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Abstract. Background subtraction is one of the fundamental problems where its solutions can be applied to
the other segmentation problems as well. The reported techniques often rely on intensity information to
differentiate background pixels from the foreground ones without consider any relation between pixels. To
improve the differentiation ability, this paper introduces additional information to be used base on pixel
gradient. The analysis given states that the threshold for gradient difference can be selected based on the
threshold used for intensity difference. At the end, the experimental results show sufficient improvements of
incorporating gradient information in the background differencing task.
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1. Introduction
Background subtraction (a.k.a background differencing) is one of the fundamental problems in Computer
Vision. Several vision based systems such as surveillance, object detection, or motion tracking need to detect
foreground region before other techniques can be applied.
There are vast differences of pre-condition to the task of background subtraction. Example of the
varieties include indoor/outdoor scene, day/night time, or fix/moving camera. Each of these varieties leads to
techniques with different approaches. Piccardi [7] and Benezeth et al. [1] provide reviews of the techniques
and the commonly-implemented algorithm on this problem.
There are several reported techniques utilizing different kinds of information to differentiate foreground
pixels from the background. Jain et al. [4] initiates work in this area by using "large" intensity difference as
the indication of foreground status. Since then, there are several reported works using intensity and/or color
information to detect foreground pixel [2, 6, 8, 9]. Later, Jabri et al. [3] provided a technique to fuse color
and edge information to detect foreground regions. Similarly, Javed et al. [5] offered a way to use gradient
information to eliminate false positive pixels (pixels which should be background but judged as foreground).
Finally, Yoshida [10] demonstrated that the status of neighbouring pixels can be used as information for the
background differencing task.
This paper introduces background differencing technique based on pixel intensity and gradient
information. The fundamental idea is relatively simple. Given b(i,j) and t(i,j) be pixels in background and
target image, the pixel t(i,j) is judged to be background pixel if and only if the difference in intensity and in
gradient of b(i,j) and t(i,j) are below thresholds.
The contribution of this paper is the analysis of using gradient information as complement information to
background subtraction task. The fundamental idea is that: If the pixel is not changing, both its color and its
gradient should stay the same. On the other hand, this paper also provides an analysis to show that the
threshold of the gradient difference can be selected based on the threshold of the intensity difference. The
experimental result will show that, by collaborating gradient information, the error pixels can be reduced by
2 percents.

The rest of this paper is organized as follows. The next section will give analysis of the proposed
algorithm followed by its outline. After that, two experimental results are shown to demonstrate strength and
application of the proposed algorithm. Finally, the concluding discussion will be given in the last section.

2. Background Differencing with Gradient Information
Typically, a fixed-threshold method judge a pixel (as a foreground or background) by comparing a fix
number (threshold) to the difference of the intensity level of the pixel from background and the target frame.
The label L(i,j) of a pixel t(i,j) can be either B (for background) or F (for foreground) which is given by

(1)
where e(i,j)=|t(i,j)-b(i,j)| and T is the given threshold.
In the problem of background differencing, the threshold is given to counter the always-presented image
noises. The observed frame difference can be written as e(i,j) = |(t(i,j)+nt)-(b(i,j)+nb)| where nt and nb are
mutually independence noises. Therefore, given the image noise modeled using Gaussian distribution with
zero mean and the variance σ2, the noise attached to e(i,j) is also Gaussian with the variance 2σ2.
The proposed algorithm handles the additional gradient information analogue to the intensity information.
In this paper, the gradient information pG(i,j) of a pixel p(i,j) is given as a 2D vector as [px(i,j),py(i,j)]T.
Thus, the difference in gradient, eG(i; j), between b(i,j) and t(i,j) can be calculated using Euclidean distance
by
(2)
Since each gradient components in the right hand side of the above equation are often approximated by
Sobel operator (see fig. 1), the noises of these components will be Gaussian with variance 8σ2.

Fig. 1: Sobel Kernels.

To approximate the variance of eG(i,j), we can set tx(i,j)=bx(i,j) and ty(i,j)=by(i,j) the eq. (2) becomes
(3)
where ntx, nbx, nty, nty are noise from the gradient calculation with variance 8σ . With simple calculation
from above equation, the resulting nG is Gaussian with variance (√512)σ2. Given the variance 2σ2 of the
intensity difference, the threshold of gradient difference can be set to be approximately 11 times of the
threshold of the intensity difference. The experiments (excluded from this paper) were done to confirm this
result.
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The decision rule in the eq. (1) is modified to incorporate gradient information as
(4)
where the intensity difference e(i,j) is renamed to eI(i,j), the gradient difference is named eG(i,j), and the
threshold for intensity and gradient are TI and TG accordingly.
With the earlier analysis result, the gradient threshold can be set to be 11 times of the intensity threshold.
Thus, the additional differentiation ability of gradient information comes without the burden of having to
fine-tuning the gradient threshold.

3. Experimental Results
There are to set of experiments to demonstrate and evaluate the performance of the additional gradient
information. First, the proposed method is performed on a set of images designed to demonstrate the strength
of the algorithm. Then, the method is compared with a fixed-threshold method on images taken from a
notebook camera.
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Fig. 2 (a) target image, (b) intensity threshold, (c) gradient threshold, and (d) combination of intensity and
gradient threshold.

3.1. Demonstration on predefined images
In this experiment, the proposed algorithm is performed on a set of simple images. As demonstrated in
Fig. 2(a), the left area of the image contains a region which having similar intensity as its background, while
all pixels in the region has opposite gradient direction. On the other hand, the right area contains some parts
where their pixels intensities are the same as background pixel. Within these areas with similar intensity as
background, some regions have opposite gradient direction while some regions have the same gradient
direction as background but with stronger magnitude. Also, there are some regions in the right area where
their gradient are similar in both direction and magnitude with the background.
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Fig. 3 (a) background image, (b) target image, (c) intensity threshold, and (d) combination of intensity and gradient
threshold.

3.2. Demonstration on practical images
The results of background differencing techniques, proposed and fixed-threshold, are shown in Fig. 3.
The combination result illustrated in Fig. 3(d) shows noticeable improvement over the intensity-threshold
result illustrated in Fig. 3(c). Furthermore, when define percent of error as 100*[number of incorrectly
labeled pixels]/[number of total foreground pixels], the proposed method reduces the error by roughly 2% in
this case.

4. Conclusion
This paper gives analysis as well as empirical evidents of how gradient information can be useful in the
task of background differencing. The analysis given allows the gradient information to be used in combine
with intensity information without having to fine-tune a separate gradient threshold. In addition, the analysis
given by this paper should be useful for any task requires pixels differentiation.
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