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Abstract: With the continuous growth of air traffic and the increasing diversification of flight activities, the airspace operation
situation is becoming more and more complex and changeable. Air traffic management, as an important foundation to ensure the
development of aviation business, its safe behavior capability is of great significance to the safety of civil aviation operation. In
order to explore the internal influence mechanism of the situation awareness of controllers on their safety behavior capacity
under the background of air traffic control system with manmachine integration, the controllers of an air traffic control branch in
a certain area were investigated, and 258 questionnaires were analyzed using structural equation model. The impact of the
situation awareness on the safety behavior ability of controllers was studied from three levels: information perception,
information understanding, and information prediction. The research results show that the three levels of controller's situational
awareness have a positive impact on the controller's safe behavior ability, and the degree of impact from large to small is
information prediction (0.675), information perception (0.383), and information understanding (0.275). At present, with the
continuous intelligent development of air traffic control system, for the selection and training of controllers, it is necessary to
increase the content of investigation and training of controllers' situational awareness.
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reliability. However, no matter how advanced the current
ATC system equipment is, it needs controllers to control and
operate it. As one of the most flexible and adaptable factors
in the ATC system, controllers are also particularly
vulnerable to adverse factors due to the complexity and
flexibility of human mental activities. Human errors in the
ATC system often lead to aircraft incidents, which may lead
to serious accidents in severe cases, and may also cause flight
delays and control chaos due to controller operation, which
directly affects the efficiency of civil aviation operations and
affects the development of civil aviation seriously [4].
Therefore, for air traffic control systems, the study of
controllers is particularly important.

For the high-quality development stage of civil aviation,
more and more scholars have studied the intelligent air traffic
management system, which is a system that applies Internet

1. Introduction

In the context of the current high quality development of
civil aviation, intelligent ATC is an inevitable trend of ATC
development and a power source of high quality development
of ATC [1]. The current highly developed communication
technology, satellite navigation, computer technology, and
automation control technology have made civil aviation air
flight and operation safer and safer. While the reliability of
current aircraft continues to improve, the probability of
accidents due to mechanical causes has decreased from 80%
in the 20th century to 3% today [2]. Human causes have
become the most significant cause of unsafe events [3]. In the
context of the current highly developed intelligent ATC, for
civil aviation systems, aviation equipment is also becoming
more and more advanced and intelligent, with increased
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technology to manage aircraft in airspace. Specifically, it
refers to placing sensors with powerful sensing functions in
various equipment systems of air traffic control, and then
using advanced IT technology to connect them to form an air
traffic control whole, so as to conduct all-round monitoring
and processing of air traffic control [5]. In the current context
of smart air traffic control, controllers need to make decisions
on various situations monitored in the system. Especially in
emergencies, controllers play a crucial role in making
decisions in emergencies. Some scholars have found that
personal situational awareness will directly affect personal
decisions. At the same time, good situational awareness of
controllers is a necessary condition to ensure safe and
efficient operation of air traffic control [6]. The wide
application of automation technology in intelligent air traffic
control system has effectively improved the reliability level
of aircraft. However, in the case of rapid increase in air
traffic flow, controllers need to make accurate judgments
according to the changes in air traffic situation. The
reliability of human-computer interaction and human factors
of controllers is also a challenge in the current air traffic
control safety. Therefore, the requirements for controllers'
situational awareness are increasingly high. When Endsley
analyzed the aviation accident report, he found that 88% of
the aviation accidents caused by human factors were related
to the situational awareness of personne [7]; Some scholars
also found that in the aviation, natural gas, mining and
construction industries, situational awareness is the closest
indicator to personal safety performance [8]; It has been
shown that half of the major accidents and one-third of the
non-major accidents in aviation accidents are due to
decision-making failure, and a large part of the reasons for
decision-making failure are due to the operator's situational
awareness errors, not decision-making errors [7]. At present,
few scholars have studied the impact of controller's
situational awareness on their safe behavior ability.

In view of this, the author, based on the research of
existing scholars [9], combined with the current background
of smart air traffic control, conducts research on the scene
awareness of controllers and their safe behavior ability,
which is conducive to the selection of excellent traffic
controllers by air traffic management departments and is also
of great significance for the future training of traffic
controllers.

