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A background subtraction apparatus of the present invention
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known object type, a boundary point locator for locating
boundary points of the known object that make up the edges
of the known object, and an edge processor for processing
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METHOD AND APPARATUS FOR
PERFORMING A CLEAN BACKGROUND
SUBTRACTION

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.

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation of application Ser. No. 09/174,491,
now U.S. Pat. No. 6,411,744, filed Oct. 15, 1998 which

claims benefit of 60/062,068, filed on Oct. 15, 1997, and
claims benefit of 60/062,361, filed on Oct. 15, 1997.

BACKGROUND OF THE INVENTION

The present invention relates generally to computer vision
systems and digital image processing, and more particularly
to the digital extraction of an 1image from 1ts background.

To produce certain special visual effects, it 1s often desir-
able to separate a foreground image from a background
image. One method for accomplishing this task 1s referred to
as “blue-screening” and involves placing a blue or other
fixed-color screen (e.g. a green screen) behind the desired
foreground object, typically the image of a person (the col-
ors blue and green hue that strongly contrasts with most
colors of human skin). In blue-screening, the system checks
to see which pixels 1n the input 1image are not blue and labels
those pixels as foreground pixels. The system can then
composite, or blend, the object (1.e. the collection of all fore-
ground pixels) onto a destination background image.

One of the disadvantages of using blue-screening for
object compositing 1s that 1t requires a fixed color screen
behind the object. Another disadvantage 1s that 11 any of the
colors on the object, such as an 1item of clothing, are blue,
“holes” will appear 1n the object 1n the destination image.
This occurs because the pixels 1n the blue areas on the object
will not be labeled as foreground pixels and thus will not be
composited with the rest of the object, resulting in the object
having holes when composited onto the destination 1mage.
Another disadvantage 1s, obviously, the need for a special
room or screen to provide the approprnate background color.

Other prior art background subtraction procedures, from
the field of computer vision, are used to eliminate the fixed
color screen requirement. One procedure mvolves building
an average background image by taking a predetermined
number of sample 1mages of a typically multi-colored back-
ground and creating a background model. For each new
sample 1mage taken, each pixel in the new 1mage 1s com-
pared to its corresponding pixel in the background model
being formed. Changes are assumed to be to the foreground
object, 1.e. this 1s done to determine whether the pixel 1n the
current sample 1image 1s a foreground (“object”). Pixels that
are determined to be part of the foreground are then blended
or composited onto the destination 1mage.

One disadvantage with this procedure 1s 1f a foreground
pixel happens to match 1ts corresponding background model
pixel color, 1t will not be considered a foreground pixel. This
will introduce holes into the composited object. Another dis-
advantage 1s that shadows cast by the object often make the
object, when composited, appear to have its original form
plus extraneous appendages (as a result of the shadows).
This 1s because the procedure may mistakenly label the
“shadow” pixels as foreground pixels.

Yet another disadvantage 1s that 11 any portion of the back-
ground changes or 1f the camera 1s moved while the back-
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ground model 1s being built, certain portions of the back-
ground (e.g. the portions that moved) will be incorrectly
labeled as part of the foreground and be composited onto the
destination 1mage. Although there are prior art techniques
for updating the background model to reflect changes, they
cannot account for a constantly changing background such
as one that includes a changing television screen or a win-
dow looking out onto a busy street.

As 1s apparent from the foregoing discussion, 1t has been
difficult to obtain a clean-edged outline for a foreground
image being extracted from a background image. One
known method of creating a clean-edged outline 1s hand
painting the outline for the background subtraction which 1s
typically done by an application developer. While this 1s
appropriate 1n the application design stage, 1t 1s not appropri-
ate for an end user to have to hand paint or manually create
the outline of the image.

SUMMARY OF THE INVENTION

The present invention creates a clean-edged extraction of
a foreground image from its background in an automated
and effective manner. More particularly, the present mnven-
tion includes an improved method of background subtrac-
tion wherein a clean 1image of the object being composited or
texture mapped 1s created through improvements 1n deter-
mining the outline of the object. As a result, the present
invention reduces noise near the edges of an object in an
input 1mage from which the background 1s being “sub-
tracted.” The resulting image can be used for example, 1n a
texture map application or for compositing.

In the texture mapping process any errors that may occur
in the background subtraction or inaccuracies that arise from
the background subtraction will typically remain throughout
the duration of the process. The present invention provides a
closed curve which 1s essentially a noise-reduced outline of
the object that 1s being mapped or composited. By virtue of
this process there are no holes or gaps within the object
image when 1t 1s mapped or composited, since all pixels
within the closed curve are reconsidered part of the object.

