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A Design Approach for the System to Detect and to

Warn the Unrecognized Spatial Disorientation

Sae-Hoon Lim’, Young-Jin Cho™

ABSTRACT

Recently, Spatial Disorientation (SD) has emerged as a critical safety concern in helicopter
operations, with unrecognized Type I SD posing a significant risk due to its high fatality rate.
Although various methods have been proposed to detect and prevent SD, most approaches
focus on recognized forms (Type 11, Type III) and rely primarily on subjective, physiological, or
conventional statistical analyses. This study introduces a novel system designed to detect and
warn against unrecognized Type I SD by integrating flight simulation, subjective pilot
assessments, and machine learning-based flight data analysis. Utilizing a helicopter flight
simulator to generate realistic flight scenarios, high-quality performance data were collected
and labeled through both pilot feedback and expert instructor validation. The system promptly
alerts the pilot with visual LED signals, enabling rapid corrective action before critical flight
deviations occur. This integrated approach demonstrates the feasibility of robust, real-time
Type I SD detection and highlights the potential of advanced analytics to improve overall flight
safety and operational reliability.

Key Words : Spatial Disorientation(Z7F4 A, Unrecognized Type 1 SD(H]QIRZ Z7HH YAk
4), Helicopter Simulation(&82]F8 AlEd°lE]), Machine Learning(A1#d), Real-time Warning
System(AAZE FIAAH])
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2 M(gravity vertical line)oll tigh ZFAMS] Z5H

ZZAVE0] HY & A1 Q= EAZ E3] dFH QUAolu 37| AAE es] mfetstA] ok AdH
= 0|2 QI3 At A&H oz ¥hgstal Q. £ WIHGillingham, 1966).
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SD= 2 Az A47189] ale= Qlsj &
Al QRS HRES] AEE Azl ojEstar Qlof
T R 2 E S 249 Q1o QlolA A1)

ke it} Wb B (false ho-
rizon illusion), AlZRF7F-S(visual autokinesis), 4}
252 relative-motion illusion) 53 Zo] Az
A2 GA A5 S 20 4= 2lom, Es] 7
A7t 2] B2 AAA Aol Hol WAEe] A=
olojd &= QlthAyiei et al., 2020).

SDe= Al 7K 322 vtk

A, QA EA] &2 SD(unrecognized SD, Type
D= 2F3APF EREE w7A] gor, 8717t BlF
AR Aol Slckal AZsA] f=th &, 234
SDE st glo ol A9 Qs Zote A
Elolt}k. Type I SD& ZF3AP} Q14 AAE &kl
7] wiol TR XHAQl XFE{controlled
flight into terrain, CFIT) AlZZ& o]ojXIth Type I
SDoll tigh = ARSI FAE dojA s
] B2 A7t FEol

E4), AA)E SD(recognized SD, Type )& 2F
AZE 35719 AHAL, A1, AU 2o g AR
719] ZHkE FE A A7 AR 7Y &
E2 sk AHE Uittt o] 139 A% £F
Abs BAE A 4= Qo

AR, F52 SD(incapacitating SD, Type D=
ZFZAPE A4S @FE 1AlskaL UARE SDofl Ak
o= wlA Sl AHE Qd ko T3 Lu
A= hAsHA] Eol= ZHE rigich

o] A7}A] SDY §FB2 A= FHZHo|R= L 2l
Aot Fwo] wEhA AE5AQ1 o s vERdth

At =4 |7F SDof| thgt A7t KB =|of g,
os] AEFEY SDE HIYWMA Azt EA o]t
oF 80% o9l tiRE AYFH XFIAES SDE 4
APk Hart Qla, AR EA 22 Type [ SD=
SD & At3L9] 85%E AFA|SIHVreeken, 2013). =
He] ol SDE QI Afal= 20059 o]F & 11
A9 Az dA¥ska Qledl, ARSHIBEAIZE ol
T Estal F=RE A7 Qloh

@2 AFAHEo] SD A URIF} thaliof disf A+tst
of AR 52 JNUSIIARE, ARFAQ] ®Hol
tjFEo]al ojs] siasfor & A7t Eot ek SD
9 £8 A% F sh= SDE Ao s 4% 4= 9l

