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Inha University, Incheon, Republic of Korea

ABSTRACT

To analyze the motion of aircraft through computing the dynamics equations, true airspeed is
essential for obtaining aerodynamic loads. Although the airspeed is measured by on-board
instruments such as pitot tubes, measurement data are difficult to obtain for commercial flights
because they include sensitive data about the airline operations. One of the commonly available
trajectory data, Automatic Dependent Surveillance-Broadcast data, provide aircraft’s speed in the
form of ground speed. The ground speed is a vector sum of the local wind velocity and the true
airspeed. This paper present a method to estimate true airspeed by combining the trajectory,
meteorological, and topology data available to the public. To integrate each data, we first
matched the coordinate system and then unified the altitude reference to the mean sea level. We
calculated the wind vector for all trajectory points by interpolating from the lower resolution grid
of the meteorological data. Finally, we calculate the true airspeed from the ground speed and the
wind vector. These processes were applied to several sample trajectories with corresponding
meteorological data and the topology data, and the estimated true airspeeds are presented.

1y
—

[SIE)
o
fru
off
12
e
ok
o
1>

[o
o
oo
ok
£
odt

f
N
o
N
off
tlo
S
1
_0|L
N
do
:<‘)L_l‘
>
rr

ot
Eo
=

)
Ao
LI

~

o
oo
e ok o
4 £ il
xo
o
(d
TN
J {
b
ol
N
2
of i
0
e
r]I.
rO
i
o
o
oo
et
&
¥
rlr
ot

N
1o
I
bt
T
rr =
R
AP
bt
i o
)

e
)
T
-0

o

O B o My fo
H
gjg
-

b2
Y
>
o
Lo

N

jntnl l‘H J}‘-'
=
o
o
it
oft off
]I..?{J
ok
N
f
E)
:N_‘\
=

ot rn
i
ttlo
ol
:Oé
>
=
N

i
)
>

O oo & N oy T O o
o
ol
=
ox
b1
N
)
N
N
o
pe
o
N
o
=,
o

L fo
Y
)
il
N
M\
o
il
f
rﬁ_{

X o
O%
ol
£
oot
2
jin)
o
o
o

1o ta e

e

i)

o

o

£

i)

%t

2

=2

1

oo

ol

ok

£

N

o

Y

oflt

jn)

9

)
2
=

N e
jur}
z
o

B =
)

Key Words : ADS-B(*¥ ¥ @554 A), LDAPS(=7#] o B 2 d), DEM(A| £ 12 d), TAS(X o

t Received : November 30, 2021 Revised : December 22, 2021 Accepted : December 26, 2021
1 Graduate Student, > Postdoctoral Researcher, > Professor, * Associate Professor

4 Corresponding author, E-mail : haktae.lee@inha.ac.kr, ORCID 0000-0002-0674-9931

© 2022 The Korean Society for Aeronautical and Space Sciences



68 AEF - Al - {37 - o3t SRS RFEIK|
.M B Table 1. Description of Data Features
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E@Pitot tube)e B AZF % oW, raw Type | ADS-B LDAPS DEM
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T ohst el ok el AT A )& How to Open Met Geographic
T oldd e AT AA driE=E onst Obtain  |[Me3SUEMENt pove portal | Information
o g7 T EXAS HES I BHs F Institute
g3t7] 8 AeET gutd o R AgEHE F§F7] ‘ WGS84 Grid GRS80
=5 2 oA E 5 Ao nkg HEAe Coordinate| ) 41 on Coordinate Lat/Lat
A 39, AAZ, AA tir]eAe] 71 B T )
Agtel FaETh v #AEA EFelt A drig=E | ATE | st AGL MSL
7F Aol ARE g55y] olEe HHo|ER olF
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Table 2. Available Data List of ADS-BI6]

Data Description Range
Call Sian Aircraft identification information
9 granted by ICAO
Lat/Lon on the WGS84 R R
Lat/Lon measured from GPS 0 +90
Altitude Distance to WGS84 surface, | —1,000 ft ~
Mean Sea Level +100,000 ft
Ground Rate of change of ~ 4,000
Speed displacement on WGS84 knot
Track Horizontal right angle 0° ~ +360°
Angle from true north