A background subtraction apparatus of the present mnven-
tion 1ncludes a key point locator for locating key points on a
known object type, a boundary point locator for locating
boundary points of the known object that make up the edges
of the known object, and an edge processor for processing
the edges to provide a clean-edged extraction of the known
object from a background image. Preferably, the key point
locator includes an alignment detector for detecting align-
ment of an 1image of the known object type with a skeleton
image. Still more preferably, the skeleton 1mage 1s an exosk-

cleton 1mage and the known object type 1s a human being.

A method for subtracting a background in accordance
with the present mvention includes locating key points on a
known object type, locating boundary points of the known
object that comprise edges of the known object, and process-
ing the edges to provide a clean-edged extraction of the
known object from a background 1mage. Preferably, locating
the key points include detecting the alignment of an image of
the known object type with a skeleton 1mage. Even more
preferably, the key points include primary key points at
extremities of an 1image of the human being and secondary
key points near a torso of an 1image of the human being.

These and other advantages of the present mnvention will
become apparent upon a study of the specification and draw-
ings of this application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a 1s a perspective view of a person standing in front
of an apparatus made and operated 1n accordance with the
present invention;
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FIG. 1b 1s an illustration of a user’s 1mage with the back-
ground removed, where the user’s 1image has clean edges
due to the method and apparatus of the present invention;

FIGS. 2a-2c comprise a flow diagram of a method for
performing clean background subtraction i1n accordance
with the present invention; and

FIG. 3 illustrates ten key points on a “skeleton” used by
the method and apparatus of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1a1s an 1llustration of an apparatus 10 in accordance
with the present invention. A user 12, e¢.g. a child, stands in
front of a camera 13 1n a pose in which the arms are extended
outwardly and the legs are spread somewhat apart. That 1s,
the child moves to fit herself within a skeleton “A” shown on
a video monitor 14. The camera 13 and the video monitor 14
are typically connected to a computer 16, as will be appreci-
ated by those skilled 1n the art. The computer 16 includes or
has access to computer implemented process instructions
stored within computer readable media (such as RAM,
ROM, magnetic or optical media, over a network, etc.) to
perform methods (“computer implement processes™) of the
present invention.

The skeleton A 1s an outline of an object or figure that 1s to
be digitally removed from its background. When the object
or figure 1s a human being, a preferred skeletal outline 1s
somewhat of a hollow, five-pointed star shape. The “skel-
ctons” described with reference to the current example are
more 1n the nature of exoskeletons, since they surround the
image of the figure to be extracted, although they can also be
internal skeletons (e.g. a stick figure of a human being), or
combinations thereof, in alternate embodiments of the
present invention.

FIG. 1b 1llustrates an output created by the method and
apparatus of the present invention, that 1s, a clean 1mage of a
user with the background removed. This 1s shown as the
image ol the user 12 with a black background 20 and an
outline 18 of the object with a clean edge. In a preferred
embodiment, the background pixels become transparent pix-
els and are not the same color as any of the pixels on the
object being texture mapped or composited.

FIGS. 2a—2c are tlowcharts which collectively illustrate a
process (comprising, but not limited to, a computer imple-
mented process) for performing the clean background sub-
traction procedure of the present invention. At 200 the sys-
tem builds a background model which 1s a model of the
background image that the camera sees without the subject
in the 1image. Once the background model (for example an
image of a bedroom or a living room) 1s created, the system
then captures an 1mage of the background model with the
subject, such as a human being, that has moved into the
background. Essentially this 1s an 1mage of, for example, a
chuld that has moved 1n front of the camera after the back-
ground model has been created. In a preferred embodiment,
the subject 1s required to generally {it her pose to approxi-
mately match a frame or skeleton shown on the computer

monitor. An example of a pose 1s shown 1n FIG. 1a. This 1s
done 1n block 202.

At 204 the system locates primary key points of the sub-
ject. For a human figure these key points or extremities
include the tips of the left and right hands, top of the head,
and the bottom of the leit and right feet. These are shown at
points “P” 1n FIG. 3. At 206 the system determines whether
the general locations of the primary key points are accept-
able to the system. That 1s, are the extremities such as the
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ends of the hands and the feet and the head i1n an area where
the system would normally expect to find them.

