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Abstract

Flight safety is the fundamental guarantee for the survival and development of
civil aviation transport industry. Serious flight accidents will not only bring huge
economic losses to airlines, but also pose a great threat to the life safety of pas-
sengers. Therefore, we need to pay close attention to flight safety. Firstly, the
pre-analysis is carried out, and it is found that the quantity directly related to the
aircraft manoeuvring is the disc quantity and the rod quantity, which correspond
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to roll manoeuvring and pitch manoeuvring respectively. After that, cluster analy-

sis and graph neural network model introduced attention mechanism were used to
train the data, and it was concluded that the most important operational factors
affecting the flight of aircraft were rod size and attitude. According to the model,
the reason for the heavy landing is traced back: "It is because of the incorrect
loose rod that the rod size and attitude are abnormal, which makes the G-value
curve of the landing significantly convex". Finally, the advantages and disadvan-
tages of the model are evaluated and the sensitivity is analyzed. The model estab-
lished in this paper can be extended to evaluate the stability of social and eco-
nomic operation.
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1. Introduction

Flight safety is the basis of survival and development of civil aviation transportation industry. With the rapid de-
velopment of civil aviation industry, it is more and more important to study the safety of flight. On March 21, 2022,
the "March 21" crash ended China's civil aviation safety record of 10,590,000 flight hours. The occurrence of serious
flight accidents will not only bring huge economic losses to the airlines, but also cause great threat to the lives of the
passengers. Therefore, it is necessary to focus on flight safety issues, strengthen aviation safety research, compre-
hensively utilize existing data to strengthen scientific management, effectively improve the quality of employees
through targeted and systematic control means, monitor and warn risks, and thus reduce the probability of flight
accidents.

In terms of specific research and application of flight quality monitoring, the research of Chinese civil aviation
industry can be divided into two aspects at present. One is to exceed the event research, analysis and application; The
second is the statistical analysis and application of non-transfinite data. For the study of over-limit events, the
over-limit threshold is generally set in the specified concentrated area of flight parameters, and the flight records
exceeding the threshold are found out for key analysis, so as to prevent potential hazards from causing serious flight
accidents. At present, this kind of analysis is the main body of flight quality monitoring work, which can better ensure
the safety work at the present stage, but its deficiency lies in the lack of analysis of the reason of overlimit [1].
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During the whole flight process from take-off to landing, the aircraft ensures flight safety through a series of flight
controls, including roll control, pitch control and so on. At present, domestic airlines monitor flight controls through
the over-limit, which can quickly identify aircraft status deviations, but can only tell safety managers what is hap-
pening, but not immediately find out the reason for such deviations. To this end, the reason for this deviation can be
analyzed through the process change of the joystick.

2. Model establishment and solution

Inspired by the advantages of regression tree algorithm, the graph attention network model is considered. Graph
attention network is a machine learning model for processing graph data. It can learn the feature vectors of nodes and
edges to represent the structure and content of the graph, and use these feature vectors to perform tasks such as node
classification, edge prediction and graph classification, which can improve the representation ability of the graph data,
reduce the number of training parameters, so as to reduce the information redundancy between features and form the
combination between features. Moreover, compared with convolutional neural network, it has the advantage of di-
rectly giving the comparison of convergent results, which is very suitable for rational quantitative description of
aircraft maneuvering.

ADJACENCY MATRIX
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Figure 1. Structure and adjacency matrix.

Suppose that the graph convolution method in the single layer of graph convolution neural network is written as the
following formula [2]:

N,l ~~,l
H““)a(D *AD 2H<”W<’>> (1)

The symbol description in the formula is as follows:

(1) H?eR"*? is the surface network input, H® = X is the initial input, the number of nodes in the graph is N,
and each node is D represented by the dimensional feature vector [3];

2) A=A+1, indicates thata self-connecting adjacency matrix is added, and D is the degree matrix, satisfying
the formula as follows:

D.=Y A, )

(3)The parameter matrix with training can be denoted as: W'e R?*”
(4) The activation function is represented by o .

