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Abstract– Background detection and
removal in video sequences for tracking
motion objects is an important part of
tracking process. It's clear that removal
static background leads to tracking motion
object and analyzing their movements
more accurately. Older techniques for
background removal, only use spatial
features of image and remove background
by focusing on color, texture …, but newer
techniques improve results of background
subtraction by using temporal features.
In this paper we propose a novel method
that uses combination of temporal and
spatial features for background removal.
In this method we reach to some motion
windows by comparing and combining
each frame with its neighbors, and
obviously points out of these windows are
parts of background. Then by other
comparisons we detect static parts of
motion windows and remove them. One
advantage of this method is simplicity and
the other is the ability of detection motion
objects independent of their size and
speed. Furthermore it has no noticeable
overhead for real-time tracking process.

I. INTRODUCTION
All Automated surveillance systems
require some mechanism to detect interesting
objects in the field of view of the sensor.
Such a mechanism serves as a form of focus
of attention. Once objects are detected, the
further processing for tracking and activity is
limited in the corresponding regions of the
image. In vision based systems, such
detection is usually carried out by using
background subtraction methods. These
methods build a model of the scene
background, and for each pixel in the image,
detect deviations of pixel feature values from
the model to classify the pixel as belonging
either to background or to foreground.

Totally tracking motion objects in video
sequences is a multiple process [1]. This
processes show in Fig. 1. Background
subtraction is a part of motion detection
process that for this, we remove background,
and only shadows, motion objects and
motion noises (tree leafs for example)
remain. After removing background, motion
shadows and motion noises, we must track
each object in the scene and pursue those. In
the last, maybe a motion path analysis is
Keywords– background subtraction, required for example for behavior detection
object tracking, temporal features.
in a sport match.
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Fig. 1 Main tracking process

There are many methods in the field of
background subtraction. Older methods are
based on object features such as color [2, 3],
intensity [4], edges [5, 6], texture [7]…
These methods don’t consider relationship
between neighborhood frames. In the other
hand, motion features don’t use for
classification of pixels in such methods.
Motion features are considered in newer
researches with more time complexity and
better detection rate [1, 8, and 9].
The Background differencing methods
have to deal with several problems in
realistic environments. These problems have
been discussed in detail by Toyama et.al
[10]. Here we briefly describe some of the
important problems which have not been
addressed by most background subtraction
algorithms.

background is occluded by moving
objects. Thus many algorithms require
a scene with no moving objects during
initialization. This puts serious
limitations on systems to be used in
high traffic areas.
• Shadows. Objects cast shadows that
might also be classified as foreground
due to the illumination change in the
shadow region. Sudden changes in
illumination. Gradients of image are
relatively less sensitive to changes in
illumination and can be combined with
color information effectively and
efficiently
to
perform
quasi
illumination invariant background
subtraction.

In this paper we proposed a new algorithm
based on motion windows for background
• Initialization with moving objects: If detection and subtraction. We use motion
moving objects are present during features of video sequences and decide about
initialization then part of the pixels of each frame that are a background
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pixel or not. This method solves three first
described problems more than other similar.
Our goal, entirely, is designing a robust
surveillance system for object tracking and
thus we consider fixed cameras in scenes and
try to have a realtime background subtraction
process. For this reason, our method is very
simple, realtime and efficient.
In the continous of this paper, we present
related works in this field, first. Then propose
our method basically and explain it
completely. The next section contains
experimental results and comparisons of this
with other related methods. We test our
method on PETS2006 dataset. The
conclusion is the final section of paper.
II. RELATED WORKS AND
DEFINATIONS
First methods in background subtraction
were based on object features. Methods
based on geometry of motion objects [7, 8],
colors, texture, light histograms [11] … are
some examples of these. In all of these
methods, we must have some information
about motion object beforehand. These
methods called pixel level methods. More
efficient methods in this section use motion
features (temporal features) for detecting
objects. Optical flow techniques [12], frame
difference [13], mixture of gussians [14] and
so on, are in this group. These methods are
more complex but, more accurate than simple
methods. Frame level is the name of such
methods. In many application areas, a
combination of pixel and frame level
methods is used for more efficiency [15, 16,
and 17].
Many background subtraction algorithms
for fixed cameras work by comparing color
or intensities of pixels in the incoming video
frame to a reference image. Jain et. al. [8]
used simple intensity differencing followed
by thresholding. Significant differences in
intensity from the reference image were
attributed to motion of objects. Azerbyjani et.
al. [16] used color images and a statistical
model of the background instead of a
reference image. The color intensity at each
pixel was modeled by a single Gaussian.

