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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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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 ABAIAROCZ REst 2EANR] YR80 TR

& A2 Aol Ajsh AWARe oge 2l
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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 7L | Yot UtilityE 371513
t}. Component YR 7|58 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 + by

|
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T frame®] Z& Ato]zto] 90°HC} Aoix|H FH
cosine gto] Ool4fo] =t ojnf] 57| viH v|ad AIA|
AT 5 A7t s Blad AMAPZE IXIE AJRIRE] AIRE
27g5te] 5& Fol A1 24 Ald Aleg At
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

HA HUD CNTL2 mo]xJof] HE]L Hi 7]5 A= &
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]
of mat Zi7ie] REES sk Qo i Holxle}
e 2R 23851 D Read Component= MUX
F= Packeto| A 5% Hoje] & 5T Holx|E Hsh
B3t HolsE Alelwse WatsL, IUFC OFP Uiy
ol AHLz ARREE WS S Ho]X|oflA ARE:
517 Y5l X9z kst D Write Component=
ZEAL 2 B Ho]H o] i JHolE S22
o Ae)gl Alolwag b2 OFPZ B4sp] fa) Ho
F2 Hgkith 2 715oMe 28APT 7IHEE ol&st
o ¥E|il On/Off £ A=5HH o] FC OFPZ Al&5}7]
9ol Helwizz Waic

HELL On/Off 45 Ag¥sz AR & 71 OFP
bl Fagk= glojg] §4le &5l FC OFP& BE|al 7]
5ol A E= siAE S-S ASSt HolH 4/&3
A2l T Componentof|A] £330, [UFC OFPojjA A
2]el HE|1l On/Off 542 FC OFPE Z&s7] 95k =

2.3 HUD OFP

HUD OFP+ IUFCOA B{E]1L 7]50] Onog2 XAlEiL]
T FC OFPOA] BE)T %1 5712 9H5319, Fig. 77}
Zo] HUD &9 'VERT' 731 2AIS Flashsl &2 24
2FA} BAR0R AN 4 IES hEC AL 24t
A7 B0l F3717H B gAPAS 8)%ste] FC OFP7E A
14 b 2 WSk HUD OFP: AHE.0.2 21 4}
= &Mt ®3F £ZEAP} IUFC] HUD WARN
Pushbutton& 502K [UFCOA| 741L At oA Al
57} A4%9 ShAIEck HUD OFP: 32 24 54
AR 0 2 sfAE] 9SS FCQF IUFC OFPZ Packet &
g E) Madc

olr

Fig. 7. Warning text display
on the HUD
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Test Status PASS

Fig. 9. IUFC OFP Unit Test Result
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