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Abstract: In order to improve the UAV prevention and control capability in key areas and improve
the rapid identification and trajectory prediction accuracy of the ground detection system in anti-UAV
early warnings, an improved LSTM trajectory prediction network CA-LSTM (CNN-Attention-LSTM)
based on attention enhancement and convolution fusion structure is proposed. Firstly, the native
Yolov5 network is improved to enhance its detection ability for small targets of infrared UAVs, and
the trajectory of UAVs in image space is constructed. Secondly, the LSTM network and convolutional
neural network are integrated to improve the expression ability of the deep features of UAV trajectory
data, and at the same time, the attention structure is designed to more comprehensively obtain
time series context information, improve the influence on important time series features, and realize
coarse—fine-grained feature fusion. Finally, tests were carried out on a homemade UAV infrared
detection dataset. The experimental results show that the algorithm proposed in this paper can
quickly and accurately identify infrared UAV targets and can achieve more accurate predictions of
UAV flight trajectories, which are reduced by 9.43% and 23.81% in terms of MAPE and MSE indicators
compared with the native LSTM network (the smaller the values of these evaluation indexes, the
better the prediction results).

Keywords: UAV prevention and control; LSTM; target identification; trajectory prediction

1. Introduction

As a product of the development of unmanned system technology, UAV flight equip-
ment has great application value in civilian and military fields such as geological ex-
ploration, regional search, and battlefield reconnaissance. With the popularization and
development of unmanned aerial equipment, the application scope of UAVs has gradually
expanded from early low-altitude shooting and low-load transportation to high-altitude
reconnaissance, signal link jamming, precision strikes, and other complex tasks [1]. The
“black flying” behavior of UAVs has seriously threatened public safety and even national
security, and the demand for UAV detection and counter-measures is becoming more and
more urgent [2].

Due to its low flight trajectory, slow movement speed, small size, and other charac-
teristics, the amount of signal echo data generated by the UAV and the resolution of the
time domain signal are extremely low, and the feature feedback information is difficult to
capture [3]. Even if a UAV flies at a relatively close distance from the ground monitoring
platform, the UAV can easily break through the signal detection area by changing the
trajectory with its own flexible flight control ability and achieve covert penetration and
rapid penetration [4]. Due to the deep dimension of photoelectric detection image data,
rich feature information, and high degree of spatial mapping, UAVs have more advantages
in judging the target category. In addition, photoelectric detection combined with trajectory
prediction technology can provide accurate positioning data for laser weapon pointing
and orientation, and realize the continuous killing of targets, which has great application
value [5]. However, due to the influence of the complex low-altitude airspace environment
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and the limitations of the detection means, in the case of conventional detection methods,
the non-cooperative UAV data information obtained is very small [6], and UAV trajectory
prediction, as an important part of UAV prevention and control, can make full use of the
target historical trajectory information obtained in the target detection stage to predict
the location of the target in the next stage, which can provide effective information for
further target intention recognition and provide data support for target threat assessment,
disturbance intent, and other types of situation recognition [7].

Based on this, we first improved the native Yolov5 network to improve the recogni-
tion ability of small UAV targets and better obtain the historical flight trajectory of UAVs.
A CNN-LSTM network structure based on the attention mechanism is designed, which
improves the expression ability of the deep features of UAV flight trajectory data through
convolutional neural networks, more comprehensively obtains time series context through
attention modules, improves the influence on important time series features, and realizes
coarse—fine-grained feature fusion so as to characterize the time series data more compre-
hensively. In addition, we also construct a typical UAV infrared detection dataset, including
three scenarios: conventional sky background, urban occlusion background, and complex
mountain background. Finally, the proposed algorithm is tested on this dataset, and the
test results show that the algorithm can achieve more accurate predictions of UAV flight
trajectories in photoelectric detection scenarios, provide effective data support for further
target intent recognition, and effectively improve UAV prevention and control capabilities
in key areas.

2. Related Work

UAV prevention and control technology mainly refers to a series of means such as
detection, tracking, prediction, identification, coordination, and disposal of low-altitude
airspace targets [8]. As an important part of UAV prevention and control technology, UAV
trajectory prediction technology needs to make full use of the information obtained in the
target detection and tracking link so as to provide real-time decision support for subsequent
identification intentions and collaborative disposal [9].

