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Abstract: Due to the complexity of Unmanned Aerial Vehicle (UAV) target tracking scenarios, tracking
drift caused by target occlusion is common and has no suitable solution. In this paper, an occlusion-
resistant target tracking algorithm based on the correlated filter tracking model is proposed. First,
instead of the traditional target tracking model that uses single template matching to locate the target,
we locate the target by finding the optimal match based on multiple candidates templates matching.
Then, in order to increase the accuracy of matching, we use the self-attentive mechanism for feature
enhancement. We experiment our proposed algorithm on datasets OTB100 and UAV123, respectively,
and the results show that the tracking accuracy of our algorithm outperforms the traditional correlated
filtered target tracking model. In addition, we have also tested the anti-occlusion performance of our
proposed algorithm on some video sequences in which the target is occluded. The results show that
our proposed algorithm has a certain resistance to occlusion, especially in the UAV tracking scenario.

Keywords: target tracking; occlusion-resistant; multiple candidates; optimal match
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1. Introduction

UAV target tracking enjoys a wide popularity recently and has been applied in many
applications, such as aerial photography, reconnaissance, rescue, and so on. Unlike target
tracking in fixed scenes where the camera is stationary, in UAV scenes, the camera moves
together with the target. In this case, the tracking context will become very complex and
tracking will face many challenges, such as target deformation, in-plane and out-plane
rotation, light source change, background clutter, similar interference, occlusion, and so on.
Among these challenges, occlusion is a difficult problem in UAV target tracking and there
is still no suitable solution for it.

The two currently dominating tracking paradigms are correlation filter-based mod-
ules [1-10] and Siamese networks [11,12]. Correlation filter-based tracking modules cor-
relate the pre-trained filter template with the search area to obtain a response score map,
and determine the target position based on the response score map. Bolme firstly intro-
duces correlation filtering in target tracking and proposes the least square error output
and correlation filtering algorithm (MOOSE) [1]. Then, Henriques proposes the Kernelized
Correlation Filters (KCF) on the basis of MOOSE [2], which greatly improves the accuracy
and speed of the tracking algorithm by using Fourier variation and kernel functions. Later,
Danelljan adds color features as learning features to KCF and proposes exploiting the
Circulant Structure of Tracking-by-detection with Kernels (CSK) [3] which achieve effective
tracking for deformation targets. Siamese network-based target tracking modules use two
identical convolutional branching networks to locate target position through end-to-end
network learning. Bertinetto proposes the Fully Convolutional Siamese Networks for
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Object Tracking (SiamFC) [10], which applies the full convolutional network to tracking
and greatly improves the tracking accuracy. Li applies the Region Proposal Network (RPN)
network to tracking on the basis of SiamFC and proposes the High Performance Visual
Tracking with Siamese Region Proposal Network (SiamRPN) [11], which divides the target
tracking into two parts, target detection and regression of candidate frames. The Siamese
network-based target tracking algorithm has high accuracy but slower tracking speed,
while the correlation filter-based target tracking algorithm has lower tracking accuracy
but faster tracking speed. With the continuous development of target tracking technology,
there are more and more studies to apply it to mobile terminals to solve practical prob-
lems. Considering that target tracking in the UAV scenario has certain requirements for
real-time performance of tracking, the correlation filtering-based target tracking model is
more suitable for target tracking in UAV scenario compared to Siamese networks.

We can classify the current research directions for improving model resistance to
occlusion into the following categories: (1) Improving model resistance to occlusion by
adjusting the model update strategy. This is because adjusting the update strategy of
the model can reduce the cumulative error and thus improve the tracking accuracy. The
algorithm proposed in [12] adjusts the update strategy according to the degree of target
occlusion and designs an event triggering mechanism for different situations. The algorithm
proposed in [9] adjusts the model update strategy based on the oscillation parameters of
the response matrix. They all achieve some effectiveness to some extent. (2) Improving
model resistance to occlusion by adjusting model training strategies. Adjusting the training
strategy of the model allows the model to learn obstruction-resistant features and thus
improves the robustness of the model. Algorithms proposed in [13-17] reduce the impact of
interference information from sample frames with occlusion on model performance through
temporally consistent and spatially adaptive model training. Algorithms proposed in [18-21]
avoid model drift during tracking by designing an effective learning strategy that allows the
model to learn features with robustness and discriminability. (3) Improving the model’s resistance
to occlusion by increasing the training samples. For example, by introducing high-quality training
samples [22-24], easily mis-detected negative samples [25-27], and generating class-obscuring
hard-to-score positive samples [7,28] during training to allow the model to learn features that are
less sensitive to occlusion.

