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Abstract: Robust visual tracking is a significant and challenging issue in computer vision-related
research fields and has attracted an immense amount of attention from researchers. Due to
various practical applications, many studies have been done that have introduced numerous
algorithms. It is considered to be a challenging problem due to the unpredictability of various
real-time situations, such as illumination variations, occlusion, fast motion, deformation, and scale
variation, even though we only know the initial target position. To address these matters, we used
a kernelized-correlation-filter-based translation filter with the integration of multiple features
such as histogram of oriented gradients (HOG) and color attributes. These powerful features
are useful to differentiate the target from the surrounding background and are effective for
motion blur and illumination variations. To minimize the scale variation problem, we designed
a correlation-filter-based scale filter. The proposed adaptive model’s updating and dynamic learning
rate strategies based on a peak-to-sidelobe ratio effectively reduce model-drifting problems by
avoiding noisy appearance changes. The experiment results show that our method provides the best
performance compared to other methods, with a distance precision score of 79.9%, overlap success
score of 59.0%, and an average running speed of 74 frames per second on the object tracking
benchmark (OTB-2015).

Keywords: object tracking; machine learning; correlation filter; occlusion detection; scale adaptation;
online model updating; dynamic learning rate

1. Introduction

Robust visual object tracking has been an effective research subject in computer vision in the
current decades. Techniques for visual object tracking are not only involved in practical applications,
including face tracking [1,2], traffic analysis [3,4], and human-computer interaction [5,6], but are also
applied to different video processing methods. The common strategy of visual tracking is to identify
the target object by a bounding box over consecutive frames, where an initial target position is set
in the start frame. Due to the practical applications of visual tracking, many research works have
been performed and different strategies have been proposed [1-6]. Although single-object tracking
is a well-researched topic and has achieved great improvements over the past decades, it remains
a challenging problem to design efficient and robust trackers that can handle all challenging situations,
such as deformation, abrupt motion change, partial occlusion, full occlusion, cluttered backgrounds,
illumination changes, and large variations in the viewpoint and pose of the target.

Most of the object tracking techniques are categorized into two approaches—generative and
discriminative. Generative tracking methods train the target object without considering the
surrounding background information. This approach can control the partial missing data that

Sensors 2018, 18, 2046; d0i:10.3390/518072046 www.mdpi.com/journal /sensors
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: ABSTRACT Object tracking is a dilficult work in complex situations including crowded environment,

occlusion, out of view, and fast motion. Recently, many tracking strategies have been designed to handle
the object tracking in complex conditions. However, most of the designed methods are inefficient to tackle
the target aspect ratio variation and disappearance problems during the long-term tracking. Hence, it is
most important to design a tracking algorithm that effectively reduce the drifting problem and recapture the
target from the tracking failure. In this paper, we proposed a robust correlation filter-based moving object
tracker with scale adaptation and online re-detection. First, we trained a translation filter using kernelized
correlation filter with the multiple features for identifying the initial target location in each frame. Second,
we used the high confidence score of the correlation output to reduce the model-drifting problem. Third,
we introduced a new online re-detection strategy to relocate the target at the time of tracking failure. This
re-detection component activated dynamically based on the present and historical confidence scores of
the target. To tackle the aspect ratio and scale variation problems, we used detection proposal with the
correlation filter method. The experimental evaluation on the several benchmark datasets proved that our
results significantly better compared with the other methods.

. INDEX TERMS Moving object tracking. correlation filter, object detection proposal, scale adaptation, online

re-detection.

I. INTRODUCTION

Visual target tracking is the challenge of estimating an
unknown position and size of the target object through-
out the video sequences, where the target location speci-
fied in the first frame. Object tracking is useful in various
real life applications such as robotics, video surveillance
system, human computer interaction, traffic management
system, missile tracking and automated car driven system
[1]-[7]. Over the past ten years, noticeable progress have
been accomplished in visual object tracking study and most
of the visual tracking works in simple conditions were solved
well, as surveyed in [8] and [9]. Even though the recent
improvements in visual tracking performance, the techni-
cal improvement of the present object tracking system can-
not obtain the real human visual system perfection. Hence,
the present object tracking methods have more scope for
improvement. The moving target tracking is complicated
because of the object appearance variations and its surround-
ing background, as well as different complicated situations

including scale variation, occlusion, out of view, defor-
mation, rotation and fast motion. Current visual tracking
methods are categorized as either generative or discrim-
inative. Generative tracking algorithms locate the target
object by building a robust target appearance model and
finding the best region to match the target model. For
example, sparse representation tracking [10]-[12], compres-
sive tracking [13] and incremental Log-Euclidean subspace
learning [14]. In contrast with the generative trackers, dis-
criminative trackers locate the target by constructing an
object model and background model, and distinguish the
target from the neighboring background by discrimina-
tive classifier [15]-[20]. Avidan [15] used Support Vec-
tor Machine as a binary classifier to separate the object
from the neighboring background. Hare et al. [19] proposed
a new method for visual tracking by using support vec-
tor machine. Babenko et al. [16] handle the obscurity dif-
ficulty in the training samples by using Multiple Instance
Learning. These tracking approaches also called tracking
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: ABSTRACT In this paper, we present a novel framework for interactive segmentation problems. It integrates
anonparametric model into the Conditional Random Field (CRF) framework. which can effectively combine
high-level features with low-level [eatures Lo represent image information. In the nonparametric model,
multiple region layers are used to estimate data likelihood terms to overcome the bad regions generated
by unsupervised methods. The likelihood values of each layer are calculated separately to reduce the
computational cost. In addition, we analyze that the pixel layer has little effect on data estimation, so we
remove it to further reduce the complexity of the algorithm. We employ the label consistency between pixels
and their corresponding regions in smooth term estimation, which can be regard as a higher order potential for
pixels. The data term and the smooth term are then performed together in Conditional Random Fields (CRFs)
as a fine-tuning of the results. Experimental results show that the proposed method can segment images

elficiently and accurately with fewer user inputs.

