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ABSTRACT

Inavideo conferencing setting, peopl e often use an el ongated meet-
ing tablewith the major axisa ong the cameradirection. A standard
wide angle perspectiveimage of thissetting createssignificant fore-
shortening, thus the people sitting at the far end of the table appear
very small relative to those nearer the camera. This has two con-
sequences. First, it is difficult for the remote participants to see
the faces of those at the far end, thus affecting the experience of
the video conferencing. Second, it is a waste of the screen space
and network bandwidth because most of the pixels are used on the
background instead of on the faces of the meeting participants. In
this paper, we present anovel technique, called Spatially-Varying-
Uniform scaling functions, to warp theimagesto equalize the head
sizes of the meeting participants without causing undue distortion.
In addition, we show a specially designed five-lens camerato cap-
ture, stitch, and warp imagesin real time without sacrificing reso-
lution. Finally, we show that the SVU scaling functions can also
be applied to 360 degree images to improve video conferencing
experience when an omni-directional camerais used.

1. INTRODUCTION

In a standard video conferencing setting, the field of view
of the video camera is usually large enough so that it can
simultaneously capture all the participants and provide the
meeting context for the remote participant. Onedrawback is
that the people sitting at the far end of the table appear very
small relative to those nearer the camera. Figure 1 shows a
cylindrical projection of a meeting room which is equipped
with avideo conferencing system. Theimages of the people
sitting at the far end of the table are very small compared to
the two people at the front. The remote participants would
have to switch viewsin order to see the people at the far end
thus affecting the video conferencing experience. Further-
more, it is a a waste of the the screen space and network
bandwidth because most of the pixels are used on the back-
ground instead of on the faces of the meeting participants.
In this paper, we present anovel technique, called Spatially-
Varying-Uniform scaling functions, to warp the images to

equalize the head sizes of the meeting participants without
causing undue distortion. In order to obtain enough resolu-
tion for the people sitting the far end of the table, we have
designed afive-lens camerawhere each camera has different
field of views, and we are able to capture, stitch, and warp
imagesin real time.

Fig. 1: Acylindrical projection of a conference room. Compare to
the results of our real-time warping function in Figure 8.

2. SPATIALLY VARYING UNIFORM SCALING
FUNCTION

Inthissection, wedescribe aparametric classof imagewarp-
ing functions that attempt to equalize people’s headsizesin
the video conferencing images. We call the class of warping
functions Spatially Varying Uniform Scaling functions, or
SV U scaling for short. These functions locally resemble a
uniform scaling function to preserve aspect ratios, however,
the scalefactor varies over theimageto createthewarp. The
class of conformal projections can provide local uniform
scaling, however, they introduce rotations which are visu-
aly disturbing. This led us to the SVU scaling functions
that avoid rotations at some costs in terms of introducing
shear.

We will use the example shown in Figure 1 to describe
the SVU scaling. The images are captured in real-time us-
ing a five-lens device we describe later. After stitching,
this provides us with a full 180 degree cylindrical projec-
tion panoramic image.

We would like the warping function to be such that it
zooms up the center more than the sideswhile locally mim-
ickingauniformscaling. Wewouldliketo avoidrotations(as
might appear in conformal projections), particularly keeping
vertical linesvertical. Thewarpweinitially describeinduces



some vertical shear, thus slanting horizontal lines. We de-
scribe at the end of this section a modification that corrects
for much of thisat some cost to aspect ratio near the top and
bottom boundaries.
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Fig. 2: The warping function is determined by two sets of curves:
source (green) and target (red) curves.

The user, via a simple user interface, provides the pa
rameters for the SVU scaling function. The user is asked to
define two cubic curves (see Figure 2). These two source
curves define common (real world) horizontal features such
as the tops of people’s heads, and the edge of the table. A
factor, o also chosen by the user determines how much the
image is warped.

