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A Study on the Application Plan through the
Development of a Digital Twin-based 3D Trajectory
and Flight Monitoring System
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ABSTRACT

This study aims to develop a Digital Twin-based 3D Trajectory and Flight
Safety Monitoring System to enhance the Flight Safety of Aircraft and advance
Autonomous Flight capabilities. We developed a Real-time Integrated
Monitoring System that supports the safe Flight of Aircraft by integrating
various data such as Real-time Weather Information and Surrounding Flight

TEHE SN SHALSAORI N Traffic Situation Information, and Visualizing and Displaying them on a 2D/3D

TR S HEES u Map. The proposed System was developed and applied, and its performance
was analyzed by measuring the Trajectory Information Data Update Cycle and
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Figure 1. System Architecture
(Definition of Overall System Components of TESMS System)
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Table 1. System Configuration List

No. Configuration List
1 Ground T&E Data Terminal
2 Ground Surveillance Sensor(Radar)
3 Ground Surveillance Sensor(ADS-B)
4 Wind Measurement System
5 MQTT Broker
6 Map Server
7 3D Visualization Monitoring
8 Vehicle Operator Client
9 Trajectory Evaluation Server
10 Simulation Server
11 Web API Service
12 Database
13 External Services(Weather Information, etc.)
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Figure 2. System Interface
(Definition of Overall Internal and External Interfaces of TESMS System)

3.2.3 UI/UX 2Al

TFSMS AAR] QAN v O R 75 Jol& &8
3}1aL, 2D VOC ¥ 3D VMe| 8 7|5 /4 A4 &=st
AT} 2D VOCS] #¢ 2RI/ I0ky, Hldiwe], TAY
o, $RALH (LA, s (FEAh), AeFA, T3

AlEZ ol 5o AFold 7|sS vtg o R AAE, 3D
VM| 7% 2IRl/ZI0ke, vy, HAFY, RYE
B, 11%/30% e, 387 AlEdold, 4 BF 52
o 755 v o 2 AAsit.

2D VOC UI/UX AA st 19 33 241, 3D VM
UI/UX AA stH-2 29 49 2t

1o

Geofence Wind Environment Simulation

Figure 3. Design Screen(2D VOC)
(UI/UX Design Screen of 2D VOC)
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(UI/UX Design Screen of 3D VM)
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Table 2. Test Environment
Type Server 1 (VOC Server)
CPU Intel(R) Xeon(R) E5-2603 v4 @ 1.70GHz
RAM 8 GB
STORAGE 1TB
(6N Ubuntu 20.04 LTS
NETWORK Ethernet
Type Server 2 (Track Information Generation Server)
CPU Intel(R) Xeon(R) E5-2603 v4 @ 1.70GHz
= RAM 8 GB
, - STORAGE 1 TB
' —L 0s Ubuntu 20.04 LTS
i L NETWORK Ethernet
First-Person Mode Third-Person Mode Type Virtual Track Generation Notebook
CPU Intel(R) Core(TM) i7-8565U @ 1.80GHz
RAM 24 GB
STORAGE 1TB
GPU Intel(R) UHD Graphics 620
T — (oN Windows 10 Pro
> : NETWORK Wi-Fi
‘ ‘ Type VOC Client
Wind Environment Simulation Aarm CPU Intel(R) Core(TM) i~710850H @ 2.70 GHz
Figure 6. . Development Screen(3D VM) RAM 16 GB
(Development Screen based on UI/UX Design of 3D VM) STORAGE 500 GB
GPU NVIDIA Quadro T2000
OS Windows 11 Pro
NETWORK Wi-Fi
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Table 3. Results of Measuring the Update Cycle of Track Information
Data in the 2D VOC System

Track Track
Classification Information Classification Information
(Unit : Times) | Data Update (Unit : Times) | Data Update