2. Theoretical Basis and Research
Assumptions

2.1. A New Generation of Air Traffic Control System with
Man-Machine Integration

In March 2019, China successfully achieved the first initial
four-dimensional (i-4D) track demonstration and verification
in the Asia Pacific region. This means that the new
generation of communication, navigation and monitoring
technology can greatly improve the time accuracy of
operation and command, and it is possible to improve the

original minute level control and operation control to the
second level [10]. At present, the intelligence level of air
traffic control system is constantly improving, and the
operation and command time is also relatively short, so
higher requirements are put forward for the situational
awareness of control personnel. Under the current
background of intelligent air traffic control, the intelligent air
traffic control system is divided into five layers: perception
layer, application layer, network layer, platform layer and
decision-making layer [11]. As the basis of all management
systems, the perception layer provides information for the
operation of all links of the entire management system. The
perception layer mainly relies on the sensor technology to
communicate the induction to many important places of the
management system, such as the airport surface, the
management center and the navigation route, so as to quickly
identify the hazards of potential failures; The application
layer includes the network foundation layer and the service
layer, which are mainly used to ensure the normal operation
of the air traffic control system. The network foundation
layer includes the AFTN network, the Internet, the local area
network in the middle management and the latest mobile
communication network. The service layer is mainly used to
provide air management, traffic services, traffic monitoring
and other information to the controllers; The network layer
uses Internet, aviation fixed communication network, air
traffic management LAN and other technologies to sort out
the complicated air traffic management information; The
platform layer is mainly a platform for the controller to use,
through which the controller can conduct supervision
management, data management and traffic management; The
decision-making layer mainly assists the management
personnel to make effective judgments on the information
provided by the system. The decision-making layer makes
judgments and analyses on the received system data to
determine whether it can potentially threaten the air safety
system, and then transmits the judgment results to the output
end to assist the management personnel to make effective
decisions.

2.2. Situational Awareness

The concept of situation awareness (SA) first appeared in
aviation psychology, describing pilots' understanding of
combat flight profile. Due to the extensive application of
complex technology systems, people are gradually engaged
in tasks from technical operational tasks to real-time dynamic
monitoring and decision-making tasks in a dynamic
operating environment. Situational awareness emphasizes
that individuals quickly wuse their own psychological
activities to support instant decision-making and performance
in a dynamic and changing environment [6]. Therefore, in the
field of human factors and ergonomics, more and more
scholars have studied situational awareness. In the field of
human factors science, situational awareness refers to the
operator's understanding of the environment and how to
manipulate the author to establish and maintain a full
understanding of what is happening to successfully complete
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the current task. At present, there are multiple definitions of
situational awareness, but the most widely used is the three
level model theory on situational awareness proposed by
Endsley, as shown in Figure 1. He believes that situational

awareness is the perception of environmental elements within
a certain time and space and the understanding of the
meaning of the environmental elements in which it is located
to predict what will happen.
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Figure 1. Situational awareness model.

As shown in the figure, the three levels of situational
awareness are progressive, and information perception is the
most basic level. For control, perception is the perception of
the entire air traffic control environment. In addition to
airspace structure and flight plan, it also includes progress
sheets, aircraft positions on Rydak, radar tags, etc. [12] The
perception level of situational awareness in regulation should
include two aspects. On the one hand, accurately remember
the airspace structure and airspace characteristics under
jurisdiction (such as: composition route, control boundary
point, handover point, handover agreement altitude, distance
between each waypoint, etc.). This part of the content is
stored in memory and belongs to the category of long-term
memory. It can also be strengthened through learning. On the
other hand, master the flight plan and relevant characteristics
of each aircraft in the area (such as: each flight number,
position, heading, altitude, flight plan, etc.). This part is the
short-term memory of the training tester. Through external
information, the tester can master the specific information of
each aircraft in the area. This stage belongs to static data; the
information understanding level is based on the controller's
perception level, integrating the perceived information,
forming the overall image of the important information and
important events of the working environment in the
controller's mind, and forming a fixed spatial structure map
in the controller's brain. At this time, the controller has a
basic grasp of the information of each aircraft, thus
understanding the current form, The situational awareness at
this level is not only the intuition of the key elements in the
environment, but also the understanding of the meaning of
the target elements; The last stage of situational awareness is
the information prediction stage, which mainly predicts the
future situation based on the knowledge and experience of
the controller. Through the first two stages, the main basic
information of static aircraft has been formed in the
controller's brain, and then these information are processed.
Through the accumulation of knowledge and experience, the

controller puts forward possible assumptions about the
operation status of the entire airspace aircraft and forecasts
the expected estimates in the future.