Since the current tracking models are all appearance-based tracking models, most
of the current algorithms improve the model’s resistance to occlusion from the aspect of
improving the discriminability of the model. However, when there is severe occlusion or
similar target occlusion in the scene, the discriminable features of the target are reduced
and the interference noise is increased, it will be difficult to identify the target using the
above appearance-based tracking model. However, when there occurs severe occlusion or
similar interference in the scene, the performance of the above appearance-based tracking
models will be decreased due to the reduction in discriminative target features. Therefore,
solving the occlusion problem only by improving the discriminative ability of the model
has some limitations. To solve this problem, we propose an anti-obscuration model based
on the appearance-based tracking model by introducing other discriminative cues to reduce
the interference effects. We can summarize the major contributions of our work as follows:

*  We propose a multi-template matching strategy instead of the traditional single-
template matching strategy to locate targets.

*  Weintroduce the self-attention mechanism to enhance the extracted candidate feature
descriptions and improve the matching accuracy.

Experimentally, our algorithm proves to be robust to scenes with occlusion or simi-
lar interference.

2. Related Works
2.1. Discriminative Target Tracking Model

Traditional discriminative tracking models view the tracking problem as a classifica-
tion or regression problem, which uses a discriminant function to separate the target from
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the background. Such tracking models usually first train a target template using the target
features extracted from the artificially given target region in the first frame, then calculate
the similarity between the target template and the image features in the search area in
the following tracking frames to obtain a match score map, and finally locate the target
according to the peak position of the match score map. Such tracking model focuses only
on the features of the target, and the performance of the model is largely limited by the
discriminability of the model [1-10]. Improving the uniqueness of learned target features
can enhance the discriminative ability of the model to some extent. However, when the
target is occluded or similar targets appear, the discriminable features of the target will re-
duce, and the tracking performance of the model will also decrease. Therefore, we propose
a novel anti-occlusion target tracking algorithm based on a discriminative target tracking
model. We focus not only on the target but also on the interference targets appearing in the
scene, and avoid the interference by short-time tracking of the interference targets.

2.2. Self-Attention Mechanism

An attention mechanism is a special structure embedded in machine learning models
that can find correlations between data and highlight some important features [29]. The
attention mechanism enjoys a wide popularity recently in computer vision and has been
applied in many applications, such as image recognition, image vision, 3D vision, and
so on [30,31]. A self-attention mechanism is a variation of attention mechanism, which is
less dependent on external information and better at capturing correlations within data.
Suppose the input data are denoted as a query and the data in context are denoted in
the form of a key—value pair (key, value), attention mechanism can be represented as
finding a mapping function onto the query to the key—value pair (key, value). In self
attention mechanism, query, key, and value are equal, therefore, self attention mechanism
can effectively capture the correlation within the dataset itself [29]. We apply the self-
attention mechanism to generate the feature descriptions of candidate points, and enhance
the feature description of the candidate points with the correlation of appearance and
location features between the extracted candidate point sets. In this way, we can improve
the matching accuracy.

