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[Abstract]

Fighter pilots are taking ‘Advanced Pilot Training’ courses to perform their missions perfectly even
under adverse conditions. However, there are accidents that fall due to problems with the human body’s
equilibrium in the acceleration of flight, falling into the ‘Vertigo, Spatial disorientation’ phenomenon. As
such, accidents that fighters fall due to spatial disorientation frequently occur not only in Korea but
also abroad. In this study, we implemented the ‘Vertigo’ warning function in the fighter. First, we
analyzed the aircraft’s mission computer and the currently implemented waming functions. And we
studied the coordinate system to utilize the aircraft attitude information. Based on this, we wanted to
provide a visual warning to the HUD when the fighter flies over a certain time in the inverted flight
position. Implementing this feature is expected to improve pilot flight safety. In addition, based on the
results of this study, we propose a method to implement warning functions through linkage with other

subsystems.
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I. Introduction
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II. Preliminaries

1. Related works

1.1 FA-50 mission computer
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Fig. 1. FA-50 IMDC-2 OFP System Overview

1.2 Warning/Caution function of FA-50 aircraft
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Fig. 2. Warning/Caution Function assignment
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1.3 Coordinate System of FA-50 aircraft
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III. Software Design

1. Vertigo Warning Function
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Fig. 5. Vertigo Warning Function design concept
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3tH A0 2 SiR|En = £EAP} IUFCY] 71 24}
oAl HES =21 2522 iNE 4 ot ZF OFP{He]
7' A& WA= T2 Table 13} 2t

Table 1. Function assignment between OFPs

IUFC OFP HUD OFP
« Transmit VERT option « Determine whether to
On / Off signal to FC display warning text from FC
FC OFP

* Receive On / Off signal of VERT option from IUFC
« Transmit VERT option signal to IUFC

+ Determination of abnormal posture of aircraft EGI
- Calculate the angle between the z-axis between frames

————P  PacketData

» serial Signal

oFP

« Send pitch, roll,

after calculating the matrix from platform frame to body !
platform azimuth values

frame using pitch, roll, and platform azimuth values
« Warning text display signal sent to HUD
* VERT option stored in NOVRAM

2. Software Design of IMDC OFP

2.1 FC OFP

FC OFP+= AMEA|ARIOAN FESH HolH g Yo}
PR e deEe sl &89 2y A= B OFP
e ABAIAROC R FEst 2EFANR] YR80 TR

& Au2 Al Ash WARQ oee 23alct
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B 7% 39S 95 FC OFP= ECIZRE 37| A
A Y (Roll, Pitch, Platform Azimuth)Q}, I[UFC OFPZ%
B HEL H1 7]% On/Off HEiS 24 ¥t FC
OFP9] Component % A(Data Transfer), B(Data
Management), C(Navigation Support), D(Support
Utilities) 4719 Component’t A=t FC OFP U
2 CSC(Computer Software Component)?] ke
Table 29} 7t}

Table 2. Functions of Internal Modules in FC OFP

FC OFP

® A (Data Transfer]
v Receive Option State CR from IUFC via Packet 3125
v Send VERT ON signal to HUD via Packet 1250
v Send VERT ENABLE signal to IUFC via Packet 1325
® B (Data Management)
v Determination of abnormal posture by Option State CR sent from IUFC
v Save / Load VERT option value in NOVRAM
®  C (Navigation Support
v Calculate the aircraft's abnormal posture when selecting the Vertigo warning option
v Set the VERT warning text display signal when the abnormal posture flight lasts for 5 seconds
® D (Support Utilities