2.1. UAV Target Recognition Algorithm

In order to solve the problem of environmental clutter and disturbance clutter, the
researchers shifted the center of gravity of the target feature acquisition method from
active radar echo signals to passive imaging photoelectric signals [10]. Although the
detection distance is closely related to the photoelectric acquisition equipment, it can
ensure accurate detection of targets in high-resolution images, and the anti-electromagnetic
interference ability is strong [11]. The rapid development of deep learning technology also
greatly improved the detection, recognition, and positioning performance of small UAV
targets [12]. However, because UAVs are typical examples of low, slow, and small targets,
their flight altitude is low, their speed is slow, their degree of freedom is high, and their
detectable area is small, and there are a large number of birds in the air whose size and
flight speed are similar to those of UAVs; these characteristics mean that the traditional
aerial threat detection system is no longer applicable in UAV target detection, and it is
necessary to develop an anti-UAV system for the corresponding characteristics of UAVs so
as to achieve the real-time detection of invasive UAVs [13].

In order to effectively detect UAV targets based on the characteristics of “low, slow,
and small” targets, Xue [14] proposed a UAV target recognition method based on a convolu-
tional neural network and trained it on a small sample UAV dataset. The PGAN proposed
by Li [15] generates high-resolution feature representations for detecting small targets,
making the feature representations of small targets similar to those of large targets, thereby
improving the feature representation capabilities of small targets; Cheng [16] uses dilated
convolutions instead of conventional neural networks. The traditional convolution in the
network expands the receptive field of the network for feature extraction and reduces the
number of redundant calculations [17].
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Zhao [18] introduced the YOLO target detection algorithm into the field of target
detection, improved it on the basis of the YOLOv3 algorithm, and proposed the ST-YOLO
algorithm for UAV target detection, which combined the TopHat transform with binary
trees for detection of small targets for small target UAVs. However, due to the performance
limitation of the YOLOv3 algorithm, the recognition effect of low-altitude UAVs is not
ideal [19]. Ma [20] adds a residual network and multi-scale prediction on the basis of
YOLOV3, uses the K-means clustering algorithm on the dataset of low-altitude UAVs to
obtain the optimal anchor box, and fuses the residual network and the original network
on the basis of the original YOLOv3 network to obtain a new O-YOLOv3 network, which
makes the network easier to train and has a good recognition effect. Zheng et al. [21]
propose an enhanced adaptive feature pyramid network target detection algorithm that
alleviates the differences between receptive fields and semantic information at different
levels by sharing convolution, and it solves the problem of weakening feature expression
in cross-scale feature fusion. Zhao et al. [22] designed a novel C3-PANet neural network
structure on the basis of YOLOvV7, which, combined with the C3 structure, increased
the receptive field, and optimized the size of the anchor frame by using the K-means++
clustering method, and they designed an anchor frame more suitable for the detection of
the infrared small targets of UAVs, which improved the detection efficiency on the infrared
dataset. Xu et al. [23] proposed a new infrared small target detection algorithm, SSD-ST, on
the basis of the SSD network framework, which removes the low-resolution layer in the
network and enhances the high-resolution layer, making it more suitable for the detection
of infrared small targets.

2.2. UAV Trajectory Prediction Algorithm

Prediction is based on historical moment data for estimating the future moment state
of the process because the UAV flight speed is fast and unpredictable, and the urban
low-altitude background building occlusion is more serious. So, it is necessary to rely
on the prediction method to predict its motion state to provide support for accurate
countermeasure prevention and control [24]. Common academic prediction methods can be
divided into association rules, Markov models, neural networks, and other methods [25].

The prediction method based on association rules first needs to construct association
rules from the data and then perform trajectory prediction using the sequence matching
method. The process of mining association rules can be divided into two stages: the first
stage is to find all frequent itemsets from the data collection, and the second stage is to
generate association rules from these high-frequency project groups [26]. Agrawal first
proposed the concept of association rules and gave the corresponding mining algorithm
AIS, but due to its limited performance, it has not been widely used on a large scale.
In 1994, they proposed the theory of itemset-lattice spaces, and based on the above two
theorems, they proposed the famous Apriori algorithm [27]. In subsequent developments,
the partition algorithm optimizes the dependence of the Apriori algorithm on frequent
database scans; uses hash functions to compress transaction sets; efficiently generates
frequent itemsets through hash tables; and uses the characteristics of hash tables to prune
the contents of the database, reduce transaction itemsets, and reduce database scanning.