see

I. INTRODUCTION

Image segmentation is a fundamental task in computer vision
and has obtained much attention in recent decades. It can
be viewed as a labeling problem that assigning each pixel in
the image a predefined label based on its color, intensity and
other features. The challenge in segmentation problems is that
the boundaries and appearance of natural images are often
complex. In these years, various interactive segmentation
algorithms have had significant success due to their ability to
improve the performance by incorporating user interactions
to the segmentation models. such as graph cut [1]-[3], lazy
snapping [4], [5], random walker [6]-[8], geodesic segmen-
tation [9], shortest path [10]. [11], and deep convolutional
networks [12]. [13]. In interactive methods, users are allowed
to provide a few strokes [1] or a bounding box [14] as initial
labels which can help to improve the segmentation results.
The primary goal is to extract object boundaries or regions
with as little user interaction as possible [15].

CRF framework has been the most widely used frame-
work for segmentation problems. It explicitly models the
relationship between pixels and minimizes the energy func-
tion defined based on pixels intensities. The basic form of

The associate editor coordinating the review of this manuscript and
approving it for publication was Naveed Akhtar.
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the energy function in CRF framework is to combine data
terms with smooth terms. The data term is typically the unary
potential obtained from a classifier. Thus, the segmentation
performance is heavily influenced by the classifier. Paramet-
ric models are widely used as classifiers for data term estima-
tion. Model parameters are treated as variables and optimized
together with the energy function [15]. However., parametric
models require a large numbers of initial inputs to get accurate
segmentation results, most of which are strongly sensitive to
the seed quantity and placement. The commonly used smooth
term is the pairwise potential which encourages the nearby
pixels to have the same label if their intensities are similar.
Although pairwise models can be inferred efficiently, they are
very limited to express complicated energy formulations as
they can only propagate information to the pixels in the local
neighborhoods [16]. They are unable to model high-level
features which have been shown to be significant powerful
for segmentations.

To overcome this problem, [16] proposed higher order
potentials to capture high-level structural information of
the images. Their algorithms were built on the image
regions which had been generated by unsupervised meth-
ods. They encouraged the pixels in a region to have
the same label. [17] combined a semi-supervised learn-
ing technique and region-based models together. They first
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: ABSTRACT As a basic research topic in computer vision, visual tracking is still challenging because
of the complexity of the tracking problems, such as abrupt motion, out-of-view, deformation, and heavy
occlusion. In this paper, we extend the kernelized correlation filter (CF) for robust tracking by introducing
spatial regularization components to penalize the CF coefficients. To afford a more confident prediction,
we construct a spatial reliability map based on the color histogram to enforce the detecting samples near
the target center. The feature fusion and the model update mechanism are further employed to improve
the effectiveness of tracking. The extensive experiments are exccuted on the OTB-2013, OTB-2015, and
Temple Color-128 datasets. The comprehensive results demonstrate the superiority of our proposed method

comparing to the representative tracks on these datasets.

e

reliability map.

I. INTRODUCTION

robust visual object tracking is an attractive research prob-
lem in the field of computer vision. Which serves wide
applications including human-computer interaction. video
surveillance, robotics, autonomous driving, etc [1]. A generic
scenario of visual object tracking is to estimate the trajectory
of target throughout an image sequence, given an initial loca-
tion of the target in the first frame. Although the considerable
progresses have been made in recent years, the task of visual
tracking remains to be very challenging due to the appearance
changes of the target in real-world phenomena, such as defor-
mation, occlusion, illumination, background clusters, scale
variation and so on.

Generally, an appearance model of the target which was
obtained by either generative-based|2]-[6]) or discriminative-
based {7]-[10]) methods is first trained in most existing track-
ers, then the learned appearance model is utilized to estimate
the states ol the target in a new [rame. With the new training
data cropped from the prediction of the tracker, the model

The associate editor coordinating the review of this manuscript and
approving it for publication was Gang Li.

INDEX TERMS Feature fusion, model update mechanism, spatial regularization components, spatial

is updated online. However, as the large appearance changes
ol the target throughout an image sequence, the accumulated
error in the online model can lead to failure in tracking. The
key challenge in visual object tracking is that the tracker
should deal with the changes of the appearance under strong
robustness. that is to say, the appearance model of target
should be updated online accurately and adaptively.

Recently, discriminative correlation filter (CF)-based
methods ([10]-[17]) have been popular in terms of their
excellent performance. These methods train a correlation
filter using a set of training samples with features as raw pix-
cls, color names or histogram of oriented gradients (HOG).
Although considerable results have been achieved in accu-
racy and robustness, the limitation of each feature may lead
to the tracking failure in some certain scenes for the com-
plex conditions. Even multiple features fusion in several
methods [10], [11] have been exploited to learn the appear-
ance model, the trackers prone to drift due to heavy occlusion
and fast motion. In addition, several algorithms with the
representations in deep features ([18]-[21]) enhance perfor-
mance at cost of the much computational burden, which is
unsuitable for real-world applications.
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