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ABSTRACT
Intention is the main embodiment of human cerebral 

conscious activities, which has an important influence on 
guiding the realization of human behaviour. It is a vital 
prerequisite for analysing the dynamic characteristics of 
pilots with different intentions. Considering the intention 
law of the generation, transfer and reduction, this paper 
analyses dynamic characteristics of pilots with differ-
ent intentions, starting from the factors of effect on the 
intention. Taking airfield traffic pattern as an example 
for simulating flight experiments, the pilot’s multi-source 
dynamic data of human – aircraft – environment system 
under different intentions and their psycho-physiolog-
ical-physical characteristics were recorded. Based on 
Matlab, one-way analysis of variance was used to extract 
variables with significant changes, and the variables un-
der different intentions were compared and analysed. 
The results show that the conventional pilots are more 
conducive to control the aircraft to keep a stable flight 
attitude. This study is of great significance for perfecting 
the warning system of flight safety and improving the pi-
lot’s micro-behaviour assessment system.
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1. INTRODUCTION
As air-transport industry has been developing 

vigorously, the number of flights has gradually in-
creased. Although the accident rate of air-transport 

has declined annually, air-transport accidents still 
exist. Previous air-transport accident investiga-
tions showed that more than 70% of accidents were 
caused by human factors, among which more than 
35% resulted from pilots’ mistakes [1-4]. Therefore, 
it is significant to control the pilot’s microscopic be-
haviour for flight safety. Micro-behaviour is mainly 
an individual characteristic of the pilot. The pilots’ 
intentions determine their behaviour at the next mo-
ment. In order to identify the pilots’ intentions, per-
fect the early-warning system of flight safety, and 
establish the pilot’s micro-behaviour assessment 
system, it is essential to acquire the physiological, 
psychological, and physical characteristics accu-
rately.

The domestic and foreign scholars have done 
many studies on microscopic features of the pi-
lots including physiological, psychological and 
physical characteristics. Based on the data of the 
heart rate, galvanic skin reflex, blink frequency, 
and brain wave during the pilots’ flights, Glenn [5]  
used a multi-dimensional psychological-physiologi-
cal analysis method to study the mental workload of 
pilots under the complex flight missions. From the 
view of the pilots establishing reasonable situation-
al awareness when facing loss of control-in-flight 
(LOC-I), the powerful Upset Prevention and Recov-
ery Training (UPRT) model proposed by Schlimm 
[6] enables pilots to sense in advance and make 
correct decisions in the face of threats. The EMG 
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driving fatigue. To a certain extent, they promoted 
the development of pilot’s micro-behaviour. How-
ever, they had not studied the relationship of the 
pilot’s internal mechanism changes and external 
behaviour in depth. The relationship between the 
pilot’s internal mechanism changes and external 
behaviour have not been studied thoroughly, such 
as the change of the dynamic characteristics of pi-
lots in the human – aircraft – environment complex 
system (the human – aircraft – environment system 
mainly consists of two parts: objective factors and 
subjective factors). The dynamic characteristics of 
pilots include physiological, psychological, and 
physical features. Therefore, this paper introduces 
the concept of flight intentions, and defines the ac-
celeration, deceleration, maintaining speed, climb, 
descent, maintaining altitude, turning left, turning 
right and maintaining course in three dimensions. 
Besides, the dynamic characteristics of pilots un-
der different intentions are analysed in a complex 
flight environment. Taking the airfield traffic pat-
tern as an example, the non-invasive natural driv-
ing experiment (real aircraft experiment and sim-
ulation experiment) is conducted from the pilot’s 
performance. The pilot’s multi-source microscopic 
dynamic characteristics data are collected, and the 
psychological and physiological characteristics are 
gathered statistically. One-way analysis of variance 
(one-way ANOVA) is applied to extract pilot’s dif-
ferent variables and compare the characteristics of 
each movement with different intentions on Matlab. 
It provides a basis for further study of intentions and 
micro-behaviour assessment of pilots and the active 
safety warning of flight.

