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Abstract— In applications of the computer vision field, a vi-
sion system is usually composed of several low level and high 
level components, stacked on top of each other. A better design 
of the lower level components usually results in better accuracy 
of higher level functions, such as object tracking, face recogni-
tion, and surveillance. In this paper, we focus on the low level 
component design, background construction, which is one of the 
most basic elements for a surveillance system.  The proposed 
method eases the problems that usually occur in background 
construction, including aperture problem, vacillating back-
ground, and shadow removal. In conventional background con-
struction methods, only the history information (vertical direc-
tion) of pixels is usually considered. In contrast, the proposed 
scheme not only uses the vertical direction but also the neigh-
borhood information (horizontal direction). Experimental results 
show that the proposed scheme can detect objects more delicate, 
alleviate the aperture problem, and identify shadow and discard 
it from detected objects. 

I. INTRODUCTION 

In video surveillance systems, background subtraction is 
strongly needed in order to detect moving objects. There are 
numerous papers that have proposed different approaches in 
order to achieve the best result. They can be classified in fol-
lowing types; basic background modeling [1, 2, 3], statistical 
background modeling [4, 5, 6], fuzzy background modeling [7, 
8, 9, 10, 11], background clustering [12, 13], neural network 
background modeling [14, 15], wavelet background modeling 
[16] and background estimation [17, 18, 19]. 

One of the promising papers, which employs a statistical 
approach and has inspired subsequent papers, is Stauffer and 
Grimson’s method [5] that was proposed in 1999. Unlike a 
single Gaussian approach [4], they use a mixture of Gaussian 
models for modeling backgrounds. Such an approach can 
cope with a multimodal background and successfully detect 
moving objects in a vacillating background.  

Nevertheless, since pixel processing was employed, sha-
dows of moving objects will be classified as foreground and 
aperture problems are still unsolved. In addition moving ob-
jects will have a coarse texture in some cases when some bor-
der pixels of detected object will be regarded as background 

pixels or vice versa. Recently, Schindler and Wang [20] pro-
posed a method, which considers not only the pixel itself but 
also its corresponding neighbors to acquire a smooth result. 
Furthermore, Liu, et al. [21] proposed a hierarchical manner 
using MRF (Markov Random Field) to cast shadows from the 
foreground. Instead of using a likelihood function for getting 
information from neighbors, our proposed method uses a 
modest way to model certain neighbor pixels by using Gaus-
sian mixture models to determine the probability of that pixel 
being in the background. 

The rest of paper is organized as follows. Firstly, we intro-
duced the renowned Grimson and Stauffer’s method that hen-
ceforth is called Gaussian Mixture Models (GMM). Secondly, 
our proposed method by merging pixel and neighborhood 
information will be unveiled in Section III. In Section IV, 
results and discussions will be depicted by providing quantita-
tive and qualitative comparisons. In addition, conclusion will 
be provided in the last section. 

II. THE GAUSSIAN MIXTURE MODEL 

The Gaussian Mixture Model (GMM) was proposed by 
Grimson and Stauffer [5]. The authors proposed a time series 
method to model each background pixel into a certain number 
(K) of GMM. Typically K is a small number from 3 to 5. The 
weight associated with each Gaussian represents the portion 
of the data accounted for that Gaussian. 

Formally, in the GMM model, each pixel in the scene is 
modeled by a mixture of K Gaussian distributions. The proba-
bility that a pixel is regarded as having a value Xt at a certain 
time is given as follows [5]: 
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where K is the number of Gaussian distributions, ωj,t is the 
weight estimation of the jth Gaussian in the mixture at time t, 
mj,t and ∑j,t are the mean value and covariance matrix respec-



tively, of the jth Gaussian in the mixture at time t, and η is a 
Gaussian pdf (probability density function), defined in Eq. (2). 
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For computational efficiency, ∑,௧ is defined as ߪଶܫ  to 
represent the covariance of the kth model component. 

 Since the probable background pixel values should stay 
longer and be more invariant than others, the corresponding 
Gaussians have the most supporting evidence and the least 
variance. This model was widely used in a real-time mode 
accompanied by an adaptive update process. When a new 
pixel comes in, it is checked against existing model compo-
nents. The new pixel is said to match one of the weighted 
Gaussian distributions if its pixel value is within 2.5 standard 
deviations of the matched distribution. If any of the models 
are matched, the matched distribution will be updated. Other-
wise (i.e., none of the K Gaussian distributions can be 
matched to the current pixel value), the distribution that has 
the minimum weight is replaced with a distribution using the 
current value as its mean value, an initially high variance, and 
a low prior weight. 

