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Abstract

"This paper is concerned with obtaining a stereo
display of a panoramic scene. It uses a novel non-
frontal camera whose image plane is not perpen-
dicular to the optical axis as is standard. This
special imaging geometry eliminates the usual fo-
cusing need of image plane movement while pan-
- ning the camera to view panoramic scenes.: Cam-
era movement thus integrates panning, focusing
and range estimation. A focused image of the
large scene is then combined with the range in-
formation to obtain a stereo display. Some results
in obtaining a stereo display of a panorarmic scene
are also shown.

1 Introduction

This paper describes a method for obtaining a
stereo display from a monocular image sequence
of a scene obtained using a novel non-frontal
camera. The stereo display is generated from
range and reflectance (image intensity) estimates
- of points in large scenes obtained by the camera.
Large scenes are defined as scenes that are deep
and wide (panoramic). To image such scenes, a
standard camera will have to be panned in order
to image all objects/surfaces of interest and fo-
cused for each pan angle in order to obtain sharp
images. This paper first describes the motivation
behind the non-frontal camera, and then presents
an algorithm to obtain a focused image of a large
scene. Section 4 outlines a method to estimate
the range of scene points and Section 5 discusses
combining range and intensity estimates to syn-
thesize a stereo display.

2 Motivation Behind the Non-

frontal Camera.

The following observations underlie the proposed
non-frontal camera. In a normal camera, all
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points on the sensor plane lie at a fixed distance
(v) from the lens. So all scene points are always
imaged with a fixed value of v, regardless of where
on the sensor plane they are imaged, i.e., regard-
less of the camera pan angle. If we instead have a
sensor surface such that the different sensor sur-
face points are at different distances from the lens,
then depending upon where on the sensor surface
the image of a scene point is formed (i.e., depend-
ing on the camera pan angle and the location of
the object), the imaging parameter v will assume
different values. So for fixed scene points, the v
value for that scene point will vary as a function
of the pan angle. This means that by controlling
Just the pan angle, we could achieve both goals
of the traditional mechanical movements, namely,
that of changing v values as well as that of scan-
ning the visual field, in an integrated way [5].
Since in common cameras and lens assemblies,
change of focus (v) is usually done by either a
manual control or a mechanical control of the fo-
cus ring in the lens system, integration of pan-
ning with focusing leads to increased operational
speed. Further, when the image sensor plane is
displaced within the lens system of a standard
camera, some elements may undergo translational
motion or a screw type rotational motion with the
final effect being that the distance of the sensor
Plane (fixed to the camera) from the lens center
may change. Thus focusing action in standard
cameras can sometimes also have the side effect
of changing the distance of the viewed object from
the lens center which is avoided by the above in-
tegration.

3 Obtaining Focused Images.

Obtaining focused images of even one frame is dif-
ficult when the visible object points lie at different
depths from the camera. For a given position of
the sensor plane from the lens, only parts of the
scene that lie within the depth of field will appear
in sharp focus. One way to compose a focused

image of a scene with objects at different depths
is to first obtain a series of images, taken with
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different sensor plane positions (different values
of v). Each image can be analyzed to determine
sharply focused regions, and then the focused re-
gions from each image can be put together to ob-
tain a final focused image of the scene [11, 4]. For
scenes that are wider than the field-of-view of a
camera, image sequences will have to be taken
with varying values of v for every pan angle until
all parts of the scene are covered. A non-frontal
camera simplifies this process considerably [6].

