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In Korea, the Ministry of Land, Infrastructure, and Transportation has been developing a big-data platform for aviation safety
management using national aviation data. Aviation data includes not only the track data but also data related to the aircraft, such as
weather and flight plans. However, these data are managed by various stakeholders, and the integrated aviation data are not provided.
Since there were no integrated aviation data that encompass various fields, many researchers have been forced to pre-process these
separate data to analyze. Although the researchers integrated the data from different fields, it was hard to commonly use because only a
few fields were integrated, or the used data were hard to be obtained. It is necessary to design an integrated database so the researchers
can use the data that they need. This paper presents the master data set for aviation safety analysis and data integration using data
from various fields that are independent but deeply related. As original sources, Automatic Dependent Surveillance-Broadcast, Korean
Local Analysis and Prediction System, and Aeronautical Information Publication data were integrated to master data set.
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1. Introduction

Since the Fourth Industrial Revolution, big data has been
used in many fields. In aviation, International Civil Aviation
Organization (ICAO) has been suggesting introducing a data-
based safety management system.1, 2) Federal Aviation Ad-
ministration (FAA) developed the Aviation Safety Information
Analysis and Sharing (ASIAS) system to integrate aviation data
from most stakeholders in the United States and has been pro-
viding various services.3, 4)

In Korea, the Ministry of Land, Infrastructure, and Trans-
portation (MOLIT) has been developing a big-data platform for
aviation safety management using national aviation data. How-
ever, there are currently no integrated aviation data in Korea, so
there are many difficulties in research using data such as anal-
ysis of aviation safety events and warning signs. The aviation
data are separately managed and analyzed by each stakeholder,
such as the government and airlines, and it is hard to share their
data.5, 6)

This paper presents the schema of the Master Data Set that
integrates aviation data and can be used in most aviation fields.
It also describes the data integration process using data that can
be easily obtained in public, not just provided by stakeholders.
Section 2. explains the necessity and uses of the master data
set. Section 3. briefly describes the master data set schema, data
fields, and data integration of the original data. Section 4. de-
scribes the sample master database integrated ADS-B, weather,
and AIP data. Section 5. concludes this paper.

2. Master Data Set

In a narrow sense, aviation data refers to ’track’ or ’record’
data that includes information such as position and attitude
- Automatic Dependent Surveillance-Broadcast (ADS-B), Au-
tomated Radar Terminal Systems (ARTS), and Flight Record
Data (FDR). However, many researchers use other types of data,
not just the track data. For example, general track data such as

ADS-B and ARTS provide speed information to ground speed.
To analyze aircraft dynamics, airspeed should be used because
the aircraft always be affected by the wind. Airspeed can be
converted from ground speed using wind speed extracted from
the weather data.7) For the aviation safety analysis, it is neces-
sary to compare the aircraft track and air traffic control proce-
dures and routes.8, 9) Combining track data with data related to
air traffic control such as Aeronautical Information Publication
(AIP)10) can make this analysis easily performed.

The heterogeneous data such as Weather and AIP are struc-
tured so that the data format is suitable to use in each field.
ADS-B and ARTS provide the same aircraft tracking informa-
tion, but they have different data fields in detail. To utilize two
or more data, it is necessary to understand the definition and
standard of the data fields constituting each data and to trans-
form and integrate them according to their purpose. Since de-
tailed data such as FDR is hard to obtain because it may include
sensitive data related to operators, many researchers had to ob-
tain and integrate data independently. Sharing integrated data
reduces unnecessary processes and enables efficient research.

The master data set presented in this paper integrates typi-
cal data used in aviation and contains most of the information
necessary for all processes in aircraft operation. As shown in
Fig. 1, when used as a server database, users can share the data
provided by the master data set and use it for their purposes.

3. Data Integration

This section describes the process of integrating the origi-
nal data sources to create master data set. Figure 2 shows the
schema of the Master Data Set. As shown in Fig. 2, each data
field may have its value (gray cells) or not (white cells). De-
pending on their characteristics, the data fields of the master
data set can be classified into 7 categories. In this paper, 5 Cat-
egories related to data integration will be briefly explained, ex-
cept ‘Grid and Clusters’ and ’Event Alerts’.
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3.1. Key Index
The master data set should be able to provide data in units of

one flight according to conditions. And the data for one flight
should provide location over time and relevant details. All in-
formation in the master data set is sorted based on the key index,
and the data of one flight is sorted based on the date and time
among the key indexes. The data fields used as key indexes are
shown in Table 1, where ‘Id’ must be a unique value of each
flight.

Table 1. Data fields for aircraft key index

Data Field Description Unit
Id Aircraft Unique Identification
Callsign Aircraft callsign
Type Aircraft type
DateTime Date and time at each point

3.2. Aircraft Track and Position
Table 2 shows the data fields for flight track and position

based on the tracking data. In this study, ADS-B data was used
as an original track data source, and it can be replaced if there
is more precise data such as ARTS, ASDE, and FDR. Because
original data may be partially empty due to a large tracking in-
terval or poor reception quality, the raw data should be supple-
mented with the processed data.