v Output the cosine of the angle between two vectors

7t Component?] %8 7152 AMfHEH, A
Component= Packet DataS Time Scheduling®f] T2k
Th2 OFPZ Y/E35t= 7|52 4835t} [UFC OFPo
A Vertigo 31 7% M& 25Hz=2 A1 8to, FC
OFP+ Vertigo 7|50 AAA0 g Rz Jh=slt= Als
£ [UFC OFPof 2hHzz A43tct FC OFP= HUDY
VERT il At Al o8-8 HHsh & HUD OFP 31
At On/Off A3 S 50HzZ A43t}. B Component=
IUFCOlA] A4-= Change Requestol] Tjgt 2A1-2 ]2
510, Change Requesto] tigt 715/&7ts o 55 HH
sttt st IMDC Power Cycle 248 A] £-Q GJo]EE A
A1) gt 7152 23sl0], Vertigo 84 A1 ofng
NVRAMO]| AAFstct C Component= Navigation @&
H BEHAL 4, £ 5)8 Ahklskal o]F Updatest
o, 3-27]9] o]Al AHA] oqué mohst= 2118 40685t

ok @710 v vl ol %S WUsh] 3 Body A
Alet Platform £t#A19] 752 8] 6}021 a /\}0]71-0] 90°
Y} Alolx|H o|Al ApN|2 AASIcE 90°HCh Arojx|=
AR EE] o]A} KA H]S§0] 5X Kli\‘% 79 HUDO||
I BxE A st AsE MHAskh D

Componenti= FC OFP UjHoj|A 3530z A= T
ol ANk ARE B4, @ w52 AIY5t7] St Utility
2 4=, Body FaAlet Platform ZEA] Z%
Ato]Zto] cosine e ZAISH ] Yot Utility S 371513
t}. Component YR 7|sE2 ddE Zs i

CSU(Computer Software Unit) =
3 2oy

= }S Table 3

Table 3. Flow chart of CSU

DISP
170 Task according to Rate Group

T5_50 D_COSVEC

- 50Hz Task

| C_SUPP
- Perform abnormal C \ I t the angle betweer
posture detection of the body frame
al\d the Dlaﬂcrm frame

A_OF50
- Transmit VERT ON
Signal to HUD
A_OF25

~ Transmit VERT ENABLE
Signal to IUFC

A_IF25

- Receive Option State
CR from Packet 3125

B_VAR_FMT
- IUFC Change Request
Proce

B_CHANGE_REQUEST

- Option State CR determmes INV
FLIGHT WARN ENABLE variable

TS_25
- 25Hz Task

—|

[UFCOf|A] Vertigo 71l 7]=0] MeEiE]H FC OFP=
EGIoJA A4El 3H27] AAHBEE o]83st0] o] KA
o 2.5 sttt FC OFPE Direction Cosine Matrix&
o|8sto] EGI7} &= A|454 &BAIE Platform £t

2 WA & Body &A= HIgIth OF 3 X 3 ¥
9] Direction Cosine Matrix= Platform frame®] Z}&
k2 Body frame 7]&02 WslsiAs BAIS Lepd
Zolct.
Direction Cosines Matrix

1 0 0 cos@® 0 sin@)( cos4Z sindZ 0

=|0 cos¢g sing 0 1 0 —sindZ cos4Z O

0 -—sing cos¢g)\—sin@ 0 cos@ 0 0 1
cos@sinY —sin@

=|sin@singcos AZ —cosgsin AZ sinOsingsin 4Z+cospcos AZ cosBOsing

cos@cos AZ
sin@cosgcos4Z+singsin 4Z sin@cosgsin AZ —singcos AZ cos@cosg

% ¢ : Roll, 0 : Pitch, AZ : Yaw(Platform Azimuth)

Direction Cosine Matrix UtilityS 0] 83}
Platform frame9] 7% ®§F THE S Body frameC
2 sttt &, Body frame 7]&ofA £ Platform
frame®] Z&S 2Ju]gict.
VECOUT — X MATIN.XX MATIN.XY MATIN.XZ 0 MATIN.XZ
VECOUT = Y |= | MATIN.YX MATIN.YY MATIN.YZ 0 |=| MATIN.YZ
VECOUT — Z MATIN.ZX MATIN.ZY MATIN.ZZ 1 MATIN.ZZ

