viewing
vectors define an area of interest.

27. The method of claim 23 wherein a global bivariate
polynomial transformation is used to define the perspective
corrected pixel data.

28. The method of claim 27 wherein the global bivariate
polynomial transformation is a biguadratic polynomial
transformation.

29. A system comprising.

a computer-readable memory configured to store video

input data,; and

a processor operably coupled to the computer-readable

memory to receive the stoved video input data, the pro-

cessor configured to perform operations comprising

transforming a plurality of viewing vectors defining a
portion of the storved video input data to a plurality of
control points;

transforming pixel data in an area between the plurality
of control points to define perspective corrected pixel
data; and

sending the perspective corrected pixel datato a display.

30. The system of claim 29, wherein the processor is an
ASIC.

31. The system of claim 29, wherein the computer-readable
memory has computer-executable instructions stoved theveon
execution of which by the processor causes the processor to
perform the operations.

32. The system of claim 29, wherein the operations further
comprise determining the plurality of viewing vectors based
on position and orientation information of a device, a hovi-
zontal field of view, and a vertical field of view.

33. The system of claim 29, wherein the operations further
comprise receiving a selection of the plurality of viewing
veclors.

34. The system of claim 29, wherein the plurality of viewing
vectors define an area of interest.

35. The system of claim 29, wherein a global bivariate
polynomial transformation is used to define the perspective
corrected pixel data.

36. The system of claim 35, wherein the global bivariate
polynomial transformation is a biguadratic polynomial
transformation.

37. A method of performing perspective corrvection, the
method comprising:

transforming, by a computing device, a set of control vec-

tors into a set of control points using a function that
models a wide angle lens;

generating, by the computing device, a polynomial trans-

Jorm function that maps the control points into rectan-
gular points;

transforming, by the computing device, an area of image

data proximate the set of control points using the poly-
nomial transform function; and

sending the transformed area of image data to a display for

display of the transformed area of image data.

38. The method of claim 37, wherein the polynomial trans-
Jormation function comprises a global bivariate polynomial.

39. The method of claim 37, wherein the polynomial trans-
formation comprises a biquadratic polynomial.
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40. The method of claim 37, wherein the set of control
vectors comprise a principal viewing vector and eight sur-

rounding vectors that form a rvectangular view.
41. The method of claim 37, wherein the wide-angle lens

comprises a fish eye lens.
42. A system comprising.
a computer-readable memory configured to store captured
image data; and
a processor operably coupled to the computer-readable
memory to rveceive the stored captured image data, the

processor configured to perform opervations comprising

14

transforming a set of control vectors into a set of control
points using a function that models a wide angle lens;

generating a polynomial transform function that maps
the control points into rectangular points;

transforming an area of the captured image data proxi-
mate the set of control points using the polynomial

transform function; and
sending the transformed area of image data to a display.
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