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When extracting flight data from airport terminal area, there are matters such as large volume, unclear features, and similar trend
in time series. In order to deal with the related issues and to optimize the description, by combining with the TBO (Trajectory-
Based Operation), an application proposed by the ICAO (International Civil Aviation Organization) in ASBU (Aviation System
Block Upgrade), using multisource dynamic model to establish 4DDW (4D dynamic warping) algorithm, the multisource
modeling integrated with evaluation system is proposed to realize the flight path optimization with time series characteristics and
accord with the interval concept. .e calculation results show that 4DDW can obtain the optimal solution for multiprofile
calculation of TBO by comparing the composite trajectory deviation values and time dimension planning using the buffer and
threshold values recommended by ICAO in airspace planning and flight procedure design. .e results meet the requirements of
high accuracy and convergence features of spatial waypoints and can improve the airport operation standards and terminal
area capacity.

1. Introduction

At present, the demand of air transports increases rapidly
and stably. Even under the influence of extremely adverse
events worldwide, the traffic volume of air transport briefly
decreased but recovered quickly and continued to grow,
indicating that the demand for air transport is still strong.
For example, the industry was affected by the 911 event in
the United States in 2001 and the global financial crisis in
2008, as well as the global COVID-19 pandemic in 2020 [1].
.us, the air transportation industry can be suitable for
long-term development, and the future air transportation
will undergo a period of rapid global scientific and infor-
mation technology development [2]. To fully implement the
digital, intelligent, and high-quality development of air
transportation, new requirements are put forward [3].

.e high-quality developments of air transport are af-
fected by many factors, from the perspective of airspace
planning, laying out flight phases and flight procedures in
the terminal area reasonably, setting up control sectors
scientifically, utilizing three-dimensional space waypoints
efficiently, etc., which are effective measures to ensure flight
safety, promoting airspace capacity, and optimizing the

setting of airspace and flight level. In order to further im-
prove the normal implementation of operational measures,
the accurate, efficient, and fast aeronautical information is
required to enable the intelligent operation of flight missions
[4]. To this end, the ICAO proposed the concept of ASBU
(Aviation System Block Upgrades) [5], while the United
States advanced the NEXTGEN [6] and Europe came up
with the ‘Single European Sky Project’ [7]. .e composition
of a new generation of aeronautical information structure
has been promoted by a series of theoretical innovations and
technological breakthroughs. Among them, the 4D flight
path planning and management researches are the most
popular among the above concepts [8].

.e essence of 4D flight path planning and management
research is to collect, analyze, and evaluate aeronautical
information comprehensively, and to deduce forward-
looking operational conditions [9]. .e digitalization re-
quirements of this technology are reflected in the estab-
lishments of data collections, processing, and quality control
standards [10], and the intellectualization is presented not
only by the advance acquisitions and characterization an-
alyses of various operational parameters [11], but also in the
application of aeronautical information conclusions such as
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the automatic generation of predictable spatial planning
schemes [12]. Among those conclusions, the expected arrival
and departure time of the flight, the spatial relative position
relationship in each flight phase [13], the external distur-
bances that will be faced, and the expected fuel consumption
[14], even the adaptability of the aircraft performance to the
operating environment in each phase, are all important
factors that affect whether a flight mission can be carried out
as planned, and also as the basic parameters of flight path
planning and management [15].

Early research on 4D trajectory prediction mainly fo-
cused on deviation calculation and accuracy of spatial lo-
cation points. Liu et al. described and classified various basic
models and algorithms of 4D flight path planning [16]. On
that basis, Wang et al. proposed an approach procedure
design method for airport terminal area, based on control
applicability analysis, and applied the Euclidean distance
model to deal with the flight trajectory prediction problems
[17]. Ma et al. introduced a dynamic time warping method
by the prediction of horizontal trajectory [18]. On this basis,
Ding et al. added the twin support vector regression theory
and further established a coordinate system-oriented flight
conflict warning indicator [19] and completed the automatic
generation of track through model building and calculation,
providing a reference for the precise management of ap-
proach time [20]. Feng et al. referred to a point merge-based
technology of 4D flight path planning method, which can
greatly improve flight efficiency in the terminal area [21].
.e above researches defined a preliminary concept for flight
path planning, and those research conclusions, algorithms,
and models have also established a calculation model for
dealing with the overall trajectory design of aircraft, which
has a certain reference. However, the evaluation system is
too complicated and the flight details such as vertical profile,
velocity profile, and altitude profile in each phase are not
carried out, and the complete generalization of aeronautical
information is not realized [22]. In addition, without con-
sidering the differences in issues such as flight safety, data
complexity, and airspace width [23], it is impossible to
complete refined and quantifiable assessment and prediction
in air transportation [24]. In short, there is still much room
for in-depth research [25].