2. METHOD

2.1 Factors analysis affecting pilot’s 
intention

With the development of advanced flight deck 
technologies, pilots have been gradually released 
from heavy flight control. Nevertheless, with the in-
tegration of information, pilots still act as the core 
of aircraft control and bear the burden of heavy ac-
quisition and processing of information. The pro-
cess of generation, transfer, and reduction of pilot’s 
intentions in flight is complex. The intention is the 
result of the pilot’s perception, judgement and de-
cision-making on the external information (envi-
ronment, aircraft, etc.). The intention is ultimately 

(Electromyography) of the pilots during the flight 
simulation, the flight training of the pilots in special 
environment (e.g. take-off and landing of seaborne 
carrier aircraft) was evaluated by Zhang et al. [7]. 
The results indicate that effective training reduces 
the muscle fatigue of pilots and thus contributes to 
the success of the mission. For the purpose of iden-
tifying the pilots’ differences between dynamic and 
static modes, Jia et al. [8], employed diffusion map-
ping and kernel fuzzy C-means (KFCM) methods 
and processed the data collected under manual han-
dling of aircraft approach missions. The analysis of 
the mutual correlation of the pilot’s heart rate, res-
piration, pupil diameter, facial thermal imaging and 
mental workload have been done by Marinescu et al. 
[9]. The result is theoretically important to design, 
operation of the aircraft cockpit and the reduction of 
pilot’s cognitive load in the future. Olivari et al. [10] 
adopted the regular recursive least squares method 
to identify the time-varying response of the pilot’s 
visual and force feedback during the compensatory 
tracking task. It shows that this method can be used 
to estimate the response of time-varying pilots in 
the real human loop experiment. The hybrid multi-
agent strategy discovery algorithm (HMASDA) is 
used by Tavcar et al. [11] to study how the pilots 
handle different scenarios. In this study, the cog-
nitive process and behaviour of pilots in different 
conflict scenarios can be obtained by the simulation 
system. According to the typical correlation analy-
sis method, Jaquess et al. [12] analysed the pilot’s 
heart rate, EEG (electroencephalograph) and other 
characteristics, which show that the pilot’s attention 
reserve decreased with the increase of task demand 
and cognitive load. Lampton et al. [13] explored the 
issue of spatial orientation obstacles in pilots during 
the go-around. They obtained the physiological in-
dicators, such as the heart rate of the pilot through 
the NASA-certified D-class Boeing 747 simulator, 
and studied the spatial orientation and situational 
awareness of the subjects. In order to address the 
safety issues in flight, the eye movements of the 
pilots in unexpected flight conditions in the glass 
cockpit were studied by Russi-Vigoya et al. [14], 
which would provide a theoretical basis for deter-
mining the visual characteristics of pilots under the 
adverse conditions. 

Previous research analysed the individual mi-
croscopic characteristics from a relatively macro-
scopic and static point of view, such as the pilot’s 
prospective memory, attention, manual mode, and 
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intrinsic physiological-psychological changes and 
external physical behaviours are all connected by 
intention. The intention can transform the intrinsic 
changes of pilots into external behaviours. For ex-
ample, the pilot’s consciousness of turning left or 
right had been produced before the rudder is ma-
nipulated.

In addition to the objective factors that are ob-
tained from the perception, the physiological and 
psychological characteristics of pilots are also im-
portant factors affecting the pilot’s intention. The 
healthy status, personality, and circadian rhythm of 
pilots are different, and there are differences in the 
cognitive ability of the external environment and the 
changes in the inner sentiment. In the same environ-
ment, the pilot will also have different intentions.

2.2 Pilot’s intention
The intention is the brain comprehensive reaction 

of the pilot’s physiological, psychological, and phys-
ical characteristics under objective flight conditions. 
The intention is the internal dynamics that promotes 
the pilot’s behaviour, and decides about the pilot’s 
choice and direction of the surrounding environment. 

transformed into pilot’s behaviour, and the pilot 
achieves control of the aircraft [15], as shown in 
Figure 1.

The generation, transfer and reduction of in-
tention are affected by objective factors, including 
flight environment, aircraft condition, crew, ATC, 
etc. The human – aircraft – environment system as 
described in Figure 1, from the pilot’s perspective, the 
aircraft and the environment are objective factors. 
The aircraft is mainly the state of speed, altitude and 
heading during the aircraft operation. The environ-
mental factors include the time-varying flight envi-
ronment and human – aircraft interaction interface. 
The time-varying flight environment includes mac-
ro-information such as the aircraft cockpit environ-
ment (e.g. cockpit noise, temperature, humidity, vi-
bration, etc.) and the external cockpit environment 
(e.g. weather, wind, runway conditions, air traffic 
flow, etc.). The information of human – aircraft in-
teraction includes micro-information of interactions 
between pilots and cockpit hardware, software, and 
crew. 

The physiological, psychological, and physical 
characteristics of the pilot are subjective factors 
that are affected by these objective factors. These 
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Figure 1 – Conversion diagram of pilot’s intention
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consecutive intentions is divided into three mutu-
ally exclusive discrete domains. They are listed in 
Table 1.

2.3 Experimental design
The sample size of the experiment was 75 male 

flying cadets who had obtained a Private Personal 
Pilot License, Commercial Pilot License and In-
strument Rating License. Their age ranged from 25 
to 30 and the mean value is 27. They had 250-300 
hours of flight experience.

