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[Abstract]

This paper presents air traffic control simulation model for generating 4D trajectory, and aircraft dynamic model based on 4D
trajectory information. With aircraft parameters from BADA and Total Energy Model, the trajectory is defined through modified
Bezier curve and the simulation supports two aircraft control methods based on controlled time of arrival (CTA) or airspeed. The
simulation results shown that flight time and path were almost identical to the defined trajectory, and derived the differences of
each control methods according to wind conditions. Based on the simulation model developed in this study, it is expected to be
applied to various air traffic management researches. Future studies will focus on applying optimization techniques in order to
minimize the difference between generated trajectories and actual flight routes. This work will increase utilization of developed
simulation futhermore.

Key word : Air traffic control simulation, 4D trajectory modeling, Air traffic management, Point-mass aircraft model, Base of
aircraft data.
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Fig. 1. Graphic user interface of the simulation.
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(waypoint) 7 E.ol] 2438} A8k 271 (constraint) S W 8}= A
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Table 1. 4DT constraint assignment process.

Step Category Description

1 | Flight envelope Max/min airspeed, max altitude, max thrust, ezc.

Regulatory
constraints

MEA (minimum en-route altitude), MSA (minimum

2 .
sector altitude), efc.

3 |ATC instructions |ATC instructions (airspeed, altitude, heading, etc.)

Procedural  |Assigned altitude, airspeed, ROCD (rate of
4 . . P .
constraints  (climb/descent) in flight procedure for each waypoint
5 Speed/altitude [Pre-defined airspeed, altitude (climb/descent)
profiles lassignment profiles
6 User d'e.ﬁ ned Other user defined restrictions or conditions
conditions
BADA
7 |airline procedure [Airline procedure models defined in BADA
model
Target
Waypoint
Altitude off the limit
Altitude restriction

le Altitude
from Flight Envelope |

m Sector Altitude

WPT1 WPT4

WPT2

WPT3

J8 3. 0% MEkxA v oflAl
Fig. 3. Example of altitude constraint assignment.
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Table 2. Comparison of flight time, distance and
consumed fuel between r-4DT & simulation results.

) Bl

Flight time (sec) |Flight distance (NM)|Consumed fuel (kg)

-4DT 3,575 sec 288.79 NM 2177.49 kg
3,575 sec 288.83 NM 2175.10 kg

DY NWI - 370,00 %) +0.01%) (-0.11 %)
3,575 sec 288.81 NM 213.08 kg

DY_WAL 0,00 %) +0.01%) (+1.63 %)
3,581 sec 289.24 NM 2141.10 kg

STNWH - 017 %) (+0.16 %) (- 1.67 %)
3,681 sec 289.25 NM 2203.01 kg

STWAL (o07%) +0.16 %) +1.17 %)
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E 3.2t =4 8 vdAs RMSE & 2O 2%}
Table 3. Comparison of parameters and RMSE.

RMSE |Position|Altitude| TAS | ROCD Acngra Thrust [FJ‘S‘:(li
Max. Err| NM ft kt ft/m f/sr2 kN ke
by nw| 0410 | 1141 [ 857 19116 | 0785 | 1462 | 3278
NWI 020 | 3348 | 37.17 [1507.12| 4488 | 6355 | 6220
by wa | 0416 | 1410 [ 1208 [ 19116 | 0786 | 14.54 | 23.48
WAL 043 | 3348 | 3370 |1507.12| 4832 | 63.55 | 5847
o1 aw | 0328 | 1115 [ 138 [167.09 ] 0.493 | 592 | 3803
NW 0842 | 2463 | 468 [1309.78] 4986 | 2825 | 46.15
o1 wa | 2952 | 1899 | 1144 [46204] 0592 [ 12.11 | 2762
WAL 6070 | 2267 | 3254 |2779.67| 5335 | 5403 | 58.17
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