In this study, data supplement was performed in two methods.
The first is a dynamic model-based simulation following a given
track.11, 12) It requires the specifications such as aircraft type.
Second, if there are no specifications, the track data is linearly
interpolated. The groundspeed and ground track is computed
using the aircraft position change.
3.3. Aircraft States

FDR data provides aircraft state information for detailed
analysis such as aircraft attitude, weight, and thrust. How-
ever, track data such as ADS-B and ARTS do not include such

Table 2. Data fields for aircraft track and position

Data Field Description Unit

Latitude
Latitude from Raw
or Processed data

deg

Longitude
Latitude from Raw
or Processed data

deg

Altitude
Altitude from Raw
or Processed data in MSL

ft

Vertical Rate
Vertical rate from Raw
or Processed data

fpm

Ground speed
Ground speed from Raw
or Processed data

knot

Course
Ground track from Raw
or Processed data

deg

Altitude (FL) Altitude in FL
Altitude (AGL) Altitude in AGL ft
Travel Distance Cumulative flight distance m

Table 3. Data fields for aircraft states
Data Field Description Unit
Flight Path Angle Aircraft flight path angle deg
Roll Aircraft roll angle deg
Pitch Aircraft pitch angle deg
Yaw Aircraft yaw angle deg
TAS True airspeed knot
CAS Calibrated airspeed knot
IAS Indicated airspeed knot
Mass Aircraft mass kg
CL Lift coefficient
CD Drag coefficient
Lift Lift force N
Drag Drag force N
Thrust Aircraft thrust N

states, the dynamic model was used to estimate the aircraft state
data.11, 12) Table 3 summarizes the data fields that provide Air-
craft State Information. Most data fields are calculated from the
dynamic model, but the mass and pitch angle were estimated
based on the data.

3.3.1. Initial Mass Estimation
Aircraft weight or mass is an important parameter. However,

it is not easy to obtain, so the aircraft weight or mass should
be estimated within a reasonable range. In this study, the initial
mass of full flight from origin to destination was estimated us-
ing fuel consumption, empty mass (me), maximum takeoffmass
(MTOM), and maximum payload mass (mpmax) from Base of
Aircraft Data (BADA).12) Figure 3 shows the initial mass esti-
mation algorithm. In Fig. 3, mi and m f are initial mass and final
mass. mmin is minimum mass and it is equal to me. m f , m f c, m f r
are fuel mass, consumed fuel mass, and remained fuel mass. mp

is a payload mass and ṁavg is average fuel consumption.
As shown in Fig. 3, estimation starts with MTOM as an ini-

tial mass and the dynamic model computes the fuel consump-
tion at every update. If the model computes that the drag is
larger than thrust during simulation, the initial mass is reduced
and estimation is restarted. If the m f is smaller than me after
the simulation, it is considered as not converging case, so it is
impossible to estimate. When m f is determined, m f c can be



computed by subtracting m f from mi. The remained fuel mass
m f r is assumed to amount of fuel that the aircraft can operate
extra flight about 30 minutes. And m f is a sum of m f r and m f c.
The payload mass mp is the minimum value between the max-
imum payload and the subtraction of me and m f from MTOM.
Through this rough estimation, the initial mass can be deter-
mined as a sum of me, mp, and m f .

If the initial mass is estimated, it is set to one of the initial
states of the dynamic model so it can compute aircraft states.
If estimation failed, data is linearly interpolated without other
states.

Set Initial Mass

→𝑚𝑖 = 𝑀𝑇𝑂𝑀,𝑚𝑚𝑖𝑛 = 𝑚𝑒

Estimated?

Yes

No 𝐷𝑟𝑎𝑔 > 𝑇ℎ𝑟𝑢𝑠𝑡→ Reduce mass

(𝑚𝑓 < 𝑚𝑒 → Estimation failed)

Set Estimated Mass

→𝒎 = 𝒎𝒆 +𝒎𝒑 +𝒎𝒇

𝑚𝑓𝑐 = 𝑚𝑖 −𝑚𝑓

𝑚𝑓𝑟
= ሶ𝑚𝑎𝑣𝑔 ∗ 30𝑚𝑖𝑛

𝑚𝑓 = 𝑚𝑓𝑐 +𝑚𝑓𝑟

𝑚𝑝 = 𝑚𝑖𝑛 𝑚𝑝𝑚𝑎𝑥
, 𝑀𝑇𝑂𝑊 −𝑚𝑒 −𝑚𝑓

Fig. 3. Initial mass estimation algorithm

3.3.2. Attitudes and Wind Correction
The model used in this study is simpler than the 6-DOF

model, but not all attitudes are calculated.11) Considering the
wind correction, roll and yaw angles are calculated based on
ground speed, ground track, wind speed, and wind direction.7)

