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ABSTRACT 

 

Target detection and tracking is one of the most common applications of video systems. The 

requirement of processing time due to the computation complexity has been the most challenging 

element for these operations. To achieve computation efficiency, video synopsis is one of the most 

promising approaches. Video synopsis is a technique that focuses on the removal or reduction of 

spatial and temporal redundancies, while maintaining important activities in the original video. In 

this paper, a new video synopsis scheme is introduced. Major characteristics of this technique 

include efficient background subtraction, superior processing speed, and effective object 

comparison.  

 

 

INTRODUCTION 

 

The large volume of image data from the lengthy videos produced by surveillance systems 

introduces two basic challenges. One is the effective use of memory space and the other one is 

effective human interface for the utilization of the condensed video sequences, especially in target 

detection and tracking [1-15]. 

 

To address these technical elements, this new approach utilizes high efficient background 

subtraction algorithms with codebook models to extract objects from a video sequence precisely 

and efficiently [1-3]. Subsequently, the three-dimensional histogram descriptor is employed to 

describe the appearance of objects, and the artifact-free synopsis is applied to the tracking of the 

multiple targets.  
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This paper includes mathematical modeling and analysis, full-scale experiments, and organized 

comparison to conventional techniques. This technique can be modified for microwave, acoustic, 

and infrared sensing systems. 

 

 

MULTI-LAYER CODEBOOK BACKGROUND MODEL 

 

The main consideration in background subtraction for video synopsis is the effective detection of 

moving objects. This includes the possibility of dynamic background which is common in practical 

applications. Figure (1) illustrates the proposed flowchart. It can be partitioned into two phases 

based on the hierarchical strategy to build codebook models. The first phase is multi-layer 

background construction as the training period, and the second phase is the multi-layer background 

subtraction. Both of them employ the hierarchical strategy to build codebook models. The 

procedure can be summarized in four major steps. The first is the multi-layer codebook background 

model construction, which is followed by background subtraction. The third step is pixel 

classification, which is used to refine the block-based result to enhance precision. The pixel 

classification procedure is adopted to further classify the attribute of a pixel as real foreground, 

shadow, or highlight. To separate the shadow and highlight from the pixel-based background 

subtraction result, the Carmona algorithm is applied to improve the color model [16].  
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Figure (1): Multi-layer codebook model for background subtraction 

 

The fourth step of fake foreground removal model (FFRM) is an important addition in practical 

applications, which is designed to merge the stationary foreground to the background model when 

the objects remain still for a long period of time. Figure (2) shows the flowchart of the FFRM 

which is utilized to record non-background information, and the construction procedure is identical 

to the background codebook model. 
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Figure (2): Fake foreground removal model 

 

 

HIGH SPEED ARTIFACT-FREE VIDEO SYNOPSIS 

 

Subsequent to background model construction and foreground detection, post-processing schemes 

such as two dimensional morphological operations can also be applied for the further refinement of 

the appearance of objects [17]. The next step in video synopsis is the formation of the object tubes, 

which involves the crucial factor of processing speed. Consequently, a color-histogram based object 

appearance descriptor is applied, which modifies the typical histogram descriptor. In addition to 

high computational efficiency, the advantage of using the color histogram as a descriptor is to avoid 

collisions, scaling, and rotation. 

 

EXPERIMENTAL RESULTS 

 

In this section, the performance of this technique is evaluated in terms of the FPS and condensation 

ratio. In this study, the testing platform was a Intel Core i7 3.40 GHz and 4GB of RAM. Figure (3) 

shows the testing surveillance videos captured from both indoor and outdoor environments.  
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Figure (3, a-g): Sample surveillance videos in this study 

 

Figures (4) and (5) show examples of the artifacts. Figure (6) shows the results processed by the 

new technique, which clearly illustrates the removal of artifacts. Table II documents the FPS and 

condensation ratio. The sixth column is the average FPS and the results, showing that the 

processing speed of this technique is 150 FPS in average, and the redundancy removal ratio reaches 

up to 87%, without artifacts.   

 

 

CONCLUSIONS 

Video synopsis is an algorithm to condense video by removing temporal and spatial redundancy. 

For this purpose, an efficient artifact-free video synopsis is introduced. To deliver correct 

information contents, redundancy in the temporal domain is removed and the final length of 

synopsis result ensuring that crucial contents can be preserved. This new technique removes the 

artifacts while providing a high processing efficiency for generating synopsis video. The temporal 

redundancy can be removed up to 90%, and the spatial position can be maintained for the further 

behavior analysis. Moreover, the relationship between object and synopsis background are fully 

considered during synopsis, and thus it significantly improves the accuracy of the information 

presented to the users.  

 

    



    

    

 

Figure (4): Synopsis video artifacts 

 

 

    

Figure (5): Synopsis video artifacts 

 

 

 

TABLE I:  EXPERIMENTAL RESULT AND TEST SEQUENCE INFORMATION. 

 

Video 

Name 
Resolution 

Number 

of Object 

Tubes 

Number of 

Frames in 

Original Video 

Number of 

Frames in 

Synopsis 

Video 

Average 

Processing 

Speed (FPS)  

Redundancy 

Removal 

Ratio 

Fig .11. (a) 320X240 10 6267 960 153.365 84.681% 

Fig .11. (b) 320X240 12 6432 600 166.589 90.671% 

Fig .11. (c) 320X240 22 5607 1560 137.974 72.17% 

Fig .11. (d) 320X240 45 14787 1920 145.18 87.016% 

Fig .11. (e) 320X240 19 9642 960 157.113 92.04% 

Fig .11. (f) 320X240 27 6840 990 130.408 85.526% 

Fig .11. (g) 320X240 6 36783 1800 167.618 95.104% 

 

 



    

    

    

    

    

 
    

Figure (6): Synopsis results without artifacts 
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