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ABSTRACT: Whether it is for military or civilian use, quadrotor UAV has always been one of research central issues.
Most of the current quadrotor drones are manually operated and use GPS signals for navigation, which not only limits
the operating range of the drone but also consumes a lot of manpower and material resources. This research mainly
studies the method of realizing autonomous flight and conflict avoidance of quadrotor UAV by using multisensor
system and deep learning method in extreme flight conditions through track prediction. The convolutional neural
network method is used to extract the image information collected by the UAV sensor system. And it uses the cyclic
neural network to extract the time feature of the information collected by the UAV sensor. The research results show
that the track prediction method based on the deep learning method has higher flight accuracy for quadrotor UAVs. The
yaw error of the spatial position is only 2.82%, and the maximum error of the time characteristic error tolerance is only
0.77%.

I. INTRODUCTION

Quadrotor UAV is a common UAV system, and the stability of quadrotor UAV is higher than others due to the
balancing effect of four wings. It has been widely used in firefighting, forest monitoring, aerial photography, and other
fields and has shown good performance [1]. With the development of technology, the endurance of UAV is becoming
stronger and stronger, which makes over the horizon flight possible. However, the autonomous navigation capability of
UAYV has become the main factor restricting the development of UAV to long-distance and long endurance [2]. The
sensors carried by UAV can obtain a large amount of information such as images, which can provide a large amount of
data for learning based on vision-based deep learning autonomous navigation methods, which promotes the
development of UAV toward autonomous navigation methods [3].

At this stage, the navigation methods of UAVs are mainly divided into inertial navigation, satellite navigation, and
navigation based on vision. The inertial navigation method will cause the flight error and yaw trajectory of the UAV to
become more and more obvious due to the continuously accumulated error of the gyroscope, which is not suitable for
long-range flight [4]. The satellite navigation method is the main navigation method currently use. The error of satellite
navigation is relatively small, so it is possible to complete UAV missions at the precise control of human conditions
[5]. UAVs use GPS signals for navigation and control, which not only requires highly skilled aircraft professionals but
also puts forward higher requirements on the flight area [6]. However, with the continuous development of unmanned
technology, people hope that UAVs can replace human beings to perform tasks in dangerous and complex
environments [7], which limits the use of GPS navigation methods. With the rapid development of big data technology
and image recognition technology, vision-based navigation provides a new way for the navigation mode of UAVs. This
is a good idea for UAVs to achieve autonomous flight [8]. GPS navigation relies on signals for navigation, which can
provide drones with information such as position and control. Autonomous navigation requires the drone to achieve
real-time autonomous flight without any signal indication.

IJMRSETM©2023 | AnISO 9001:2008 Certified Journal | 946


http://www.ijmrsetm.com/

International Journal of Multidisciplinary Research in Science, Engineering, Technology & Management (IJMRSETM)

| ISSN: 2395-7639 | www.ijmrsetm.com | Impact Factor: 7.580| A Monthly Double-Blind Peer Reviewed Journal |

| Volume 10, Issue 4, April 2023 |

| DOI: 10.15680/IJMRSETM.2023.1004023 |

Data
[ransimis-

Application scenario
= -

sion link

b B

Baseline

7,

Data Image signal
ransmission
link

Angle controlling

P Angle controlling
[«

o LI 1

% P'[‘L'cuun'olnml% _\'a\'igmiou% PTU control and

image processing computer image processing
computer computer

| sl

Angles of PTU (pitching/azimuth angles) Angles of PTU (pitching/azimuth angles)