Let y = Si(z) and y = Sp(z) be the equations of
the top and bottom source curves respectively. Two tar-
get curves (where points on the source curves will move to)
are determined by the source curves and «. |If we denote
the equation of the line between the end points of S;(x) as
y = y:(z), and the equation of line connecting the bottom
sourceendsasy = y;(x), thenthetoptarget curveisT;(z) =
(1—a)Si(z)+ay(x), andTy(z) = (1—a)Sp(x)+ays(x).
Ana = 0will leavetheimageuntouched. Ana = 1 will pull
pixels on source curves to the lines between the end points.
For example, the four curves shown in Figure 2 consist of
two green source curves and two red target curves.

Given any vertical scanline z as shown in Figure 2, let
A, B denote its intersections with the source curves, and
A’, B’ the intersections with the target curves. The SVU
scaling function will scale AB to A’B’. Let
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We scale the line vertically by r(x), and to preserve aspect
ratio we also scale the scanline horizontally by r(z). There-
fore, the total width of the new image, w’, becomes

W = /0 Y () )

where w is the width of the source image.

For any pixel (z,y) in the source image, let (2/,y’) de-
note its new position in the warped image. We have

x /O-T r(z)dz
y' = T(x)+r(x)«(y— Silx)) ©)

This is the forward mapping equation for the SVU scaling
function. The SVU scaling function is not a perfect uniform
scaling everywhere. Itiseasy to provethat the only function
that is a perfect uniform scaling everywhere is a uniform
global scaling function.

2.1. Horizontal Distortion Correction

A

g(y) o

- —>

A )

>
v

Sh St y

Fig. 3: The vertical scale function.

While the SV U-scaling function maintains vertical lines
as vertical, it distorts horizontal lines. The distortions are
smallest between the source curves and largest near the top
and bottom. Scenes often contain horizontal surfaces near
thetop or bottom, such asatableandtheceilingonaroomfor
which the distortions may be noticeable (see Figure 1). To
minimizethis problem werelax the uniformity of the scaling
and nonlinearly scale each vertical scanline. The portion of
the image between the source curves is scaled by r(x) as
described above. The portions outside the source curves are
scaled less in the vertical direction. The horizontal scaling
remains the same (i.e., r(x)) to maintain the straightness of
vertical lines. To maintain continuity, the vertical scaling
function smoothly transitions asit crossesthe source curves.

Consider the vertical linein Figure 2. Denote g(y) to be
the vertical scale factor at any point y on this vertica line
(see Figure 3). Note that g(y) is dependent on z. g(y) is
controlled by two parameters s and w. The portion of the
vertical scanline more than w/2 distance from the source
curvesisscaled by r(x) between the source curves and by s
outside the source curves. The three constant segments are
glued together by two cubic splinesin [S; — 0.5w, S; +0.5w]
and [S, — 0.5w, Sy, 4 0.5w]. Each cubic spine has ends with
values s and () and aslope of 0 a both ends.



The parameter w controls the continuity at the source
curves. For example, if the scene is discontinuous at the
source curves, one can choose a very small w without no-
ticeable artifacts. In the special case when s = r(z), g(y)
becomes a constant which is what we assume in deriving
Equation 3.

3. HALF-RING CAMERA ARRAY

Fig. 4: The half-ring camera.
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Fig. 5: Images from the five cameras.

If we directly apply our warping function, the extreme
enlargement of the far people will be very blurry due to the
limited resolution of the image in this area. To solve this
problem, we have built a special "half-ring" video camera
consisting of five inexpensive (< $50each) fire-wire video
cameras daisy-chained together (See Figure 4). A single
|EEE 1394 fire-wire delivers five video streams to the com-
puter. The resolution of each camerais 640 by 480. Each
camera has a different lens. Figure 5 shows the five images
directly from the five video cameras. The center camera
has the smallest field of view (about 25 degrees) to provide
enough resolution for the distance. The field of view of the
two cameras next to the center are 45 degrees, with the outer
having the largest field of view (60 degrees). Together, they
cover 180 degreeswith enough overl ap between neighboring
cameras for calibration and image stitching.

