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Flight Training Device
Gu Moon Jeong*, YOUNGJAE LEE**, Chi ho Lee**, Mu Kyeom Kim**, Jae-Woo Lee***

ABSTRACT

In this paper, two different flight training devices were constructed to verify the

effectiveness of a pilot training system based on a Virtual Reality Head Mount Display.
VFR Flight Procedure and IFR Flight Procedure were conducted by high level pilots
with Commercial Pilot Licence. Flight data and pilot’s visual data for each flight

procedure were extracted, compared and analyzed with two training systems. Finally,

the effectiveness of the training systems based on the VR HMD was demonstrated by

assessing the given mission and the flight results.
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A% (CPL : Commercial Pilot License)s X+
L e L AEE IFS 75 F A ¥
(VFR : Visual Flight Rule)? #A7] BISJ(IFR :
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Table 1. Flight training Device Build Up

Monitor Based VR HMD Based
Stick Stick
Controls Rudder Controls Rudder
Throttle Throttle
Instructor Network Instructor Network
Station Station Station Station
Visual
Display | Momer Display | VR HMD
System Instrument System (HTC Vive Pro)
Monitor
F“ght. X-Plane F“ght. X-Plane
Dynamic Wi1) Dynamic Wi1)
Model Model

Fig 1. Monitor Based Flight Training Device
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A 39 | EH 74A | & Al Zt
(License) (Aircraft) (Flying Hour)
Pilot 4 CPL Ci172 300
Pilot 5 CPL Ci172 270
Pilot 6 CPL C172 400
N=6 g dl>dAlzZt = 320

Fig 3. Instructor Station Software
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Table 2. Experiment Pilot Information

A 5 | EH 7IA H[ S A] ZF

(License) (Aircraft) (Flying Hour)
Pilot 1 CPL Ci72 300
Pilot 2 CPL C172 350
Pilot 3 CPL Ci72 300
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Table 3. VFR Procedure point information

Segment HDG SPD ALT
WP1 Climb 004 80 kt
Climb
WP2 | Right Turn 090 80 kt
Cruise
WP3 Accleate 090 100 kt | 3000
Climb
WP4 Right Turn 150 100 kt
WP5 Cruise 150 100 kt | 3500
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Fig 5. VFR Procedure Reference Point |

Fig 6. VFR Procedure Reference Point Il
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Table 4. VFR Procedure Export Data Set

= My =5
Time T E d|E@e| J|=E AlZH Second
Lat 37| /=l (XF) Degree
Lon 37| = (YH) Degree
Alt 837 1z (Z%F) Feet
Speed 37| XA £ Knot
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Fig 7. VFR Standard SPD Data
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Fig 8. VFR Standard ALT Data
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Fig 9. VFR Standard Trajectory Data
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Fig 12. IFR Standard G/S Data
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Fig 13. IFR Standard LOC Data
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Table 6. VR HMD Tracking Visual Data |

Table 7. VR HMD Tracking Visual Data Il
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Table 8. Export Pilot Flight Data Set Table

Flight Training Device Data Export

BATD LAT/LON VR LAT/LON
BATD ALT VR ALT
BATD SPD VR SPD

VR LOC Deviation
VR GS Deviation

BATD LOC Deviation
BATD GS Deviation

Total Data = 5 SET Total Data = 5 SET
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Fig 17. BATD Pilot Trajectory Data Fig 22. VR BATD Pilot Trajectory Data
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Fig 23. VR BATD Pilot LOC Data
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ANx =FAE 2

o] 3 %‘1% 53 &3 Hg HolHE
RMSE :
w[4] ZZA2tolA

ol
4
N
i
rld
re
;‘{"'

Root Mean Square

22 el

o
Aee 2 2FA Al B¢, AL 22 g
£4 3t RMSES Al4bshdth
o]% T mo] Hlg AXo| thd RMSE #<

shjel A% gow
whe] weol wla ¥
Qxpe] A FA s,

'%. © &% VR HMD 7
dAe] W FH mds

Z (Target Value — Observed Value )?
i=1

n

Target Value : 58 _{—f H] &) o] E
Oberserved Value : 58 29 ] g d|o] g
n: FolE] 7%

ANA o&F &3 dAe 1
A RMSE ## ¥+ RMSE

Fig 25. Fig 26. <
Zof Uig HAA 2F
kel g =z o)t

RMSE (Feel)