2. Problem Description

4D flight path planning is based on the traditional three-
dimensional flight path of aircraft, namely, longitude,
latitude, and altitude, and integrates the time dimension
to launch the flight path planning [26]. Since it is based on
digitalization of aeronautical information, it is necessary
to be organized and clustered for the horizontal tracks,
and the model design is carried out by using vertical
profiles, velocity profiles, and altitude profiles, so as to
enable accurate prediction of spatial position points
[27–29]. In addition, due to the problems of spatial
overlap and flight trend similarity in historical radar
trajectories, and lack of reliable mathematical descriptions
for problems such as spatial path identification and flight
environment measurements, as well as the insufficient

data types and features of evaluation process [30], the 4D
flight path calculation results are hardly supportive for
actual flights [31].

In order to solve the above problems, hierarchical
clustering method is proposed to improve the dynamic
spatial warping algorithm. .e evaluation model is designed
for the vertical profile, velocity profile, and altitude profile of
each flight phase, to enable multidata generalization and
feature analysis, to take the flight parameters and spatial
position data of each waypoint in the arrival segment as the
collection object, to obtain the deviation value through each
profile evaluation model, to form 4D flight path optimiza-
tion data by combining with ICAO setting of BV (buffer
value) in flight safety evaluation, and to realize spatial po-
sition point prediction and path generation based on 4D
flight path planning [32].

3. Model Building

Because the historical flight trajectories, navigation, and
other data have the features of large volume, low data quality
and reliability, and different presentations [33], the flight
trajectory has the need for convergence processing and
deviation correction standardizing its mathematical de-
scription, due to the factors of navigation accuracy and
operating environment. Preprocessing according to data
classification, applying HCDT (hierarchical clustering dy-
namic time warping), DSW (dynamic spatial warping), and
HPO (height profile optimization) algorithm are carried out
to analyze and process data under each flight phase re-
spectively. .e conclusions of flight trajectory and time
dimension are obtained by simulation experiments. With
comparing tPTA and tETA thresholds, the flight path pre-
diction based on the 4DDW (4D dynamic warping) algo-
rithm is realized, and the 4DDW planning process structure
diagram is shown in Figure 1.

3.1. Horizontal Trajectory Planning. Generally, multiple
historical radar tracks exist in the overall space, and the use
of HCDT enables accurate calculation and feature unifica-
tion based on 2 main points. First, there are many types of
historical trajectory data in the initial stage with low ac-
curacy, and the error accumulation will occur with the
increase of calculation volume, leading to distortion of
calculation results. By introducing clustering optimization,
the factors that lead to the accumulation of errors can be
classified and screened to obtain the main influencing fac-
tors, then to provide support for subsequent accurate cal-
culations. Second, due to the different flight speed and
different flight path distances or ranges, the trajectory data
on the time axis cannot be converged, which causes an
atypical computational range. .rough feature screening
and HCDT model establishment, the initial phase data is
placed in the same space. Considering the similarity problem
of the initial phase data, the trajectory is considered as a time
series to adjust, achieving consistency in track length.. .en,
the comparison of the optimal warping is carried out, and
the distance defect is avoided.
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Assuming that flight path 1 is X and flight path 2 is Y,
there are

W � w1, w2, w3, . . . , wk, (1)

where wk � (i, j), the smaller the data, the higher the
similarity of the flight path, and i and j are the similarities of
the k-th flight path.

If there are adjacent flight path lengths |X| and |Y|, there
are

max(|X|, |Y|) ≤ k≤ |X| +|Y|. (2)

Among them, K is the stretched length of adjacent se-
quences, as shown in Figure 2.

