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Abstract — In video surveillance, tracking-based approaches 
are very popular especially for detecting abandoned objects in 
public areas. Once the object has been tracked, the object status 
can be further classified as removed or abandoned. However, 
some shortcomings were found on tracking-based approaches, 
e.g. illumination changes and occlusion. Therefore, in this paper, 
an alternative approach to detect abandoned objects is proposed 
by incorporating background modeling and Markov model. In 
addition the shadow removal is employed to rectify detected 
objects and obtain more accurate results. The experimental re-
sults show that the proposed scheme is better than other methods 
in terms of accuracy and correctness. 

I. INTRODUCTION 

Recently several bombing attacks in public areas happened, 
such as the Boston marathon bombing and an attempted crime 
of bombing at Taiwan HSR (High Speed Railway). The pre-
ventive action is imperative and wide scale deployment of 
surveillance systems are in demand. In many cases, terrorists 
typically put a bomb in personal materials (bag, small box, 
etc.) and then leave it in a public area. From this fact, one of 
the most important surveillance systems is how to detect the 
left/abandoned object and activate the alarms to let the securi-
ty officer sweep and clean the area immediately. In literatures, 
many abandoned object detection methods have been pro-
posed for different purposes and environments such as public 
safety, traffic monitoring, retail and so forth [1-4], [5, 7, 8], [9, 
11, 16, 17, 19, 20, 22-24, 28, 30, 31, 33]. An object is re-
garded as abandoned/left if it is static and unattended at the 
scene, and it was not there before; in other words, an object 
that was carried by a person is set to be labeled “aban-
doned/left” if the owner left it and it becomes unattended for a 
period of time. In contrast, the removed object means the left 
object is taken away. Since the surveillance system is a long-
term working system, illumination changes should be taken 
into account. In addition, the crowds walking near the object 
may increase the difficulty of detection and influence the cor-
rectness of detection results. 

Conventional abandoned object detection methods can be 
separated into two approaches: one is based on tracking me-
thodology [1, 3, 7, 10, 14], and the other is based on the de-
tection approach [15, 27, 32]. In the tracking-based methods, 

Beynon et al. [3] applied the Kalman filter to track foreground 
objects and used a Bayesian classifier to search for candidate 
static objects. The candidate static objects are then verified by 
a finite state machine. Guler and Farrow [7] focused on drop-
off events detection to obtain the candidate static objects. The 
abandoned objects are extracted according to a stationary ob-
ject confidence image, in which each pixel value indicates the 
confidence representing whether the pixel belongs to a static 
object. In the detection-based approach, Tian et al. [29] used 
background subtraction and foreground analysis to detect the 
left-object. They subsequently combined it with a tracking 
method to alleviate the false positive. 

In this paper, we propose an automatic system for aban-
doned object detection. The main contribution of the method 
is to provide a comprehensive solution, which can identify the 
status of an object, abandoned, removed, or partially occluded. 
We employ the combination of background modeling based 
on mixture of Gaussians (GMM) [25, 26] and Markov Ran-
dom Field (MRF) [6]. Furthermore, we employ a cast-shadow 
approach to enhance the shape of the abandoned object. By 
combining these two approaches the abandoned object detec-
tion can perform well and obtain accurate results. 

The remainder of this paper is organized as follows: First, 
we briefly review the Gaussian mixture model in Section 2. 
Then, in Section 3, we elaborate on the proposed background 
construction and MRF. The issues related to the design of the 
management system for abandoned objects are also explored. 
Our experimental results are presented and discussed in Sec-
tion 4. Finally, the paper ends with conclusions in Section 5. 

II. THE GAUSSIAN MIXTURE MODEL 

The Gaussian Mixture Model (GMM) was proposed by 
Grimson and Stauffer [26]. The authors presented pixel-based 
method to model each pixel (regarded as background) into a 
mixture of Gaussians. The number of Gaussians K is typically 
set from 3 to 5. In addition, each Gaussian has its own weight 
to represent the portion of the data accounted for from corres-
ponding distribution. The probability that a pixel regards a 
value x at a certain time Xt is given as follows [26] 
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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 (2) 
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For computation efficiency, ∑௞,௧ is defined as ߪ௞ଶܫ  to 

represent the covariance of the kth model component. 
Intuitively, the candidate of background colors will stay 

longer and more invariant than others. In addition, the corres-
ponding Gaussians have the most supporting evidence and the 
least variance. This model was widely used in a real-time 
model integrated by an update process. When a new pixel 
comes in, it is checked against existing model components. 
The new pixel is said to match one of the weighted Gaussian 
distributions if its pixel value is within 99.5% of the inliers to 
a matched distribution. If any of the models is matched, the 
matched distribution will be updated. Otherwise the distribu-
tion that has the minimum weight is discarded and 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 the 
background model. T is usually set to about 90% in many 
applications. 

