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Abstract
is a challenging issue. This paper presents a novel and efficient tracking algorithm to handle such problems. On one hand, a

Visual tracking is an important area in computer vision. How to deal with illumination and occlusion problems

target’s initial appearance always has clear contour, which is light-invariant and robust to illumination change. On the other
hand, features play an important role in tracking, among which convolutional features have shown favorable performance.
Therefore, we adopt convolved contour features to represent the target appearance. Generally speaking, first-order derivative
edge gradient operators are efficient in detecting contours by convolving them with images. Especially, the Prewitt operator
is more sensitive to horizontal and vertical edges, while the Sobel operator is more sensitive to diagonal edges. Inherently,
Prewitt and Sobel are complementary with each other. Technically speaking, this paper designs two groups of Prewitt and
Sobel edge detectors to extract a set of complete convolutional features, which include horizontal, vertical and diagonal edges
features. In the first frame, contour features are extracted from the target to construct the initial appearance model. After
the analysis of experimental image with these contour features, it can be found that the bright parts often provide more
useful information to describe target characteristics. Therefore, we propose a method to compare the similarity between
candidate sample and our trained model only using bright pixels, which makes our tracker able to deal with partial occlusion
problem. After getting the new target, in order to adapt appearance change, we propose a corresponding online strategy
to incrementally update our model. Experiments show that convolutional features extracted by well-integrated Prewitt and
Sobel edge detectors can be efficient enough to learn robust appearance model. Numerous experimental results on nine
challenging sequences show that our proposed approach is very effective and robust in comparison with the state-of-the-art
trackers.
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1 Introduction can be divided into two categories: generative model

Visual tracking has a wide range of applications and discriminative model.

such as intelligent surveillance, human interaction
and virtual realityl!!. Although many tracking algo-
rithms have been studied in recent years, it is still
a challenging problem to form a robust tracker be-
cause of illumination changel*!
mation and rotation!®.

, occlusion!®, defor-
In order to deal with such
problems, researchers focus on exploiting observation
model, such as boosting[6'7], structure SVMP, sparse
representation® 13l and subspace learning!'¥, which

In general, generative trackers typically learn an ap-
pearance model by a generative process and then search
for the most similar target according to reconstruc-
tion error. IVTI!4 incrementally learns a low dimen-
sional PCA subspace representation, which can effec-
tively model smooth pose variation. L1 tracker[®! as-
sumes that the target could be represented by a sparse
linear combination of target templates and trivial tem-

plates. After solving an ll-regularized least squares
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problem, the candidate sample with the smallest pro-
jection error is selected as the target. Through a track-
ing decomposition scheme, VID!9! shows that the tar-
get can be represented by a linear combination of ob-
ject templates and trivial templates. Compared with
discriminative algorithms, such generative trackers of-
ten get more accurate location when the target changes
smoothly.

On the other hand, discriminative trackers usually
train a classifier to separate the target from the back-
ground. For classifier training, these trackers often crop
patches near the target location as positive samples and
crop patches far away from the target location as neg-
ative samples. Finally, such trackers select the sam-
ple with the maximum classification score as the tar-
get. Thanks to the improvement of machine learning,
several sophisticated algorithms have been applied to
tracking, such as boosting, SVM and Bayesian. OABI!
tracker uses multiple instance learning instead of tra-
ditional supervised learning and adapts the classifier
while tracking the object. Moreover, it selects the most
discriminating features for tracking resulting in stable
tracking results. STRUCK!®! presents a framework for
adaptive tracking based on structured output predic-
tion. It uses a kernelized structured output support vec-
tor machine with a budgeting mechanism as appearance
model for real-time applications. CT!0 trains appear-
ance model based on the features which are extracted
from multi-scale image feature space. It builds an on-
line update naive Bayesian classifier to separate the tar-
get from the background, which leads to a real-time
and accurate tracker. Compared with generative track-
ers, discriminative trackers are more robustness because
purely generative trackers cannot handle complicated
background well.

2 Related Work

To form a robust tracker, Wang et al.l'! stated that
the features used in tracking systems play the most im-
portant role. A good feature can significantly improve
the tracking performance even with a simple classifier.

There are many hand-crafted features used in track-

17]

ing algorithms, such as local binary patterns!'”!, haar-

[18—19]7 [20-23] and other

like features contour features
descriptors®!. Recently, convolutional neural network
(CNN)[25-27] is widely used in many image processing
fields such as image classification, object recognition
and visual tracking. In their convolutional layer, fea-
tures are extracted by convolving with several filters,
which are trained from raw data offline with little hu-

man intervention.
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However, although these convolved features are ro-
bust, the filter training process is time consuming and
the model trained using a large amount of general data
may not suit tracking specified target. To overcome
these weaknesses, we propose to use well integrated
first-order derivative edge gradients instead of CNN fil-
ters to extract convolutional features.

On one hand, for object tracking, the initial tar-
gets always have clear contour features which are ro-
On the other hand, in
image processing, first-order derivative edge gradients

bust to illumination change.

are often used to extract contour by convolving them
with images. Among these first-order derivative edge
gradients, Prewitt and Sobel operators are two comple-
mentary gradient operators. Related studies in facial
expression detection show that the Prewitt operator is
more sensitive to horizontal and vertical edges while the
Sobel operator is more sensitive to diagonal edges[23-29],

Fig.1 presents a car under different light condi-
tions (red rectangles) and corresponding contour fea-
tures (green rectangles). In this figure, the contour
features are gained by convolving target image with
different Prewitt and Sobel operators. The yellow ovals
indicate the similar structure of these contour features,
which demonstrates that these features remain stable
even under different light conditions. Therefore, in this
paper, we integrate several Prewitt and Sobel operators
to extract convolved contour features which form the
appearance model of the target. The main contribu-
tions are listed below.

1) A novel appearance model based on multiple
contour features is proposed. To extract contour fea-
tures, we carefully select and integrate several Prewitt
and Sobel operators to convolve with the target im-
age. These contour features are robust to illumination
change, which makes our algorithm able to track the
target under complex light conditions.

2) We analyse and show that the bright parts of the
contour features could provide more important informa-
tion than dark parts. Therefore, we propose to mea-
sure the similarity between candidate samples and to
only use bright pixels in our trained appearance model.
Because occlusions are always smooth and have few
contours, this strategy could exclude obstructed areas
which help to solve partial occlusion problem.

3) After evaluating the target location at the end
of each frame, a corresponding incrementally update
method is presented to adapt appearance change, which
shows robustness in our experiment.