The dynamic acquisition system for comprehen-
sive information (including PsyLAB Human Sen-
sor, Polar Watch, etc.), the high-simulation flight 
aircraft (consisting mainly of 12 high-fidelity Cess-
na 172 flight simulators) and Cessna 172 aircraft 
were utilized to collect the data in the experiment, 
as shown in Figures 2, 3a and 3b. 

The intention can be regarded as an advance plan-
ning of the next manipulative behaviour and a kind 
of decision on the current information acquired. 
The pilot’s decision combines the subjective wish-
es, flight experience, regulations and the operating 
habits. Its purpose is to guide the execution of the 
pilot’s subsequent manipulations. In general, the pi-
lot’s intention is to comply with flight regulations as 
far as possible and to ensure smooth and safe opera-
tion of the aircraft. Due to the significant differences 
of the pilots in the physiological, psychological, and 
physical aspects, different pilots would not have the 
same intentions under various flight environments 
and uniform flight regulations. The pilot’s intentions 
are simply defined as speed intention (I1), lateral 
intention (I2), and vertical intention (I3) in this pa-
per, which constitute the three-dimensional pilot’s  
intention sets Γ=(I1, I2, I3) in this paper. Each set of 

Table 1 – Pilot’s intention set

Speed intention (I1) Lateral intention (I2) Vertical intention (I3)

Accelerate intention (I11) Turn left intention (I21) Climb intention (I31)
Decelerate intention (I12) Turn right intention (I22) Descend intention (I32)

Constant speed intention (I13) Constant heading intention (I23) Constant altitude intention (I33)

Wireless temperature and humidity sensor

HD Camera

Wireless EMG sensor

Wireless galvanic skin sensor

Wireless skin temperature sensor

Mobile eye tracker

Wireless photoelectric volume pulse sensor

Wireless ECG sensor

Wireless respiratory sensor

Portable physiological signal measuring instrument

Figure 2 – Dynamic acquisition system for comprehensive information

a) Cessna 172 flight simulator b) Cessna 172 aircraft

Figure 3 – Experimental platform
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2) Using the dynamic acquisition system for com-
prehensive information to obtain the pilot’s op-
erational response time and speed estimation 
ability is the focus of this physiological indicator 
test [16] (the specific test method is described in 
Table 3). Each pilot was tested in ten groups, and 
each group was tested fifteen times. The average 
time was taken as the pilot’s response time. The 
speed estimation capability was measured five 
times per person and the average was taken as 
the estimated time.

Real aircraft and simulation flight experiment
The data obtained from the simulation experi-

ment are closer to the pilot’s natural driving. The 
experimental organization of real aircraft is rather 
difficult and the cycle is long, so it is difficult to 
obtain large amounts of data. The real aircraft data 
of Cessna 172 are mainly obtained from flight video 
and the instructor’s feedback. The simulation flight 
experiment can easily acquire a lot of flight data. 
Therefore, the experimental platform of simulation 
flight is applied to simulate the airfield traffic pat-
tern and construct a virtual route. The simulation 
flight experiment is carried out, and the experimen-
tal data can be supplemented. The specific process 
of the experiment is described in Figure 6.

In order to ensure smooth progress of the exper-
iment, the experimental equipment is installed, con-
nected, and debugged. The pilots underwent a flight 
training before the experiment in accordance with 
the matters needing attention.

The pilot’s intention is a process of generation 
→ transfer → reduction in the human brain. For 
example, the pilots completed the airfield traffic 
pattern according to the flight procedure given in 
Figure 7, with their intentions constantly changing.

The pilot’s intention in controlling the flight of 
the aircraft has a process of reduction. When a pilot 
completes the crosswind leg and turns to the down-
wind leg at a certain speed, altitude, heading, etc., 
it also means one intention is reduced with the be-
ginning of another intention, as shown in Figure 7. At 
the end of the flight, the speed, altitude, and heading 
of the aircraft during the experiment are collected.

The effectiveness of the pilot’s intention is de-
termined by the changes of the pilot’s intention and 
the statistical analysis of the pilot’s behaviour at dif-
ferent stages, where, after the flight, the former is 
obtained by a video playback and the instructor’s 

The experiment was carried out at a good airport, 
regarding weather, visibility, etc. An airport was se-
lected as an experiment site for the airfield traffic 
pattern. Google Maps software and Explorer V900 
portable GPS software were utilized to analyse the 
flight trajectory data, as depicted in Figure 4. Accord-
ing to the real aircraft flight, a high-simulation flight 
platform was adopted to build a virtual environment 
(as indicated in Figure 5). 