After the incoming pixel has been determined whether it 
will match to the existing Gaussian distributions, the prior 
weights of K Gaussian distributions are changed as follows: 

 
, , 1 ,(1 ) ( ),k t k t k tMω α ω α−= − +  (4) 

 
where α is the learning rate and Mk,t is 1 for the matched dis-
tribution and 0 for the unmatched distribution. Subsequently, 
weights of distributions are renormalized. If the new pixel 
matches to a Gaussian distribution, the values of mean and 
variance of this distribution are updated as follows: 
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III. THE PROPOSED METHOD 

In this section, we firstly explain the generic AOD (Aban-
doned Object Detection) system. Secondly, we will delve 
more deeply into shadow removal integration to enhance the 
correctness of AO (abandoned object). Finally, we provide the 
description of MRF approach that leads to enhance object 
segmentation on the proposed method. 

Originally our prior AOD approach consists of two modes 
[12]; Mode I and Mode II. For achieving a more robust sys-
tem, we prefer the latter mode to build the enhanced-approach. 
 
Robust AOD Algorithm 
Input: A pixel of the incoming frame. 
Output: Determine whether the input pixel belongs to an AO 
or not. 
Step 1: Extract the first j (j ≤ k) Gaussian distributions from 

the GMM model A with the large learning rate for 
the input pixel and sort them according to their 
weights in non-increasing order to obtain (μAl′, wAl′, 
σAl′), where l = 1 to j. Similarly, extract the first j 
Gaussian distributions from the GMM model B with 
the small learning rate to obtain (μBl′, wBl′, σBl′). 

Step 2: Normalize wAl′ and wBl′. 
Step 3: If [ ]1

max( , ) ( )j
Al Bl Al Bll

w w μ μ
=

× −∑ > TH1, and σAl′ < 

TH2, and σBl′ < TH2, the pixel is classified as a can-
didate pixel of an AO. 

Step 4: Get the corresponding bitmap BM of the input pixel. If 
BM is recognized as an unmatched block, and the 
weight of BM is regularly increased to the largest one 
in texture model TM after several runs, the pixel is 
regarded as a candidate pixel of an AO. 

Step 5: If the frequency of the appearance of the candidate 
pixel is above P times, the pixel is considered to be a 
pixel of an AO. 

 
In the proposed scheme, Step 4 can be optional. Texture mod-
el TM is obtained by applying background modeling using 
texture-based [13].  

In some circumstances, the AO can be carried away and 
leads to false alarm. To solve such a case, we construct anoth-
er primitive background using another GMM model, called 
PBGMM. Initially, PBGMM is unstable, but the update 
process is the same as that of the original GMM. However, 
when PBGMM becomes stable, if the new incoming pixel 
does not match the PBGMM, the least significant distribution 
of PBGMM would not be replaced, neither is the update pro-
cedure required. This is unlike the previous GMM model. 
Therefore, when the primitive background is stable, it only 



allows slight lighting changes to fit long-term monitoring, and 
new incoming objects would not be incorporated. 

When AOD system detects a suspicious AO, the color his-
togram of the object is extracted to compare with that of the 
corresponding region in the primitive background. The status 
of the static object would be regarded as “REMOVED” if the 
two histograms are similar; otherwise, it is considered that an 
AO shows up. 

Having PBGMM added to monitor the latest status of the 
observed object (remains abandoned or has been removed), 
our existing approach can handle complicated environment 
properly. Nevertheless, in most of public area cases, the prob-
ability that AO might be interfered by shadow is high. It leads 
to less-accurate AO detection. Therefore, in order to alleviate 
shadow interference and obtain more accurate segmentation 
in AO, we enhance our existing model by incorporating sha-
dow removal scheme and Markov Random Field (MRF).  We 
use Prati, et al. [18] method to remove the shadow. Further-
more, since using MRF we then transform the segmentation to 
a binary labeling problem. 
    In the computer vision field, MRF is a probabilistic way of 
representing spatial prior information (smoothness), whih was 
introduced by Geman and Geman [6]. In our proposed method, 
a MRF comprises a set of sites {x1 … xn} to represent pixels, 
and a neighborhood system {N1 … Nn}, where Ni is the set of 
neighbors of xi. Each xi and Ni contains a random variable ui 
with a value in a label set L= {0,1}. The field is a MRF if and 
only if each ui depends specifically on xi and its neighbors 
(adjacent pixels) xj∈Ni. Another common term in MRF is 
called clique Cij as a combination of neighbors in a neighbor-
hood system. The prior probability of clique realization is e-Vij, 
where Vij is called the clique potential. 

