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ABSTRACT
The task of identifying foreground from a picture or a video is a big challenge in many computer-vision
applications. Foreground detection is useful in the security surveillance systems especially in the crowded areas
such as parking lots, train stations, airports, movie theaters, hospitals and other mass gatherings. The basic concept
to model any background consists of capturing a background image which does not have any moving object in it.
However, in many cases, the background does not remain stationary, it may change in the form of illumination
changes, tree leaves waving etc. Thus, it is essential to acquire a background model which is not only robust but is
also adaptive to background changes. The objective of this paper is to provide a survey of various approaches found
in the foreground detection field. The paper concludes by highlighting the advantages and the limitations of these
approaches.
Keywords: Foreground detection, Background subtraction, Background modeling, Mixture of Gaussians.

1. Introduction
The most prominent or visibly large region in any picture or a video is known as the foreground object. In contrast to
the background, the portion that is much closer to the viewer can be defined as the foreground, whereas the portion of
the image that is much smaller in size are assumed to be in the background. In the video streams, the foreground
detection is done by indentifying the Region of Interest (ROI) or the objects in motion (foreground) from the
background. The human beings are predicted as the foreground objects in the surveillance systems [1]. There are two
major categories of the foreground detection process: Derivative approach and the Background subtraction approach.
Derivative algorithm is most elementary approach which was designed based on the assumption that the background
remains static throughout the video stream. However, in most cases, the background may not remain static. It may get
changed under conditions like lightning, snowing and so on. So, it is essential that the background model must be more
robust and adaptive to the changes [2]. In Background subtraction, the foreground object is obtained by subtracting the
current image frame from the reference image. Consequently, the background model must be developed in such a way
that it represents the scene accurately after all the non static parts are removed. It must be robust and adaptive to the
changes like the lighting conditions [3].
There are various challenges that are faced while developing a robust model.
• It must be able to adapt to the rapidly moving objects.
• It must be able to avoid the detection of the slow changing background like tree leaves waving, raining, and
shadow and so on.
• The background model should be able to detect the swiftly changing background such as starting and stopping of
vehicles [4].
The simplest way in which the background model can be developed is by acquiring the image frame which does not
have any non static objects in it. It is considered as the reference frame against which all other frames are compared
[4].
The rest of the paper is organized as follows: Section 2 presents a detailed survey of several foreground detection
approaches presented by various authors. Section 3 classifies the techniques of the foreground detection. Every
technique is discussed briefly. Section 4 highlights the limitations of the Derivative approach. Section 5 addresses the
advantages of the Background subtraction approach. Lastly, all the important aspects of the study are highlighted in the
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2. Literature Survey
Many researchers have presented various foreground detection methods over time. Among those approaches the
Background subtraction approach has gained a lot of popularity due to its advantages over the Derivative approach. The
concept remains similar of almost every approach, the first or previous frame is used to generate a background
reference model. The foreground object is detected by comparing the current frames with the generated background
model and then the model is updated.
Many background modeling techniques are classified into different categories such: pixel based, region based and
hybrid methods. They can also be grouped as parametric and non- parametric approaches. One of the most popular
pixel based method, Gaussian distribution model was first introduced by Wren et al. [22] for modeling the background
at each pixel. Since it used only single Gaussian function, it was not adaptive to the sudden changes in the background
[23]. The Gaussian mixture model was proposed by Stauffer and Grimson [24], [25] for removing the unnecessary
disturbance caused by the background changes like tree leaves waving and water waves. In this method every pixel is
modelled with the K Gaussian functions rather than a single Gaussian function [26]. An adaptive Gaussian mixture
model was introduced by Zivkovic [27], [28] for updating the GMM parameters. In [29] Lee showed that the
convergence rate can be improved without making any changes to the stability of GMM. Maddalena et al. [30]
proposed a non parametric approach known as self-organisation through the artificial neural networks.
In 2000, 9 different algorithms were surveyed by Mc Ivor [31]. This survey shows the description and the comparison
between the models. In 2004, Piccardi [32] reviewed 7 methods and categorized them on the basis of the speed,
memory and the accuracy. This review gives a very good insight to the readers about complexity of the methods. The
most appropriate model can be chosen as per the application requirement. In 2005, Cheung and Kamath [4] show that
the various methods can be classified into recursive or non-recursive techniques. Followed by this classification,
Elhabian et al. [33] presented a survey in the background modelling based on the recursive and the non- recursive
techniques. In 2010, Cristani et al. [34] presented a review on several algorithms and classified them in single a
monocular sensor or multi-sensors but it is not optimal because some methods can be used in both the categories [2].
Other surveys and comparisons of different algorithms for background subtraction can be found in the literature [35],
[36].