If the system does not find these extremaities 1n the general
locations, control returns back to block 202 where the sys-
tem will take another mput image of the subject aligning
itsell with the skeleton. This indicates that the subject 1s not
yet properly aligned with the skeleton outline. If the loca-
tions of the primary key points are generally acceptable to
the system, the process continues to block 208.

At 208 the system locates secondary key points of the
subject. These are shown at points “S” 1n FIG. 3. The pro-
cessing for determining these secondary key points depend
on first properly locating the primary key points P of the
subject. The secondary key points of a human figure are the
left and right shoulders, the left and right arm pits, and the
crotch. These points are located depending on where the
system locates the primary key points as determined 1n step
204. Thus, for example, 11 in block 204 the system does not
find the left and nght key points properly, the system does
not find the proper point for the crotch.

Similar to block 206, at 210 the system checks whether
the secondary key points are located 1n areas where the sys-
tem would generally expect to see them based on typical
body proportions. If any one of them 1s not where the system
expects to be, control returns to block 202. Once the loca-
tions of the ten key points, 1n the current example, (see FIG.
3) are determined, the system now has a definition of ten
approximately linear segments that essentially connect these
key points and define a general outline of the subject.

At 212 the system determines the locations of boundary
points among the ten key points. These boundary points are
located essentially by scanning the image 1n a certain
direction, the direction depending on the orientation of the
line segments between the key points. For example, a line
segment between the left hand and the left arm pit would
require a scan that begins at a certain oifset away from the
outline. The offset 1s determined by a bounding box whose
corners are set by the key points of the segment, plus a pad of
a fixed number of pixels, such as ten pixels 1n a preferred
embodiment.

During the scan pixels 1n one vertical column are exam-
ined one by one. Many of the pixels scanned first would be
background pixels until the scan reached the lower edge of
the child’s arm, at which point the scan would detect a fore-
ground pixel. It would then mark this pixel as a boundary
point. This procedure 1s done for all the columns i1n the
approximately linear segment between the hand and the arm
pit.

The collection of these boundary points can be seen as a
silhouette line which i1s further refined to form part of a
closed curve such that the curve will define the outline of the
object. For example, a segment that goes from the left arm
pit to the left foot would require a horizontal scan, scanning
cach pixel 1n a horizontal row until the scan reached a pixel
indicating a foreground pixel. That pixel will be marked as a
boundary point 1n the linear segment between the left arm pit
and left foot.

i

T'hus, once the process 1 block 212 1s complete, the sys-
tem has a series of boundary points that defines fairly closely
the outline of the object but still includes nuances and
aberrations, 1.€. noise, that are on the edges of the object. The
key points are used as start and stop delimiters 1n the scans.
The boundary points are stored 1n a one-dimensional array.
Thus, 1n a preferred embodiment, all the boundary points
determined from the ten scans are stored 1n sequence 1n this
one-dimensional array.
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At 214 the system performs a series of smoothing filters to
reign 1n aberrant boundary points, thereby reducing some of
the noise 1n the object’s edge. A basic assumption made by
the system 1n applying these filters 1s that edges between key
points are relatively smooth curves. One of the filters, 1n a
preferred embodiment, 1s a Gaussian model applied to
dampen noise 1n the edges, as represented by the boundary
points. In a preferred embodiment, the Gaussian model uses
a window or range of about five pixels. The eflfect of apply-
ing the Gaussian model 1s to bring boundary points that devi-
ate significantly from surrounding boundary points closer to
their surrounding boundary points. It has the effect of damp-
ening or lessening the difference between an aberrant point

and points 1n its vicinity.

The Gaussian model smoothing procedure has the effect
of a low-pass filter applied to the boundary points. The win-
dow used 1n the Gaussian model 1s set so that an appropriate
smoothing of the boundary points occurs. If the window of
boundary points for the Gaussian model 1s too large, the
overall effect 1s an averaging el

ect over the boundary points
which 1s generally not desirable due to the lack of accuracy.
I1 the window 1s too small there 1s essentially no smoothing
cifect on the boundary points.

The other smoothing filter 1s known 1n the art as a least-
square filter which also uses an appropnately sized window
of pixels. All the boundary points within the window are
aligned or brought closer to a line that is fitted to the bound-
ary points within the window. Thus, the least-square method
1s a way of fitting a line through the boundary points 1n a
window. The system mimmizes the sum of the squares of
deviations from the line. The system then places boundary
points so that they fit close to or on the line.