Oudtshoorn Aerodrome

Figure 4 – Diagram of real airfield traffic pattern

Figure 5 – Diagram of simulation

Pilot’s psychological-physiological test
The inherent and intrinsic psychological-physi-

ological characteristics of pilots are the main factor 
which affects the pilot’s intentions. The pilot’s ma-
nipulative behaviour will also be affected by these 
characteristics ultimately. The pilot’s psychological 
and physiological test experimental steps are as fol-
lows:
1) The basic information of the subjects was ob-

tained through questionnaires, including name, 
gender, age, flight hours, type of pilot’s psycho-
logical characteristics, etc. (pilot’s psychological 
questionnaire is shown in Table 2). This study was 
approved by the local institutional review board, 
and a written informed consent was obtained 
from all the participants.
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Table 2 – Pilot’s psychological questionnaire

1 Age:                                      2 Gender: Male, Female
3 Flight hours.
More than 400 hours (4), 300-400 hours (3), 250-300 hours (2), Less than 250 hours (1)
4 What do you think of your security awareness.
Very good (4), Good (3), General (2), Bad (1)
5 Can you always follow the safety regulations during the flight phase.
Full compliance (4), Basically non-compliance (3), Uncertainty (2), Not at all (1)
6 How detailed is your flight preparation phase?
Very detailed (4), Detailed (3), Uncertain (2), Not detailed (1)
7 In case of better visibility, after you control the aircraft isomorphic runway entrance, where do you usually adjust the line of sight to the runway?
End of the runway (4), 1/3 of the end of the runway (3), Near the middle of the runway (2), Contact area edge (1)
8 When you face unfamiliar landings and routes, how do you feel?
Very worried (4), Worried (3), Uncertain (2), No worry (1)
9 When you are not communicating smoothly during radiotelephony communication, how do you feel?
Very worried (4), Worried (3), Uncertain (2), No worry (1)
10 Are you worried about an emergency when flying?
Very worried (4), Worried (3), Uncertain (2), No worry (1)
11 Mechanical failures, flow control, etc. delay the flight and cause time pressure. Are you:
Very stressed (4), Stressed (3), Uncertain (2), Not stressed (1)
12 The degree of trust and communication with other crew members during flight.
Bad (4), General (3), Uncertain (2), Very good (1)
13 Worried about being punished for making mistakes?
Very worried (4), Worried (3), Uncertain (2), No worry (1)
14 The degree of stress in communication with ATC during flight.
Very stressed (4), Stressed (3), Uncertain (2), Not stressed (1)
15 If the aircraft is climbing, accelerating, and changing course, do you feel annoyed?
Not annoyed (4), May be annoyed (3), Uncertain (2), Will be annoyed (1)
16 High-risk driving aircraft.
More hurried (4), Slightly hurried (3), Uncertain (2), Calmer (1)
17 When driving from the simulator to the actual aircraft.
More hurried (4), Slightly hurried (3), Uncertain (2), Calmer (1)
18 The cause of general operational errors.
Defect in understanding (4), Emotional excitement (3), Uncertainty (2), Depression (1)
19 What is your adaptability in future flight situations? (for example, unstable airflow or entering the clouds, etc.)
Adapt early (4), Temporary decision to adapt (3), Uncertainty (2), Non-adaptation (1)
20 Will you avoid the clouds?
Avoid early (4), Avoid when it is more urgent (3), Uncertainty (2), Don’t avoid (1)
21 Do you have illegal driving while ensuring that no accidents occur?
Never (4), Sometimes (3), Uncertain (2), Often (1)
22 Can you adapt to a new environment quickly.
Never (4), Sometimes (3), Uncertain (2), Often (1)
23 Life is regular and rarely violates the schedule.
Often (4), Sometimes (3), Uncertainty (2), Never (1)
24 If you notice an abnormal situation during the flight, will you question and report it in time.
Often (4), Sometimes (3), Uncertain (2), Never (1)
25 Without so many safety guidelines, can you complete the mission?
Yes (4), Sometimes (3), Uncertain (2), Never (1)
26 The briefing of the take-off is simply browsed.
Never (4), Sometimes (3), Uncertain (2), Often (1)
27 According to the situation, you choose the way around a thunderstorm.
Never (4), Sometimes (3), Uncertain (2), Often (1)
28 When flying below 10,000 feet, the flight speed is greater than the safe speed.
Never (4), Sometimes (3), Uncertain (2), Often (1)
29 When there is an unstable approach, you can deal with it, so you do not have to go around in time.
Never (4), Sometimes (3), Uncertain (2), Often (1)
30 Although you do not see the runway or visual reference mark, you still have confidence to continue approach.
Never (4), Sometimes (3), Uncertain (2), Often (1)
31 When you use the on-board equipment, do you have behaviours such as pre-adjusting frequency, over-adjustment frequency, and improper use of the autopilot 
throttle?
Never (4), Sometimes (3), Uncertain (2), Often (1)
32 When preparing for the approach, follow the approach chart in memory and no longer verify.
Never (4), Sometimes (3), Uncertain (2), Often (1)
33 Are you disgusted with the monotonous control environment during flight, such as noise, cabin pressure, etc.
Never (4), Sometimes (3), Uncertain (2), Often (1)
34 Is your attention concentrated when manipulating the aircraft.
Often (4), Sometimes (3), Uncertain (2), Never (1)
35 There are some deviations when performing the noise reduction procedure.
Never (4), Sometimes (3), Uncertain (2), Often (1)
36 Is it easy to get the weather information obtained before the flight.
Often (4), Sometimes (3), Uncertain (2), Never (1)
37 If there is a flight technology competition, will you actively participate?
Never (4), Sometimes (3), Uncertain (2), Often (1)
38 If you hear someone talking about a certain flight action, do you have the urge to try it?
Never (4), Sometimes (3), Uncertain (2), Often (1)