In order to ensure that the adjacent flight paths 1 and 2
are not repeated in the spatial data, the warping path must

start from w1 � (1, 1) to wk � (|X|,|Y|) and meet the
monotonic increase of i and j in the path wk � (i, j); then,

wk � (i, j), wk+1 � i′, j′( , i≤ i′ ≤ i + 1, j≤ j′ ≤ j + 1. (3)

If wn � (i, j) and n� k already exist in the path,
according to the basic principle of warping path, one of the
three equations (i+ 1, j), (i, j+ 1), and (I+ 1, j+ 1) must be
selected for calculation in the next stage. .en, the warping
distance matrix D(i, j) is

D(i, j) � Dist(i, j) + min D(i − 1, j),

D(i, j − 1), D(i − 1, j − 1).
(4)

Among them, Dist (i, j) represents the distance between i
and j in adjacent flight paths.D (i, j) represents the similarity
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Figure 1: DDW planning process.
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measurement value, which is used to process each point of
flight path 1 before i and each point of flight path 2 before j.

.e warping path distance D (|X|, |Y|) can be obtained
via the former model. .e smaller the D, the higher the
similarity of the adjacent flight paths..e processing of flight
trajectory accuracy and feature screening can be completed
in the horizontal direction.

3.2. Design of Nominal Velocity Profile. During the design of
the velocity profile model, all aircraft types and flight per-
formance on the flight path in the approach phase are
considered. DSW and multiple historical radar trajectories
are used to establish the velocity profile model P, and the
formula is as follows:

P � p1, p2, . . . , pn . (5)

Among them, pi is the velocity profile of the i-th aircraft
in flight. .e average velocity profile is obtained by collating
the P set, namely, the nominal velocity profile PSTA, which
represents the mean value in the data set and satisfies the
nominal velocity profile PSTA ∈ P; then,



n

i�1
DSW pi, psta( ≤ 

n

i�1
DSW pi, pj . (6)

Among them, DSW (pi, pj) is the dynamic spatial dis-
tance, and j can be any value.

In order to improve the accuracy and reliability of the
aircraft’s nominal velocity profile, it is required that the
collected data have the same length in time series. .rough
the comparison of sequence similarity, the consistency of
data length can be improved by increasing the sampling
times, so as to enable the effective comparison of time series
with different lengths.
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Set A as the velocity profile matrix for data comparison;
then,
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. (8)

Among them, (i, j) are the velocities v1i and v2j on the
profile, and aij represents the distance between the two
velocities..e curved path can be obtained by calculating the
adjacent velocity profile and represented by
W � (w1, w2, . . . wk). .e curved path is required to meet
the continuity, monotonicity, and boundary conditions;
then,

wk−1 � ai′j′ , wk � aij, i − i′ ≤ 1, j − j′ ≤ 1

wk−1 � ai′j′ , wk � aij, i − i′ ≥ 0, j − j′ ≥ 0

w1 � a11, wk � aij

⎫⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎭

. (9)

.e DSW algorithm is conservative in limit path anal-
ysis, which is suitable for application in flight safety design.
By setting the minimum total distance between speed v1 and
speed v2, combined with the velocity profile matrix, there is

D(i, j) � a(i,j) + min D(i − 1, j), D(i, j − 1), D(i − 1, j − 1) ,

(10)

where aij is the natural length between two points i and j and
the DSW distance between two adjacent velocity profiles is
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Figure 2: Dynamic time warping.
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In order to further improve the validity of the calculation
results, it is necessary to use the velocity profiles in sequence
to calculate the DSW distance and introduce the concept of
BV. It can enable the deviation value processing of each
velocity profile with a more conservative way. .e nominal
velocity profile is formed by the velocity profile with the
minimum deviation value, and the formula is as follows:
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+ BV.

(12)

3.3. Altitude Profile Design. In the instrument approach
phase of flight procedures in the airport terminal area, CDO
(continuous descent operation) is being promoted by ICAO
as a new operation. CDO comprehensively considers the
impact of level flight segment and the shortest descent
segment on increasing airspace utilization, which can ef-
fectively improve the operating standards and enhance the
safety guarantee in the landing phase..erefore, the concept
of CDO is adopted and designed for the altitude profile
model. According to the features of the shortest distance
projected to the ground during the descent phase of the
CDO, an HPO model is established:

D � min 
n

n�1
Dn. (13)

According to the constraint characteristics of the altitude
of each descent phase on the critical obstacle, the constraint
condition function is established:

Hon ≥An + MOCn. (14)

Since the landing phase of an aircraft is divided into
multiple approach phases, and the optimal descent gradient
requirements for each approach phase are different, the
descent gradient limiting function is established:

Hi − Hi−1

D(i∼i−1)

� Gri. (15)

Considering the comfort requirements of civil passenger
aircraft, add the constraint of decline rate:

Hi − Hi−1

T
� ROD. (16)

If the optimal descent gradient is taken for this segment
and there are no critical obstacles, then,

Di � D(i∼i−1) �
Hi − Hi−1( 

Gri

. (17)

If there are critical obstacles in this segment, no gradient
optimization will be implemented.