At 216 the system runs a snake algorithm to further elimi-
nate noise from the edge of the object. The boundary points
comprise a line that make up one mput to the snake algo-
rithm. In the application of the snake algorithm as used 1n the
present invention, there are attractive forces acting on the
line that bring the line closer to a noise-reduced edge of the
object. At the same time the line, or “snake,” itself has an
internal energy that tends to keep the snake in its original
shape to some degree. Thus, there 1s a tension between the
attractive force of the edge of the object and the natural
tendency of the line to keep 1ts original shape. The snake has
suificient internal energy so that 1t can 1gnore significant
deviations 1n the edge of the object. As with the smoothing
filters, the key points do not move as a result of the snake
algorithm acting as anchors. The snake itself, however, 1s
clastic and can stretch or shrink to match the edge as needed.

The forces, both from external features, that attract the
snake to the edge are (1) an edge strength, and (2) an alpha
image. The snake has a tendency to align itself along a por-
tion of the alpha image such that on one side the alpha pixels
are zero and on the other side the alpha pixels are one.

A Canny edge detector 1s used to determine the edge
strength. The Canny algorithm 1s a well-known method for
detecting edges. The Canny filter 1s applied to the input
image 1tsell not the alpha image. Thus, in a preferred
embodiment, the snake algorithm has generally three inputs.
One 1s from the Canny {filter performed on the input image,
another 1s the alpha 1mage, and the third i1s the contour line
made up of boundary points between two key points.

The snake algorithm 1s well-known 1n the field of com-
puter vision and operates as an energy minimization proce-
dure. In a preferred embodiment, the snake algorithm takes
into account three sources of energy, as described above, 1n
making the snake represent a clean edge of the object. In the
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present implementation of the snake algorithm the boundary
points comprising the snake can move in only one
dimension, either left or right, or up and down. This has the
elfect of greatly increasing the speed of adjustment itera-
tions made by the snake. The class of snake applied 1n the
process 1s determined essentially by how much weight 1s
given to the different sources of energy.

With reference to FIG. 2c, at 220 the system connects the
boundary points such that there 1s a complete or closed loop
ol pixels constrained by the boundary points. This 1s neces-
sary because the area fill that eventually fills 1n the area
within the closed loop, will not perform well 11 there are gaps
between the boundary points. Thus, even 1f the boundary
points are sequentially ordered, they may not be adjacent.
Therefore, extra pixels may have to be added so that there
are no pixel gaps between them. Once the boundary loops
are connected, thereby forming a closed loop, a standard
area 11ll algorithm 1s used to generate an 1mproved alpha
image. This alpha image can subsequently be used to create
a clean background subtracted image. A standard area-fill 1s
accomplished at 222, and the process 1s complete.

Returning to blocks 204 and 208, the system locates the
key points using a general search area and a key point tem-
plate. Each of the key points have a general search area
associated with 1t. The general search area 1s the area within
which the system expects to find the key point. A template 1s
used to search within the general search area to locate the
best region, 1.e., the region most likely to be precise key
point, within the general search area.

In performing this process, the system uses the alpha
image of the subject. Thus, pixels within or on the edge of
the subject have a value of one, for example, and pixels
outside the subject have a value of zero. Each key point has a
specially configured template although a template for the
right hand key point 1s a mirror image of the template for the
lett hand key point, and similarly for the left and right feet,
shoulders, and armpits.

The template resembles a miniature alpha 1mage. A typi-
cal size of a template (signmificantly smaller than the general
search area) 1s 20 pixels by 20 pixels, 1n a preferred embodi-
ment. The pixels that have a value of one within the template
make up a shape that resembles the expected shape of the
key point being search for.

In a preferred embodiment, template patterns are
restricted to be rectangles, so that a Summed Area Table
(S.A.T.) facilitates an eflicient search. The template 1s
applied to each 20 by 20 region within the general search
area. Each time 1t 1s applied, the system determines how
many of the “one” alpha pixels in the template match the
“one” alpha pixels in the subject image. The region in the
subject alpha 1mage that has the highest similarity score 1s
determined to be the key point. This process 1s done for all
the primary and secondary key points.

If none of the regions 1n a general search area gets a simi-
larity score above a certain threshold after being checked by
the template, the system assumes that the subject did not
strike a pose that generally matched the skeleton and waits
for another pose, thereby returning control to block 202.
This 1s one way for the system to determine 1f primary key
points and secondary key points are ascertainable given the
subject’s alignment with the skeleton.

