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A robust feature based on stable pixel correlations and
its applications in object detection and tracking
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This thesis proposes a novel method on solving problems in the fields of object detection and track-
ing, especially in complex environments. The novel and robust feature is called Grayscale Arranging
Pairs (GAP). It is based on a Statistical Reach Feature (SRF), which is defined as a set of statistical
pair-wise features. The basic idea of the proposed method is the use of multiple point pairs that ex-
hibit a stable statistical intensity relationship. Each image point is supported by multiple points, which
have consistent pair-wise relationships over time. The intensity difference between pixels of the pair
is much more stable than the intensity of a single pixel, especially in varying environments. There
are two effective steps to get the point of pairs. Firstly, the absolute value of the intensity difference
between the point pairs must exceed a given threshold statistically among training images. Secondly,
candidate points are sorted according to their intensity, and those points which have the smallest inten-
sity differences are chosen. Using the multiple point pairs, the GAP feature is obtained. Different from
other approaches, the proposed method focuses more on the temporal stability and history of global
spatial correlations between pixels than on the history of any given pixel or local spatial correlations.

In the field of object detection, moving objects are detected by utilizing the GAP feature. The
existence of a foreground point is determined within the support of GAP model. Moving objects are
successfully detected under a variety of complex environmental conditions, such as the conditions with
illumination variations and dynamic background motions. Furthermore, we clarify how to reduce the
GAP modeling time by using an accelerated background model. Also, an adaptive judgment criterion
is adopted to achieve the real-time application.

In this thesis, we also propose a hybrid feature-based observation model in a particle filtering frame-
work for robust object tracking in video sequences. An ideal observation model should have both high
ability to accurately distinguish objects from the background and high reliability to identify the de-
tected objects. Traditional features are better at solving the former problem but weak in solving the
latter one. To overcome that, we adopt the GAP feature here. Because the GAP feature has high
discriminative ability even under conditions of severe illumination variation and dynamic background
elements. Together with the GAP feature, the color histogram feature is utilized in order to take ad-
vantage of traditional features in resolving the first problem. At the same time, an efficient and simple
integration method is used to combine the GAP feature with color information. Moreover, an automatic
initialization algorithm is described.

Experimental results comparing GAP with existing object detection methods demonstrate that su-
perior object detection with higher precision and recall rates is achieved by GAP. In addition, com-
parative experiments demonstrate that object tracking with our integrated features performs well even
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when objects go across complex backgrounds.

This thesis is organized into the following chapters:

Chapter 1 introduces the related works in object detection and tracking. Some general problems are
discussed and considered. Meanwhile, the motivations and contributions of the research are described.

Chapter 2 introduces the basic concept of the proposed algorithm — the Grayscale Arranging Pairs
(GAP). The GAP algorithm is proposed based on the previous work — the Statistical Reach Feature
(SRF), and it makes improvements of SRF algorithm both in theory and algorithm. In this chapter,
we analyse the properties of stable point pairs, and describe the physical and theoretical meanings of
GAP. We also introduce particular rules for selecting point pairs and making the GAP feature. The
GAP feature is robust against varieties of complex conditions. The reason of the robustness for the
GAP is explained in the influence of swaying leaves, camera jitter and partial illumination changes.

Chapter 3 describes how the GAP feature is utilized in the field of object detection. The moving
objects are detected using a double-sided criterion with thé GAP feature. In addition, an accelerated
modeling is presented for time reduction. We also extend the common judgment criterion to an adap-
tive judgment criterion to realize the real-time utilization. In the end of this chapter, we present several
experiments in the fields of object detection under conditions with illomination variations, camera
vibration and waving branches.

Chapter 4 introduces the application in object tracking of the GAP feature. In this chapter, we pro-
pose a novel hybrid featyre-based tracking algorithm using particle filter. The hybrid feature contains
two features: one is our proposed GAP feature, the other one is the color histogram feature. Fur-
thermore, a simple but effective fusion method is adopted to integrate the two independent features.
We also clarify an adaptive target model and a way to achieve the automatic initialization. Finally,
we evaluate the performance of the proposed algorithm by comparing with several competitive object
tracking algorithms under different complex conditions.

Chapter 5 discusses the selection of parameters in our model. The computational complexity and
calculation time are also presented in this chapter. And Chapter 6 concludes the main contributions of

the research and future works.
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A robust feature based on stable pixel correlations and
its applications in object detection and tracking
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A, WM EIET T YA I K OB 1T 5 BRICAE U ISR IR S 5, iR -
EMFEZIRET 5. T2 THV S Statistical Reach Feature (SRF) 13U -8 7- a0/ A MR
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