Consider a non-frontal camera with a sensor plane
that is not perpendicular to the optical axis. This
causes different sensor pixels to be at different
distances from the lens. The non-frontal cam-
era will image with sharp focus a volume of ob-
Ject space that is also tilted with respect to the
optical axis. So in any one image frame, there
will be scene points in sharp focus that are at
different depths from the camera. If the entire
camera is now rotated in small steps about a ver-
tical axis through the lens center, then the en-
tire scene will be sequentially imaged by a plu-
rality of frames. By choosing the angle of rota-
tion corresponding to each frame to be sufficiently
small, each scene point will be imaged in multiple
frames, but by different sensor elements (at dif-
ferent locations on the sensor plane) in different
frames. Since the sensor elements are located at
different distances from the lens center, the scene
point will therefore be imaged with different lev-
els of blur, the sharpest focus image occurring for
some camera rotation, and progressively blurred
images as the camera rotates further away. To
determine when a scene point has been imaged
with sharp focus, standard focus criterion func-
tions that estimate the high frequency content
can be used [3, 12, 7, 13, 9].

Algorithm Let the image plane have N x N
pixels and let the focus map be a large array of
size N x sN, where s >= 1 is a number that de-
pends on how wide a scene is to be imaged. The
F** image frame is represented by I; and the de-
sired, cumulative, focused image is represented by
R. Every element in the focus array is a struc-
ture that contains the focus criterion values for
different image indices, i.e., for different pan an-
gles. When the stored criterion value shows a
maximum, then the index corresponding to the
maximum can be used to determine the focused
image for that scene point. Let the camera start
from one side of the scene and pan to the other
side. Figure 1(a) illustrates the geometrical re-
lationships between successive pan angles, pixels
of the images obtained, and the focus array ele-
ments.

4 Range Estimation

Range from focus algorithms use the lens law to
determine the depth when the sharp image loca-
tion and focal length are known [10, 1, 2, 8]. For
the non-frontal camera, the sensor element to lens
distance varies across the sensor elements.

The same image sequence as used to compose the
focused panoramic image (Sec 3) can be used to
determine the depth map [5]. As the sensor plane
tilt remains constant throughout the camera pan,
the distance from the lens to the different pixel
elements also remains a constant. The sensor ele-
ment to lens distance associated with the sharpest
image of a point yields the depth of the scene
point using the lens law. A simple calibration
procedure can thus create a look-up table relating
row and column numbers of the sensor elements
yielding sharpest focus to range values.-

5 Stereo Display

The algorithms outlined in Sections 2 and 3 yield
two types of information about the points in the
scene:

e The pixel intensity of the object point, as it
would appear in a sharply focused image.

¢ The 3D location of the object point.

These two separate attributes can be combined
in a straightforward manner by creating a stereo
display. Each of the stereo images generated
contains scene points at the image locations de-
termined by their 3D location (estimated dur-
ing panning) and intensity values taken from the
sharpest focused image (estimated during pan-
ning). Figure 1(b) shows the data flow diagram.

5.1 Implementation and Results

The stereo display was created and observed us-
ing the library routines on a Silicon-Graphics ma-
chine. The inputs are the arrays that contain
range information (and thus 3D locations) and in-
tensity information for the scene points at the cor-
responding image locations. Stereo disparity val-
ues are computed for a given pair of viewpoints.

Figure 2(a) shows the range disparity values for
one image sequence and Figure 2(b) shows the
computed focused image. The scene: consists of,
from left to right, a planar surface (range = 73 -
in), part of the background curtain (range = 132
in), a planar surface (range = 54in) and a planar
surface (range = 38 in).
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(a) Panning camera, focus array, and the images
obtained at successive pan angles.
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(b) Data flow Diagram

Figure 1: (a) Each focus array element is associated
with multiple criterion function values which are com-
puted from different overlapping views. The maxi-
mum of the values in any radial direction is the one
finally selected for the corresponding focus array el-
ement, to compute the image intensity value in that
direction. (b) Dataflow diagram to compute the stereo
display. '
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(a) Range Disparity values

(b) Focused Image

Figure 2: (a) Range disparities and (b) Focused image. The further away a surface is from the camera, the
smaller is its height in the range disparity map shown above.

Parts of the scene for which range values could
not be calculated (due to lack of sufficient texture) are shown blank. The corresponding focused image is also
shown.