FIG. 3 illustrates ten key points(labeled “S” and “P”)
associated with a skeleton A 1n accordance with the present
invention. It should be noted that more or fewer key points
can be used, as will be appreciated by those skilled 1n the art.
The key points “P”” are primary key points, and are located at
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the extremities of the skeleton A. The key points “S” are
secondary key points, and are located proximate to the torso
of the skeleton A at the points where the limbs and neck
attach to the torso.

8

repeating locating secondary key points 1f the secondary
key points are determined not to be 1n acceptable loca-
tions.

8. A method for subtracting a background as recited 1n

While this invention has been described in terms of sev- 5 claim 1 further including aligning the image of the known

eral preferred embodiments, 1t will be apparent to those of
skill in the art that various equivalents, permutations, and
additions thereof are within the scope of the present mven-
tion. It 1s therefore itended that the following appending
claims include all such equivalents, permutations and addi-
tions as fall within the true spirit and scope of the present
invention.
What 1s claimed 1s:

1. A method for subtracting a background comprising:
locating key points on an image of a known object type;
determining line segments between the key points;

locating boundary points of the image that comprise edges
of the known object by using the line segments;

climinating pixel gaps between the boundary points;

connecting the boundary points to obtain a closed loop of
pixels; processing the edges to provide a clean-edged
extraction of the image from a background image,
including using an alpha image to determine a key
point, which 1s selected based on a similarity score for a
region in the alpha image; and

reducing noise from the edges of the known object, after
determining the key points, using an edge strength, the
alpha image, and the line segments by aligning a snake
to the line segments;

wherein at least one key point 1s located based at least 1n
part on a key point template comprising a plurality of
pixels and specially configured for that key point; and

wherein the pixels 1n the specially configured key point
template that make up a shape associated with the key
point have a first value and the other pixels 1n the spe-
cially configured key point template have a second
value.

2. A method for subtracting a background as recited in
claim 1 further including aligning the image with a skeleton
image prior to locating the key points.

3. A method for subtracting a background as recited in
claim 1 wherein locating boundary points includes scanning
the image 1n directions dependent upon the orientation of the
line segments.

4. A method for subtracting a background as recited in
claim 1 wherein the key points include primary key points
and secondary key points located based on the primary key
points.

5. A method for subtracting a background as recited in
claam 1 wherein locating the key points includes using a
general search area.

6. A method for subtracting a background as recited 1n
claam 1 wherein locating the key points includes using a
general search area and a Summed Area Table.

7. A method for subtracting a background as recited in
claim 1 wherein locating the key points includes:

locating primary key points;
determining whether the primary key points are 1n accept-
able locations:

repeating locating primary key points 1f the primary key
points are determined not to be 1n acceptable locations;

locating secondary key points based on the primary
points;

determining whether the secondary points are in accept-
able locations:
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object type with a skeleton 1image prior to locating the key
points, wherein the skeleton 1image 1s an outline image.

9. A method for subtracting a background as recited 1n
claim 1 further including;:

aligning the image of the known object type with a skel-
cton 1mage prior to locating the key points;

scanning the 1image 1n directions dependent upon the ori-
entation of the line segments, beginming at an offset

away from the skeleton image.
10. A method for subtracting a background as recited in

claim 1 further including:

aligning the 1mage with a skeleton 1mage prior to locating,
the key points;

scanning the image 1n directions dependent upon the ori-
entation of the line segments, beginning at an oifset
away from the skeleton image;

wherein the offset 1s determined by a bounding box whose

corners are set by the key points.
11. A method for subtracting a background as recited in

claim 1 further including;:

aligning the image with a skeleton 1mage prior to locating,
the key points;

scanning the 1image 1n directions dependent upon the ori-
entation of the line segments, beginming at an offset
away from the skeleton image;

wherein the offset 1s determined by a bounding box whose
corners are set by the key points plus a pad of pixels.

12. A method for subtracting a background as recited in
claim 1 further including aligning the 1mage with a skeleton
image prior to locating the key points, wherein the skeleton
image 1s an outline 1mage and the known object type 1s a
human being.

13. A method for subtracting a background as recited in
claim 1 further including aligning the 1image with a skeleton
image prior to locating the key points, wherein:

the skeleton 1image 1s an outline 1mage;
the known object type 1s a human being; and

the key points include primary key points at extremaities of
the image and secondary key points near a torso of the
image.

14. A method for subtracting a background as recited in
claim 1 wherein processing the edges includes filtering the
edges.