2.3. Multi-Target Tracking

Multi-target tracking technology is the study of simultaneous tracking of multiple
targets in a video sequence. Most of the multi-target tracking algorithms are detection-
based tracking, which consists of three key steps: data segmentation, data association, and
data filtering. During the data segmentation step, it segments sensor data using clustering
or pattern recognition techniques [32]. During the data association step, data segments
are associated with targets using data association algorithms. Finally, for each target, the
position is estimated by taking the geometric mean of the data assigned to the target, and
Kalman usually updates the position estimation filtering or particle filtering [33,34]. In this
paper, we apply the idea of multi-target tracking to single-target tracking. Unlike traditional
single-target tracking, our algorithm focuses not only on the given target but also on the
interfering targets that appear during the tracking process. In addition, different from
multi-target tracking, our algorithm does not need to predict the position of the interfering
target, but only uses the interfering targets as references for predicting the position of the
given target. We divide localization into two steps: candidate points generation and data
association. In the candidate point generation step, all image points that have the potential
to be the target are detected, and in the data association step, the target point is selected
from the set of candidate points using data association techniques and thus the target
position can be located.
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3. Materials and Methods
3.1. Algorithmic Architecture

We show the algorithm architecture of this paper in Figure 1. The architecture consists
of two modules: (1) the base tracking module and (2) the target location module. In the
base tracking module, we input the image of the current frame and the target template into
the correlation filter to calculate the response score map. In the target localization module,
we introduce a multi-matching strategy to localize the target according to the response
score map. We can describe the detailed process as follows: (1) Extract candidate targets
according to the response score map. (2) Perform feature enhancement on candidate targets
to generate feature descriptors. (3) Calculate the matching scores between the feature
descriptors of the candidate targets in the current frame and those in the candidate set
created in previous frames. (4) Maximize the total matching score to find the optimal match,
and we take the position of the candidate matched with the target in the optimal match as
the target position.
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Figure 1. Algorithm framework diagram.

Base Tracking Module

We add an update strategy to KCF [2] as our base tracking model. First, we extract
the HOG features of the image at the given target position in the first frame to train the
correlation filtering template «. The calculation process is shown in (1), where y denotes
the Gaussian label centered at the target location, x; denotes the Histogram of oriented
gradients (HOG) feature map of the target region of the first frame, and k(x1, x1) denotes
the HOG feature map of the first frame with its own kernel correlation operation, w;
denotes the correlation filter template of the target in the first input image frame, and A
denotes the regularization parameter. Then, in the following tracking frames, we extract
the HOG feature of the image at the target location predicted in the previous frame and
correlate it with the target template to obtain the corresponding score map f(x;). We show
the calculation process in (2), where W;_; is the target template of the previous frame and
is equal to a in the first frame.

_ Y
= ey M)

fxe) =k(xe, Wi—1) - a1, )

The base tracking model can be update using (3) and (4), where p denotes the
correlation filter template update parameter, a; denotes the correlation filter template of
the t-th frame, a;_; denotes the correlation filter template of the previous frame, and x;
denotes the HOG feature map of the search region of the t-th frame.

“t:(l_p)k( s

Kx) F A + p;_q. 3)

Wi = (1 —p)Wi_1 + px;. 4)

KCF updates the correlation filtering template on each frame. However, when the
target is occluded, the extracted target feature are less reliable, which may lead to error
accumulation and thus reduce the robustness of the template. Therefore, we introduce
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a strategic template update method into the model. We found that the fluctuation range
of the response score map can reflect, to some extent, whether the target is obscured or
not, as shown in Figure 2. Thus, we introduce the side flap ratio (PSR) [9] to evaluate the
fluctuation of the response score map. The equation of PSR is shown in (5), where g4y is
the peak response of the response score map, and u# and ¢ are the mean and variance of the
response confidence map after excluding the peak, respectively.

PSR — Smax — 1 ®)
(o

The smaller the value of PSR is, the greater the fluctuation of the response score plot
will be, and the more likely the target is obscured. Therefore, the base tracking model will
not be updated when the PSR value of the response map is less than a certain threshold
value 0ps;. When the PSR value of the response score map is greater than the threshold
value, the model will be updated.

Target Unobstructed

Figure 2. Response map with and without target occlusion.