Pitch angle is conservatively estimated based on the flight path
angle and lift curve slope calculated from the dynamic model.
3.4. Weather

Though using observed weather data is the most accurate,
observation data is only provided for some regions and times.
Since forecast data is often used instead of observation data in
the weather field, Korean Local Analysis and Prediction System
(KLAPS)13) provided by the Korea Meteorological Administra-
tion were used in this study. Weather data fields should provide
weather information including wind components at the location
of the flight as shown in Table 4. Therefore, it is necessary
to estimate the weather information at the corresponding track
position based on the weather data.

The KLAPS provides the meteorological data with isobaric
surfaces. And each grid point on the surface has the data such as
wind components, geopotential heights, and temperature. How-
ever, the aircraft altitude is provided as MSL altitude, so the
data needs to be converted between two standards to get the
wind and atmospheric properties at the aircraft position.

In this study, the weather data on MSL altitude surfaces was
generated from isobaric surface as shown in Fig. 4 and 5. Fig-
ure 5 shows the geopotential heights of each point on the same
isobaric surfaces. As shown in Fig. 5, the altitudes of each grid
point are different if the points have a same pressure. The wind,

Table 4. Data fields for weather
Data Field Description Unit
U Wind Wind components
V Wind at the aircraft position knot
W Wind
Wind Speed Wind speed knot
Wind Course Wind track angle deg
Pressure Pressure at the aircraft position Pa
Temperature Temperature at the aircraft position K
P0 Pressure on the surface Pa
T0 Temperature on the surface K
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Fig. 4. Surface conversion from isobaric to altitude
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Fig. 5. Surface conversion from isobaric to altitude

pressure, and temperature data can be obtained by interpolation
using altitude.
3.5. Airspace and Route

Table 5 shows the data fields for airspace and route informa-
tion. These provide information on departure and arrival air-
ports, passed airspaces, and actual routes of each flight to ana-
lyze efficiency and safety in air traffic management. The flight
route can be represented as a set of nodes and links of airports or
airways. If there are no historic records of flight plan, it can be
estimated by comparing the flight tracks and route coordinates
in AIP.8, 9)

Table 5. Data fields for airspace and routes

Data Field Description Unit
Airspace Airspace id that flight is located

Entry Node
Entry node id
(Gate, Runway, Fix, etc.)

Exit Node
Exit node id
(Gate, Runway, Fix, etc.)

Position
Flight position
between entry and exit nodes

%

Procedure Procedure that flight is following
Vectoring Vectoring by ATC T/F



4. Integrated Database Example

The sample master database has been developed by integrat-
ing ADS-B from FlightAware,14) KLAPS, and AIP data using
MySQL. Figure 6 shows example of the summarized table of
the total master database. Summarized table provides the flight
list that includes key indexes, origin and destination airports,
and the dates of departure and arrival so it is possible to search
master database faster.

Fig. 6. Example flight list in master database

Figure 7 shows the aircraft tracks in the sample master
database. The empty spaces in raw track data was filled by pro-
cessed data as shown in Fig. 7, 8, and 9. In Fig. 9, the descent
trajectory appears as a step due to the dynamic model, they can
be replaced if the more accurate data exist.

Fig. 7. Example of aircraft tracks in master database

Fig. 8. Lateral track and trajectory

Figure 10 shows the aircraft states which were computed
from the dynamic model. The initial mass was estimated in
reasonable range as shown in Fig. 11.

Figure 12 shows data for the weather and airspace history.
The TMA and sector that the aircraft positioned was recorded
as the airspace information. And the wind component at the
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Fig. 9. Longitudinal track and trajectory

Fig. 10. Example of aircraft states in master database
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aircraft position was extracted, the airspeed and attitudes were
computed as shown in Fig. 10. Figure 13 shows the ground-
speed, airspeed, and windspeed vectors at the aircraft positions.

Fig. 12. Example of weather and airspace history in master database
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Fig. 13. Groundspeed, airspeed, and windspeed at each point

5. Conclusion

This paper presents a master data set that provides most of
the information in the entire flight history and data integration
of ADS-B, Weather, and AIP that can be easily obtained but
have different formats and characteristics. The master data set
can be used for various fields in aviation and can be expanded
according to the data and research purpose. If it is used as a
database of data sharing platform, users can share the integrated
data so the master data set can reduce individual data integra-
tion processes. The master database is being updated using in-
tegration of the ADS-B, KLAPS, and AIP in 2019. Currently,
some data fields are empty, and filling the empty fields is go-
ing on progress. In addition, to use for the analysis of safety

events and precursors, improving the accuracy and simplifying
data fusion is a major research goal in the future.
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