2.3. Situational Awareness

Safety behavior capacity refers to the ability to take
effective prevention, control and recovery measures to reduce
the occurrence and loss of injury events [13]. The
responsibility of civil aviation air traffic controllers is to
ensure that aircraft can arrive at the destination safely and on
time by providing air traffic control services. The most
important issue for civil aviation is civil aviation safety.
Combined with the work characteristics of civil aviation
controllers, the safety behavior ability of controllers can be
used to evaluate the safety performance of civil aviation
controllers [14].

2.4. Situational Awareness

The perception layer and network layer of the intelligent
air traffic control system mainly provide the controllers with
various information about the operation of the air traffic
control system. At this stage, the controllers need to perceive
various information obtained by the perception layer. At the
same time, the controllers need to have a general grasp of the
information obtained for the faults or hazards identified by
the sensors. Ignoring every tiny information may block the
continuity of the air traffic control processing system, The
investigation of aircraft accidents related to situational
awareness shows that SA errors (SAl) related to attention
perception constitute the majority of such accidents [15].

Therefore, the following assumptions are made:

H1: The perception layer of the controller's situational
awareness has a positive impact on the ability of safe
behavior;

The application layer and platform layer of the intelligent
air traffic control system are mainly the process of sorting
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and processing the information obtained from the perception
layer and the network layer, and then providing an
information platform to the controller. The controller
understands the information at this stage. The basic
information of the air traffic control system obtained through
the perception stage requires an understanding of the current
and future state of the aircraft, Because the controller's
understanding of the current flight scenario usually has a
direct impact on future decisions, the understanding and
prediction of the scenario are equally important to the task
[9].

Therefore, the following assumptions are made:

H2: The understanding level of the controller's situational
awareness has a positive impact on the safety behavior
ability;

The decision-making layer of intelligent air traffic control
mainly assists the controller to make correct decisions. The
decision-making layer will have special intelligent judgment

Situation Awareness
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@
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A

software to judge and analyze the data received from the
system, and then transmit the results to the output terminal,
and then the controller will make predictions based on the
output information.

Therefore, the following assumptions are made:

H3: The prediction level of controller's situational
awareness has a positive impact on safe behavior ability.

2.5. Model Construction

This paper takes the controllers of a regional air traffic
control bureau as the research object, takes the three
dimensions of situational awareness as the research variables,
and takes the controllers' safety behavior ability as the
dependent variable to build a structural equation model of the
impact of controllers' situational awareness on their safety
behavior capacity in the context of smart air traffic control, as
shown in Figure 2.

safety behavior capacity

Figure 2. Structural equation model of the impact of situational awareness on its safety behavior capacity.

3. Model Testing and Analysis
3.1. Scale and Data Collection

At present, the most widely used method to measure
situational awareness is SAGAT (Situation Awareness Global
Assessment Technique) developed by Endsley. Its data
collection method is basically consistent with SA's theory. It
measures the level of operators' acquisition and integration of

task information from three levels: information perception,
information understanding, and information prediction. This
measurement has high construct validity [16]. Using the
relevant indicators in SAGAT for reference, a questionnaire
was prepared to measure the situation awareness from three
levels of information perception, information understanding
and information prediction. See Table 1 for the key points of
the measurement items on the situation awareness of
controllers.

Table 1. Questionnaire form and key items.

Potential variables

Key points of measuring scale

Information perception
Information comprehension
Information prediction

Situational
awareness (SA)

aircraft position, course, route intersection, aircraft call sign
communication with pilots, other controllers and airports
aircraft horizontal separation, vertical separation, aircraft level and crossing

As for the measurement of the safety behavior ability of

civil aviation controllers, Wang Yonggang and others
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believed that the safety behavior ability of controllers can
implement air traffic control through instruments and
equipment, give full play to the best level during the duty
phase, make the best effort to control the aircraft to operate at
reasonable intervals and flows, and prevent unsafe incidents
and accidents, as well as the ability to take recovery
measures in a timely manner after the occurrence of hazards,
In addition, a fuzzy comprehensive evaluation model based
on analytic hierarchy process consisting of 3 secondary
indicators and 17 tertiary indicators has been established, and
an indicator system for the safety behavior ability of civil
aviation controllers has been constructed, and its validity has
been tested. Therefore, this paper uses its indicator system for
the evaluation of the safety ability of controllers [16].