Now, we get into the detail on how to practically imple-
ment MRF on abandoned object detection (AOD). In this 
work, we focus on how deciding a label of ui for pixel xi and 
suppose uj is known for all neighbors xj. Let denote the label 
field obtained as follows: 
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We can denote the decision rule for the configuration of ui, 
to calculate the prior probabilities of the label at xi as follows: 
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where η is cost term and is set to 2.5 in our experiments, and 
E is MRF, with realization uAO and uBG. Furthermore, we now 
assume that the probability on the left-hand side is condition-
ally independent. That is, 
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In the proposed scheme, Pr{ | }i BGx u  and Pr{ | }i AOx u can be 
further simplified by: 
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For right-hand side of (9), since we define the field as MRF, 
following Geman [6] the a priori probabilities of Markov 
Random Field E as denoted below: 
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where Z and T are normalization and natural temperature con-
stants, respectively. We use a first-order MRF, where each 2-
pixel clique consist of xi and one of its neighbors, and has the 

likelihood
( , )ij i jV u ue−

. The potential function as follows: 
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We use 8-neighborhood (N8) in our system, thus with cli-

que structure defined above, the sites xj correspond to the 
eight immediate neighbors (adjacent pixels) of xi. Since the 
labels L are binary (either 0 or 1), we opt to apply similar 
function that Geman and Geman [6] used, called Ising poten-
tial function, 
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The potential function in (14) will count the number of dis-

similar neighbors of xi for each circumstance. We can denote 
the number of background and abandoned/left neighborhood 
pixel as NBG[i] and NAO[i] respectively. Then the new equation 
becomes: 
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where the constant 1/T is a threshold variance, which in our 
experiments is set to about 0.5. The ui is said to be BG if 
probability on the left-hand side is greater than priori proba-
bilities of MRF on the right-hand, and conversely to be AO. 
Since our existing model is based on GMM, we can then con-
vert it to MRF and define Pr ( )BG ix and Pr ( )AO ix from (15) 
simply as follows: 
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θ is a threshold to represent the distance from the mean (to 
cover 2.5 standard deviations of the inliers to a Gaussian, θ
=2.81). Finally, similar to [38] we enhance the quality of AO 
detection and MRF convergence by implementing iterated 
conditional modes (ICM) [38]. Having applied ICM, we ob-
tain the satisfied result of detection after 5 iterations. 

 

IV. EXPERIMENTAL RESULTS 

The proposed method will be evaluated by demonstrating 
the quantitative result. We select famous CAVIAR test case 
specifically “Leaving bags behind” scenario. In addition, to 
provide more comparison, we also use outdoor scenario to 
compare with our previous method in [12]. 

 
A. CAVIAR Test Case [21] 

 
Frame Number 644 

 
a. Original [12] 

 
 

 
b. Original with 
Shadow Remov-

al 
 

 

c. Enhanced us-
ing MRF and 

Shadow Remov-
al  

Fig. 1. Comparison using CAVIAR “Leaving bags behind” scenario 
(Source: LeftBox.avi). 

 
B. Outdoor Test Case 

 
Frame Number 644 

 
a. Original [12] 

 
 

 
b. Original with 
Shadow Remov-

al 
 

 

 
c. Enhanced us-

ing MRF and 
Shadow Remov-

al  
 

Fig. 2. Comparison using outdoor test case (Source: Outdoor.avi). 
 

Fig.1 shows a sample scenario of AOD. One person brings 
one box and leaves it, and then after successive frames our 
method detects it as “abandoned/left” object. The comparison 
in Fig.1.a shows our previous method still incorporate the 
shadow as part of the object. On the contrary Fig.1.b can 
clearly cast the shadow but still have aperture problem. Final-
ly in Fig.1.c, by combining shadow removal and MRF, our 
proposed method can obtain much outperformed result. 

Unlike Fig.1 which demonstrates the indoor scene, subse-
quent scenario (Fig.2) present the outdoor case when one per-
son leave his bag and detected as “abandoned/left” object.  
Apart from shadow issue, outdoor case is also prone to illu-
mination changes and noise. Since our method employs prob-
ability approach using Gaussian Mixture Model, those issues 
can be relatively figured out and less affect the result. As 
shown in Fig.2.c, the AO can be obtained accurately and cast 
the shadow completely. 

V. CONCLUSIONS 

We have demonstrated our enhanced-framework to detect 
AO accurately and outperform other methods. We propose 
AOD through background modeling by utilizing color and 
texture model. By using Gaussian mixture and texture ap-
proach, the AO can be detected robustly and resist to illumina-
tion changes without post-tracking method needed. Finally, 
for casting the shadow in AO and producing clean segmenta-
tion, we propose new concept of shadow removal and MRF 
combination in this field. Next challenges in this research 
field is how the framework can encounter more complex 



scene; consist of multiple abandoned objects, overlapping 
object and very crowded environment. 
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