Fig 1: UAV Data Transaction

With the continuous development of sensors and navigation technology, a large number of studies have been conducted
on the autonomous navigation methods of quadrotor UAVs, and the development of UAVs toward autonomous
navigation and flight has been promoted. Zhang et al. [9] designed a multinested autonomous landing algorithm for
UAYV autonomous landing on unmanned surface craft ASV and conducted experimental research. At the same time,
they derived a theory suitable for the stability of UAVs based on the Lyapunov stability theory and conducted
experiments on the stability of UAV landings. Solend et al. [10] believe that infrared imaging technology is suitable for
autonomous navigation of UAVs. It compares the performance of the UAV integrated flight controller integrated with
global satellite navigation GNSS, inertial navigation, and other technologies with the real-time motion controller RTK.
As a result, the surface position error has a greater impact on the image collection. Duan et al. [11] designed an
autonomous navigation method for drones based on the characteristics of the homing behavior of pigeons. As a result,
it is believed that the autonomous navigation system of drones can complete a navigation method similar to the homing
behavior of pigeons and has high navigation accuracy, a technology worth promoting. Al-Darraji et al. [12] believe that
the accuracy of autonomous navigation drones depends on the accuracy of sensors, such as image mapping and
autonomous obstacle avoidance. At the same time, they suggested that a combination of various sensors should be
avoided. This will not only increase the power consumption of the drone but also increase the cost of the drone. Lakhal
et al. [13] apply drones to container terminals that lack signals or have signal blind areas. It establishes a cooperative
system SOS based on the flight environment and realizes the cooperative communication mode between the intelligent
surface vessel IAV and the drone when there is no signal. Under the conditions of the navigation mode. Guo et al. [ 14]
improve the limitations of the autonomous navigation mode of drones based on the deep reinforcement learning method
DRL. The interaction data is divided into two parts, one part uses the long and short memory neural network to process
the interaction data, and the other part is used for the DRL clipping loss function. This paper proves that this method is
superior to other reinforcement learning methods. Elmokadem and Savkin [15] proposed a hybrid navigation method
and designed a global path planning method for UAVs based on the sliding mode control method law. Huang et al. [ 16]
established a hybrid mathematical model IMU/VNS based on landmarks and visual navigation systems for the
navigation mode of UAVs and deduced the navigation parameters based on IMU/VNS and observable mathematical
matrices and UAVs. The conclusion is that the visual navigation mode of UAV proposed by him has high accuracy.
Gonzalez-Sieira et al. [17] propose a method for traversing time, obtaining collision probability, and analyzing
uncertainty for the autonomous navigation mode of drones. At the same time, it also establishes a 3D simulation scene
for algorithm verification [18].
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Through the abovementioned overview of UAV navigation methods, it can be found that autonomous navigation mode
is the future development trend. Sensor technology and accuracy have been improved in recent years, which can
provide data support for deep learning algorithms in real time [19, 20]. At the same time, with the rapid development of
deep learning and machine vision, autonomous navigation of drones is possible. This paper studies the implementation
of UAV autonomous navigation mode based on deep learning method. Basic flight parameters, such as yaw angle,
attitude, flight speed, and position, are obtained by using basic sensors such as GPS, inertial navigation, and camera as
the input of depth learning algorithm to train the weight and deviation of neural network [21, 22], and then, the output
of neural network is obtained according to the weight, deviation, and other parameters.

II. RELATED WORK

Sensors can collect images and other information to obtain a large amount of data, and deep learning technology can
map the nonlinear relationship between these features, which will promote the development of autonomous drone
navigation [23]. In this study, cameras, height sensors, angle sensors, and pressure sensors are mainly used, which are
used to collect UAV image information, flight height information, flight angle information, and environmental pressure
information, respectively. The navigation method of UAV is mainly to use GPS for positioning and navigation, which
can be used in power equipment monitoring, unmanned aerial photography, bridge monitoring, and other issues.
However, GPS signals are greatly affected by satellite signals and flight controllers [24]. At the same time, the signal
interference in closed areas is also relatively large, which limits the use of UAVs [25]. Such functions as cabin
monitoring, enclosed area monitoring, and military drones need to be capable of autonomous flight, and GPS
navigation technology is often difficult to achieve these functions [26]. In recent years, artificial intelligence technology
has developed rapidly, and many high-performance image recognition and autonomous obstacle avoidance algorithms
have been derived [27]. At the same time, the accuracy of sensors has also been rapidly improved, which can also
provide a large number of deep learning algorithms’ [28, 29] data support. UAVs can rely on multiple sensors onboard
to collect data, such as temperature, sailing altitude, navigation angle, geographic environment, and then, standardized
processing of these data is processed by deep learning algorithms, and finally, a reasonable plan is suitable for drones.
One-step flight path will greatly reduce the restrictions of human factors. At the same time, the UAV can realize the
autonomous obstacle avoidance function according to the learned algorithm and select the optimal flight path. Deep
learning has brought new opportunities and development to the realization of autonomous drones [30]. Deep learning
technology can well extract the image features, altitude features, and angles and other flight features collected by UAV.
This can provide necessary data support for the UAV to realize autonomous navigation.