= A5E Tl glk= Heltk. 53], 71& A1 o
FEL Type II, Type 1112} o] X SDo]l HE=
ol Yo, AFgARZE 7FY =& HIES RSk
A=) 2] &L Type 1 SDO|| thgt H-= F=s5ItHHao
et al., 2022). w2bA QJAAHA] &2 SDE AAE &
We AR WS Jfdshs Aol Fasith

B Aol 7129 SDE gRIsHAY ARl 4

I 4 Qs Sl His) s 2L, ol FS
o

A _itk. o] ®e F5f DElEE AL F8 4
SDE S24e= 2T + U Aol 7|divitt.

o
-

2.1 Bl 0|2 1

ZEATE 3719 AAY 308 AAE A i
5P 0|2 sDaka 31, FAlo] 2 zKllusion)S
Foietre ZFSch 198600 SDO 7go] 575
A oeket T v ABH(FAA) A= o] &0
£ g7 AR5k 97 (Administration, 2009), A&
Shofl A 2F2H(illusion)> A2 7o) A=g A% S
Asl= dgoz Agojdct,

v Fof ZZKillusion)2 HHEF oz HRAIGHL.
E0], 1=t F7R w7t &8 Wrle A7

AAEAY 71 Fol F37] 7197 2t AA

LAR= Fllusion) H-E B4 &3] LAY
to} Bk, SDE Atjdog 57 Apdo g whed] &}
=0] A5 wrtolgl= HgoiA] s A gwof of
S ARl 5719 AAl, A A SOl et @
ol o7t WAYeE A o' =]t

19 Do tigt iR AR 23AREC] HIY
2ol At FZ(illusion)d] TAEC] 27 WA
tKSipes and Lessard, 2000). ¥ AFoA= Z5A}
1008 o2 Ho] A2 SD A IA0] H]
3 Qb v FFE 2AR=T, vt fEF
o wE 57 F 4702 AH4o] ol ZZRS FHo=
A Agskr] ok E o dolxl= SD =9
W2 2FAREC] 184 g2 XFAERT SDE H
Wo] FAZcty B}, 2y o] A& SD £F70]
SDO| HES S7HAIX1 Zo] oile}, 2FAREC] &
ZHillusion)< UAIeHL, olF SDE 2% siAst At

-

r

filo
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2 7FsAdo] EtHHolmes et al., 2003).

SD&}F 2 llusion) A= o] AT L
@/do] ok k2 v F A WAsks A4
LFolH, ol§ YoM UA|Tl= XFAEZ Ol1E 5
25| =5 4 Qlok. 12y SDE ol=gk 2H2Killu-
sion)Z QAIGHA] ZstAY Q1Alste et el &
LA E sfZstA] et AR WSt webA olgh
AJolF ofsfstal F Boig E8dfiA= <t Hrt

N

2.2 7|Z9| SD EX| WY

A7 SDE A 9I9l Thrst WAt ol
Ag=lo] gk, olefst HhEe A FA HEEAL,
B W A, A dole] B4, waidols] £
Aol UPbA go s 4 itk

221 FHY XM

T AEAE o838k SD B7kH= SD AT 271
B AREH WH F sholrt. 3k AEXAF 2 QIE
e 23APT AEe sDet #AE AR AHE 71
ks YA oE 2FAM JIUAQ BT Ale F
Aoz fo["HE 43ttt 7129 dF-E2 SD S48l
Hoto] EA, BAIY B, 2FAF AAVSE, BAI9
A, 3 1 5ol T YE-E FE o] fith

39| SDO] 242 Eu](motion sickness)Qt Al
Edo]8 En|(simulator sickness)?t FARS| wE
o T2 AFAEL SDE MSQ(motion sickness
questionnaire)tt SSQ(simulator sickness ques-
tionnaire)2 H7}5H= o] ejHolgk= o] &
tHOwen et al., 1998).