3. Foreground Detection Algorithms Classification
The foreground detection algorithms are broadly categorized as the derivative algorithms and the background
subtraction algorithms. Both the techniques have different methods included in them [1].

Figure 1 Foreground Detection
The difficulty of detecting the foreground from the video sequence totally depends upon the type of algorithm used.
There are many algorithms designed for this purpose. The general working of the foreground detection process is
shown in the Figure 1. S (i, j) stands for the background reference model. At time t, for pixel p (i, j) the S (i, j) is
generated. If the current pixel p (i, j) has any similarities with the background model then it is detected as a background
pixel. R is the threshold and f (i, j) is the foreground.
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Two approaches of the Foreground detection process are as follows:
1. The Derivative algorithms use a simple concept of comparing the pixels of the current frame with the background
frame. However, there is an assumption that the background is entirely still which is not practically true. In reality
there is motion in the background also.
2. The Background subtraction algorithms were introduced to overcome the drawbacks of the derivative algorithms.
The processing of the foreground detection is very convenient and efficient [1].

For these algorithms, the foreground detection process can be expressed by the given equation.

In this equation Ii is the known as the reference image. Reference image does not consist of any foreground object and
Ij represents the latest frame which includes the foreground objects to be detected [1].

3.1 Derivative Algorithms
The Derivative Algorithms can be further categorised as:
3.1.1 Single difference algorithms: In these type of algorithms, the pixels of the current frame are compared with the
pixels of the previous frame in a video. These pixels are categorised as the background or the foreground based on some
pre defined threshold [5], [6].
3.1.2 Double difference algorithms: This algorithm is quite similar to the Single difference algorithm. In this algorithm
rather than considering a single variation, we compare more than one frame with the adjacent frames [7], [8].
3.1.3 Optical flow algorithms: This algorithm uses the concept of motion vectors and block match. This type of
algorithm is explained in [9].
Table 1 briefly introduces the various approaches for Derivative algorithms presented by different authors.

3.2 Background subtraction algorithms
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3.2.1 Probabilistic models: In these kind of algorithms the foreground is separated from the background based on the
probability distribution function. Two different approaches can be used for this purpose: Parametric approach or a NonParametric approach. A widely used parametric approach is based on the Gaussian distributions as shown in [10]
whereas few examples of the nonparametric approach are Kernel Density Estimation (KDE) [11] and K-Nearest
Neighbor. For these algorithms to work, the current frame is compared to the reference background image. The
probability of the pixels is computed based on the probability distribution function of the background. Then, the pixels
that have probabilities below a threshold are considered as the foreground and other pixels are known as background.
3.2.2 Reference image models: Single or multiple frames are used to represent the background in these algorithms. The
current frame is compared to the background reference frame on the basis of the distance of the color space between the
two corresponding pixels. If the color space distance between the each pixel is above the threshold, then it is
represented as the foreground [12], [13].
3.2.3 Neural network based models: As the name suggests, this kind of algorithm uses the concept of the neural
network to detect foreground in a video stream [14]. A set of random frames is used to train the Artificial Neural
Network, and then they separate the foreground pixels from the background pixels [1].
Table 2 briefly introduces the various approaches for Background subtraction algorithms presented by different authors.
Table 1: Derivative algorithms
Technique

Authors

Description
Two techniques were introduced that can detect any
change caused by the integration of the texture and

Single

Liyuan et al.