Note: The number in parentheses is the score of the corresponding option. Scores from questions 3 to 38 are introduced next. Radical pilots 
scored 36 to 69, steady cyclists scored 70 to 101, and Conservative cyclists scored 102 to 144.
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Table 3 – Test method for partial physiological indicators

Indicators Test method

Operational response time

Pilots were measured using a comprehensive response test instrument. Subjects pressed their 
right index finger onto the instrument “Home Position” button. After they press the home position 
button, there will be six light spots arranged in a semicircle on the screen. The subjects found out 
which light was on. They will use the right index finger to press the corresponding 1-6 number 
keys on the keyboard, then return to the home position button and hold. 

Speed estimation ability

Pilots were measured using a DXC-6 multiple psychometric instrument. The screen presents a 
light spot that moves from left to right and changes in speed. There is a vertical line in the centre 
and right side of the screen. The spot disappears when it moves to the centre vertical line. The 
participants were asked to estimate the time at which the spot reached the vertical line on the 
right. They press the confirm button at the moment they think the spot touches the vertical line on 
the right.

Installation and commissioning
of experimental instruments

Experimental staff
preparation

Ready?

Generation of intention

Generation of intention

Transfer of intention

Reduction of intention

Flight handling

Data acquisition

Measurment of intention

No

No

End

Acceleration

Climb

Turn left Turn right Constant heading

Descend

Deceleration Constant speed

Constant altitude

Speed intention

Altitude intention

Heading intention

End flight?

Begin

Figure 6 – Flow diagram of the flight experiment
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360 degrees
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flap in the next stage

Crosswind
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Figure 7 – Cessna 172 flight diagram of the airfield traffic pattern
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processed to better reflect the characteristics of the 
pilot’s movement without losing data information. 
The processed variables and symbols can be found 
in Table 4. Due to space limitations, some experi-
mental data are listed in Table 5.

feedback. The latter is derived by combining the pi-
lot’s physiological data with the aircraft operational 
attitude data.

From take-off to the final leg in each airfield traf-
fic pattern, the speed, altitude and heading intention 
of the pilots change. For example, when moving 
from the crosswind leg to the downwind leg, the 
rudder, elevator, throttle, etc. will be adjusted in the 
light of the flight manual and related regulations. 
Thereby, the intention of constant speed, constant 
altitude and constant heading are reduced, and the 
intention of acceleration, climbing and turning left 
are further generated. Two sets of experimental data 
were collected for each intention, and 1,350 sets of 
experimental data were obtained.

Data processing
Factors such as the representativeness, reliabil-

ity and statistical analysis requirements of the test 
data are taken into account. The original data are 
processed in turn to exclude 235 samples involv-
ing incomplete, unstable, and abnormal data. The 
remaining 1,115 samples are the final samples de-
termined by the statistical analysis. In order to fa-
cilitate subsequent data analysis, some variables are 

Table 4 – Variables and symbols in the experiment

Variable Symbol
Gender x1

Age x2

Flight hours x3

Psychological characteristics type x4

Operational reaction time [s] x5
Speed estimation time [s] x6

Rudder pedal strength [N] x7

Steering column strength [N] x8

Climbing rate [km/s] x9

Accelerating frequency [times/min] x10

Pitch angle [deg] x11

Roll angle [deg] x12

Turn rate [deg/s] x13

Throttle percentage [deg] x14

Vertical speed change frequency [times/min] x15

Horizontal speed change frequency [times/min] x16

Table 5 – Some experimental data

No. 1
x1 x2 x3 x4 x5 x6

Male 25 4.6 Aggressive type 0.46 1.0
Intention x7 x8 x9 x10 x11 x12 x13 x14 x15 x16