Since the definition of convolutional layer is known, the whole neural network can be set up. In general, the subject
graph convolutional neural network is composed of three convolutional layer [4], and the mathematical expression of
the whole graph convolutional neural network is as follows:
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7 =f(X,A) =softmax (ﬁReLU(zReLU(ﬁXWw))W(n)W(z)) 3)

A ~la~d
In Formula (3), there are the following stipulations: X represents the input characteristic matrix A=D 24D 2,

and the weight matrices of the three convolution layers are denoted as w©, w® and w® respectively [5].
2.1 Calculation process of attention layer in Figure

In view of the fundamental meaning of GAT to guide the graph neural network into the attention mechanism, the
following focuses on the calculation process of the graph attention layer:
Suppose N is the number of nodes, F is the number of node features, r' is the dimension of a new node feature

vector, h is a matrix of N XF size [6], and R only represents the features of a node.
The input of the graph's attention layer can be written in the form of a set of node feature vectors, namely:

h={ huhs, - Jox b, € R “)
Similarly, the output of the graph's attention layer is a new node feature vector set, namely:

W= B K Wy e R 5)

In the next step, the attention mechanism is implemented for each node. Suppose a(.) is a function [7]. Table ¢,

J below represents the mathematical expression of the attention coefficient of the i th and j th nodes:

Regularization of all adjacent nodes is introduced, and the calculation formula is:
exp (e;)
a;=softmax;(e;) =~ —— <
J f J( ]) Z exp (eZk) (7)
ke N,

Combined with formula (6) and (7), the complete attention mechanism can be obtained after sorting and simpli-
fication. The mathematical expression is as follows:

exp (Leaky ReLU(? WEJ |Wh—)1]))

aij - — — —> (8)
exp(LeakyReLU(a™ |W h,||Wh,
5= e (eaiess o [VE W)
In Formula (8), || is the connection operation, T is the transpose, and @;; is the attention coefficient after nor-

malization based on €;; [8]. The attention coefficient between different nodes after regularization can be obtained

through the above operations, which can be used to predict the output characteristics of each node, as shown in Eq-
uation (9):

h= a(Z az-jWhT-) ©)
jew,
In Formula (9), W is the weight matrix multiplied by features, a is the number of attention interrelations obtained

by previous calculation, O is the nonlinear activation function, and the traversal in 7 € IN; represents all nodes

adjacent to i. If there are K independent attention mechanisms, the extended multi-head attention mechanism is
adopted to achieve a stable self-attention learning process, k-average is adopted to replace the joining operation, and
the application of the final nonlinear function is delayed. The final formula is shown in Equation (10):

K
h[a(fl{EZai’;»W’“hj) (10)

k=1 jeN,
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In Equation (10), the first attention mechanism is, and the linear transformation weight matrix of input features
under the first attention mechanism is expressed as.

2.2 Cluster analysis of data

Through the quantitative description of the above aspects, we can better understand the improper control of the
pilot in the process of heavy landing, so as to provide a basis for improving the flight operation. Therefore, data of
landing G value, attitude, lever change, wind direction, wind speed and throttle lever position with large weights were
selected for analysis. Since the lever is recorded 5 times per second, this operation affects attitude (pitch Angle).
Firstly, the relationship between the lever change and attitude change of the joystick is studied to quantify the pilot's
operating intensity. If the operating intensity at a certain moment is significantly higher than that at other normal
moments, it indicates that there is a problem in the flight process of the aircraft at that moment.

Firstly, cluster analysis is used to analyze some selected data:

1) Select the number of clustering k

k is the number of clusters, which usually need to be selected according to the characteristics of the actual problem.
If the data distribution is not too obvious, you can use regular rules of thumb, such as the elbow rule or contour
coefficient, to estimate the optimal k value.

2) Initialize the clustering center

k points are randomly selected from the data as clustering centers. Different initialization methods can be used,
such as the k-Means ++ or Forgy methods.