JEu AERA S ARFA 0 R SDE 7SSk
o] f-85kAR, ¥ F AAZEe R SDE "X|sh= bl
AgolA] &2 4= L, 08 847t IA Z8d
Act. o, QAREA] k2 Type [ SDZ &<lst
Hl= A7 itk

i 4 e

N

2.2.2 WS Ht3 EX|

ZFA &5, 234 AN =51, B A
(flight performance) 5= 45t SD Ay RS
ARA o g Griske #Alelttk. SD7F IS o =25
A9 AU B WO olEstAY, A4

A=l 28E 9FA 2 5 20l vl e

< B 4= Qloh E3F SD7F HAYoHA 2FAR= Eel
9] 9Jz|e} Hgle] Jol 7IeolAle S HolA
==, olHgt Aol A4 E51 v Y &
Aot I o]9} T2 vIFgAH]l e T2
A ALt A719] AAFE 7] S5 AYcke A
HE Qulsty| wiZol] 2FAPE 2219 F5 ¥
QIASHA] Eolk= A9t steet=e AAE Type I, I
SDE #Fdh= Zlo] Brgsith

SHH, o7 Aol = SD7F HAT o RFAL
o1z L83} u|g) AJiKflight performance)7} A

ot
A

ZHAastttal sieLedegang and Groen, 2018). SD7F
dhfold 2FARS] AEiE FOH XA, Al A,
AAH I oA FFS F7] o] HIFHoZ=
ez &2 379 AN ¥skE kA ok w

3
2hA] AXEIA] 9L Type 1 SDY A9l Eebget
5719 AL v19Y 47K flight performance)oll %
Fe Frhe A2 v Fugh Apdolch

Ak

2.2.3 ‘4e|skd H|o|H

AE]etA9l glolgE AXME(ECG), AE~HR), &
BP), T&+ U U] TFFHrespiratory rate, ti-
dal volume) 5°] =dl, 2FAPF SDoll Eoi7H
HH BRI o= Ik k]l 4 JFS
n| XA dot. wEha] AR EA] g2 Type [ SD= &
QI5k= dl= A7 At

S, ¥t ZH(EEG)E B9l 2FAF Type [ SD
£ AL d vehts HY ARG A4l 3
ojA A HIE RARIGITE 11 ATt QIAEA o

SDE ¥ 917 7)) $HQl JeFS vlHIThe A
fo: ]
AR

7b AL IASRAL AL, A - el Bl
7hsstal et HusAe At 7ied £AVF oA

5] ol 9irk

2.2.4 HIYHOIH 24

H|JHolEE &85to] 2FA] A
FHflight performance)& &4 = Uth= A
u] &2zl ARolal, SDO| E0i7t 2FAMY] 485l
T435] Asteth= o] of2] AFtolA RIS
Crognale(M.A.)= A AdHjollA 2FAH] o2&
(error rate)& AEE 5 A5 FRlsilon, &



142 YAE, =

k) Vol. 32, No. 4, Dec. 2024

7] 1= 9 &k zpojo] w2 EAoA= |oH|gt
ATE 4A ZFoH, By dAE 45 159 28
A2 A715F9tHCrognale and Krebs, 2011). Th&
Ao A= QAR(quick access recorder) Ho|HE
g3 EHE ZzHblack hole illusion) &°f %7]
HIDA Q] Zshgo] vZdHor Jrtee AL &
Qo tHHuang et al., 2023).
T3 7129] BigdolE A W &
Aol 7]dtsto] w1 wiZfHS 7He] WA EASHA
L} o[RS R[S WA O & o]FojFl o, HloEl9
BT Ak, wi S 2k WA e A e
FE3| Htgsei] Foks gL QA9ltt AlE E°1, SD
AAE 913 718 418E2 F5719 dd(heading),
37Hglide path) B2l ZAAKbank) 5 @Y ¥l
QEsHAY 2FA] 4 HolH(ES A HARE
Z3FelA] Qo AA| 2FAM] s WHgsh] ofE,
BAA A AP w7 7he] Bt AvdE A
5] siAsA] Eall Axke] AlFert 2ottt
F|Zoll= H[Y TlolEE 7|NteE Tk HIgPREzt A
g2l Jido] APHI dom, FF7I9 FJ,
Glide Path ®3}, 571 71&7] & thARt di7iss
£ S83F dargjEo] ARSIk 18t o] ek AL
&2 23A] Y tlolEE EeA| AU SA