We use well-known techniques to calibrate these cam-
eras and compute the homography between the cameras
[12,6,7,11]. Wethen stitch theindividual imagestogether to
generatea180degreecylindrical image (seeFigurel). Com-
putation overhead is reduced at run time by pre-computing
a stitch table that specifies the mapping from each pixel in
the cylindrical imageto pixelsin the five cameras. For each
pixel in the cylindrical image, the stitch table stores how
many cameras cover this pixel, and the blending weight for
each camera. Blending weights are set to one in most of the
interior of each image with arapid fall off to zero near the
edges. Weights are composed with an over operator where
the higher resolution pixel is composed over alower resolu-

tion one. At run time, we use alook up the table to perform
color blending for each pixel.

3.1. SVU Scaling the Stitching Table

Applying the SVU scaling function to the stitched image
would result in a loss of resolution. Instead, we warp the
stitch table itself, and generate a new table. During this of-
flinewarping, we usebilinear interpolation tofill inzoomed-
up regionsto avoid losing resolution. At runtime, we gener-
ate the warped images by asimplelook-up in the pre-warped
gtitch table. The complete stitching, blending, and warping
are computed in asingle frame time.

4. RESULTS

For theimagein Figure 1, Figure 6 showsboth the sourceand
target curves with o = 0.3. Figures 7 through 10 show the
results of using the SVU scaling function. Figure 7 shows
theresult of applying the SVU scaling function without cor-
recting horizontal distortion. Figure 8 shows the result af-
ter correcting for horizontal distortion. Finaly we show
someresultswith different a.. Figure 9 showstheresult with
a = 0.2, and Figure 10 shows the result with o = 0.4.

During live meetings, we store multiple tables corre-
sponding to different «’s so that one can change levelsin
real time. The size of the stitched image is approximately
300 by 1200 pixels. During warping, we keep the image
width the same, and as a result, the image height decreases
aswezoomup. Theframerateisabout 10 framesper second
on aCPU with asingle 1.7GHZ processor.

Fig. 8: SVU scaling with horizontal distortion correction.



Fig. 10: SVU scaling with w = 0.4.
5. APPLICATIONTO THE IMAGES CAPTURED
BY OMNIDIRECTIONAL CAMERAS

Recently, there has been a lot of interests on using omni-
directional cameras for video conferencing [4, 9, 8, 1, 3,
10, 5]. An omni-directional camerais usualy placed at the
center of thetable so that it capturesthe entire meeting room.
For an elongated meeting table, it also has the problem that
people’s head sizes are not uniform due to the distances to
the camera. Figure 11 shows an image captured by an omni-
direction camera at the center of a meeting table. The table
sizeis 10x5 feet. The person in the middle of the image ap-
pears very small compared to the other two people because
heis further away from the camera. SV U-scaling functions
can beappliedto suchimagesto equalize people€ shead sizes.
Figure 12 showsthe result after applying SV U-scaling func-
tion.

As the sensor technology rapidly advances, people are
designing inexpensive high resolution (over 2000 pixelsin
horizontal resolution) omni-directional video cameras [4].
But dueto network bandwidth and client’s screen space, only
a smaller-sized image can be sent to the client. The SVU-
scaling function provides a much better way to effectively
use the pixels to maximize the user’s experience. Notice
that by applying SV U-scaling function to the high resolution
image, the zoomed up pixelsin the smaller-image (whichis
sent over the network) will not ook blurry because there are
enough pixelsin the original higher resolution image.

_p

Fig. 11: A meeting room captured by an omni-directional camera.
6. CONCLUSION

We have presented a class of warping functions to address
perceptual problemswhen viewing wide-angleimages. One
important application of these SVU scaling functionsistele-
conferencing. We have shown their effectivenessat reducing
the exaggerated depths between near and distant participants
while limiting distortion of each individual. The head-size
equalization improvesvisua perception, and providesaway
to more effectively use the network bandwidth and screen
space. We have described a special five-lens video camera
to capture and warp theimagesin real time. In addition, we

Fig. 12: After applying SVU-scaling to Figure 11.
have shown that the SVU scaling functions can also be ap-
plied to 360 degree images captured by an omni-directional
camerain avideo conferencing room.

One of the camerasin our current five-lens video camera
does not focus well. The images captured by that camera
look blurry. In the future, we would like to replace that
camera. We are working on an automated color balancing
to get the images to match better. We are also developing
techniques to automatically find the table boundaries and
generate the warping table [2].
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