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1 Introduction

Background subtraction is a widely used method for identifying moving objects in a video stream. It is
the �rst signi�cant step in many computer vision applications, including video surveillance, human motion
capture, and monitoring of tra�c. The performance of these applications is dependent on the background
subtraction algorithm being robust to illumination changes, small movements of background elements (e.g.
swaying trees), the addition or removal of items in the background (e.g. parked car), and shadows cast by
moving objects. Computational e�ciency is also of high priority as these applications generally aim to run
in real-time.

The most common paradigm for performing background subtraction is to build an explicit model of the
background. Moving objects are then detected by taking the di�erence between the current frame and this
background model. Typically, a binary segmentation mask is then constructed by classifying any pixel as
being from a moving object when the absolute di�erence is above a threshold. Background subtraction
algorithms di�er in how they de�ne and update the background model.

Despite the success enjoyed by background subtraction algorithms, it is becoming clear that post-
processing is required in order to improve their performance. This post-processing can range from shadow
detection algorithms operating at the pixel level to connected component labeling which identi�es object-
level elements. The results of post-processing can be used to directly improve the quality of the segmentation
mask and fed back into the background subtraction algorithm in order to facilitate more intelligent updating
of the background model.

2 Proposed Project

This project will consider the e�ects of di�erent post-processing algorithms on the performance of several
background subtraction algorithms:

• Simple frame di�erencing (as a baseline)

• Running Gaussian average [10]

• Gaussian mixture models [8]

• Gaussian mixture models with adaptive number of components [11]

• Gaussian kernel density estimation [3]

• Balloon kernel density estimation [11]

• Approximate median �ltering [5]

• Mediod �ltering [1]

• Eigenbackgrounds [6]
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This list covers the most commonly used background subtraction algorithms along with recently devel-
oped state-of-the-art approaches. Each of these algorithms will then be combined with the following post-
processing algorithms:

• Noise removal : due to camera noise and limitations of the background subtraction algorithms, the
resulting binary segmentation masks typically contain numerous small foreground blobs1. For most
applications, all blobs less than a certain size can be removed. This can be achieved by applying simple
area thresholding.

• Shadow detection: it is common for shadows produced by moving objects to be erroneously detected by
a background subtraction algorithm. Since shadows in�uence luminosity without signi�cantly changing
chromaticity, it is possible to distinguish shadows from the moving objects that produce them. This
project will consider the shadow detection algorithm proposed by Elgammal [3]as a simple baseline
and the more sophisticated algorithm proposed be Cucchiara et al. [2] which has been shown to give
good results [7].

• Blob detection and characterization: since the most common applications for background subtraction
involve tracking, it is usually necessary to perform connected-component labeling in order to identify
object-level blobs in the segmentation mask. These blobs can then be characterized by their position,
size, and other shape information. This project will consider the use of morphological operators to
improve the quality of these blobs (e.g. �lling holes using morphological closing). Detected blobs
will be characterized as either moving or stationary by using an optical �ow algorithm. This blob
level information will then be fed back into the background subtraction algorithm in order to improve
updating of the background model.

Evaluation will be performed using the Wall�ower [9], Li [4], and VSSN062 test sequences.

3 Contributions

This project will result in the following contributions:

1. Extensive quantitative comparison of several popular and state-of-the-art background subtraction al-
gorithms

2. Quantitative measure of how di�erent post-processing methods a�ect the performance of these algo-
rithms

3. Recommendations regarding which background subtraction and post-processing algorithms are most
suitable for di�erent tasks

4. A public repository consisting of all algorithms developed

4 Milestones

The following milestones will be used to track the progress of this project:

• October 21: complete implementation and testing of background subtraction algorithms

• November 7: complete implementation and testing of post-processing algorithms

• November 15: complete implementation and testing of evaluation software

• November 21: complete evaluation of background subtraction algorithms

• November 28: complete evaluation of background subtraction with post-processing

1for our purposes, a blob is de�ned as any set of connected pixels
2mmc36.informatik.uni-augsburg.de/VSSN06_OSAC
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• December 7: complete written report and oral presentation

These milestones may require modi�cation when the deadlines for the written report and oral presentation
are announced.

5 Conclusion

Numerous computer vision applications depend on background subtraction in order to identify moving ob-
jects. This project will evaluate a number of popular and state-of-the-art background subtraction algorithms
and determine how di�erent post-processing algorithms can improve their performance. It is expected that
this project will result in a list of recommendations that can be used to improve these computer vision
applications.
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