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ABSTRACT

Foreground and background features are focused (or
defocused) differently in an image because correspond-
ing objects are at different depths in the scene. This
paper presents a novel approach for segmenting fore-
ground and background in video images based on fea-
ture defocus. A modified defocus measurement that
distinguishes between high-contrast defocused edges
and low-contrast focused edges is presented. Defocus-
based segmentation is desirable because defocus tech-
niques are computationally simple. Results indicate
that the foreground is easily segmented from moving
background. This approach, coupled with motion de-
tection, can segment complex scenes containing both
moving background and stationary foreground.

1 INTRODUCTION

Foreground and background segmentation is an impor-
tant issue in video coding. Typically, the foreground
contains important information; whereas, the back-
ground does not. So, the background can be trans-
mitted less frequently, which is an advantage in band-
width constrained transmissions. The problem is how
to perform this segmentation simply and accurately.
The primary segmentation techniques are motion-
based segmentation [1], intensity-based segmenta-
tion [2], and disparity-based segmentation [3]. The
motion-based approach segments objects with similar
velocities. This approach fails for scenes containing
both foreground and background motion, e.g. moving
foreground shadows cast onto the background. The
intensity-based approach segments images based on
intensity contrast and spatial position. This approach
fails for textured objects because a single object erro-
neously segments into multiple objects. The disparity-
based approach measures the disparity between stereo
images to segment objects. Point correspondence to
measure disparity is a complex and error-prone task.
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Image defocus is a measure of image sharpness. Re-
searchers use defocus, a function of depth, to deter-
mine object distances in monocular systems [4, 5, 6].
Foreground and background image features are defo-
cused differently. This difference can be used to seg-
ment and discard background information.

In this paper, a novel approach to foreground and
background segmentation based on image defocus is
presented. Defocus is measured using a modified
approach to distinguish between high-contrast defo-
cused edges and low-contrast focused edges. There
are two main advantages in defocus-based segmenta-
tion. One, defocus measurements are computationally
simple. Two, complex and moving backgrounds can
easily be segmented because their defocus is higher
than the foreground. This defocus-based approach
is combined with motion detection [7] to successfully
segment video sequences. Stationary foreground and
moving background can be segmented and discarded
with combined defocus and motion approaches. Sec-
tion 2 reviews defocus theory. Section 3 describes the
experimental method. Section 4 shows experimental
results. Conclusions and future work are presented in
Section 5.

2 THEORY
2.1 Image Defocus

Image defocus measures image sharpness. Focusing on
an object increases its image sharpness and decreases
defocus. Figure 1 shows a simple lens model. Object
point N is not in focus. The resulting image is a de-
focused image n called a blur circle. The blur circle
size, hence the amount of defocus, is a function of the
depth u of point N.
Depth as a function of defocus is [4]

. sDf
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where s is the distance between the lens and the image
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Figure 1: Lens model with blur circle

plane, D is the aperture diameter, f is the focal length,
k is the proportionality constant, and ¢ is the defocus
parameter of the blur circle. Parameter o and defocus
vary directly with object depth.

2.2 Defocus Measurement

Image defocus is easily measured from high frequency
components, such as image edges. The less blurred an
edge, the lower the image defocus. Defocus is mea-
sured from edge strength [8]. However, focused edges
with low magnitude and defocused edges with high
magnitude may give similar defocus measurements.
This is incorrect. The defocused edges should have
higher defocus measurements.

This error can be corrected by modifying the defo-
cus measurement. The distinguishing feature between
focused and defocused edges is edge width. Focused
edges have steeper intensity gradients and smaller
widths than defocused edges. The defocus measure-
ment can be modified, so that defocus d is
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where S(z,y) is the magnitude of Sobel edge detection
on image g(z,y) and w is the edge width in g(z,y).

3 METHODOLOGY

An defocus-based image segmentation approach has
been developed. Foreground and background features
are segmented and background features discarded.
The results of this segmentation are combined with
motion detection to extract the foreground in an im-
age sequence. This work assumes that the foreground
is focused and the background is defocused and that
the image contains high frequency features.

Figure 2 shows the five step segmentation algo-
rithm. First, an image is acquired. Next, defocus

1s measured and the image segmented based on defo-
cus. The foreground is retained and the background
discarded. Motion is also detected. The moving fea-
tures are retained and the stationary ones discarded.
The third step is the filling operation. Defocus and
motion are measured at object edges. However, ob-
Ject interiors must be segmented also. Multiple-pass
filling is performed to include the object interior, pre-
serving object shape. Next, the segmented defocus
and motion results are intersected to get the common
region. This region is the foreground. The segmented
foreground is then outlined on the original image.

4 EXPERIMENTAL RESULTS
4.1 Segmentation

Figure 3 shows the segmentation results for an image
sequence. Note the defocus differences between the
human subject in the foreground and the objects in the
background. Also, some foreground and background
features were in motion.

The motion algorithm detected all moving objects,
the subject in the foreground and the hand in the
background. The defocus algorithm segmented the
focused object, the subject in the foreground. The
common region, the subject in the foreground, was
the final result.

This test sequence does not contain stationary fore-
ground features. However, any stationary foreground
would be segmented by the defocus algorithm as fore-
ground, but discarded by the motion algorithm. The
final result would be segmentation of the moving fore-
ground, which is desired.

4.2 Defocus Measurement

Figure 4 shows segmented features using the old and
the modified defocus measurements. The moving hand
in the background in 4(a) had high contrast. Though
defocused, it had a high defocus measurement. Using
the old defocus measurement, the hand was segmented
as foreground, as seen in the upper left corner of 4(b).
This error was corrected by using the modified mea-
surement, as the segmentation in 4(c) shows. Since
the defocused background had wider edges than the
focused foreground, the modified measurement, Equa-
tion (2), gave the correct defocus measurement.

5 CONCLUSIONS AND FUTURE WORK

A novel approach to foreground and background seg-
mentation has been presented. Image defocus, a func-
tion of depth, is a basis for segmentation. Defocus-
based segmentation is advantageous for two reasons.
One. it is computationally simple. Two, scenes con-
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Figure 4: Results of defocus measurement modificiation
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taining complex or moving backgrounds can be seg-
mented easily.

Defocus-based segmentation combined with motion
detection segments scenes containing multiple fore-
ground objects.

Future research will address the following issues:

o Include color and intensity-based segmentation
with the defocus-based approach. As a result,
the filling operation will not be necessary.

¢ Develop alternate. methods for combining defocus
and motion detection results. In this approach,
defocus and motion segmentation were performed
separately and then combined to get the inter-
secting region. An alternate method would com-
bine defocus and motion into a single segmenta-
tion step.

o Use temporal correlation between adjacent frames
in assisting defocus-based segmentation.
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