Stauffer and Grimson [14] extended the unimodal background subtraction approach by
using an adaptive multi-modal subtraction
method that modeled the pixel color as a
mixture of Gaussians (MOG). This method
could deal with slow changes in illumination,
repeated motion from background clutter and
long term scene changes. The model in
Haritouglu et. al. [4] is a simplification of the
Gaussian models, where the absolute
maximum, minimum and largest consecutive
difference values are used. All the above
mentioned models use only color or intensity
information for background differencing and
are susceptible to sudden illumination
changes. Moreover, these methods do not
attempt to resolve the problem of motion of
background object. Gao et.al [2] compare the
assumption of a single vs. mixture of
Gaussians to model the background color.
They determine that mixture of Gaussian
approach is indeed a better representation of
backgrounds even in static scenes. Harville
[5] presents a framework to update the
mixture of Gaussians at each pixel based on
feedback from other modules, for example
tracking module, in a surveillance system.
Pentland et. al. [12] used an eigen space
model for background subtraction. The eigen
background model cannot deal with
relocation of a background object. Our work
is most closely related to Jabri et.al [7]. They
have used fusion of color and edge
information for background subtraction.
However the algorithm uses a pixel based
fusion measure, such that either a large
change in color or edges will result in
foreground regions. Therefore their method
cannot deal with sudden changes in
illumination. The background edges are not
modeled statistically. Moreover, this
algorithm doesn’t present a solution to the
relocation of background object problem.
Horprasert et. al. [6] use brightness distortion
and color distortion measures to develop an
algorithm invariant to illumination changes.
Li and Leung [10] use the fusion of texture
and color to perform background subtraction.
The texture based decision is taken over a
small neighborhood. Ohta [11] defines a test
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statistic for background subtraction using the
ratio
of
illumination
intensities.
Greiffenhagen et. al. [3] propose the fusion
of color and normalized color information to
achieve shadow invariant change detection.
All these algorithms don’t use regional
information to validate local results. Also
these algorithms do not attempt to solve the
problem of relocation of background object.
Toyama et. al. [15] propose a three tiered

algorithm to deal with the background
subtraction problem. The algorithm uses only
color information at the pixel level. The
region level deals with the background object
relocation problem. Global illumination
changes are handled at the frame level. This
algorithm is able to handle sudden changes in
illumination only if the model describing the
scene after the illumination changes is known
a priori.

Fig. 2 Propoesd Background Subtraction Method

performed in realtime, approximately. Our
results in comparison of some same methods,
Our method for background subtraction is has better error rate.
a frame level method that use color
Basic Idea
information for comparison of pixels. This
method is a part of a complete tracking
In fact, our proposed method is an
system for surveillance applications and extension of frame difference method. The
III. PROPOSED METHOD

A.
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basic idea is that by comparison of some
neighborhood frames (20 for example), some
points in this span, don’t have any changes,
but some point have changed. It is logical
that motion objects are not in fixed points
and thus we only must analyze changed
pixels.

Other points are added in motion
windows set.
(5)
• In this phase, put each set of nonbackground points, in a rectangle
window and name these, motion
windows. We are sure that motion
objects are in these motion windows
and thus, we analyze only points of
their. For this action, we calculate PCA
transformation of 3 composite frames.
The output of this transformation,
show the average color of all pixel
frames. Then we compare the color of
each point in motion windows with the
PCA average color. With a threshold,
each point that not near the average
color, remain in motion window and
other points go to background. The
remaining points, are the points of
motion objects and make foreground
set.