Fig 25. BATD Pilot ALT RMSE Data
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Fig 26. VR BATD Pilot ALT RMSE Data
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Fig 28. VR BATD Pilot SPD RMSE Data
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Table 10. SPD RMSE Analysis Table

Table 11. ALT RMSE Analysis Table

Time BATD RMSE | VR RMSE Change
50 59.83 43.87 -15.96
100 28.09 17.54 -10.55
150 60.13 59.97 -0.16
200 58.43 54.93 -85
300 25.07 10.88 -14.19
350 258 136.4 -121.6
390 106.4 68.86 -37.54

Time BATD VR Change
RMSE RMSE

50 2.644 1.43 -1.214
100 2.313 0.9704 -1.3426
150 2.581 2.16 -0.421
200 11.04 7.045 -3.995
300 2.077 3.031 0.954
360 10.1 3.934 -6.166
390 13.46 1.2 -2.26

Zb 5o MY AXNERE F=2H HF I
RMSE #& 3lue ag=2 &8sle] 29| iy
G Aol whe 1% o AT BT

= = = Averme BATDALT msi-‘ "
| Average VR ALT RSE 1
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Time:

Fig 30. BATD vs VR BATD ALT RMSE Data
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Fig 31. Initial Approach Pilot LOC Deviation Data
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Table 12. Initial Approach LOC Deviation
Analysis Table

Table 13. Final Approach LOC Deviation

Analysis Table

Fig 32. ¥ Table 13. © ZFZ 1vldFH A

u]_,—lr_ =i

A7 5 Al B A2 SE7)

1=} o]
= '1[.‘/}:!%‘

&8t

Tim MAX Average Minimum Time MAX Average Minimum
® Deviation | Deviation Deviation Deviation Deviation | Deviation
Pilot 1 BATD 0.90 0.32 0.019 Pilot 1 BATD 0.019 0.15 0.006
Pilot 1 VA 0.80 0.205 0013 Pilot 1 VR 0.078 0.03 0.002
Pilot 2 BATD 0.245 0.108 0.014
Pilot 2 BATD 0.716 0.22 0.019
Pilot 2 VR 0.061 0.023 0.003
Pilot 2 VR 0.855 0.32 0.012
Pilot 3 BATD 0.275 0.13 0.044
Pilot 3 BATD 0.64 0.28 0.012 Pilot 3 VR 0.19 0.07 0.003
Pilot 3 VR 0.64 0.33 0.005 Pilot 4 BATD 0.238 0.082 0.003
Pilot 4 BATD 0.49 0.32 0.028 Pilot 4 VR 0.235 0.074 0.0013
Pilot 4 VR 051 028 0.022 Pilot 5 BATD 0.34 0.13 0.008
Pilot 5 VR 0.064 0.03 0.003
Pilot 5 BATD 0.77 0.30 0.024
Pilot 6 BATD 0.329 0.163 0.027
Pilot 5 VR 14 4 0.030
"o 046 Pilot 6 VR 0.10 0.04 0.0034
Pilot 6 BATD 0.48 0.23 0.030 BATD AVG 0.241 0.127 0017
Pilot 6 VR 0.49 0.15 0.015 VR AVG 0.1213 0.0445 0.00261
BATD AVG 0.665 0.27833 0.022 o
g3 ZBE LOC Deviation #x} 4 & 3
VR AVG 0.7825 0.290833 | 0.016167 =32 36| U@ Glide Slope Deviatione] ©a

A ZF7A o) B3 LOC Deviation Z1#jZ %

3
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Fig 32. Final Approach Pilot LOC Deviation Data
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Fig 35. BATD vs VR BATD G/S RMSE Data
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Table 14. Full Approach G/S Deviation Analysis

Table
Distance BATD VR BATD Change
9000 61.24 38.26 -22.98
8000 49.09 39.05 -10.04
7000 36.01 40.96 4.95
6000 31.94 33.11 1.17
5000 21.98 24.57 2.59
4000 10.63 14.25 3.62
3000 8.555 7.688 -0.867
2000 8.579 7.143 -1.436
1000 16.35 7.313 -9.037
500 14.26 6.855 -7.405
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Fig 37. VR BATD Pilot Trajectory Data
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Table 15. Pilot Visual Data Example

Pilot 1

Pilot 2

Pilot 3

Pilot 5
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Table 16. Pilot Visual Data Export

4.

Climb | Cruise Climb 11

Pilot1 7 20 3

Pilot2 2 9 0

Pilot3 7 11 3

Pilot4 15 15 2

Pilot5 13 9 3

Pilot6 10 15 2
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