Cycle Cycle

1 0.061s 31 0.037s

2 0.039s 32 0.029s

3 0.041s 33 0.048s

4 0.020s 34 0.046s

5 0.039s 35 0.044s

6 0.032s 36 0.035s
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7 0.025s 37 0.047s
8 0.026s 38 0.041s
9 0.037s 39 0.032s
10 0.043s 40 0.051s
11 0.032s 41 0.037s
12 0.046s 42 0.045s
13 0.033s 43 0.033s
14 0.036s 44 0.029s
15 0.044s 45 0.044s
16 0.040s 46 0.049s
17 0.025s 47 0.044s
18 0.042s 48 0.037s
19 0.052s 49 0.036s
20 0.039s 50 0.035s
21 0.025s 51 0.036s
22 0.050s 52 0.045s
23 0.052s 53 0.050s
24 0.039s 54 0.033s
25 0.029s 55 0.043s
26 0.050s 56 0.047s
27 0.040s 57 0.041s
28 0.043s 58 0.039s
29 0.033s 59 0.046s
30 0.043s 60 0.048s
Average Track Information Data Update Cycle 0.039s
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Table 4. Test Environment
Type Server 1 (VOC Server)
CPU Intel(R) Xeon(R) E5-2603 v4 @ 1.70GHz
RAM 8 GB
STORAGE 1TB
(N Ubuntu 20.04 LTS
NETWORK Ethernet
Type Server 2 (Track Information Generation Server)
CPU Intel(R) Xeon(R) E5-2603 v4 @ 1.70GHz
RAM 8 GB
STORAGE 1TB
(ON Ubuntu 20.04 LTS
NETWORK Ethernet

Type Virtual Track Generation Notebook
CPU Intel(R) Core(TM) i7-8565U @ 1.80GHz
RAM 24 GB
STORAGE 1TB
GPU Intel(R) UHD Graphics 620
[N Windows 10 Pro
NETWORK Wi-Fi
Type 3D VM Client
CPU 12th Gen Intel(R) Core(TM) i7-12800HX @ 2.00 GHz
RAM 32 GB
STORAGE 1TB
GPU NVIDIA RTX A4500 Laptop GPU
[N Windows 10 Pro
NETWORK Wi-Fi

Table 5. Results of Measuring Data Rendering in the 3D VM System

Classification
(Unit : Seconds)

Data Rendering

Classification
(Unit : Seconds)

Data Rendering

1 108.46 FPS 31 102.71 FPS
2 110.80 FPS 32 101.98 FPS
3 105.44 ¥PS 33 100.20 FPS
4 102.98 ¥PS 34 95.55 FPS
5 95.86 FPS 35 98.33 FPS
6 95.93 FPS 36 98.55 FPS
7 102.23 FPS 37 98.87 FPS
8 99.12 FPS 38 91.69 FPS
9 97.08 FPS 39 100.66 FPS
10 96.20 FPS 40 99.61 FPS
11 98.90 FPS 41 99.74 FPS
12 95.94 FPS 42 100.89 FPS
13 97.49 FPS 43 99.73 FPS
14 100.70 FPS 44 101.23 FPS
15 99.96 FPS 45 100.65 FPS
16 97.11 FPS 46 95.95 FPS
17 102.73 FPS 47 102.35 FPS
18 99.98 FPS 48 99.73 FPS
19 99.00 FPS 49 94.72 FPS
20 93.39 FPS 50 99.17 FPS
21 102.70 FPS 51 97.74 FPS
22 100.15 FPS 52 96.87 FPS
23 99.79 FPS 53 96.27 FPS
24 96.43 FPS 54 95.78 FPS
25 101.37 FPS 55 97.02 FPS
26 98.94 FPS 56 99.59 FPS
27 97.17 FPS 57 100.17 FPS
28 102.51 FPS 58 99.53 FPS
29 102.95 FPS 59 100.62 FPS
30 99.95 FPS 60 100.53 FPS

Average Data Rendering 99.46 FPS
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