= WEo] A Faks 2A1S ol &3l0] Body frame

A7 Al =
= R LN
ol 7zx3 ¢ AloA Z£=® Body frame 7]&9]
Platform frame Z& Ato]Zt9] cosine & AASHE &=
M} o] 2k 7to] 3712 Johe AL ohgw 2tk
e b = ;“g _ by + aby + azhy
]g”;ﬂ Va7 +ag + ag? Vbt + by + byt

|
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cosine gto] Ool4fo] =t ojnf] 57| viH v|ad AIA|
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1 A F87] AP Ader SEEU Alsow
CE= S M=

P

> ox o

)

2.2 IUFC OFP

IUFC OFP+ IUFCY] Z}§- wo]x]of sigs]= RS
Aldst7] 215l MUX, Packet H[oJE] J/&%, mo]x| =
2A14, UART 3412 &3t 7|m= 4 3 A2] 55 &
st 7 7150l Wt OFP ol 5 8712] Component
2 &0 2985, 2 75 7els $sll HUD CNTL2
o] x|} W=l 37 Component’} $4E] 9T Vertigo
A1 A= 755 sty Y8l Fig. 62 o] IUFCY
HUD CNTL2 mo]x]of| &2 F75ict.

HUD CNTL2

VERT __ +ON*
ENG RPM ON
DL SYMB ON
62 MR}

AOA ON
HUD SYMB 100%y

MAN RET ON

Fig. 6. IUFC HUD CNTL2 Page
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g F71s7] 9ol VERT Al ZAtet On/Off A= 7]
s= /I 71 7 sl P Component©]
HUD CNTL2 Hlo]x]e} HAH =25 25T 2EA
= JUFCQ] DCS(Data Control Switch) AQJX]S& xAtst

sk, IUFCY] 7= & 1~9¥of sd3ste ofH HES
Y=ste] On/OftE Toggled 4~ Ut

IUFCO] mo]A|E +/d5t= P Component= 2} H|0]A]
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2 A Y AnELo] 7152 ASsH] sl T
AP R T RS 2k U9l APL Software
Unito] Software Unit Design Specificationg &45}9
FHL GRS Blah] Y3t W2, ERNE £l
VectorCAST-2 2gslo] Zasloirt. o Ajgjo] ehasl
S 7F OFPE £3foto] 3% Software Moduleo] A4}
502 LA FA-50 A1 Bolgu|S gsio] 2
Fsioick E9 52
Data Pump &-8to] W50 A4 7tS 2

S 59 2n5e WY A olys it

|

ook
i)
oz
=
>
O
QD
o]
QO
i
M
2
ol
o
>
¥9,
rr



8 Journal of The Korea Society of Computer and Information

FC OFP9] TJA|@oj|A+= IUFCO|A] Vertigo 2410] A
Ei=] AQ Body frame?] Z&} Platform frame®] Z& At
o)zt ALt 2AlZ fesh=A] RISt & & Ato]Zto]

902t} Aol w, Z cosine 3ol 0012 o A ARFS
A7geh 9 5x9] XA AREE A7sto] 1 o] 3o cosine
ol 001 B AL AT Al g ARsh=A] 4553
o}, off fig. 82 A|%f2oigu|of|A] Data Pumpg 55l
cosine %/t VERT 741 24} Al kS 751 laﬂﬁ
2 UrE}LH Zlo|tt. cosine %{o] 00142 32 %
9o VERT 7411 TK} A7t A gdEs 4 5
7%* RIS 255t 2, & cosine o] Oujgtez & 4HL

5] VERT 41 7} S stelsisict

cosd
o

mmmmmmmmmmmmmmmmmmm

o
o

5s

Fig. 8. Data Pump Recording Results Graph

[UFC OFP9] th9] AJ&lofjAl= HUD CNTL2 Ho]x]9]
DED Buffero]|] VERT 24}e} ON, OFF SAp7} &40 ot
gt Ao s EEE A SQlsIRity HAE ZAub=

Fig. 99t Zt}.