The Markov model calculates the probability of a certain location point moving to
other location points by constructing a state-transition matrix, inputting the current position
into the constructed matrix, and determining the next position according to the maximum
probability so as to obtain the prediction result [28]. The first-order Markov model has
only one position-transition probability matrix. In order to obtain more comprehensive
information, Yang [29] designed a high-order Markov model that uses the state information
of n positions to predict the position of the next moment, improving the prediction accuracy.
Qiao [30] proposed a trajectory prediction algorithm, HMTP, based on hidden Markov, which
improved the problem of fast and difficult-to-predict speeds of moving objects, so that it could
predict the continuous trajectory of objects. This type of research is based on the assumption
that the position information at the current moment is only related to the previous moment,
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and the obtained solutions are all local optimal solutions. However, high-order Markov
calculations are complex and are not suitable for real-time prediction needs.

With the continuous development of neural networks, there are now a variety of neural
networks that are used in the trajectory prediction of low, slow, and small UAVs, and they
have achieved good results. Tan [31] et al. used a genetic algorithm to optimize the weight
and structural parameters of the BP neural network, and they established a maneuvering
target prediction model with high prediction accuracy. Zhang [32] proposed a fighter air
combeat trajectory prediction model based on an Elman neural network. When predicting
the trajectory of a UAV, Yang [33] proposed a prediction model based on Bi-LSTM, which
inputted parameters such as target pose and distance into the model, outputted the position
of the next moment, and achieved the prediction of the UAV flight trajectory.

In summary, a single UAV prevention and control method struggles to meet the
UAV prevention and control needs in key areas and faces many difficulties in practical
applications. The effective combination of UAV target detection technology and trajectory
prediction technology can solve the problem of low-altitude airspace. The complexity of the
environment and the limitations of some prevention and control technologies have greatly
improved the UAV prevention and control capabilities of the ground system and achieved
accurate prediction of target flight trajectories in complex low-altitude backgrounds.

3. System Composition

The trajectory prediction network for UAV prevention and control designed in this
paper considers how to more accurately complete the prediction of the UAV flight trajectory
at the next moment in an actual setting. The overall implementation framework of the
algorithm is shown in Figure 1.
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Figure 1. Trajectory prediction network overall implementation framework.

3.1. UAV Target Recognition Method

In order to improve the extraction ability of small target features, we propose an
improved object detection network based on Yolov5. As shown in Figure 2, we introduce the
Convolutional Attention Module (CBAM) on top of the native Yolov5 network, embedding
itatlayer 23 of the network, between the Concat module and the C3 module. CBAM consists
of two main components: the spatial attention module and the channel attention module,
in which the spatial attention structure learns the mask through the residual network
to suppress the background information of the original feature map. Channel attention
enables the network to use global information to selectively enhance or suppress tasks
between channels, generating different weight coefficients to capture the interrelationships
between channels. The weights obtained by the attention mechanism are multiplied by
the input feature map for adaptive feature refinement, while CBAM, as a lightweight
general-purpose module, can be seamlessly integrated into existing CNN architectures
with negligible overhead.



Electronics 2023, 12, 4081 5o0f 14

o | ConvBNSiLU
30x30x32

ConvBNSiLU - See ]
160160 x 64 o T

640

x640x3  Inp
2| 160x160x64 || Backbone
ConvBNSILU
3| 80x80x128
) 3 Neck Head
80x80x128 || 16 1 3
fc t}—l{ §
onca 30x80x128 Conv2d

ConvBNSiLU ConvBNSiLU 80x80x3x12
40x40x256 40x40x128

C3
6| 40x40x256 ConvBNSiLU

40x40x128
ConvBNSILU
20x20x512
C3

8| 20x20x512

v
SPPF

91 20x20x512

40x40x3x12

20x20x3x12

7

21

20x20x256 F» Conv2d

% ConvBNSiLU

Figure 2. UAV object detection network framework.

3.2. UAV Trajectory Prediction Method

The UAV trajectory prediction method used in this paper is mainly composed of
convolutional neural network long short-term memory network, and attention mechanism.
The mathematical symbols involved are shown in Table 1.

Table 1. List of variables/parameters.

