Visual Object Tracking: From Correlation
Filters to Deep Learning

Visual object tracking (VOT) is a challenging task in computer vision that
involves locating and following a target object in a sequence of images. It
has a wide range of applications, including autonomous driving,
surveillance, human-computer interaction, and medical imaging.

Traditional VOT approaches have relied on correlation filters, which are
simple and efficient techniques for template matching. However, deep
learning has recently emerged as a powerful tool for VOT, offering
significant improvements in accuracy and robustness.

In this article, we will provide a comprehensive overview of VOT, tracing its
evolution from correlation filters to deep learning techniques. We will
discuss the strengths, weaknesses, and challenges associated with each
approach, and highlight promising research directions for the future of VOT.
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Correlation filters are a class of template matching techniques that are
widely used for VOT. They work by learning a filter that is highly correlated
with the target object, and then using this filter to search for the target in
subsequent frames.

Correlation filters are simple and efficient, and they can be trained quickly
using a small number of samples. However, they are also limited in their
ability to handle challenging conditions, such as occlusions, background
clutter, and illumination changes.

Some of the most popular correlation filter-based VOT algorithms include:

= MOSSE (Minimum Output Sum of Squared Error): MOSSE is a
simple and efficient correlation filter algorithm that minimizes the sum
of squared error between the filter output and a Gaussian-shaped
target model.

= CSK (Circulant Shift Kernel): CSK is a variant of MOSSE that uses a
circulant shift kernel to reduce computational complexity.

= KCF (Kernelized Correlation Filters): KCF is a kernel-based
correlation filter algorithm that extends MOSSE to handle non-linear
transformations of the target object.

Deep learning has revolutionized the field of computer vision, and it has
also had a major impact on VOT. Deep learning techniques offer several
advantages over correlation filters, including:
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Increased accuracy: Deep learning models can learn complex
representations of the target object, which allows them to handle
challenging conditions more effectively.

Improved robustness: Deep learning models are less prone to
overfitting, which makes them more robust to noise and clutter.

Ability to handle large-scale datasets: Deep learning models can be
trained on large-scale datasets, which allows them to learn more
generalizable representations of the target object.

Some of the most popular deep learning-based VOT algorithms include:

Siamese networks: Siamese networks are a type of deep learning
architecture that consists of two identical subnetworks that are trained
to output similar representations of the target object. The difference
between the outputs of the two subnetworks is then used to locate the
target in the image.

Feature extraction: Deep learning models can be used to exiract
high-level features from the target object, which can then be used for
tracking. These features are typically more discriminative than the raw
pixel values, which makes them more robust to noise and clutter.

Tracking-by-detection: Tracking-by-detection algorithms combine
object detection with tracking to locate and follow the target object.
This approach is often more accurate than traditional tracking
algorithms, but it can also be more computationally expensive.

Despite the significant progress that has been made in VOT, there are still

a number of challenges that need to be addressed. These challenges



include:

= Occlusions: Occlusions can make it difficult to track the target object,
as the object may be partially or completely hidden from view.

= Background clutter: Background clutter can also make it difficult to
track the target object, as the object may be difficult to distinguish from
the background.

= lllumination changes: lllumination changes can also affect the
appearance of the target object, making it difficult to track.

= Real-time performance: Many VOT algorithms are not able to run in
real time, which limits their use in practical applications.

Promising research directions for the future of VOT include:

= Developing more robust algorithms: Researchers are working on
developing more robust VOT algorithms that can handle challenging
conditions, such as occlusions, background clutter, and illumination
changes.

= Improving real-time performance: Researchers are also working on
improving the real-time performance of VOT algorithms, making them
more suitable for practical applications.

= Exploring new deep learning architectures: Researchers are
exploring new deep learning architectures for VOT, such as generative
adversarial networks (GANs) and reinforcement learning (RL).

Visual object tracking is a fundamental task in computer vision with a wide
range of applications. This article has provided a comprehensive overview



of VOT, tracing its evolution from correlation filters to deep learning
techniques. We have discussed the strengths, weaknesses, and
challenges associated with each approach, and highlighted promising
research directions for the future of VOT.

As research continues in this area, we can expect to see even more
powerful and efficient VOT algorithms that can handle challenging
conditions and run in real time. This will open up new possibilities for
applications in autonomous driving, surveillance, human-computer
interaction, and medical imaging.
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