15. A background subtraction apparatus comprising:

an 1mage acquisition device for acquiring an image of a

known object type; and

a processor configured to:

locate key points on the image;

determine line segments between the key points;

locate boundary points of the image that comprise
edges of the known object by using the line seg-
ments,

climinate pixel gaps between the boundary points;

connect the boundary points to obtain a closed loop of
pixels;

process the edges to provide a clean-edged extraction of

the image from a background 1mage including using an
alpha 1mage to determine a key point, which i1s selected
based on a similarity score for a region in the alpha
image; and
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reduce noise from the edges of the known object, after
determining the key points, using an edge strength,
the alpha 1image, and the line segments by aligning a
snake to the line segments;

wherein at least one key point 1s located based at least 1n
part on a key point template comprising a plurality of
pixels and specially configured for that key point; and

wherein the pixels 1n the specially configured key point
template that make up a shape associated with the key
point have a first value and the other pixels 1n the spe-
cially configured key point template have a second
value.

16. A background subtraction apparatus as recited 1in
claim 15 wherein the processor 1s further configured to align
the 1mage with a skeleton 1image.

17. A background subtraction apparatus as recited 1n
claim 15 wherein the processor 1s further configured to scan
the image 1n directions dependent upon the orientation of the
line segments.

18. A background subtraction apparatus as recited 1in
claim 15 wherein the key points include primary key points
and secondary key points located based on the primary key
points.

19. A background subtraction apparatus as recited 1in
claim 15 wherein the processor 1s further configured to
locate the key points using a general search area.

20. A background subtraction apparatus as recited in
claim 15 the processor 1s further configured to locate the key
points using a general search area and a Summed Area Table.

21. A background subtraction apparatus as recited in
claim 15 wherein the processor 1s further configured to:

locate primary key points;
repeat locating primary key points if the primary key
points are determined not to be 1n acceptable locations;

locate secondary key points based on the primary key
points;

determine whether the secondary key points are 1n accept-
able locations:

repeat locating secondary key points if the secondary key
points are determined not to be 1n acceptable locations.
22. A background subtraction apparatus as recited in
claim 15 wherein the processor 1s further configured to align
the 1mage of the known object type with a skeleton 1mage,
wherein the skeleton 1mage 1s an outline 1mage.
23. A background subtraction apparatus as recited 1n
claim 15 wherein the processor 1s further configured to:

align the 1mage of the known object type with a skeleton
image prior to locating the key points;

scan the 1mage 1n directions dependent upon the orienta-
tion of the line segments, beginning at an offset away
from the skeleton image.
24. A background subtraction apparatus as recited in
claim 15 wherein the processor 1s further configured to:

align the 1image with a skeleton image prior to locating the
key points;
scan the 1mage 1n directions dependent upon the orienta-

tion of the line segments, beginning at an offset away
from the skeleton 1image;

wherein the ofiset 1s determined by a bounding box whose
corners are set by the key points.
25. A background subtraction apparatus as recited in
claim 15 wherein the processor 1s further configured to:

align the 1image with a skeleton image prior to locating the
key points;
scan the 1image 1n directions dependent upon the orienta-

tion of the line segments, beginning at an offset away
from the skeleton 1mage;
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wherein the offset 1s determined by a bounding box whose
corners are set by the key points plus a pad of pixels.

26. A background subtraction apparatus as recited in
claim 15 wherein the processor 1s further configured to align
the image with a skeleton image, wherein the skeleton image
1s an outline 1mage and the known object type 1s a human
being.

27. A background subtraction apparatus as recited in
claim 15 wherein the processor 1s further configured to align

the image with a skeleton 1mage, wherein:
the skeleton 1image 1s an outline 1mage;
the known object type 1s a human being; and

the key points include primary key points at extremities of
the image and secondary key points near a torso of the
image.
28. A background subtraction apparatus as recited in
claim 15 wherein the processor 1s further configured to filter
the edges.

29. A non-transitory computer-readable storage medium
having computer implemented process instructions stored
thereon that, if executed by a computer, cause the computer
to perform a method for subtracting a background, the
method comprising:

locating key points on an image of a known object type,
including using an alpha image to determine a key
point, which is selected based on a similarity score for

a region in the alpha image;
determining line segments between the key points;

locating boundary points of the image that comprise
edges of the known object by using the line segments;

eliminating pixel gaps between the boundary points;

connecting the boundary points to obtain a closed loop of
pixels;

processing the edges to provide a clean-edged extraction
of the image from a background image; and

reducing noise from the edges of the known object, after
determining the key points, using an edge strength, the
alpha image, and the line segments by aligning a snake
to the line segments;

wherein at least one key point is located based at least in
part on a key point template comprising a plurality of
pixels and specially configured for that key point; and

wherein the pixels in the specially configured key point
template that make up a shape associated with the key
point have a first value and the other pixels in the spe-
cially configured key point template have a second
value.
30. The non-transitory computer-readable storage
medium recited in claim 29, wherein the instructions include
instructions for aligning the image with a skeleton image

prior to locating the key points.