2.2 7|+ HlolH

B =RdAE 71HANA AFse HtE A3
TN E FAGEED HolgE 7] HlolEHE A}
AT FH 10d 58 dlolErt AFEHM MA Y
A7 T A AAIRE FFEFASQ] GRIB2 S zh=t)
GRIB2 22 ©2 o] HolEE 2ES AA A
FE o] &3ty ¢FT oY FHOo=2ZH wgrib2
Z2IRE B3 AUt sresith FACGERED] F
FEE AT, AY, FAGEEI(LDAPS, Local
Data Assimilation and Prediction System)©] $10.™,
o] & 71 22 G Y9dS tF = LDAPSE AH8-3)
Atk LDAPSS| A| ¥ Table 33 ZT}8]. ©lo|E]9
THEE 2dH, S99, 9ddo] glow, B =7
Ae BEEH dolHE AT TUH dHolEe
ZdE delHE 7|kl s ®Bilste] AFEH B
= 48317 QA= A Bitelok e T
o] It} BdwHe AIEH B9 744 dolE Tk AF
StER Ho HEals AL APSA fth. mdH
o] AA B4 g9 [32.257°N, 121.834°E] Aol A
AlZbstE AxE B3 dHtE AE9E olfEn AA
= AxHG HY3k WgFo =z 15km H4, 92 I
S 2 AGL(Above Ground Level) 715 40km7}A] 2k
70502 FAREY. HAA B4 999 JAHdFY 7
AxEAY P@Pg Wake] AR A= Fig. 13 2o
A2 wreke] AA= Arakawa-C GridE & 831 7]
A detuEuig 924 yepdo =3, A xEH 7)
NETE AR HHo] Fom 1RV HeETE Y
ok, A2 F4d wE =9t MA BN FHd

gk Ax} dAl= Fig. 29k 2Th LDAPSE HA TR
dERE AAZES ATl AT FUE S
TP, B4 HolHE HlEoR o]F 447 =
T 48A%E A dEdn. B =EdAe 24
olE g} 2413t F7hA 9] o HolEE &8st st
F2 714 dHolHE 1A% tA 02 FAEIAT B
29 =Y detvy T £3/94E55 HolHE 2

&5he e NEE 4ET £ 9

Table 3. Specifications of LDAPS

Spec. Description Value
Point a 9 121.834°E
origin
Grid Spatial Resolution 1.5 km
Interval
Num. | Number of grids in the 602(EW) x
of grid analyzed area 781(NS)
about 70 floors
Num. of Number of floors (different by
Vertical divided up to an parameter),
Floors altitude of 40km Above Ground
Level
Analysis | Analysis cycle through 3hours
Cycle meteorological models | (8 times a day)
48 hours prediction using 00h, 06h, 12h,
Prediction |18h’s analysis data
Cycle |4 hours prediction using 03h, 09h, 15h,
21h’s analysis data
U,V,.W-component of wind, Potential
temperature, Specific humidity, Cloud ice
Output i T
water content, Density, Cloud liquid water
Parameter )
content, Exner pressure, Rain, Cloud
graupel water content

12638 12639 1264 12641 12642 12643 12644 12645 12646

Fig. 1. Analyzed Area(lL) / Grid Example in Incheon
Airport(R)

0t Above Ground Level by Floor 1sm 4

# UV Comp [’
W ComgonentofWind |
35 1
*

*
*
*
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*
+

Fig. 2. AGL by Floor(L) / Grid Example in
Analyzed Area(R)
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Table 4. Example of DEM O ADSE N TDARS
™ Lat/Lon Grid
. . [Coordinate E?;:;?:ﬂ}((icordinate Alt(MSL) GSLanef;d ;;agﬁz Coordinate Alt(AGL) | Wind Data
X-Coordinate(TM) | Y-Coordinate(TM) | Ground Level System System System
|
541461.61 142988.91 7.42m | s
Bessel to GRS80 c::';:::; =
541371.61 142988.91 9.08m Gaopdivate Hien) o e
541281.61 142988.91 13.25m ey [ AGLtomsL

Table 5. Specification of Coordinate System
in Bessel1841 and GRSS80I[9]

Spec. Bessel1841 GRS80
Semi-Major| ¢ 377397 155 m 6,378,137 m
axis
Flattening 1/299.152815 1/298.257722
Axis X-Axis: South to North,
Direction Y-Axis: West to East
Origin of Western Central Eastern
Coordinate [[38°N 125°E]| [38°N 127°E] | [38°N 129°E]
Inital Ast 600,000 M(Jeju, st 650,000 m),
Value of .
. Ay 200,000 m
Coordinate

2.3 X|&g ool &

2 =i e FEAYAEAAA AFst= A
#3112 (DEM, Digital Elevation Model)& =&
olHZ AESIAT = A AFY 15 B4
AN/ T & ] Ascii 82419 StUE Zﬂ%if_
Cotue] B2 4 iR o] FolAH flen, <l
?‘z}ﬂ $/74 59 [37.469°N, 126.451°E] TELoﬂAH
Al Table 49} 2t} ko] F E-2 Bessel 1841 Ef
Al 71% TM(Transverse Mercator)3}3EA] 9] ¥ HZ|
ZF #RE YEhiH, 2 ¥ 90me] A4S TFA AL
Atk TMHFZEA 2] AYL Table 59 EgH o] Ut}

rEE YR BEOZ A4E AT, yE S A

-‘,J&

mgmgﬁ

Zold FE:oR B5E Zrlhe wEe oluw
F 4994 (Origin of Coordinate).E2% ZF5(Central)

& AHE3H, Y3874k E (Initial Value of Co-

ordinate)= FIdHel HEgS ovidnh. mpA=
de 1EE UehH 1913~1916d] AAH A

AHe) He sede VEHoE .