Acceleration 36.5 21 1.50 5.4 10.7 1.2 128.3 37.8 5.29 6.22
Deceleration 36 21.5 1.65 6.7 9.2 1.1 118.9 36.5 5.20 6.19

Constant speed 36.2 22 1.46 4.3 10.8 2.1 120.5 38 4.22 6.25
Climb 37 22.2 1.70 8.4 20 2 113.4 36.9 5.19 7.26

Descend 37.5 22 1.68 8.2 15 1.5 122.5 35.7 5.25 6.17
Constant altitude 36.6 21 1.75 3.4 4 1.4 110.7 37 4.18 6.25

Turn left 38 21.4 1.70 6.3 6.5 2.3 125.6 35.8 3.22 7.20
Turn right 38.5 22 1.75 6.5 5.5 2.5 110.3 36 4.19 7.16

Constant heading 37.7 22.6 1.60 7.2 6 1.2 123.4 36.6 5.21 7.20

No. 2
x1 x2 x3 x4 x5 x6

Male 29 6 Conservative type 0.52 1.2
Intention x7 x8 x9 x10 x11 x12 x13 x14 x15 x16

Acceleration 34.7 18 1.55 5.6 12 1.1 116.4 35.4 5.15 7.11
Deceleration 34.4 18.6 1.60 6.4 11 1 104.5 33.5 5.17 7.03

Constant speed 34 18.8 1.45 5.3 11.5 2 113.4 35 4.53 6.73
Climb 34.5 17.7 1.75 7.4 22 1.8 105.8 36.4 5.07 6.44

Descend 33.8 18 1.65 7.8 17 1.1 112.1 34.3 4.33 6.75
Constant altitude 33.6 17 1.80 3.4 5 1.2 108.2 36 4.74 7.03

Turn left 35.3 17.6 1.75 5.7 7.5 2.1 110.3 33.8 3.15 6.54
Turn right 35.5 16.7 1.70 5.8 6.5 2.2 101.2 34 3.05 6.72

Constant heading 35.2 17.4 1.65 6.4 5 1 113.4 35. 8 3.08 7.15
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of each question and the total scores, and the corre-
sponding person correlation coefficient is obtained. 
The psychological test results are depicted in Table 6.

As shown in Table 6, it can be seen that about 
90% of the question scores are significantly cor-
related with the total scores at the 0.05 and 0.01 
significance levels. This reveals that the question-
naire has higher homogeneous reliability and better 
validity of content and the test can be performed. 
The results of pilots’ psychological characteristics 
are illustrated in Figure 8.

Conservative type Conventional type Aggressive type

17

31

27

Figure 8 – The results of the pilots’ psychological 
characteristics type test

As an organic living body, every particular ges-
ture and behaviour of a pilot is related to the coor-
dination and control of various systems of the body. 

3. RESULTS

Pilot’s psychological and physiological character-
istics analysis

Under the effect of various factors, the pilot has 
a cognitive process for the objective flight condi-
tions. The decision-making tendency of the pilot in 
this cognitive process is the type of psychological 
characteristics. The questionnaire is applied to stat-
ically survey the pilot’s psychological characteristic 
type in this paper. The pilot’s psychological charac-
teristic formed in the past flight experience is rela-
tively stable. It is always under the control of brain 
consciousness and exists in implicit form, and is 
divided into the conservative, conventional, or ag-
gressive type. 

SPSS is used to statistically analyse the test re-
sults of all the subjects’ psychological character-
istics. The reliability and validity of the question-
naire are evaluated and the internal consistency 
Cronbach’s Alpha is 0.879>0.8, which shows that 
the questionnaire is more credible. Each question is 
analysed to obtain its mean and standard deviation. 
The correlation analysis is performed on the scores 
Table 6 – The results of pilot’s psychological test questionnaire