In this study, the controllers of an air traffic control branch
in an area that implements intelligent air traffic control were
selected as the subjects of the survey. A total of 300
questionnaires were issued. Finally, 258 valid questionnaires
were recovered, with a recovery rate of 92.7%. 237 male
controllers were selected, accounting for 79% of the sample,
and 63 female controllers, accounting for 21% of the sample;
The educational background of the selected sample subjects
is mainly undergraduate and above. SPSS17.0 was used to
calculate the mean, standard deviation, skewness and kurtosis
of each measurement item in the questionnaire. Generally,
the standard for samples to follow the normal distribution is

that the absolute value of skewness is less than 3 and the
absolute value of kurtosis is less than 10. After calculation,
the measurement items basically follow the normal
distribution, and the data structure is relatively reasonable.

3.2. Model Fit Test

In order to better explore the impact of the three
dimensions of situational awareness on the safe behavior
ability of controllers, the proposed model was analyzed using
AMOSI17.0, and the model fitting degree is shown in Table 2.
The fitting degree index is an important indicator reflecting
the consistency between the hypothetical model and the
survey data. Generally adopted x?/df, RMESA, GFI, AGFI,
NFI, CFI, IFI indexes are used as indicators for model fitting
evaluation, and the fitting standard of each indicator is: 1 <
x?%/df< 3, indicating that the model is well adapted; GFI,
AGFI, NFI, CFI and IFI should be greater than 0.9, and the
closer to 1, the better; When RMSEA is less than 0.05, the
model is fully fitted, and when RMSEA is less than 0.08, the
model is well fitted. As can be seen from Table 2, The
x?/df is 2.1370, which is less than 3, meeting the fitting
requirements; The values of CFI, IFI, GFI and NFI are
greater than 0.9, meeting the fitting requirements; Although
the value of AGFI is less than 0.9, the gap with the standard
is not acceptable; The value of RMESA is 0.0736, less than
0.08.

Table 2. Model fitting indexes.

Index x2/df GFI AGFI

NFI CFI IFI RMESA

Measured value 2.1370 0.9019 0.8728

0.9214 0.9237 0.9128 0.0736

Table 3 shows the path coefficient and significance level
test results of the hypothesis model of the impact of the three
dimensions of the controller's situational awareness on safe
behavior ability. In, when the significance level of parameter
estimation is 0.05, the p value is represented by "*"; When
the significance level reached by parameter estimation is 0.01,
p value is represented by "* *"; When the significance level
of the parameter estimation is 0.001, the p value is
represented by "* * *" It can be seen from the table that the
information perception, information understanding and
information prediction of the controller's situational
awareness have a positive impact on the controller's safe
behavior ability, and the information prediction has a
significant positive impact on the controller's safe behavior
ability.

Table 3. Test results of path coefficient and significance level.

Path Normalized path coefficient P value
[Pe — SHC 0.383 ot

IC — SHC 0.275 ot

IPr — SHC 0.675 kR

4. Conclusion and Application

Aviation is thought as a specific industry requiring great
responsibility, and just a small mistake also leads to a

considerable consequence affecting all passengers and crews
on the flights [17]. In the intelligent air traffic control system,
satellite based, ground-based monitoring and other
monitoring means can be integrated to realize the dynamic
collaborative monitoring of airspace operations between
aircraft and air traffic control departments. On this basis,
relevant application platforms developed can be used to assist
controllers in making airspace management decisions such as
airspace dynamic capacity assessment, airspace dynamic
sector division, and temporary route opening and closing,
according to different airspace environments and use needs.
Situational awareness Situational awareness reflects the
controller's ability to control the environment, which is not
only derived from his own quality, but also depends on the
coordination and communication with the environment. Safe
behavior ability reflects the controller's ability to play the
best role in preventing unsafe behaviors and taking timely
recovery measures after the occurrence of danger in the
actual operation process. The controller's safe behavior
ability is directly related to air traffic control safety, However,
the situation awareness of controllers has a positive impact
on the safety behavior ability of controllers. Controllers have
good situation awareness and their safety behavior ability is
relatively high, which will also produce good safety results.
Therefore, in the context of the continuous intelligent
development of the air traffic control system, in the selection
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process of controllers, it is also necessary to increase the
selection and inspection of the situation awareness of
controllers, Because there is a more significant positive
relationship between the information prediction of the
situation awareness and the safety behavior ability of the
controller, the information prediction ability of the controller
should be emphasized in the investigation of the situation
awareness; In the daily training of controllers, attention
should also be paid to the cultivation of the situational
awareness and information prediction ability of controllers.
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