31. The non-transitory computer-readable storage
medium recited in claim 29, wherein the instructions for
locating boundary points include instructions for scanning
the image in directions dependent upon the orientation of the
line segments.

32. The non-transitory computer-readable storage
medium recited in claim 29, wherein the key points include

60 primary key points and secondary key points located based

65

on the primary key points.

33. The non-transitory computer-readable storage
medium vecited in claim 29, wherein the instructions for
locating the key points include instructions for using a gen-
eral search area.

34. The non-transitory computer-readable storage
medium vecited in claim 29, wherein the instructions for
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locating the key points include instructions for using a gen-
eral search arvea and a Summed Area 1able.

335. The non-transitory computer-readable storage
medium rvecited in claim 29, wherein the instructions for
locating the key points include instructions for:

locating primary key points;

determining whether the primary key points arve in accept-

able locations;

repeating locating primary key points if the primary key

points are determined not to be in acceptable locations;
locating secondary key points based on the primary
points,;

determining whether the secondary points arve in accept-

able locations; and

repeating locating secondary key points if the secondary
key points arve determined not to be in acceptable loca-
tions.

36. The non-transitory computer-readable storage
medium recited in claim 29, wherein the instructions include
instructions for aligning the image of the known object type
with a skeleton image prior to locating the key points,
wherein the skeleton image is an outline image.

37. The non-transitory computer-readable storage
medium recited in claim 29, wherein the instructions include

instructions for:
aligning the image of the known object tvpe with a skel-
eton image prior to locating the key points; and
scanning the image in directions dependent upon the ovi-
entation of the line segments, beginning at an offset
away from the skeleton image.
38. The non-transitory computer-readable storage
medium recited in claim 29, wherein the instructions include
instructions for:

aligning the image with a skeleton image prior to locating
the key points; and

scanning the image in dirvections dependent upon the ovi-
entation of the line segments, beginning at an offset
away from the skeleton image;

wherein the offset is determined by a bounding box whose
corners ave set by the key points.
39. The non-transitory computer-readable storage
medium rvecited in claim 29, wherein the instructions further
include instructions for:

aligning the image with a skeleton image prior to locating
the key points; and

scanning the image in directions dependent upon the ovi-
entation of the line segments, beginning at an offset
away from the skeleton image;

whevrein the offset is determined by a bounding box whose

corners are set by the key points plus a pad of pixels.

40. The non-transitory computer-readable storage
medium rvecited in claim 29, whevein the instructions further
include instructions for aligning the image with a skeleton
image prior to locating the key points, wherein the skeleton
image is an outline image and the known object tvpe is a
human being,.

41. The non-transitory computer-readable storage
medium rvecited in claim 29, wherein the instructions further
include instructions for aligning the image with a skeleton
image prior to locating the key points, wherein the skeleton
image is an outline image; whevein the known object type is
a human being, and wherein the key points include primary
key points at extremities of the image and secondary key
points near a torso of the image.

42. The non-transitory computer-readable storage
medium vecited in claim 29, wherein processing the edges
includes filtering the edges.
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43. A computer-implemented method for subtvacting an
image of a known object type from a background image, the
method comprising:

locating, with a computer, key points on an image of a
known object type based on a similarity scove for a
region in an alpha image of the known object type and a

template of a key point;
determining line segments between the key points,
locating boundary points of the image of the known object

that comprise edges of the known object by using the
line segments;

eliminating pixel gaps between the boundary points;

reducing noise from the edges of the image of the known
object, after determining the key points, using an edge
strength, the alpha image, and the line segments by
aligning a snake to the line segments; and

connecting the boundary points to obtain a closed loop of
pixels;

wherein the template comprises a plurality of pixels and is
specially configured for that key point; and

wherein the pixels in the template that make up a shape
associated with the key point have a first value, and the
other pixels in the template have a second value.

44. The method of claim 43, the method further compris-
ing determining if the image of the known object is aligned
with a skeleton image prior to locating the key points.

45. The method of claim 43, wherein locating boundary
points includes scanning the image in directions dependent
upon the orvientation of the line segments.