Symbol Variable/Parameter
u Input weight
b Bias term
fi Forgetting gate parameter
St Nonlinear mapping of hyperbolic tangent functions
et Alignment score
hj The hidden state of the encoder at moment j
a4 Attention weights
Ct Context vector
St The hidden state of Decoder at time t
Yt Conditional probability output

3.2.1. Long Short-Term Memory

LSTM evolved from recurrent neural networks (RNNs), which control the accumu-
lation speed of information by introducing gating, selectively adding new information,
and forgetting part of the previously accumulated information. So, it is more sensitive to
complex time-dimensional information, which can effectively solve the problem of gradient
explosion or gradient diffusion in the training process of RNNs, and which is conducive
to learning long-term dynamic information. Its LSTM network structure unit is shown
in Figure 3. This structural unit adds a priori knowledge input gate, forget gate, output
gate, and input modulation gate to the hidden layer, through which the signal processing
between layers and the input signal at a certain moment can be more transparent.

ip = s(Uyixt + Wyihy—1 + b;) @
ft = s(Uypxt + Wy hy 1 + by) @

0y = s(uxoxt + Whoht—l + bo) (3)
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& = S(chxt + Wichi—1 + bc) 4)

where U represents the input weight, W represents the recursive permission of the implied
layer at time t — 1, and b is the bias term. The LSTM gate structure is controlled by the
nonlinear activation function, s(x) = (14 ¢ %) ' represents the Sigmoid function, and
y(x) = iijriij represents the hyperbolic tangent function. Moreover, i; determines which
information to keep, f; determines which information to remove, o; determines which part of

the memory cell ¢; will output, and g; is a nonlinear mapping by hyperbolic tangent functions.

Cr-1

Figure 3. LSTM network structure unit.

3.2.2. Attention Mechanism

In order to improve the ability to extract key features in flight trajectory data, we
introduce the attention mechanism into the LSTM network, focusing on the more critical
points of the current prediction task among many trajectory points, reducing attention
to other points, filtering out irrelevant information to solve the problem of information
overload, and improving the efficiency and accuracy of prediction task processing [34]. The
LSTM-Attention structural framework is shown in Figure 4.
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LSTM LST™ LSTM L LSTM
Cell cal | T ¥| Cell cdt [

! [ !
{1 i

LST™M LSTM LST™M LSTM LSTM
Cell e Cell Cell e Cell Cell
A
! ! f R R P
Xi-1 Xt Xl Vi1 Vi

Figure 4. LSTM-Attention network framework.
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In the attention mechanism, the i-th target word context vector c; is weighted according
to the hidden vector of each source word; the encoder part uses a bidirectional recurrent
neural network as the encoder; and the hidden state of ¢ at each moment is obtained by
forward and backward stitching. Introducing the attention mechanism in the decoder, the
specific implementation process of the --moment decoder is shown in Table 2.

Table 2. The specific implementation process of the attention mechanism.

Attention Mechanism

Step 1: Calculate the degree to which the information at moment j of the input sequence affects the
decoding of the output sequence at time £, called the alignment score, denoted e;j, where a
is the function s;_; learned by the fully connected network is the hidden state of the
decoder at time t — 1, and h]- is the hidden state of the encoder at moment j:

ey = a(st,l,h]-) )

Step 2: Calculate the attention weights of the input sequence j to the output sequence t moment,
denoted as xtj, its calculation formula is as follows:

exp (ht, Es) ©
Y exp (score (ht, Eg) )

5!

at(s) = align(ht,ﬁs) =

Step 3: Calculate the context vector of the decoder at time ¢, denoted as c;, where the attention ¢; of
step t is weighted by the hidden state /1; of the decoder step t and each hidden state h; in
the encoder:

T
Ct = Z IXt]‘h]' (7)
j=1
Step 4: Calculate the hidden state S; of the decoder at time :
St =f(St—Lyi_1,ct) (8)
Step 5: Calculate the conditional probability output y; of the decoder at time ¢, take the attention

¢t and the hidden state /; of the original decoder at step t as input, obtain Iy at step t and
output ¢, where g is the function of fully connected network learning:

pyely1, - ye-1,X) = 81,51 ¢t) C))

3.2.3. Trajectory Prediction Model Architecture

As shown in Algorithm 1, the implementation process of the trajectory prediction
network is shown. We introduce the attention module and convolutional fusion module
described above on the basis of the native LSTM network. Among them, the attention
module and the convolution fusion module can enable the LSTM network to obtain time
series context information more comprehensively and realize the coarse-granular fusion
of time series data features. The model uses one hidden layer, each layer consisting of
64 neurons, using Adam to update and correct the parameters of the model, and the model
uses Rule as the activation function of neurons. The improved trajectory prediction network
structure is shown in Figure 5.
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Algorithm 1: CA-LSTM trajectory prediction network.