From Formulas (12)–(16), Di represents the projection
distance of the i-th segment on the ground, Hon represents
the flight height of the n-th obstacle on the segment, An
represents the altitude of the n-th obstacle, MOCn represents
the n-th obstacle MOC (Minimum Obstacle Clearance)
where the obstacle is located, i represents the waypoint or fix,
D(i ∼ i−1) represents the distance from the fix i to the i – 1, Gri
represents the optimal descent gradient of segment i, T is the
time required to establish the height for the decrease, and the
ROD is the decrease rate.

By preprocessing and feature classification of historical
trajectory data, using HCDT, DSW, and HPO for model
establishment and calculation, then multiple initial hori-
zontal trajectories, altitude profiles, and velocity profiles can
be obtained. .is can provide basic parameters for flight
trajectory generation.

4. Simulation Experiments

.e simulation experiment is designed according to the 4D
flight path dynamic warping model, as follows:

(1) Horizontal flight path experiment: the existing his-
torical radar trajectory is used for dynamic time
warping, and hierarchical clustering is carried out for
the results after warping. .e results obtained by
using hierarchical clustering are combined with the
instrument arrival route to derive the number of
horizontal trajectory and operating parameters.

(2) Velocity profile experiment: the DSW is used to warp
the velocity profile obtained from the existing his-
torical radar track, and the velocity profile with the
smallest deviation is calculated and selected as the
nominal velocity profile.

(3) Altitude profile experiment: to analyze the existing
historical radar data, sort the altitude range of the
waypoints in the space, combine the horizontal
trajectory parameters with the waypoint after sort-
ing, and use the optimized model to complete the
corresponding height profile design.

(4) Sort out the horizontal trajectory, velocity profile,
and altitude profile information in the above sim-
ulation experiments, and calculate the complete 4D
flight path.

4.1. Horizontal Flight Path Design. .e track data of nearly
180 days during the approach phase of the airport are
collected as samples, and Airbus 319 is used as the exper-
imental aircraft to conduct time warping and track clus-
tering for the existing historical radar track, and the
schematic diagram of the existing historical radar track
sample is established, as shown in Figure 3. HCDT (For-
mulas (1)–(4)) is used to normalize the existing historical
radar track, and then hierarchical clustering is used to
perform cluster analysis on the warping results. .e specific
results are shown in Figure 4.
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In order to make the calculation results more concen-
trated and representative, the minimum square of deviance
is set as 2×109 to prune the trajectory clustering analysis.
Each pruned tree can be regarded as a cluster, and 4 tra-
jectory clustering results can be obtained, and the average
value is used to determine the trajectory clustering. Based on
similar results, compared with the flight procedures of the
subject’s airport approach phase, 4 horizontal approach
route designs are finally obtained, as shown in Figure 5.

4.2. Velocity Profile Design. .e same airport is selected as
the experimental airport. .e experimental aircraft is Airbus
319. .e existing historical radar trajectories are collected,
and the flight speed, spatial horizontal position, flight dis-
tance, and other information are screened to establish the
original flight velocity profile, as shown in Figure 6.

.rough the original velocity profile data, DSW (For-
mulas (5)–(10)) is used to calculate the DSW distance of each
velocity profile. .e results are shown in Table 1, where v1 to
v8 represent eight velocity curves.

.e DSW distance is obtained according to the deri-
vation of the velocity profile, and the deviation value of the
relevant velocity profile is calculated by Formula (11). .e
results are shown in Table 2. According to ICAO’s sug-
gestion for the construction of flight safety conflict value, BV
should be introduced into the total system error to be treated
conservatively. So the simulation experiment adopts ICAO’s
recommended value in the approach phase, and BV is 1
(NM) [34]. Collect the deviation values for analysis, and take
the minimum deviation value to form the nominal velocity

profile parameter according to the conservative principle [6].
Table 2 shows that the deviation of v4 is the smallest, then v4
is selected as the nominal velocity profile, and a schematic
diagram of the nominal velocity profile established is as
shown in Figure 7.