3.2. Generation of Candidate Targets and Feature Descriptors

We take both the local peak and the peak location in the response map as candidate
targets. We can describe the detailed steps as follows: (1) Use a slide window of size 5 x 5
to globally search the response map in the step of 1. (2) Extract the local maxima within the
window and use their positions as candidate positions.

Due to the limitation of the search area, the positions of extracted candidate targets
are close to each other and the appearance features are similar, so using only appearance
feature cannot express the specificity of the candidates at this time; however, the insufficient
candidate feature description will lead to an increase in the matching failure probability.
As a result, enhancing the candidate feature description is very important. Considering
that candidates are not isolated, and each candidate has certain appearance or location
associations with other candidate, we introduce the self-attention mechanism to enhance
the feature description of candidates. By using the self-attentive mechanism, we enhance
the specificity of each candidate by exploiting the correlation with other candidates. We
show the feature learning model in Figure 3.

First, the HOG features {ay,ay, ...,a, } and location features {dq,dy, ..., d,} of each
candidate point in the candidate point set are extracted separately from the original image.
Then, we encode the HOG features and location features of the candidate points to obtain
the feature vector a’ = {a, a5, ...,a},}. The encoding process is a; = x; + conv(d;), where
conv(e) is used to perform a 1 x 1 convolution on d;, which is used to up-dimension
d; to ensure that x; has the same dimension as d;. Finally, the encoded features a’ =
{a},a},...,a),} are used as the input to the self-attentive module. When computing the
reinforcing feature b; of candidate point a;, 4; is token as query and other candidate points
are token as keys. As shown in Figure 3, the attention network first calculates the correlation
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between the query and each key, then uses the correlation as the weight of each value, and
finally the product of each weight and value is summed to obtain the output. The weight
parameters W;, Wi, and W, can be obtained by training.

Self-attention-enhancing calculation of a;

a[TTTTH——F |4

(TTTT] sy
&[T}

EEEEE
42 [T}
a(IIT+—— | a»

Self-attention-enhancing calculation of a,, —{ [T T 1]

Figure 3. Feature learning model.

We use the self-supervised learning strategy to train the self-attentive module on
LaSOT dataset [35]. Before training, we process the data. We can describe the detailed
process of data processing as follows: (1) Input all the video frames in the LaSOT dataset
into the base tracking model to calculate the response map of each frame. (2) Remove the
image frames with only one candidate detected, since we only focus on the image frames
with multiple candidates. (3) Divide the training dataset into two parts: the training set
and the validation set to train the model.

We then train the model with the processed data. For each frame in the training
set, we first perform affine transformation (zoom in or out, rotation, translation) on it,
and then extract the candidates’ HOG and location features in the original frame and the
transformed image according to the corresponding response map. Finally, we input the
candidate point features before and after the transformation into the model to calculate the
feature descriptors f = {fo, f1,..., fu} and f' = {f}, f{,..., f;;}. We calculate the similarity
scores between feature descriptors by (7) to obtain match matrix M. The loss function can
be calculated as shown in (6). We set the ground truth of the similarity score between f
and f"as M = {(i,}) } j=1,..», whose value is 1 if i equals j otherwise it is 0. In addition, to
simulate the occlusion we remove some candidate points randomly in some of the training
data set.

loss = Z—log(Mi/j). (6)
ij
3.3. Target Position Determination
Let the set of candidate feature descriptors for frame t be Py = {p, pi, p5, .-, P},
where pj is the feature descriptors of the i-th target in the frame ¢, then the set of candidate
feature description subvectors in the frame t — 1is P, = {Péfl/ Pifl, ..., pi1}. For each

p! € P, we compute the Euclidean distance between p! and all points in the set of P;_; as
the similarity score. The calculation formula is shown in (7), where pf . is the value at the

position k of the p! vector and p]t i is the value at the kth position of the p]t vector. The larger

similarity score is, the more similar p! is to p]t.
1
Si’j - c t t—1\2 ’
\/Zkzl(r’i,k ~Pik )
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For each set of perfect matches M from P; to P,_;, we calculate the total match score

as Slt‘o 1a1» Which is calculated as (8)—(10), where mf j is the value of the row i and column j

in the matrix M*. The maximum value of k is equal to the number of perfect matches. We
find the optimal match by maximizing the total match score, as shown in (11).