In order to study the visual autonomous navigation method based on the deep learning method, this paper selects the
marine environment with relatively large information limitation and the scene where the aircraft controller cannot
intervene [31]. If the autonomous navigation performance of the drone in this scenario is superior, it means that this
autonomous navigation method is also suitable for other relatively spacious environments [32]. At the same time, this
paper selects the ship’s indoor area with relatively poor signal and relatively narrow area to carry out the research on
autonomous navigation of the drone. First, the ship sailing area is an area that lacks GPS signals. This study selects the
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cabin of the ship as the research object, which can better illustrate the feasibility of the deep learning model in UAV
autonomous navigation.

Compared with other similar UAVs, the quadrotor UAV has a strong balance and it can carry multiple sensors for data
collection. Sensor technology and accuracy have been rapidly developed due to advances in hardware technology and
chip technology. At present, the most commonly equipped sensors of UAV include gyroscope, accelerometer, and GPS
navigation system; in addition, UAV can also be equipped with radar and camera. Through these sensors, it can obtain
information such as temperature, altitude, yaw angle, speed, and position. At the same time, it can measure the shape of
the ship through the camera and feed back the collected information to the operation terminal in real time, for
technicians to analyze and extract images. The central control machine carried by the drone contains the trained
autonomous obstacle avoidance and autonomous image processing functions. Once the sensor has obtained the relevant
information and processed it, it can transmit instructions to the relevant actuators to change the current flight status.
The UAV will be equipped with other hardware devices such as cameras, altitude sensors, and angle sensors, which
will collect UAV flight data. These multisource data can be used as data sources for deep learning methods.

III. METHODS

In this article, the marine ship with a more complicated flight environment is selected, and the purpose is to realize the
autonomous navigation and flight of the drone around the ship to monitor and observe the wrecked ship. This requires
drones to process according to their own sensor data and transmit flight instructions according to these data. The
research uses convolutional neural network to extract data acquired by sensors carried by UAV. Figure 2 shows the
convolutional neural network operation process. The hardware equipment of the UAV will collect information such as
image information, altitude information, and angle, and these data will be used as the input data of CNN. After the
CNN is trained, it can provide predicted flight information to the UAV. UAV will be able to navigate autonomously in
this way. Two different types of UAVs are included in Figure 2 to illustrate that the training set of CNN contains flight
data for multiple types of UAVs, and it is not limited to one type of UAV. This can improve the generalization ability
of CNNs in UAV autonomous navigation tasks.

The flight state of the UAV has obvious time characteristics, especially its flight angle and flight height. The historical
status data of the flight will also affect the flight of the drone at the next moment. Therefore, this study uses LSTM to
extract the temporal features during UAV flight. The trajectory of the UAV is closely related to the flight time, and its
flight attitude is closely related to the historical information at the previous moment. If these time-related information
can be extracted well, this will also improve the accuracy of the drone’s autonomous navigation. Long and short
memory neural networks have been widely used in the field of speech recognition and have been proven to have good
performance in temporal feature extraction. This paper selects long and short memory neural networks as the
processing of sensor data carried by drones and then it transmits predicted instructions to the drone. Figure 3 shows the
time feature extraction process of the sensor data carried by the drone. This study processes the output data of CNN
into the form of time series, which will be input into LSTM network layers. These time series data will determine the
label value based on the sliding step size and the sliding window width. The information collected by the sensor is
transmitted to the long and short memory neural network of the UAV control system for time feature extraction to
obtain the best weight and deviation. The parameters of LSTM mainly include sliding step size and sliding window
length. Both sliding step size and sliding window length are set to 20. The number of layers of LSTM is set to 5, which
is to extract more temporal features.

IV. RESULT ANALYSIS

The ocean area with high signal shielding was selected as the simulation area for the autonomous navigation of the
UAYV, and five different types of data were selected as the input of the network model. In order to improve the accuracy
of prediction, this paper uses the clustering method to classify the data first. Figures 4 and 5 show the clustering and
prediction errors of angle sensors. The angle sensor is used to measure the yaw angle of the UAV to correct the flight
angle of the UAV autonomous navigation, which is a key parameter. The data measured by the sensor is processed into
data between the interval -1 and 1. Figure 4 shows the distribution of data sources after clustering. Generally speaking,
the distribution of data sources is relatively uniform, with the largest category accounting for 23.8% and the smallest
accounting for 16.1%, which is beneficial for deep learning methods. The gap between them is relatively small, which
is beneficial to the training stage of the deep learning algorithm. It is also helpful to find the optimal weights and
hyperparameters. Figure 5 shows the prediction error under five types of data, and the error comes from the prediction
value and the sensor data. In general, the prediction error of the UAV sensor data is within the acceptable range, and
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the maximum is about 4.8%, which is an acceptable error range for the realization of the autonomous navigation of the
UAV. The smallest error is only 0.76%.