4.3. Altitude Profile Design. .e same airport is selected as
the experimental airport, and the historical radar tracks in
the arrival phase are collected for analysis to obtain the
altitude range of the approaching aircraft, as shown in
Table 3. .e diagram of the standard altitude profile is
established by the principle of high altitude, as shown in
Figure 8.

Obstacle data during arrival and approach phases are
collected, as shown in Table 4.

In accordance with ICAO’s recommendations for CDO,
the original altitude profile is optimized by using HPO
model (Formulas (12)–(15)). .e obstacle climbing condi-
tion is analyzed through the data in Table 4, and the optimal
descent gradient for the approach segment is set to 3% (<8%)
[35]. .e optimization results can be derived. .e relevant
data is shown in Table 5, where A3 is a new waypoint. .e
optimized altitude profile is shown in Figure 9.

.rough the comparison between Figures 8 and 9, it can
be found that, after the optimization implemented by using
the HPO model, the horizontal flight segment distance is
increased by 35.4 km, and the descending phase of descent
gradient is within the flight standard safety value consis-
tently. So, the HPO ensures flight safety and improves flight
economy, meeting the constraints.

5. Result Analysis

According to the experimental design and calculation results
of the horizontal trajectories, velocity profile, and altitude
profile, the flight path optimization of the experimental
airport from the arrival to the approach phase is completed.
Finally, the flight time required by the optimized flight path
is calculated and four typical optimization results are se-
lected to form the distance and schedule, as shown in
Table 6.

According to the optimization results, tPTA (planned
time of arrival) and tETA (estimated time of arrival) are
compared and analyzed. .e threshold is set as 5 seconds,
which can not only guarantee the calculation efficiency of
trajectory planning but also ensure the accuracy of trajectory
planning. Combined with the analysis of the optimization
results in Table 6, it is shown that the flight time of trajectory
4 is 966 s, which is the closest figure comparing to the
planned time of arrival (960 s). .e calculation difference
between tPTA and tETA is 6 seconds, which exceeds the preset
threshold. .erefore, the nominal velocity profile shown in
Figure 7 needs to be adjusted [5]. .e corrected speed is
shown in Table 7, and the corrected nominal velocity profile
is shown in Figure 10.

.e corrected nominal velocity profile and horizontal
profile No. 4 are used for analysis. .e flight time is cal-
culated as 960.2 seconds, which is 0.2 seconds away from the

5 7 6 8 1 4 2 3
0.1

0.15

0.2

0.25

Figure 4: Historical trajectory clustering result map.

Figure 3: Historical radar trajectory.
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960 seconds required by tPTA, and does not exceed the preset
threshold. Based on this result, the original flight path of the
airport approach flight of the experimental object is gen-
erated, and the 4D flight path is optimized by using the
4DDW, as shown in Figure 11.

According to the comparison of simulation experiment
results, it is found that the original flight path (right of
Figure 11(b)) starts from A1 to A8, in which there is no A3

point, and the time dimension is not planned for the whole
flight path. .e 4D flight path (left of Figure 11(a)) starts
from A1 to A8, A3 is a new point, and the descend phase
starts at A3, and the level flight from A1 to A3 makes the 4D
flight path much closer to the runway. When starting to
descend at a higher altitude, the maneuverability and
economy of the approaching aircrafts can be improved. In
addition, 4D flight paths can effectively enhance efficiency of
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Figure 6: Schematic diagram of the original velocity profile.
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flight sequencing, improve flight safety, and reduce conflicts
and congestion in the terminal area when planning with a
time dimension.

6. Advancement Description

At present, the similarity research mainly focuses on the
construction of 4D flight path, and there are different
consideration for the convenience and integrity of the al-
gorithm. Among them, the four-dimensional trajectory
planning algorithm, based on planned arrival times, is more

commonly used [36]. According to Table 3 and the original
flight data, the simulation experiment is established, and the
typical algorithm is used to generate the 4D flight path. .e
calculation results are shown in Figure 12. .e solid line is
the calculation result of typical algorithm, and the dotted
line is the calculation result of 4DDW.