In this method, we first remove fixed
pixels in a time span(2 second span) and then
compare remaining pixels by PCA
transformation method, for detect real motion
pixels.
Finally, we remove some single motion
pixels, because of noise reduction. In the last
of process, only motion objects and their
shadows remain.
This idea is shown in Fig. 2 basically.
B.

Proposed Algorithm

Our proposed algorithm in detail is:

• For each frame, a neighborhood
window considers suburbs of ‘n’ last
and ‘n’ next frame of current frame.
• N last frame added together and make
then
a composition frame. In the other hand
(6)
these frame, place on top of each other.
The same action is done for n next
frame. In this phase, we have 3 frames:
current frame, composition of n last
IV. EXPERIMENTAL RESULTS
frame and composition of n next
frame. Equations of 2, 3, and 4 show
For evaluation of proposed algorithm, we
these three composite frames (F1, F2, test it on PETS2006 video dataset. The
and F3).
various aspects of results, are shown in this
section
(2)

A.

Error Rate of Background Subtraction

One of the efficient criterions in tracking
researches is the error rate of each tracking
(3) phase that gets by comparison of results with
(4) “ground truth” of video sequences. Error rate
for background subtraction calculate by this
• These three matrices are compared formula:
point by point (we consider each 4
((Non-background pixels that detect as
square pixel, is a point). Each point
background
+ non-foreground pixels that
that have the same color feature in all 3
matrices, add as a background pixel. detect as foreground)/all pixels of
Because this point hasn't changed in frame)*100%
2n+1 frame (about 2 second here).
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The error rate for our method is about
V. COMPARISION
3.9% in average that is less than other similar
The proposed method in this paper has
methods about 2% for this dataset. Fig.3
some
advantages and disadvantages too. The
show the error rate for proposed method that
main advantages are:
implement in PETS2006 dataset.
• Simplicity: the algorithm is fully
understandable and also it can
implement easily
• Real- time: this method is a part of a
complete tracking system that we are
designing it for surveillance usages.
Thus the time complexity is very
important aspect. This method only
late the time, for 10 frame that is about
0.7 second. (10/15 in real). In fact this
method does realtime background
subtraction.
• Efficiency: the error rate of method is
less than similar available methods,
about 2 to 2.5%.

Fig. 3 Error rate for proposed method
B.

The Best fps for Best Result

The fps (frame per second) of video
sequences is a major factor in tracking
process. We use different fps for videos and
get more less error rate in 15 fps for
PETS2006. Higher of fewer fps, have higher
error rate in bg-subtraction. Fig.6 show error
rates of proposed method for different fps on
PETS2006.
C.

Disadvantages of this method are:
• This method, can't detect motion nonforeground objects such as tree leafs,
shadows, …. In the other hand, in this
method, we detect only fixed pixels
and remove them. Thus in a complete
tracking system we need another
process for detecting motion noises,
specially motion shadows.(we present
a novel motion shadow detection
method in another paper)

Best Window Size (Neighborhood Frames)

The number of frames, next and previous
of current frame, can effect on background
subtraction. We test different size and finally,
know that the best number is 10. We test 5 to
25 frame window and the least error rate was
for 10.

VI. CONCOLUSION
Background subtraction, remove fixed
regions and detect motion objects, is a main
part of video object tracking process. Any of
proposed methods, couldn’t solve all
problems in this field such as Quick
illumination changes, shadows… in this
paper we propose a novel method that simply
detect motion objects by using temporal
feature of video sequences and spatial feature
of each pixel.

Fig. 4 Error rate for different FPSs

The experimental result show 2% to 3%
improvement in motion detection for
PETS2006 dataset. The main advantages of
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this method are simplicity and real-time
implementation. This method can't remove
motion non-foreground objects such as [9]
shadows and thus need to use a postprocessing algorithm for such noises
detection.
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