3) Distribute data points to the nearest clustering center

For each data point, calculate its distance from each cluster center and assign it to the nearest cluster center. The
Euclidean distance or Manhattan distance is usually used as a distance metric.

4) Update the clustering center

For each cluster, the average of all its member points is calculated and this average is used as the new cluster
center.

5) Repeat steps 3 and 4 until convergence

Repeat steps 3 and 4 until the clustering center does not change or a preset number of iterations is reached.

6) Output clustering results

Output the cluster label to which each data point belongs.

The cluster analysis of the two features found that the rod weight and attitude data appeared abnormal values in
similar time periods, indicating that there may be special circumstances in the flight process of the aircraft.

3. Trace the cause of aircraft deviation

Next, draw a line chart and make a comparative analysis on the data of rod size and attitude in the order of time,
because both of them are recorded five times in one second. In order to draw a change image of rod size and attitude
data, it is necessary to preprocess the data, that is, add the first data recorded in the last second to the fifth data in the
last second. Simply, the matrix [M,N] is reshaped into a [1, MN] matrix, and the data are preprocessed with Matlab
software.

From the above analysis of aircraft control, we can draw the conclusion that during the flight, due to the abnormal
changes in wind speed and direction, the control range of the aircraft increases, which has a great impact on the rod
weight. Especially in the time period indicated by the arrow, the rod weight, the tilt Angle and the landing G value all
change synchronously. It is precisely because of the incorrect release of the rod. The landing G value is abnormal.

4. Conclusion

Decision tree algorithm can generate an easy to interpret tree structure, people can easily understand the meaning
of each node in the tree, and thus have higher confidence in the reliability of the model. Decision tree algorithms can
handle many types of data, including classification and regression problems. In addition, it can be used to process
data with multiple categories or labels. Decision tree algorithm has good robustness and can deal with missing data
and noisy data. Compared with the traditional graph convolutional neural network, the graph convolutional neural
network with attention mechanism can greatly reduce the amount of computation and improve the efficiency of
training and reasoning while maintaining high accuracy. Adding an attention mechanism can make the model pay
more attention to important nodes and edges, thus making the model more robust to changes in input data. Since the
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attention mechanism can provide the weight of importance for each node and edge, the graph convolutional neural
network with the addition of attention mechanism has strong interpretability.

5. Discussion

The Quick Access Recorder (QAR) data mining and statistical analysis of aviation safety is an important research
area that can help airlines and relevant agencies better understand flight operations and flight safety. Future research
directions may include the following:

Advanced data mining technology: With the development of technology, more and more data mining technology
has been applied to the analysis of aviation safety QAR data. Future research directions could explore more advanced
machine learning, artificial intelligence and data mining algorithms to improve the mining effect and accuracy of
data.

Multi-source data integration analysis: In addition to QAR data, aviation safety research can also be combined with
other data sources, such as airline operation data, meteorological data, air traffic control data, etc. Future studies
could explore how to integrate multi-source data for comprehensive analysis to obtain a more comprehensive un-
derstanding of aviation safety.

Risk assessment and prediction: Using QAR data for risk assessment and prediction is one of the important ap-
plications of aviation safety. Future research could explore how to use QAR data for more accurate and reliable risk
assessment and prediction to help airlines take corresponding measures to improve flight safety.

Air accident investigation support: QAR data plays an important role in air accident investigation. Future research
could focus on how to better use QAR data to support air accident investigations by in-depth analysis of the infor-
mation in QAR data to reveal the causes of accidents and potential improvement measures.

Visualization and user interface design: The results of analysis of QAR data should be presented visually to re-
levant decision makers and operators. Future research could focus on how to design visual interfaces that are intuitive
and easy to understand, enabling airlines and relevant agencies to better understand and utilize the results of QAR
data analysis.

In conclusion, the future research direction of aviation safety QAR data mining and statistical analysis will involve
more advanced data mining technology, multi-source data integration analysis, risk assessment and prediction, avi-
ation accident investigation support, visualization and user interface design and other aspects. These research direc-
tions will contribute to the improvement of aviation safety and airline flight operations.
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