Compared with the calculation results, it is found that, in
terms of flight attitude, 4DDW has level flight and descent
phase. It can reasonably handle the relationship between
safety and economy of obstacle climbing. In terms of flight
path structure, 4DDW has the characteristics of continuous
descent, not only optimizing operating standards, but also
ensuring the rate of normal flights. In terms of spatial path
range, 4DDW demonstrates the characteristics of spatial
range convergence, which provides basic conditions for
increasing airspace capacity.

.ere are two reasons for the differences in calculation
results. First, because the 4DDW algorithm is constructed by
three profiles, time dimension planning is also considered,
and threshold presets and comparisons are used. So, the
calculation results reflect the optimization of flight time and
flight distance. Second, because the 4DDW altitude profile

Table 1: DSW distance.

v1 v2 v3 v4 v5 v6 v7 v8
v1 0 249 157 106 79 109 128 134
v2 249 0 172 191 310 195 243 333
v3 157 172 0 57 166 44 184 213
v4 106 191 57 0 97 34 156 184
v5 79 310 166 97 0 130 95 215
v6 109 195 44 34 130 0 203 168
v7 128 243 184 156 95 203 0 270
v8 134 333 213 184 215 168 270 0

Table 2: Deviation.

v1 v2 v3 v4 v5 v6 v7 v8
138.1 233.4 145.1 123.3 163.6 133 180 211.7

101.6 101.8 102 102.2 102.4 102.6 102.8 103
longitude

100

150

200

250

300

350

400

450

ve
lo

ci
ty

 (K
t)

Figure 7: Nominal velocity profile.

Table 3: Altitude range of each waypoint.

Waypoint H(ft)
A1 17674–19426
A2 17674–18825
A4 17100–17726
A5 12749–13901
A6 (IAF) 12149–12776
A7 (IF) 11152–11949
A8 (FAF) 6373–6883
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Figure 8: Schematic diagram of height profile.

Table 4: Observer data.

Serial number Magnetic bearing (°) Distance (km) Altitude (ft) Affected flight procedures and take-off path area
1 092 38.722 9675 RWY29/initial approach
2 125 29.240 8802 RWY29/intermediate approach

Table 5: .e altitude of each anchor point and the distance from point A1.

Serial number Waypoint Altitude (ft) Distance from point A1 (km)
1 A1 19426 0
2 A2 19426 20
3 A3 19426 35.4
4 A4 19319 36.5
5 A5 13937 91.2
6 A6 (IAF) 12776 103
7 A7 (IF) 11949 110.2
8 A8 (FAF) 6883 143.6
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Figure 9: Schematic diagram of optimized height profile.
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Table 6: Typical flight trajectory and required running time.

Trajectory Trajectory length (km) Running time (s)
1 141.4 950
2 145.0 973
3 141.7 953
4 143.6 966

Table 7: Corrected speed.

Waypoint A1 A2 A4 A5 A6 (IAF) A7 (IF) A8 (FAF)
Corrected speed (kt) 360 357 326 255 248 224 137
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Figure 10: Corrected nominal velocity profile.
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Figure 11: (a) 4D flight path planning diagram and (b) original flight path diagram.
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introduces the concept of CDO, and the level flight, descent,
and obstacle climbing analysis are included in the 4D flight
path calculation, it can optimize the operational standards
and the convergence space range. 4DDW fully reflects the
comprehensiveness and rationality in dealing with problems
such as flight path prediction and is advanced compared
with current common algorithms.

7. Conclusions

By analyzing the results of simulation experiments and
experimental calculations comparison, we have the fol-
lowing conclusions:

(1) With multidimensional model, 4DDW sorts out the
data characteristics of each flight phase, which make
calculation results in accordance with the data
classification and enrich the data types and features
required for flight environment measurement.

(2) 4DDW relies on the design of buffer and threshold
values to make the aircraft spatial waypoint planning
conform to ICAO’s flight standard recommenda-
tions and provides an accurate planning method for
each point for wide-range spatial path identification.
Also the basis for similarity judgment is set and the
probability of position overlap is reduced.

As a foundation, 4DDW can be provided for verifying
the current flight procedures in the aspect of science, ra-
tionality, and economy. It can also optimize the flight
procedures in the airport terminal area to ensure flight
safety.

Abbreviations
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DSW: Dynamic spatial warping
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4DDW: 4D dynamic warping
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BV: Buffer value
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