. i=n j=m .
Stotal - Z Z Si,jf (8)
i=1 j=1
.. k _
go= Ml ©)
o m; =0,
et t—1
k= 1 if p; matches pi 10)
’ 0 else,
Mpest = m’glf(nax Sicotal‘ (11)

The candidate point in the optimal match that matches the previously detected-target
is set as the target of the current frame. Considering that the candidate points detected
on the previous and current frame are not necessarily a complete one-to-one match, we
add a dustbin bit and set the matching score of all candidate points in P to this dustbin
bit as a certain threshold ¢;, which represents the lowest limit of the match score. If a
candidate point matches the dustbin bit in the optimal matching, the candidate point is a
newly emerging candidate point and we need to add it to the candidate set. We show the
flow of target localization in Figure 4. We store the Oth position in the candidate set as the
target position. We use the KM matching algorithm to find the optimal match from P; to

Py [36].

Previous Frame Candidate Set Dustbin Bits

0 1 2 m

P&'*l P1t71 pzt—l ree PI’E‘;1 dO dl dz P dn
\ \ !\
b

So,0

Current Frame " t " ¢
Candidate Set P | PL| Pf | e | BS

Myese = argmax (St{{otal |Mk)

1

0 1 2 ... m d 0 1 2 n
Candidate
Pf] 0 1 0 . 0 0 1:'1t Pcf Pzt .eo| B! Collection
Update
P:I 1 0 0 . 0 0
p, (0 O 1 7 0 O
t “en
Plo 0 0 0 1 L, b Targe

1
Figure 4. Target localization process.

An overview flow chart of the proposed method is summarized in Figure 5.
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Figure 5. Algorithm flow chart.

3.4. Experimental Dataset and Evaluation Index

We evaluate our algorithm on the OTB2015 dataset containing 100 tracked video
sequences [37] and the UAV123 dataset containing 91 tracked video sequences [38]. In
order to evaluate the anti-occlusion performance of the algorithm, we also select some of
the video sequences in which the target is occluded to evaluate our algorithm.

We use precision and success as the evaluation indexes of the experiment. The success
is the ratio of the number of images whose distance difference between the target position
detected by the tracking model and the true value is less than a certain threshold to all
images. The precision refers to the ratio of the number of images whose overlap area
between the target area output by the model and the actual target area is less than a
certain threshold. We use the FPS (Frames Per Second) index as the speed test index of the
algorithm—it indicates the number of frames per second that the algorithm can track, and
the higher the FPS value, the faster the algorithm is.

4. Results
4.1. Experimental Environment and Parameters
The algorithm runs on a hardware platform configured with an Intel 15-10210U

1.60 GHz CPU and a NVIDIA GeForceMX250 GPU. The software platform is PyCharm?2020.
The model update threshold 05, in the base tracking module is set as 0.7. In the target



Mathematics 2023, 11, 163

9of 14

location module, the matching threshold ¢; between the candidate target feature descrip-
tors and the dustbin bit is set to 0.02. Mini batch and gradient descent algorithm were
used to optimize network parameters for the self-attention module training of feature
strengthening. The batch size is 500, and the learning rate is 0.02. The ratio of training data
to test data in the training set is 8:2. The number of training iterations is 15.