Known:
The model uses one hidden layer with 64 neurons per layer.

The specific input sequence X' is denoted as {xi, xé, e, xé }

Step:
S1: The sequence X' passes through the CNN module to obtain convolutional features, and
the output is Wenn-

52: The output Wenn is used as the input to one node of LSTM.

53: The attention module operates on the input variables from LSTM by querying the
variable q, and calculates the attention distribution weights of the input variables.

S4: Follow the above steps to adjust the input sequence forward to complete the forward
propagation process and obtain the predicted output value p.

S5: Combined with the real values, backpropagation solves and updates the model
parameters, cycling through the above steps until the algorithm converges.

e

J\ LSTM = LSTM LSTM
SRR - &

LSTM 4 —>

LST™M LSTM
X1 XZ e Xn ol cell ‘I‘V —» 02 _>® Xn+1’

Attention

cnn layer

v
= aw—>®

time series data Istm layer attention dense layer

Figure 5. CA-LSTM network structure.

4. Experiment
4.1. Experiment Setting

In order to maintain the consistency of the comparative experiments, all experimental
steps were performed in the same experimental environment. The specific experimental
environment configuration is shown in Table 3. At the same time, in order to ensure the
authenticity and validity of the experimental results, this paper constructed some datasets for
UAV target detection and trajectory prediction under typical infrared detection backgrounds.

Table 3. Experimental environment configuration.

Environment Configuration Version
CPU Intel Core i9-12900H @ 2.50 GHz
GPU NVIDIA GeForce RTX 3070
Operating system Windows 11
Programming language Python 3.9

4.1.1. Experimental Environment

The test computer used for this experiment was the Intel Core i9-12900H @ 2.50 GHz,
and the laptop GPU was the NVIDIA GeForce RTX 3070. The operating system is Windows
11, and the programming language is Python 3.9.
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4.1.2. Dataset Building

The infrared image can detect thermal radiation; ignore lighting conditions; penetrate
fog, smoke, and other occlusions; use long visual distances; and work around the clock. So,
this paper uses the photoelectric pod to carry out infrared imaging of the UAV target, sets
three datasets for different environments to construct scenes (conventional sky background,
urban occlusion background, and complex mountain background), and constructs the
historical movement trajectory of the UAV target in the time domain according to the
change trajectory of the corresponding UAV target in a certain time domain. The UAV
infrared detection dataset is shown in Figure 6.

General
scene

Occlude
scene

Figure 6. UAV infrared detection dataset.

4.2. Comparative Experiment

In order to prove the effectiveness of the proposed algorithm, the target measurement
network and the trajectory prediction network were subjected to ablation experiments
in which the object detection and ablation experiment set all the networks to not input
the pre-trained model; the number of network training parameter iterations was set to
100; the batch size was set to 16; the initial learning rate was set to 10~%; and the specific
parameter settings were shown in Table 4. The time step of the trajectory prediction
ablation experiment was selected as 16, the optimizer selected Adam, the learning rate was
dynamically adjusted, and the specific parameter settings were shown in Table 5.

Table 4. Object detection ablation experiment parameter setting.

Parameter Value
Training epoch 100
Batch size 16

Initial learning rate 104

Table 5. Trajectory prediction ablation experiment parameter settings.

Parameter Value
Time step 16
Optimizer Adam

Learning rate Dynamic adjustment
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4.2.1. Object Detection Network

In order to test the detection performance of the improved Yolov5 network proposed
in this paper on the small target of infrared UAVs and to test the target detection accuracy of
the CBAM attention module on the infrared UAV detection dataset, all parameter settings,
experimental software, and hardware configurations are made to be the same during the
experimental training process to ensure the reference of the comparative experiment. The
comparative experimental results are shown in Table 6 from the experimental results using
the improved Yolov5 network proposed in this paper. The mAP@0.5 and mAP@0.5:0.95 are
increased by 3.5% and 1.6%, respectively, which can effectively cope with the detection of
small targets of infrared UAVs, achieve the rapid and accurate identification of UAV targets,
and construct the historical motion trajectory of UAVs in this time domain according to the
changing trend of the spatial position center of the image of the corresponding UAV in a
certain time domain. The UAV trajectory acquisition results are shown in Figure 7.

Table 6. Comparison of detection results of different target detection algorithms.

Method mAP@0.5 mAP@0.5:0.95
Yolov5 0.871 0.503
Improved Yolov5 (ours) 0.906 0.519
Continuous

tl tn—r

— UAV trajectory — UAV trajectory.

time domain

— UAV trajectory

Figure 7. UAV trajectory acquisition.