In the maintenance of the background model, the K distri-
butions are sorted based upon the value ω/σ. The first B dis-
tributions are selected as the background model of a pixel for 
the scene and denoted as: 
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where T is a predefined threshold that represents the mini-
mum quantity of the data that must be accounted for in the 
background model. T is usually set to about 90% in many 
applications. 

After determining whether the incoming pixel will match 
one of the existing Gaussian distributions, the prior weights of 
K Gaussian distributions are updated as follows: 
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where α is the learning rate and Mk,t is 1 for the matched dis-
tribution and 0 for the unmatched distribution. Subsequently, 
weights for distributions are renormalized. If the incoming 
pixel matches a Gaussian distribution, the values of mean and 
variance of this distribution are updated as follows: 
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III. NEW BACKGROUND MODELING METHOD 

In this section, we describe the proposed method and sha-
dow removal. 

From the previous section, conventional GMM only con-
siders individual pixels to determine background and fore-
ground value. Apart from taking pixel modeling into account, 
our proposed method also considers certain number of neigh-
bors that are directly adjacent to the observed pixel. As [20] 
depicted, the spatial distribution has valuable information to 
support accurate subtraction. Unlike Schindler et al. [20] and 
Liu, et al [21] that exploit MRF (Markov Random Field) to 
achieve the smoothness value, we extend prominent GMM by 
involving certain neighborhood information.  

As [22] explained, a pixel q at coordinates (x,y) has four di-
rect neighbors, denoted by N4(q), that are horizontal and ver-
tical neighbors with coordinates (x+1, y), (x−1, y), (x, y+1), 
and (x, y−1).  

Besides horizontal and vertical neighbors, diagonal values 
can be considered as well. This type of neighbors is called 8-
neighbors of q, denoted by N8(q), and is illustrated in Fig.1. 
 

x−1, y−1 x−1, y x−1, y+1 

x, y−1 x,y x, y+1 

x+1, y−1 x+1, y x+1, y+1 

Fig. 1. Illustration of N8(q). 

By considering those neighbors’ information (n by n) for q 
and each block mean mN measurement is depicted as follows, 
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Once we have mN, the probability of q when comparing 
with a neighborhood model is shown as follows, 
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If q matches to one of the neighborhood Gaussians, the bi-

nary result of q is determined by the dominant binary value of 
N8. If N8 has a foreground dominant value, which means the 
number of 1 is more than that of 0 in N8, the binary result of q 
will be regarded as foreground, or vice versa. With this ap-
proach, neighborhood information can give strong evidence to 
determine if the observed pixel is a background or foreground 
pixel. However, if none of the neighborhood Gaussian models 
match the observed pixel, the existing binary value of q from 
the pixel-based GMM is maintained. 

The update process for the neighborhood model is shown 
as follows, 
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The remainder of equation would be the 
tional GMM. 

It should be noticed that for a border pixe
some neighbors of q will lie outside. In suc
take pixel q that has complete neighbors into
words, the border pixels will use only the p
to determine its binary results. The entire 
proposed method is shown in Fig. 2. 
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Fig. 2. Flowchart of proposed m
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IV. EXPERIMENTAL RESULT
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Fig.5. Qualitative result of CAVIAR public dataset; O
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TABLE III 
2nd CAVIARDATA1 public dataset [26] quantitative result 

Dataset type: One Leave Shop Reenter 2 front 
Frame Number: 344 

Method/Measurement 
Unit 

Recall 
(TP Rate) 

Precision Similarity F-
Measure 

Original Stauffer & 
Grimson Method 

0.823105 
 

0.631579 
 

0.556098 
 

0.714734 
 

Proposed Method 
using RGI color space 

0.794224 
 

0.847784 
 

0.695103 
 

0.82013 
 

 
Precision can be seen as a measure of exactness, whilst re-

call is a measure of completeness. The F-measure considers 
both the precision and the recall in computing the score, 
which can be interpreted as a harmonic mean of precision and 
recall. Tables 2 and 3 depict the outperformed results when 
comparing the proposed method with the conventional GMM. 

V. CONCLUSIONS 

A collaboration of pixel and neighborhood based model has 
been presented. Based on qualitative and quantitative results, 
we can deduce that the neighborhood information, even at low 
level vision, is imperative to enhance object shapes and to 
alleviate aperture problems. By using a new color space (r, g, 
I) of conventional GMM, the results demonstrate that the sha-
dow problem has been successfully relieved. 
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