ﬂ.Iﬂ

2 5] wpol F|utste] wAus 7ko] xR B
2 383 NI TS WAV} e

)l

T wAlEd 9 g2 71k 24 7S g
H|g HloJgAlofA HlAdgHoln B el o5
gk &= = AL 7HA T Aot Foucher(2020)= &
YEHAEFTE 0.82), LSTMHEE 0.84), Tran-
sformer Encoder(33= 0.77)9} 72 d&d =&
< &8sto] A7 A=l 9t BE /39 SDE
HA5= A5 £3589 HHao et al., 2020). A+
A7, AFZQl vgloly 4 WHET SD HAE
N =2 AL E Hola U, QAFA T 7|9
o] A A& 7FsdS AlAkstaL lot, AA H]
Y AU E 283 42 o Sith

2.3 H|QIX|A SD EfX| & #T
oF Xt

A|AED A7 ut

2.3.1 Type | SD EX|

Table 13} 2o] 71& A7EL SD AAS
o1 AEA|, BEUE, Aot ©

Stef =
golg £4, EA4

Table 1. Type | SD detection method

Existing SD
detection Type 1 Type I |Type M
methods
. A
S‘;E]ri‘énze (Subjective, c o
el simulator sickness)
Behavioral A
response . 6] O
detection (Flight performance)
Physiological < c o
data
Flight data A o o
analysis | (Artificial intelligence)

W Eo] o&sk= A7t wWeto ol=g kA
2L H]91AF Type I SDE ©ASH=d] A7} A
ot gt & oAM= 71€9 SD B4 HHES
HRo = QIAEA] ¢k Type I SDE A #1%t
MEL AARHo 2 14 HERAL PeEks ',
H|gtol8 42 S3ok= HekE Ajieith

TAHCE AA| Ay 7|Hte] BgeEE Hi
SHA AL & = AlETlEE 285t v
(flight performance) Hlo|HE &H35laL, ol5 FT
A AEXAE B9 TlolEE glolE™Eith o] %o H
FPrjlolE] B4 AFHA FAH] ofd, o] E&
(binary classification)o] E3td Y EZHAE Tdl
= FHCoE SD AR duEEE dAFeEHN SD &
A AA"E F5She Aot

E A4 LSTM(ong short-term memory)©]
U Transformer®} Z-2 AlAIE g4 =g tfAl, &
H EIHAE Hdg FH U Hdz Rt olf=
o2t Aok g8l 7IRE AAE Bd AAE oJE
A F&0f Aol YA, 27| DARA FELL Hlo]
g 4 2 sjA8S dHsE] ofgal, B over-
fitting) @ ©lo|8 & EAIE o1& & St

t‘l_}@, =i Ea]/\EJ:_ H]J—JI_XJ psEeR _,] =2 tﬂ
O]HEE o};ﬂx%cd B =0 SlHgE 4~ 9] o %
4 #9 T (feature importance) AFES £33 01“5 H]
3 vi7Hs=7} SD Ao AHH o R 7|ojst=R] Tt
5t7] golsith.

Egh B4, 3y HAE nge ‘i% 2L
LIt iAo w2y gejulE {igdo] golstH,
o|ZL} oo HlwH HYH %"JE Adey. A H]

¢
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o SN WA 4 U TRt ojeld 4TS A
Pl o] felstel, A A TR SHHE
A4 Rk ol BHEL 937 28 B4
4§ st AARE SD A W AT A2F Ao

whe- Hgsict.