Difference

intensity difference of frames. The approaches were
much more robust than more general illumination
approaches.

Single

Francesco et al.

A signed differencing and connectivity analysis based
method was developed to overcome the detection of the

Difference

ghosts by single difference algorithms.
The presented method overcomes the limitation of the

Double
Difference

CAMShift algorithm. It is a method that tracks the
Xia et al.

moving vehicles using double difference and CAMShift
approaches.
Presents a video surveillance technique using multiple

Double

Robert et al.

Difference

video sensors that continuously tracks vehicles and
people in the crowed places.

4. Limitations of Derivative Algorithms
There are various limitations of the Derivative algorithms. They are summarized as:
It is assumed that the background is either totally stationary or it moves very slowly as compared to the foreground but
in practical life it is very unlikely.
When the background moves swiftly, the accurate detection of foreground is nearly impossible.
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It can cause foreground aperture problem. When an object is temporarily still, it could be mistaken a part of
background. It usually occurs when the size the foreground is bigger than the background [1].
False foreground detection can occur when the light conditions changes or even if the tree leaves wave in the
background.

Table 2: Background Subtraction algorithms
Technique

Authors

Description

Adaptive Gaussian Mixture Model that models every
Probabilistic

Stauffer et al.

pixel as a Gaussian function. Foreground and
background pixels are labeled according to the
Gaussian distributions.
The kernel density estimation techniques in order to
represent

Probabilistic

Elgammal et al.

the background and foreground in

surveillance of videos. The probability density
function of intensity of pixel is estimated from the
recent intensities.
Wallflower approach was developed to make the

Reference Image

Toyama et al.

predictions of the background based on the
probability by using Wiener filtering.
Proposes architecture of a neural network that forms

Neural Network

Culibrk et al.

a Bayesian classifier for background subtraction
modeling.

Advantages of the Background Subtraction Algorithms:
There are many advantages of the Background detection algorithms over the Derivative approaches. Several problems
and the limitation of the derivative algorithms can be solved by the background subtraction algorithms. Many
researchers have proposed various methods in [15], [16], [17], [18], [19]. Amongst them the Mixture of Gaussian
(MOG), Kernel Density Estimation, SKDA and K-nearest neighbor are some of the popular methods.
Steps for the Background subtraction process
(1) The first step is to obtain the background image by using N frames. Preprocessing and background initialization
takes places in this step.
(2) Then, the foreground detection occurs; the pixels are classified as either foreground or background by comparing
the current frame with the background reference model.
(3) Lastly, the background maintenance is done so that the background image is updated from time to time.
The steps (2) and (3) are repeatedly over time. Figure 2 shows the steps of the Background subtraction process. The sub
steps are explained as follows:
[I] Background Modeling
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Background modeling means developing the background model against which all the frames in a video sequence is
compared. It can handle the uni-modal or the multi-modal background. This step consists of preprocessing and
background initialization. Generally, in background initialization the first frame or the background model is used to
initialize the background over some trained frames. The background model initialization becomes a challenge when
most of the training contains the foreground object. Some algorithms are as follows:
(1) Batch ones which use N training frames. They could be consecutive or not [2].
(2) Incremental with known N.
(3) Progressive ones with unknown N as the partial backgrounds are generated and the process goes on until a
background image is created [20]. Also, the complexity of the background models plays an important role in the
background initialization [21].
[II] Foreground Detection
In this step the pixels are classified as the foreground pixels or the background pixels. It is a classification process.
[III] Background Maintenance
Background maintenance is as important as any other step. The data is also validated in this step. The model must be
adaptable to the constantly changing scenes. The mechanism used for the process must be achieved on-line and so it
must be an incremental one.

Figure 2 Background subtraction process

Conclusion
This paper briefly discusses the working of the foreground detection process. The two categories: Derivative approach
and the Background subtraction approach are discussed and a survey of several background subtraction algorithms
elaborated by various researchers has been presented. The limitations and the advantages of various approaches have
also been highlighted in the paper.
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