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SYSTEM AND METHOD FOR PROVIDING
POSITION-INDEPENDENT POSE
ESTIMATION

FIELD OF THE INVENTION

The invention relates generally to pose estimation for a
rigid body. More particularly, the invention is a system and
method for computing pose or orientation of the human head
or any rigid body while the rigid body is moving around in
a three dimensional space as viewed by one or more cameras
or is fixedly located at different positions as seen from
multiple cameras including wide-angle overhead cameras.

BACKGROUND OF THE INVENTION

For practical applications in retail management and sur-
veillance, overhead wide-angle cameras are used to view the
entire scene and to extract global information. The cameras
can be used to track people and their traffic patterns.
Applications include improving store design and optimizing
advertising effectiveness by cataloguing customer behavior
in retail stores, providing face cataloguing for surveillance,
and providing input for an enhanced reality system. Each of
the foregoing applications can benefit from knowledge of
the person’s activities; and, one of the obvious first steps is
to understand the pose of the person. “Pose” is used herein
to refer to the direction or orientation that a rigid body is
facing.

Overhead wide-angle cameras introduce several chal-
lenges to the problem of pose estimation. These challenges
include lens distortion artifacts and low-resoluion imagery,
particularly of the head. In addition, images from overhead
wide-angle cameras introduce a ‘virtual’ or relative pose that
differs from the true pose (i.e., orientation). FIG. 1 shows a
composite camera image composed from several images
taken by one camera of an individual who is looking in one
absolute direction, specifically towards the front wall. The
composite image was created by superimposing 4 images,
taken from the same camera with fixed orientation, of a
person in 4 different locations in the room. The individual is
looking in the same absolute direction in all of the images;
however, the individual ‘appears’ to be looking in different
directions due to the differences in location with respect to
the camera. Specifically, in the different images included in
the composite image, the individual appears to be looking
down or to the side due to the relative figure orientation with
respect to the wide-angle overhead camera. Such apparent
differences in pose can lead to inaccurate information being
provided for the intended cataloging of customer behavior.

What is needed, and what is therefore an object of the
present invention, is a system and method to provide esti-
mation of the absolute pose of a rigid body as seen from
different locations with respect to one or multiple cameras,
including wide-angle overhead cameras.

It is another object of the invention to provide a system
and method to estimate absolute pose of a person’s head as
the person moves around in a three dimensional space, or
when the person is located at different positions, as seen
from one or multiple cameras, including wide-angle over-
head cameras.

Another object of the invention is to provide a system and
method to estimate the absolute pose/orientation and the
position in 3D space, thereby estimating the anchored view-
ing ray, (i.e., for a person, which way are they looking and
what is it possible for them to see in the space).
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Yet another object of the invention is to provide absolute
pose estimation by integration of low-resolution imagery
from one or multiple cameras.

SUMMARY OF THE INVENTION

The foregoing and other objects are realized by the
present invention that provides a system and method to
estimate the absolute coarse pose of a rigid body, and more
specifically of an individual’s head as captured by one or
more than one camera, through integration of 2D or 3D
position information and pose information. Position infor-
mation preferably includes three-dimensional position infor-
mation provided by range finders or derived from images
captured by multiple cameras. The 3D position information
further enables anchored viewing direction determination.
With only 2D information, it is still possible to estimate
absolute pose.

BRIEF DESCRIPTION OF THE INVENTION

The invention will now be described in greater detail with
specific reference to the appended drawings wherein:

FIG. 1 is a composite camera image of multiple images
showing the apparent difference in the pose of a human
figure due to the human figure’s different positions with
respect to the camera;

FIGS. 2A and 2B provide representative illustrations of a
basic system for implementing the present invention (FIG.
2A) and an enhanced system (FIG. 2B) having components
to optimize the output;

FIGS. 3A and 3B show a composite image (FIG. 3A) and
a graphic representation (FIG. 3B) of three dimensional
position and pose tracking of an individual as she walks
around a space;

FIG. 4 is a three dimensional graph showing the positions
of two cameras and plotting the path an individual takes as
she walks around the space;

FIGS. 5A through 5F illustrate processing for background
subtraction;

FIGS. 6A through 6C illustrate a silhouette and the
mapping thereof for head detection under the present inven-
tion;

FIGS. 7A through 7C show images illustrating the effects
of virtual tilt, virtual pan, and virtual roll for a single image;
and

FIG. 8 depicts a representative process flow for estimation
of absolute head pose for two cameras.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is implemented using a system and
method to integrate camera information, object position, and
image-based pose estimation. Specifically the invention will
be used to estimate the orientation or pose of the human
head, but the method can be applied to estimate the orien-
tation or pose of any rigid body. Hereinafter, the orientation/
pose estimation discussion will reference head pose, with
the understanding that rigid body pose can be obtained with
the same components and processes.

FIGS. 2A and 2B provide representative illustrations of a
basic system for implementing the present invention (FIG.
2A) and an enhanced system (FIG. 2B) having components
to optimize the output. FIG. 2A illustrates a single camera
203 providing output to the absolute pose estimation system
200. The camera output can be corrected for roll at compo-