Parameter Type
Retumed from UUT: pg_hud_cnti2.cxx
Subprogram: PG_HUD_CNTL2
PARAMS
DED_BUFFER
[52] char

Actual Value Expected Value

match
match
match
match

[53] char
[54] char
[55] char
[56] char match
571 char v match
[58] char v match
[59] char match
[60] char match
Test Status

IHI <

zs

Expected Results matched 100% (9/79) PASS
Test Status PASS

Fig. 9. IUFC OFP Unit Test Result

E3F AIFoA= HUD CNTL2 mlo]&]ojlA] Asterisk7}
ArAR oz olsr=x], 7|Hje o] w2} On/Off7t
Toggle=]=A15 Zelstict.

HUD OFPQ] ©9] AJ&lofxl= FC OFPO|A] Vertigo 73

1 Bx} A8 A5 2 €ho} VERT 2AMS AAd o2 £
Sh=Al RIS BlAE Ak Fig. 103}k Zth,

Parameter Type Actual Value
Retumed from UUT: ws_34.c
Subprogram: WS_34
Globals :
VERT_VALID unsigned char 1 match
WINDOW _34 string "VERT" match

Expected Value

Test Status
Expected Results matched 100% (2/2) PASs
Test Status PASS

Fig. 10. HUD OFP Unit Test Result
SN L ol AM2 Brtsl & 5% Fof HUD
%ol VERT 71 2AMZ Flashsh=r] 2holstoic). st
A AR 5% Al RS0 2 AT BAPL AR A2
stolsfaict.

V. Conclusion

B AFoME 5048 F571Y FA-50 5715
o7 HEL H1 75 FRE a8gsilen, 2 A9
AEL U 2.

AR, x]+x4i wAlEL T 9l A EJ] A2kl A

o2 BT Al ZEAA h 2112 AR o
Aot ofQ] AllE AT YW, Panic button = Auto
recovery systemZ ‘g5t0] v} Ak T Al V1S
AFsRlog oMY AElR 2lEA7]= 7150l ik 9l
ok o ujalo] AmEQ] U Shego]
Az} WEA] aPE, 93] FAT AREY 9
A5 S Aast7] Y3t Interface Control Document ¥
3ol asttt. A $2] a2 H[eiA|o] AmELolE
w3t QA Olot AHEC® AME B8 4 Qe 7|5
FRE 2rHssih. el HElD AR 25419 o)
= 7@%*01‘31 QA Fag71oll ZAI7T A7 1= g2 2l
stoe HUDO| A1 24} A3 SelM s ujsyaizr st
Aoz st
T357] Ysh 710 F5710] A"
40 7l NAHE WARISIT & 2ol shedlo
0 101”}— ddez 7z

Eflof 7ixE &7Fsst

o re&

o
R
aA

olS olx|at A 9l

}\
. el 9 7] 7R o4

9 22 ALzo] wela 22
S ZRIT AFA 84 A1 UNAIS ABE 4
9 Zolc}

AmERo] Y ool FAHL
gou), B 7t B2 e 5 Wel Uolx] 54



Implementation of Vertigo Warning function for FA-50 aircraft ¢

B3 QP2 AL 4 S WOHE RASLIAL S1%ict
OFH3 SolA HUDO AlRE gRet £
o] QJxjsio] vl ARE pAsfoft PHRTS W

23 83 QRS ko] ¢I5) BEIT AT % PR
APslot. A7 AU vjoR ofE AuA| At}

o el7l2 Fato] 24 71 HAIK| 2 Panel A1 57t
(@]
°

PP 2 9L ol

ACKNOWLEDGEMENT

This work was supported by an Academic
Research Fund of Chungwoon University in 2019.