4.2.2. Trajectory Prediction Network

This section compares the performance of the three time series prediction algorithms
of native LSTM, CNN-LSTM, and CA-LSTM proposed by us, based on the time series data
of UAV flight trajectories obtained by the target detection network. In order to optimize
the accuracy of the prediction results, the time step is selected as 16, the learning rate is
automatically and dynamically adjusted, and the optimization function is Adam. In this
experiment, the Mean Absolute Percentage Error and Mean Square Error are selected from
several algorithm evaluation indicators common to continuous time series data to evaluate
the model’s performance.

Mean Absolute Percentage Error (MAPE). MAPE is the expected value of the relative
error loss, which is the percentage of absolute error and true value.

100% &
MAPE(y, §;) = 2 |yl y1| (10)

Mean Squared Error (MSE). MSE corresponds to the expectation of squared
(quadratic) error.
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2 (11)

i=1

MSE(y;, ;)

3\»—\

In the above two evaluation indicators, y; refers to the actual value and §; refers to the
predicted value of the model. The smaller the value of the two evaluation indicators, the
better the prediction effect.

As shown in Figure 8, the prediction results of the three trajectory prediction models
are compared, and it can be roughly seen from the prediction curve that the prediction effect
of the proposed CA-LSTM trajectory prediction model is better than that of CNN-LSTM
and LSTM. The specific evaluation results are shown in Table 3.
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Figure 8. Comparison of prediction results of different trajectory prediction models.

From Table 7, it can be confirmed that in this experiment, the prediction effect of
the model can be depicted as follows: CA-LSTM > CNN-LSTM > LSTM. The prediction
accuracy of the CA-LSTM trajectory prediction network proposed in this paper is 1.3%
higher than that of CNN-LSTM, 9.43% higher than LSTM, 18.71% lower than CNN-LSTM,
and 23.81% lower than LSTM on MSE indicators. Considering the real-time and accurate
requirements of UAV trajectory prediction, CA-LSTM can meet the needs of accurate pre-
diction and complete the trajectory prediction task in the preset scenario of this experiment.

Table 7. Evaluation of prediction results for different trajectory prediction models.

Method MAPE MSE
LSTM 0.1044 3.2470
CNN-LSTM 0.0231 3.1960
CA-LSTM (ours) 0.0101 3.0089

In the photoelectric detection scenario, the two-dimensional motion trajectory of the
UAV obtained through photoelectric detection cannot reflect the real location information of
the UAV target and there is also a lack of height data. However, when combined with the
visual servo system of the photoelectric pod, it can detect and monitor the UAV target more
intuitively and better perform the UAV prevention and control task. This section uses this
detection background to set the mission scene and predict the historical motion trajectory of
the UAV target in the time domain obtained from the photoelectric detection image. As shown
in Figure 9, the UAV trajectory prediction algorithm proposed in this paper also has good
trajectory prediction results for UAV photoelectric detection trajectories and can still maintain
good trajectory prediction accuracy for the influence of unfavorable factors such as lens shake
and environmental occlusion in the actual detection process, which can better improve the
UAV prevention and control ability of ground systems in the field of machine vision.
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Figure 9. Prediction results of UAV photoelectric detection trajectory.

5. Conclusions

In this paper, an LSTM trajectory prediction network based on attention enhancement
and convolutional fusion structure improvement is proposed, which can improve the
network’s ability to obtain time series context information. Convolutional fusion structure
can effectively use the deep features in UAV trajectory data, which can effectively improve
the prediction accuracy of UAV trajectory data by the network. We also constructed a
typical infrared drone target dataset based on photoelectric detections, and we trained and
tested on this dataset with a 9.43% reduction in MAPE and a 23.81% reduction in MSE
compared to the native LSTM network.

As an important part of UAV prevention and control technology, UAV trajectory
prediction technology has rapid identification and accurate prediction capabilities that
are prerequisites for realizing UAV intent identification and threat assessment. Trajectory
prediction technology can be effectively combined with photoelectric detection platforms
to improve UAV prevention and control capabilities in key areas. In future research work,
we will consider how to solve the problems of UAV trajectory data noise and discontinuity
in the environment of low-altitude mountains, urban buildings, other obstructions, and
complex backgrounds, so as to provide real-time decision-making support for subsequent
UAV intent identification and collaborative disposal.
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