Topology  [giavation

E3

Altitude Type

ADS-B
ADSB il LDAPS

e Alt(MSL)
ALIMS Trilinear =

1 Wind
Vector

Resolution

Fig. 3. Structure of Data Integration

WAtk 7+ dolge] HFEAE EA
o] =& Hel i3] vy HE gbzo] 7
HE = ADS-BY A& %9 3

N oz FF
Tottt. uhg
A &= +4

o] o] gH D, ol 4FolN TRIE BT}
3.1 HEA L
AxA A= 2A BAA WS YT Fw=E
1o

=Wl o3 #x ¥ HAHow Us
ATH ADS-BY HEAE WGS84 ERUAlA 2 £/
7 =0l DEMQ] FHIEA= Bessell841 EF A ol A 2]
TMEEA o]t LDAPSAIA = 71733 dA AAHL
2 FAT AA FHIEAE AL B =EdAE
ADS-Be} DEM?®] FHEAE LDAPS ZHA FHEAZ
LA A H

A, B A3 A FEA A B L] AA
st HFA MG EFAPAN S GETH9]. Fig. 4+
g A0 AAE WE #AFLe e, ols
53l Bessell841 EFYAe] TMHEAE GRS80 EF
Aol 9/ AER HEE 4 QU

ADS-B¢} DEMY] 9l/4x=+ Z+Z WGS84, GRSS0
bAoA FRAHAN 2 BeAe] w@abo] o
0.06mm =}olol] EFSIERE HEBHOZE olF Z
I E 4 ok

( . . 2\ . .
Bessel 1841 Ellipsoid GRS80 Ellipsoid
Transverse Mercator
Coordinate
l b Geocentric Coordinate
Lat/Lon/Alt l
Coordinate
i Lat/Lon/Alt
Coordinate
3D Cartesian ]
Coordinate
@ = 4 | =

Fig. 4. Process of Conversion from Bessel1841
to GRS80



M50 # M1z, 2022 1.

ADSB, 714, A9 HolH 9 TF T3 W7

71

s
tt
o
ol

5o, HdHzZE

=2 LDAPSY
7671—0_]3,_1:1:14 o

F2 A, 53

HEr HolHE Fa &
HE & 4 gtk Ax
71E AL [32.257°N, 121.834°E]°|t}.

[30°N, 60°N],

32 1 7| dx=x
1= 7]

s BEAbSE

Aoz vdth 7]

2 FXFHA dis

Zpe digk A&

A Y

ahiol

eyl
1# 3tk LDAPS| A 9
Ao HF 1=z mdPsn

4= 90me] DEMS A&3sted 3 weF A 3+
Zo] 15km¢l LDAPSY] A&
X3¢ DEMS
DEM¥} LDAPS ZAXA}e] & we| do|=
o] yug AR 3h}e
°]’+e] DEM tl°]E 7}k
ARZE LDAPS A& 9] 5142 Fig. 59 2t

.%wzz

+ YA= AY HolEHE T3] LDAPS
st #A3 MSLellA AGLE W sl
Ao AR md e AztH ol E
AA A go] old A

A g
ATH10].

BAe7] Q& Axp
B IE s 4SSt
oF 168 =k
YL mASEE7] 93] 20070
AHEET ol AxE

$ 02 LDAPSY AFILEZE o] &dle] 43

9 1T IFES

A 2dd 87t g

T3 3o
9ol Ao 7 Q3 AR AYITE=
™, §&&719] MSL 1=ol|A A1

AGL 122 3& =«
xZo] yFhs 9wy,

Z, 3712 YXE LDAPS 334
F emz T oA 7]

700

600

500

400

300

200

100

Qlt}. ol Fig. 29 9

¢ e Az =242 ou|sit)
AR A ERE
e o S ok

=og

150 200 250 300

350 400 450 500 550

AGLAIA MSLZ W33+t LDAPS
HeolHE g5317] AsliAe 3719 A/ E/1EE
Fig. 29| 2 && 93} 22 LDAPS 34 4
1t 9/ A=E 3129 AAHE
T3 WF A4z HIFZE HIE & Qo
g o

et

2500

2000

1500

1000

500
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Wind Data Base
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AN 4
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&, /
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\\ a ‘ D \ o

Fig. 6. Trilinear Interpolation(L) / Example of
Parsing LDAPS Data Base(R)
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«10° Geometry of TAS, G5, Wind at Cruise
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Fig. 10. Geometry of TAS, GS, Wind at Cruise
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Fig. 11. LDAPS Floors in Altitude Profile of Landing
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Fig. 12. Landing 2D Trajectory with Wind
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