It can also be seen from the straight line in Figure 5 that the prediction error distribution is relatively uniform. The
black straight line represents the cumulative proportion of drone-related factors, which can reflect the proportion of
each factor. At the same time, it can also reflect the changing trend of the proportion. In Figure 5, the legend on the left
represents the prediction error, and the legend on the right represents the cumulative error. Cumulative error is the
cumulative sum of multiple errors, and it will follow the accumulation rule from left to right. This is because the types
and quantities of data collected by the UAV sensor are relatively uniform, which is beneficial to the realization of the
autonomous navigation of the UAV. Most of the errors are distributed within 4%, which shows that the neural network
selected in this paper has high accuracy in extracting the time and space characteristics of the sensor. Moreover, the
image is very important for the realization of the autonomous navigation of the UAV.
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Fig 3: Result Analysis

In order to more intuitively demonstrate the advantages and accuracy of the deep learning method in the autonomous
navigation of drones, Figure 6 shows the average (upper portion of the graph) and minimum values (lower portion of
the graph) for altitude sensor values and navigation predicted altitudes. The quantification of the mean value shows the
uniformity of the distribution of UAV height prediction values. The quantification of the minimum value can show the
degree of deviation of the predicted value of UAV height. First, considering the mean value, it can be seen that the
errors of the predicted value are distributed on the upper and lower sides of the mean curve, and the distance from the
mean curve is relatively small. This shows that the model and hyperparameters selected in this article are generally
satisfactory for autonomous drone navigation. The maximum deviation range is only within 3%, and the smallest
deviation is even less than 1%, which is a reliable result. From an extreme point of view, the extreme values of the error
of the sensor data are also distributed on both sides of the extreme value, and the distance of the difference is relatively
small. From the perspective of extreme values, the autonomous navigation mode of the UAV has also achieved better
results. The maximum extreme value deviation is only about 3%, and the smallest extreme value deviation is within
1%. Figure 7 shows the flight altitude information and predicted altitude information collected by the altitude sensor
carried by the UAV. In general, the actual flight height of the UAV is in good agreement with the predicted flight
height information, and the gap between each set of data is relatively small. Even in places where the altitude gradient
changes greatly, the UAV’s flight altitude prediction value is in good agreement with the data value collected by the
altitude sensor.

V. CONCLUSION

UAYV can replace humans to perform some dangerous actions and has broad development prospects in military and civil
fields. Current UAVs mainly rely on inertial navigation or navigation modes based on satellite signals, which limits the
autonomous flight of UAVs in areas where signals are shielded. With the continuous progress of sensor technology and
the application of intelligent algorithms, it is possible to realize the autonomous flight and obstacle avoidance of UAV.

This article combines the angle sensor, height sensor, and camera carried by the UAV, which can obtain more data for
the flight of the UAV. At the same time, combined with the advantages of convolutional neural network and long-short
memory neural network in image processing and temporal feature processing, the autonomous navigation performance

IJMRSETM®©2023 |  AnISO 9001:2008 Certified Journal | 950


http://www.ijmrsetm.com/
https://www.hindawi.com/journals/wcmc/2022/2701359/fig5/
https://www.hindawi.com/journals/wcmc/2022/2701359/fig5/
https://www.hindawi.com/journals/wcmc/2022/2701359/fig6/
https://www.hindawi.com/journals/wcmc/2022/2701359/fig7/

International Journal of Multidisciplinary Research in Science, Engineering, Technology & Management (IJMRSETM)

| ISSN: 2395-7639 | www.ijmrsetm.com | Impact Factor: 7.580| A Monthly Double-Blind Peer Reviewed Journal |

| Volume 10, Issue 4, April 2023 |
| DOI: 10.15680/IJMRSETM.2023.1004023 |

of the UAYV is predicted and analyzed. In general, the deep learning method proposed in this study is suitable for angle,
height, and position prediction required for autonomous navigation of UAVs in sensor mode. The predicted flight
angle, height, and position detail are in good agreement with the values collected by the sensor and camera. The flight
angle and altitude errors are controlled within 3%, which is a reliable error range for UAV autonomous navigation
prediction. The autonomous navigation method of quadrotor UAV based on deep learning methods will help to advance
the application field and scope of UAV.
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