Quest. Mean value Standard  
deviation

Correlation  
coefficient Quest. Mean value Standard 

deviation
Correlation 
coefficient

1 1.43 0.478 0.714** 20 1.89 0.788 0.467**

2 2.15 0.813 0.395* 21 2.02 0.795 0.575**

3 3.39 0.956 0.518** 22 1.94 0.562 0.575**

4 2.12 0.709 0.612** 23 2.06 0.605 0.585**

5 2.03 0.725 0.543** 24 2.15 0.813 0.387*

6 2.01 0.745 0.414** 25 2.03 0.686 0.669**

7 1.89 0.723 0.512** 26 2.02 0.759 0.387*

8 1.89 0.523 0.440** 27 1.96 0.716 0.536**

9 1.85 0.768 0.133 28 1.95 0.718 0.648**

10 2.15 0.562 0.575** 29 1.87 0.671 0.614**

11 2.04 0.686 0.238 30 2.00 0.795 0.594**

12 1.78 0.550 0.255 31 2.04 0.616 0.552**

13 1.82 0.768 0.412* 32 2.05 0.510 0.424*

14 2.00 0.795 0.751** 33 2.55 0.995 0.750**

15 2.04 0.678 0.548** 34 2.05 0.718 0.640*

16 1.98 0.723 0.714** 35 2.08 0.716 0.451**

17 1.96 0.714 0.487* 36 2.01 0.759 0.649**

18 2.00 0.659 0.526* 37 1.96 0.718 0.580**

19 2.03 0.743 0.624** 38 2.04 0.654 0.605**

* the corresponding item has a significant correlation at a level of significance of 0.05 
** the corresponding item has a significant correlation at a level of significance of 0.01
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As can be seen from Table 7, the movement 
parameters are significantly affected by different 
pilot’s intentions (P<0.005), and the statistical re-
sults are described in Figures 11-16.

From the analysis, it can be seen that the rud-
der pedal strength reaches the highest level un-
der the intention of turning left, turning right 
and deceleration. It is weaker under the inten-
tion of acceleration, climbing and descending, 
and then it becomes minimum in the intention of 
maintaining the speed and altitude. The steering 
column strength is maximal while the intention 
of accelerating, decelerating, climbing and de-
scending occurred, and it is smaller in the inten-
tion of turning left, turning right and maintaining 
speed intention. It is minimal under the inten-
tion of holding altitude and maintain heading. 
The climbing rate achieves the maximum under 
the intention of climbing and descending. It is 
lower under the intention of holding altitude, ac-
celerating and decelerating, and then it reaches 
the minimum under the intention of maintaining 
speed, turning left, turning right, and maintain-
ing heading. The acceleration frequency is the 
highest under the intention of accelerating, de-
celerating, and maintaining speed. It is lower 
under the intention of climbing, descending and 
maintaining altitude, and it is the lowest while 
turning left, turning right, and holding heading. 
The vertical speed change frequency is maximal 
under the intention of accelerating, decelerating 
and maintaining speed, and it becomes lower 
under the intention of climbing, descending and  

Any kind of psychology state is accompanied by 
fluctuations in physiological information. Under the 
comprehensive effect of various factors, the visual 
and auditory characteristics of the pilot are compat-
ible with the psychological characteristics. Physi-
ological characteristics are the basic materials that 
constitute psychological factors, and psychological 
factors are ultimately reflected in the physiologi-
cal characteristics of the pilots. These features are 
closely related to the psychological characteristics. 
They are physiological characteristics.

The operational response time refers to the time 
required to complete an operation action when the 
pilot is subjected to a certain stimulus [17]. In short, 
it is the time interval between the presentation of the 
stimulus and the completion of the action. The oper-
ational response time is utilized to test the subjects’ 
agility in complex situations. In addition, it can 
check the ability that the pilots handle the change 
in continuous scenes during the flight, such as re-
sponse speed and operating accuracy. It can be seen 
from the test results, that the overall mean value and 
the standard deviation of the pilot’s operational re-
sponse time are 0.32 s and 0.14 s, respectively. The 
distribution of operational response time is present-
ed in Figure 9.

The speed estimation is adopted to examine the 
spatial orientation and judgement ability of the sub-
jects, and the speed estimation time is often select-
ed as the evaluation index [16]. In the experimen-
tal sample, the data segment of speed estimation is 
mainly concentrated in 1.0~1.9 s, the average value 
is 1.43 s, and the standard deviation is 0.14 s. The 
distribution of speed estimation time is shown in 
Figure 10.

Analysis of pilot’s movement characteristics
The movement characteristics of pilots from 

one leg to the other are different in the airfield traf-
fic pattern. Due to space limitations, the example 
of a flight from the crosswind leg to the downwind 
leg is described in detail. The randomly selected 
data of the pilot’s movement characteristics con-
stitutes the original data set. One-way ANOVA is 
used to detect whether different intentions had a 
significant effect on the changes in the movement 
parameters. If the effect is significant, a detailed 
analysis of the changes in movement characteris-
tics under different intentions is performed. The 
results of one-way ANOVA based on Matlab are 
given in Table 7.
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Figure 12 – Steering column strengthFigure 11 – Rudder pedal strength

Table 7 – Results of one-way ANOVA of pilots’ movement characteristics

Quadratic sum df Mean square F Significance

Rudder pedal strength 
[N]

Inter-group 9,674.400 6 435.600 415.746 0.000
Intra-group 724.700 135 1.135

Total 9,348.500 219

Steering column strength 
[N]