4.2. OTB Data Set Evaluation Results and Analysis

The OTB2015 dataset contains 100 video sequences, which is an extension of the
OTB2013 dataset and is the mainstream tracking dataset [37]. The dataset includes 11 kinds
of tracking challenges encountered during tracking, such as illumination change, target
deformation, target occlusion, fast movement, in-plane rotation, out-of-plane rotation, out
of view, background similar target interference, low resolution, scale transformation, motion
blur, and so on. In this paper, we select some advanced correlation filter trackers with
anti-occlusion ability, such as TLD (Tracking-Learning-Detection) [6], CSK (Exploiting the
Circulant Structure of Tracking-by-detection with Kernels) [3], FDSST (Fast Discriminative
Scale Space Tracking) [7], Staple (Complementary Learners for Real-Time Tracking) [8],
SRDCF (Learning Spatially Regularized Correlation Filters for Visual Tracking) [5], LMCF
(Large Margin Object Tracking with Circulant Feature Map) [9], ASRCF (Visual Tracking via
Adaptive Spatially Regularized Correlation Filters) [39], and ARCF-H (Learning Aberrance
Repressed Correlation Filters) [40] to compare with our algorithm on OTB2015 benchmark
dataset. We abbreviate our algorithm as MCMCE. We show the comparison results in
Tables 1 and 2:

Table 1. Comparison of the success and tracking speed of different tracking algorithms based on the
OTB2015 dataset.

All Illumination Occlusion Motion Fast Out of Low Tracking
Sequences Change Blur Moving View Resolution Speed
LMCF 0.800 0.737 0.810 0.660 0.691 0.702 0.545 7FPS
SRDCF 0.781 0.697 0.790 0.763 0.706 0.703 0.524 8FPS
ARCF-H 0.751 0.738 0.761 0.743 0.733 0.673 0.536 8FPS
Staple 0.738 0.692 0.732 0.628 0.605 0.586 0.499 8FPS
ASRCF 0.692 0.701 0.659 0.624 0.681 0.514 0.503 7FPS
FDSST 0.673 0.679 0.646 0.528 0.501 0.513 0.497 8FPS
TLD 0.521 0.460 0.468 0.482 0.473 0.516 0.327 5FPS
CSK 0.443 0.388 0.404 0.336 0.380 0.410 0.397 9FPS
MCMCF 0.813 0.744 0.832 0.647 0.700 0.711 0.513 5FPS

Bolded font in the table indicates the highest score in each column.

The success test results are shown in Table 1 and the precision test results are shown
in Table 2. We can see that our algorithm outperforms other algorithms in terms of
tracking precision and success in not only all sequences but also in data sequences with
the occlusion problem. Therefore, the anti-occlusion algorithm proposed in this paper is
effective. However, it can also be seen from the test results that the tracking algorithm of
our algorithm is not as good as other algorithms, which is where our algorithm needs to
be improved.

To further test the anti-occlusion performance of our algorithm, we selected three video
sequences from the OTB100 dataset with occlusion problems to compare our algorithm
with LMCF and SRDCEF, which have similar or even better success and precision than our
algorithm in quantitative tests, and the visualization results are shown in Figure 6. In
the results shown in Figure 6 our algorithm is able to track the target stably when it is
occluded; however, the other two algorithms drift to some extent. Therefore, our algorithm
outperforms the other algorithms in terms of resistance to occlusion.



Mathematics 2023, 11, 163

10 of 14

Table 2. Comparison of the precision and tracking speed of different tracking algorithms on the

dataset with occlusion on OTB2015.

All Illumination Occlusion Motion Fast Out of Low Tracking
Sequences Change Blur Moving View Resolution Speed
LMCF 0.842 0.783 0.844 0.714 0.730 0.695 0.555 7FPS
SRDCF 0.783 0.761 0.845 0.790 0.741 0.683 0.520 8FPS
ARCF-H 0.763 0.731 0.802 0.783 0.698 0.681 0.547 8FPS
Staple 0.742 0.728 0.776 0.671 0.642 0.670 0.505 8FPS
ASRCF 0.664 0.742 0.761 0.605 0.634 0.660 0.552 7FPS
FDSST 0.608 0.731 0.709 0.542 0.512 0.510 0.494 8FPS
TLD 0.545 0.537 0.563 0.518 0.551 0.576 0.349 5FPS
CSK 0.481 0.481 0.500 0.342 0.381 0.379 0.411 9FPS
MCMCF 0.844 0.780 0.846 0.699 0.733 0.687 0.539 5FPS

Bolded font in the table indicates the highest score in each column.