REFERENCES

[11 EK You, JM Kim, CW Oh, HS lJin, and KJ Kim,
“Unintended Bombing prevention function implementation of
the Air-to-Ground weapon release for the TA-50”, Journal of
Korea Air Force Academy, Vol. 67, No. 2, pp. 163-184,
Dec 2016.

[2] DH Kim, “A Human Factors Approach for Aviation Safety”,
Journal of the Ergonomics Society of Korea, Vol. 36, No. 5,
pp. 467-484, 2017.

[3] Kent K. Gillingham, “The spatial disorientation problem in

the united states air force”, Journal of Vestibular Research,

Vol. 2, pp. 297-306, 1992.

Yonhap News Agency, “Japan, F-35A Fighter Crash Resumes

Flight in 4 Months”, 1 Aug 2019. Electronics

Telecommunications Trends, Vol. 140, pp. 20-28, 30 Apr

2013.

[5] EK You, and HJ Kim, “Implementation of CEI frequency

and

operation function in IMDC for FA-50 aircraft”, Journal of
the Korea Society of Computer and Information, Vol. 23,
No. 1, pp. 1-7, 23 January 2018.

[6] BH Kim et al, Trends in Avionics Operating System
Technology.

[71 EK You, CG Bae, and HJ Kim, “Implementation of OFP
initialization function in IMDC for FA-50 aircraft”, Journal
of the Korea Society of Computer and Information, Vol. 24,
No. 2, pp. 111-118, Feb 2019.

[8] KAI, Computer Program Development Specification for the
FA-50 FC OFP, 1 Jan 2019.

[9] KAI, Computer Program Development Specification for the

[10]

(11]

(12]

[13]

(14]

[15]

[16]

(17]

FA-50 HUD OFP, 1 Jan 2019.

KAI, Computer Program Development Specification for the
FA-50 MFDS OFP, 1 Jan 2019.

KAI, Computer Program Development Specification for the
FA-50 IUFC OFP, 1 Jan 2019.

KA Avionics System User Manual for the FA-50 Program,
14 Dec 2012.

MJ Jung, SA Jang, KY Choi, JB Kim, and KS Yang, “A
Study on Algorithm for Aircraft Collision Avoidance
Warning”, Journal of the Korean Society for Aeronautical &
Space Sciences, Vol. 40, No. 2, pp. 515-522, 25 May 2012.
Peter C. Sinclair and Peter M. Kuhn, “Aircraft Low Altitude
Wind Shear Detection and Warning System”, Journal of
Applied Meteorology and Climatology, Vol. 30, pp. 3-16, 1
Jan 1991.

D. B. Goldstein ed. Global positioning system wing(GPSW)
systems engineering & integration interface specification,
Global  Positioning ~ Systems Technical
IS-GPS-200E, 2010.

GH Kim, CW Kim, CD Kee, and SJ Choi, “LEO Satellite

Position and Velocity Coordinate Transformation Using GPS

Wing, Report

CNAV”, Journal of advanced navigation technology, Vol.
17, No. 3, pp. 271-278, 2013

Robert A. Hawkins and Joseph A. Palomares, De-Orbiting
Upper Stage Rocket Bodies Using a Deployable High

Altitude Drag Sail, Aerospace Engineering Department, Jun
2012.

Authors

Eun-Kyung You received the master’s degree
in department of Computer Engineering at
Chungwoon University, Incheon, Korea, in
2018. She is T/TA/FA-50

aircraft mission computer programming at the

responsible  for

Avionics Software Development Center,

Republic of Korea Air Force. She is interested in embedded

system, software engineering, software security, etc.

Hyeock-Jin Kim PhD degree in department of
Alou

Korea, in 1999. He is currently a professor in

Computer  Engineering, University,

department of Computer Engineering,
Chungwoon. University. His research interests

include CG, CAGD, embedded system, web

technology, etc.