Inter-group 8,613.600 7 387.700 356.682 0.000
Intra-group 575.500 201 1.156

Total 8,461.700 236

Climbing rate
[km/s]

Inter-group 3,734.700 5 602.500 375.401 0.000
Intra-group 219.800 194 1.201

Total 3,783.600 203

Accelerating frequency 
[times/min]

Inter-group 5,643.800 7 798.400 465.324 0.000
Intra-group 375.68 234 1.321

Total 5,935.600 235

Pitch angle [deg]
Inter-group 8,765.500 6 675.300 487.412 0.008
Intra-group 423.75 198 1.129

Total 9,658.400 225

Roll angle [deg]
Inter-group 23.786 7 1.234 170.163 0.007
Intra-group 1.543 231 1.008

Total 17.165 238

Turn rate [deg/s]
Inter-group 23,482.500 6 752.600 485.312 0.007
Intra-group 2,145.700 186 1.203

Total 21,314.600 207

Throttle percentage 
[deg]

Inter-group 9,713.512 6 458.400 578.134 0.006
Intra-group 652.734 178 1.145

Total 9,675.400 215

Vertical speed change 
frequency [times/min]

Inter-group 26,871.531 5 724.500 681.390 0.000
Intra-group 3,451.600 257 1.256

Total 21,730.510 241

Horizontal speed change 
frequency [times/min]

Inter-group 28,769.500 7 687.600 771.543 0.000
Intra-group 3,879.700 274 1.259

Total 27,569.400 245
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frequency, and horizontal speed change frequency 
under the pilot’s different intentions during flight in 
airfield traffic pattern. In general, the pilot’s move-
ment characteristics change greatly under the inter-
action of nine intentions and then result in attitude 
variety of the aircraft. The pilot’s radical reaction 
can be deduced inversely from the pilot’s move-
ment characteristics and the attitude variety of the 
aircraft. If the attitude of the aircraft changes slight-
ly, the pilot is conventional. If the aircraft attitude 
changes slowly during the airfield traffic pattern and 
there is a time delay, the pilot is conservative. The 
conventional pilot is more conducive to control the 
aircraft to a stable flight attitude.

In this paper, the effect of the pilot’s psycholog-
ical, physiological and physical characteristics on 
the pilot’s micro-behaviour was comprehensively 
considered from the change of pilot’s intention. The 
movement characteristics of the pilot under differ-
ent intentions were further analysed. The results in-
dicated that this study can better compensate for the 
vacancies in the field of air traffic safety. The results 

maintaining altitude. It turns to be the lowest 
while maintaining altitude and heading. The hor-
izontal speed change frequency is the highest un-
der the intention of accelerating, decelerating, and 
maintaining speed. The frequency fall appears un-
der the intention of turning left, turning right, and 
maintaining heading, and reaches the minimum 
while under the intention of climbing, descending, 
and holding altitude.

4. DISCUSSION
The multi-source dynamic data under the effect 

of different intentions are obtained through the ex-
periment in this paper. Moreover, the more represen-
tative feature parameters are selected by analysing 
the movement characteristics of the pilot’s nine in-
tentions in three-dimensional space. Thus, the study 
provides the foundation for further identification of 
pilot’s intentions. It is understandable after the anal-
ysis that there are significant differences in rudder 
pedal strength, steering column strength, climbing 
rate, accelerating frequency, vertical speed change 
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Figure 14 – Accelerating frequencyFigure 13 – Climbing rate
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Figure 16 – Horizontal speed change frequencyFigure 15 – Vertical speed change frequency   
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pilot's micro-behaviour assessment system. There-
fore, this study is of great practical significance to 
research the future active safety warnings for flight 
and the pilot’s micro-behaviour assessment.
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复杂飞行环境中不同意图作用下飞行员动态特
征分析

摘要
意图是人脑意识活动的主要体现形式，对指导

人类行为的实现具有重要影响。分析不同飞行意图
下飞行员的动态特征是进一步研究飞行员意图的重
要前提。基于此，本文从飞行员意图的影响因素入
手，综合考虑意图的产生、转移、消退等规律，对
不同意图下的飞行员动态特征进行了分析，以飞行
员本场五边飞行为例进行实机与模拟飞行实验，采
集飞行员在不同意图作用下的人-机-环境系统多源动
态数据，对飞行员心理-生理-物理特征进行统计，并
基于Matlab运用单因素方差分析法提取出因意图差
异而显著变化的变量，并对不同意图下的各变量进
行对比分析。该研究为完善飞行安全预警系统、健

全飞行员微观行为考核与评价系统具有重要意义。

关键词

飞行安全；飞行员意图；动 特征；单因素方差分析
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