0=

=]

2.3.2

Jon

t& HIOJE =2

SD ¥ 9 A1 A& 42 v AU
719re] HejFE] AlEHolEE Bk
oJEE WA SH3N= Zlo|th

Type I SD A A] ZFAR= AH4lo] AAZ ojH
718 okl Ql=A gge] ek Ko a7l &
719 do] AARAY B 5= Qlet. AH
o2 P79 &£, 1k 59 Aoyt 7|5x(pitch),
B3 (bank)e} T2 7] AA7F HIRASA dfES U
ERd 4= Sl o]t dlojel= H|Pds(flight per-
formance)®} A¥E v WHSE E 5 =T,
ole} o] HlZgd HES AT 4= Y& dHolEe
A 2FGA A, A, AYeR bl 5= ot &
AFoNAE AeFE AlEHCIEE E8oto] BF 97
9] dlolHE EHslo] 285t tHTable 2).

0x
0x

2.3.3 Type | SD #o|g2&
HA, A PHERSA Be 25 SE8) o

ZZAZE SAlO Zojstod v IS
i, 8 F' F 78y ek SD
I

A FEA LA, AT 29 4 5

Table 2. Flight parameters related to flight per—

formance
* Power : collective displacement
e Lateral cyclic movement(x):
cyclic lateral displacement
Control
inputs * Fore/aft cyclic movement(y):
cyclic fore/aft displacement
e Pedal movement(rx):
pedal displacement
Aircraft * Pitch: aircraft nose angle
attitude e Bank: aircraft bank angle
e Heading: aircraft direction
Aircraft * Speed: aircraft velocity
specifications | VS(FPM): vertical speed
(rate of climb or descent)

Tt 1380w A9 7Pk AlEdelE EH|
(simulator sickness) EZALE B3l SD Oil—fé

ERola, A7 SDE QIR|oHA] &5t o=

T 2ZAPE 2348 08 vy x2S, 1Y UH7HH£1¢
274, #3%8 F37] BAGE dA] o4BE 7IEeRE
SD 2L AlEsle] BEsl)

Fig. 13} Zo] SD #lol&s 35 AA m4ldy
g9 gkt 9 HEo| E8T £ e IEA HolH

Mo AST 4 91, ol Besle] AFHOE D

Type [ SD WA ofig &A|slal, Ol—‘é ’@ﬂ%ﬂ Al
Edole TAHolA HAITte R Hushs AAFS A

Atk AlEdEolEl= AA ¥ 2AS FUHA A
A = Q= AZEO|(Prepar3D)et 65 HAAA|
7} A2 steglolE BEdt FEH=E AdskeH, o
&zt 71 2ARAY, ot 84 5)It v A (o]

Data labeling

Q1. Did the participants
perceive the SD?

Q2. Did the IP identify the SD?

) !

adjustment of flight coordinated flight
parameters controls

Control response

Q3. What is the reason
for the error?

Lack of piloting skills

Not recognized (Type I)
Insufficient overcoming (Type I, Ill)

@ SD Yes

Fig. 1. SD detection labeling
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5, &, 4 49T AAL 5 U Fig 29} 2
o] 7&3tert

AEHoTE gHgol|lA 3E H[PholE S vgog,

9 ZHAE RdS =5 SD A oJRE AAgtog
THHsk= YaElES /et olE AA A ZA|(sh
oot Asdte] TFAIA S22 T=ES A
= Al2ES skt AR AY Ax) A
ZHAE B2 9F 0.9539] &= (accuracy)E UEH
o] SD A clEolA 2 EF 45 9

AAZE AEFClE A% ¥ dlofe A g2 o
S} 2t

Fig. 31} Zo] SimConnect Zo|BHHIE ARET]
o] FZ719] ARt HlolEE 35}, ol& 7He R
AlEH|o]E|9} Python SfEE|AlolA 7 A% AlAHES
Ttk SHEE Holss 35719 1, £
dd, B3zt Xz, 23U, 71 FE, 7HIAE
502 A=, olfe dHolEHE A BAFVI:
30Hz)}& &3l Python 7|9t cfEejAlolHoE AHAJTE
Agdct. AEd dolels oA AAL Wy AAY
g S AX HAAEH, ol B9 WY EHAE
Ldo] olgfistal 553t = QIEE Hlo|EE SXA|5kH
Fei2 HESH HEZ HEE.

