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Abstract

Recently, sparse representation has been applied in object tracking successfully. However, the existing sparse represen-
tation captures either the holistic features of the target or the local features of the target. In this paper, we propose a
dual-scale structural local sparse appearance (DSLSA) model based on overlapped patches, which can capture the quasi-
holistic features and the local features of the target simultaneously. This paper first proposes two-scales structural local
sparse appearance models based on overlapped patches. The larger-scale model is used to capture the structural quasi-
holistic feature of the target, and the smaller-scale model is used to capture the structural local features of the target. Then,
we propose a new mechanism to associate these two scale models as a new dual-scale appearance model. Both qualitative
and quantitative analyses on challenging benchmark image sequences indicate that the tracker with our DSLSA model
performs favorably against several state-of-the-art trackers.
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1. Introduction

Visual tracking [1] has been an important application
field in computer vision, especially for the application
of visual surveillance, traffic flow monitoring, robotics,
and human-computer interaction. In the past decades, the
technology of visual tracking has made great progress.
However, visual tracking technology is still very chal-
lenging because there are uncertain factors in the track-
ing process, such as the change of target shape, illumina-
tion change, varying viewpoints, background clutter, par-
tial occlusion etc.

Generally, a tracker includes three main parts: (1) a
motion model, which produces candidate targets for the
next frame to forecast the target, on the basis of the track-
ing result of the current frame; (2) an appearance model,
which is used to model the shape of the target in the whole
process of tracking; (3) an observation model, which de-
fines a similarity measure between candidate targets and
the target to discriminate the best candidate target. This
paper focuses on the second part. An appearance model
[2] generally includes two parts: visual representation and
statistical modeling. The focus of visual representation is
how to construct robust target descriptors using different
visual features, while the focus of statistical modeling is
to establish an effective mathematical model for the target
by statistical learning.
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Visual representation in visual tracking comprises
holistic visual representations and local visual represen-
tations. The advantages of holistic visual representations
are simplicity and efficiency. Raw pixel representation,
histogram representation, covariance representation, and
so on are classical holistic visual representations. Ross
et al. [3] and Silveira and Mails [4] present raw pixel
representation based on vectors. Other researches [5]-
[7],[48,49] present the histogram representation as visual
features of the target. The histogram representation can
capture the holistic visual features of the target, but it is
sensitive to the noise and the variety of illumination, as
well as the shape of the target. A few other reports [8]-
[10] present covariance representation as the visual fea-
tures of the target. The advantage of covariance represen-
tation is that it can capture the intrinsic information of the
target, but it is also sensitive to the noise and it loses the
information on the shape and the location.

Holistic visual representation is sensitive to the holistic
appearance variance, while local visual representation can
capture more information on the local structural aspects
of the target. Thus, local visual representation is more ro-
bust to variations in appearance of the target. Liu et al.
[10] utilize a hierarchical part-template shape model to
detect and segment humans. Liu et al. [11] use a particle-
filtering (PF) model based on a template to track a target.
Researchers of [10],[12] and [13] have also exploited a
visual feature based on the superpixel for visual tracking.
There are also papers [14]-[16] that present visual fea-
tures based on Scale-invariant feature transform (SIFT).
The advantage of these local visual representations is that
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