(c) Skating

—— MCMCF —— LMCF —— SRDCF

Figure 6. Results of different algorithms for some video sequences on the OTB100 dataset.

4.3. UAV123 Dataset Evaluation Results and Analysis

In order to evaluate the tracking performance of the proposed tracking model in
UAYV tracking scenarios, we also evaluate our tracking model on the UAV123 dataset. The
UAV123 dataset is a dataset consisting of videos captured by low-altitude UAVs. It contains
91 video sequences, including 20 long video sequences [38]. In this paper, five tracking
models are selected to compare with this paper’s algorithm on UAV123, namely CSK [3],
DCF (Discriminative Correlation Filter) [2], SRDCEF [5], MUSTER (Multi-Store Tracker: A
Cognitive Psychology Inspired Approach to Object Tracking) [4], and DSST (Discriminative
Scale Space Tracking) [7]. The results are shown in Figure 7. Experimentally, our model
outperforms other models not only in terms of success rate but also in terms of precision—
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this shows that the proposed algorithm has good applicability for target tracking in UAV
scenarios.

Success plots of OPE Precision plots of OPE
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Figure 7. Comparison of success rate and accuracy with similar trackers on the UAV123 based dataset:
(a) success result for models; (b) precision result for models.

In order to evaluate the anti-occlusion performance of the model in the UAV scene,
this paper evaluates the performance of our model on some video sequences in the UAV123
dataset where occlusion and similar interference occur. The evaluation results are shown
in Figures 8 and 9. The results show that the proposed algorithm still has good tracking
performance when the target is occluded or similar interference occurs in the scene, so the
anti-occlusion algorithm proposed in this paper is effective.

o Success plots of OPE - Partial Occlusion (73) o Precision plots of OPE - Partial Occlusion (73)
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o ‘ ‘ ‘ . : o ‘ ‘ . ‘
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Overlap threshold Location error threshold

(a) (b)

Figure 8. Comparison of success rate and accuracy with the same type of tracker on a dataset based
on partial occlusion in UAV123: (a) success result for models; (b) precision result for models.

Figure 10 shows the results of our algorithm with some of the comparison algorithms
on some of the UAV video sequences. In Figure 10a, partial occlusion appears in the scene.
In Figure 10b, partial occlusion and similar interference appear in the scene. In Figure 10c,
similar background interference appears in the scene. The results show that our target
tracking model is still able to track the target stably in the above scenarios, while all other
algorithms occur tracking drift to some extent.
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Figure 9. Comparison of success rate and accuracy with the same type of tracker on a dataset
based on the presence of similar target interference in part of UAV123: (a) success result for models;
(b) precision result for models.

(a) Car10

(c) Person9

______ CSK -.-.-.- SRDCF MUSTER MCMCF

Ground truth

Figure 10. Results of different algorithms for some video sequences on the UAV123 dataset.

5. Conclusions

To address the tracking drift caused by target occlusion in UAV target tracking, we
propose a novel anti-occlusion algorithm. To avoid the influence of interfering targets, we
take into account the interfering target information when tracking. We first extract multiple
candidate points in each frame based on the predicted response map. Then, we match
the candidate points of the current frame with those of the previous frame and maximize
the matching score to find an optimal match to locate the target position. In addition, to
improve the matching accuracy, we introduce the self-attention mechanism to enhance the
feature description of candidate points. The experimental results show that our algorithm
outperforms the best-performing algorithm among the selected comparison algorithms
by 1.3% and 0.2% on the OTB100 dataset and by 4.7% and 2.4% on the UAV123 dataset in
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success and precision, respectively. In addition, the tracking success and precision on the
dataset with occlusion attributes improved by 2.1% and 0.2%. It proves that our algorithm
can effectively avoid the occurrence of target loss and has a certain anti-occlusion perfor-
mance. Although our algorithm improves the tracking accuracy, it sacrifices the tracking
speed to some extent. As a result, our future work will focus on finding a balance between
improving target tracking accuracy and meeting UAV tracking real-time requirements.
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