e ZHAE mEe HAzto= Qs £
EIE 7Hto = SD Y oS ERdith REe oks

0

(Ml

©

A

o
4
m %2

recv( ) . decode(
.strip().split( )]
array([float(x) for in

Fig. 3. Prediction and warning control code

dolel ol AEE 85% oldo] HeEg mgow,
7 mA|Qeld B4 WEE e wob 0(gA) Et
1SD W)= ATe Fesit. B5 duks 2740
2 43 gA2 Agelo] 2FAClA AN 424
Heule Aad. Fig 49} o] A1 AAE A7
Buow A4 Aus| FE% FRASAL, ol
LED HES +2 A9, A1t WHES AAsY
o} ZEt A% SD Al 5ot Qs A% WES

= W A2 Al ASHES Sl

n. = <

— —

£ Aol Algdel 843 Y ZHAE B2
& &8t AAHA] e Type [ SDE AL
Z gAshL, 2FAPIA Fatsks AlAEE Al]bsial
FAsIHT. ol2fdt "2 71E0] Type 1 SDE ©A
% ofFrhs AAolA HAlHEE E8otd B3
H @A Rz 2AstER P os SD Ty
A & e AR
I ole g2 Aol Bk, H 7] A
ol EARIE A, & A7l 57t ey H1
AlAE2 EEE Algdeld @743 dlolEAo]
Z3}= o] glof Ut} HdS SHs] fsibe 7t
2l A5 oIy %2o] "asitt

A, 2 dolA Akt AlA"2 LED WELR
et I AR FHoE FEEIARL FF AL
9] 7l5& eFdsto] SDho| ARt 8 vy HiziHs

e

flo

eo g AAR o] BAE BBY AL, 234
7} SDo] ¥kSsto] wHsk=y] Ak ARk} o] A
24E e F5slel A4 BT BANE 28

g o e 7Rk g S 9l Aol

ol
oy

Fig. 4. Visual warning device
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B AFoAE IHA9] SD EAIE ot chkst W
of thsf 1&stal, AREA] F2 Type 1 SDE &3
Aoz Yoty AHstr| 9%t AlAF AA HREE
Aretant. 71 Aolxd= SD "&Xe] o] F24
ABZAL % 8RS B Ak A5 23], AEZR
il Hr‘“ﬂ"]‘ﬂ BARA 5 ot o] Ay

Aot Type I SD ®&Aoll= SHAZF ATk

2;_31‘:1-@‘ AERAL B2 ARFo]al o] oJ&st
7] f2°f Type I SD EA°l= &AL on, o]
2302 It wat AZsis "oz st
glolE HolEd ®AloE HEJItiH A=A =
& tolHAlE TSkt €82 4 Jlrh

Aefetd A5 F =SS Type 1 SD HA] Y&

Fojulsht ebdgt EAol= A} T-T’-, 7121 A
2 @] A8s717} wie- ofEkE =g

P ¥3 AT F v "éd{ﬂlght performance)
9} AAIE HlolEE Type 1 SD Ao f2ou]siet.
1 olf= Z2F3APt SDE UAISHA] £ A%, A=
Hkg- o2 Q3] EQFYTl AL v]AAFAQl §F&o] =
=]z ool

tR|eto = H|ggHlolE] 242 ZEAR] AR
Al Yot} e ZAECL 2 wdlS SR8t SD
o Ayt BgAR] HEE ERS 5= 9l Zlolth

wEhA] o]& FRste] £ dAolAe FEFH AlE
glolEjol|A] hefet v wiZiHsE sk, SD W
A oFE n WA HE5he WHoR HolEHet
H ol B2 Y EHAE BES SEAFT A
AlZF A1 A9 A= SimConnect B|EHEE
fﬂ'ﬁ’aﬁ AlEFolHZ5E AAIE HgHolHE st

] Python SHETA A4 AA= & EF3t
O]—roﬂ LED ZAYAAE 57 EwlS Hdsh= A%
7 FEL 4= AU

B A B3 Type [ SD AT &4 2 A1 A]
28 AA| a7l A8t 2FAREC] A RAL
52| &5k SD 4% g Aarste] 8 & Sl
SAIVIA AL 5 7F Hol TS Q= Type

[ 730 wiet Afarago] 719 Aoz 7|Hdr.

il

n
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