46. The method of claim 43, wherein the key points
include primary key points and secondary key points located
based on the primary key points.

47. The method of claim 43, wherein locating the key
points includes using a generval search area.

48. The method of claim 43, wherein locating the key
points includes using a generval search avea and a Summed
Area lable.

49. The method of claim 43, wherein locating the key

points includes.:

locating primary key points;

determining whether the primary key points are in accept-
able locations;

repeating locating primary key points if the primary key
points are determined not to be in acceptable locations;

locating secondary key points based on the primary
points;

determining whether the secondary points are in accept-
able locations; and

repeating locating secondary key points if the secondary
key points are determined not to be in acceptable loca-
tions.

50. The method of claim 43, further comprising determin-
ing if the image of the known object tvpe is aligned with a
skeleton image prior to locating the key points, wherein the
skeleton image is an outline image.

51. The method of claim 43, further comprising.

prompting a user to align the image of the known object
tvpe with a skeleton image priorv to locating the key
points; and

scanning the image in dirvections dependent upon the ovi-
entation of the line segments, beginning at an offset
away from the skeleton image.

52. The method of claim 43, further comprising:

prompting a user to align the image of the known object
tvpe with a skeleton image priorv to locating the key
points; and
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scanning the image of the known object type in directions
dependent upon the orientation of the line segments,
beginning at an offset away from the skeleton image;
wherein the offset is determined by a bounding box
whose corners arve set by the key points.

53. The method of claim 43, further comprising.

prompting a user to align the image of the known object
tvpe with a skeleton image priov to locating the key
points; and

scanning the image of the known object type in directions
dependent upon the ovientation of the line segments,
beginning at an offset away from the skeleton image;

whevrein the offset is determined by a bounding box whose
corners ave set by the key points plus a pad of pixels.

54. The method of claim 43, further comprising prompting
a user to align the image of the known object tvpe with a
skeleton image prior to locating the key points, wherein the
skeleton image is an outline image and the known object type
is a human being.

55. The method of claim 43, further comprising prompting
a user to align the image of the known object tvpe with a
skeleton image prior to locating the key points; wherein the
skeleton image is an outline image; wherein the known
object type is a human being; and wherein the key points
include primary key points at extremities of the image and
secondary key points near a torso of the image.

56. The method of claim 43, further comprising filtering
the edges.

57. A background subtrvaction apparatus, comprising:

means for acquiring an image of a known object type;

means for locating key points on an image of a known
object type based on a similarity score for a region in
an alpha image of the known object type and a template
of a key point;

means for determining line segments between the key
points;

means for locating boundary points of the image of the

known object that comprise edges of the known object
by using the line segments;

means for eliminating pixel gaps between the boundary
points;

means for reducing noise from the edges of the image of

the known object, after determining the key points,
using an edge strength, the alpha image, and the line
segments by aligning a snake to the line segments; and

means for connecting the boundary points to obtain a
closed loop of pixels;
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wherein the template comprises a plurality of pixels and is
specially configured for that key point; and

wherein the pixels in the template that make up a shape
associated with the key point have a first value, and the
other pixels in the template have a second value.

58. A background subtraction apparatus, comprising:

an image acquisition device for acquiving an image of a
known object type; and
a processor configured to:
locate key points on an image of a known object type
based on a similarity scove for a rvegion in an alpha
image of the known object type and a template of a
key point;
determine line segments between the key points;
locate boundary points of the image of the known object
that comprise edges of the known object by using the
line segments;
eliminate pixel gaps between the boundary points;
reduce noise from the edges of the image of the known
object, after determining the key points, using an
edge strength, the alpha image, and the line segments
by aligning a snake to the line segments,; and
connect the boundary points to obtain a closed loop of
pixels;
wherein the template comprises a plurality of pixels
and is specially configured for that key point; and
whevrein the pixels in the template that make up a shape
associated with the key point have a first value, and
the other pixels in the template have a second value.
59. The apparatus vecited in claim 58, wherein the proces-
sor is further configured to align the image with a skeleton
image prior to locating the key points.
60. The apparatus recited in claim 58, wherein the proces-
sor is further configured to:

locate primary key points;

determine whether the primary key points ave in accept-
able locations;

repeat locating primary key points if the primary key
points are determined not to be in acceptable locations;
locate secondary key points based on the primary points;

determine whether the secondary points arve in acceptable
locations; and

repeat locating secondary key points if the secondary key
points are determined not to be in acceptable locations.
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