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Abstract

There are many display panels in the flight cockpit and pilots get various
flight information from those displays. The ergonomic layout of the displays must
be determined based upon frequency of use and sequence of use. This study
investigated the visual search patterns of the six display groups(one
head-up-display: HUD, two multi function displays: MFDs, one engine group: EG,
one flight display group: FD and others) in a fighting aircraft. Four expert pilots
conducted Imaginary flight in the physical mock-up and the eye movements were
collected using eye tracking system. Data of dwell time, frequency of use, and eye
movement path were collected. Pilots spent most of time on HUD(55.2%), and
others (21.6%), FD(14.2%), right MFD(4.7%), EG(3.2%), and left MFD(1.1%) in
descending order. Similarly HUD(42.8%) and others(30.0%) were the most
frequently visited displays. These data can be used in the layout of cockpit
displays and the determination of optimal visual search pattern.
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1. A &

T

A 1990 7€ 200087449 FU FF7] AlnE AHEE F 27789 Almst
Aete] 3219 AlgAte} 246%W o] FAAE Wwer, 25759 e AAvHE Yot &
27 A4 Atae]l Fo9AE BAH HY, 2FA ALZ A3 Alust 18H 2 66.7%,
AulEo] 37422 11.1%E AAsn o, 7lgf YJoz AF Almyl 4Ac=
148% & A3t ol 2FA AT P EFL AdA e 20 43 AlnzA QdAg
Zol A& st F 218o2 T78%E ARSI glo] olel Wi fiH|rt Fdnox
%‘—xu]:aJ_ ATt (AR TEE, 2001).

TAGA L oS 4 Zol] F 7tA F¥oZ EF & F JHIFTER, 1993 A
A % 1998). A, ZFAL YAL2 §F 7)o EH?‘} ESES 1S, & 288 W9
ox E8As A °77‘]3}Fl RXAY, A “Ff’“l—} AaE X712 FRAY, 2FAY =
4 FFHoz A% JAF¥FHHet EA, 2F4 A dJoE ZFAUAA ZFA}
Azeta 224ste FAEY wAY ’?—;3.73]7]’ A o] HA3E Aoy o]y 9ol
= ARaL Q1o 2FA HAE VEHY AAZE &3V 2FH AAX Yol ¢
ags @& 4 9ok (Hawkins, 1987).
ga7)9 2FAdEe B EAAZ(Displays)® ZZ A 71(Controls) 2 o] Fo1x ¢

on, olg A7IEe MAY AL &F7) 4 Y °}7§_T~} AZE"dn &+ Y. 53,
g37] FAAZIE 2FAF g #EE oSS 95 4%E BE Folgn ¢ F
A, FE7I7F B n ®AAC 24 Ve l wgdsiEA o B AR 2FA
ANA FART gov, 2FAY HR JA FHL BRI} F 4 Ut (Stokes and
wickens, 1983). WetA, ZEALS] A2 EX 9 FA Av] 94 B LEE FA|A
71e] AA W iR 7t o] Fof X o} 3“3}

ZFAE H| 3 AH9 EH-rv:a ZZ4 9de o8 FANAVIZEE 531, o
g EA A7IEY wxE @ u 21@ 222% ALE ¥ E(frequency of use), A&
&M (sequence of use), % & =(importance)5°]l ATt} (Proctor and Van Zandt, 1994).
o] ZFoA AL Hixel AlE ¢A dHlolHE dt WyoenE dH|dg uYHE FRI}s
Yol ALg oA 3, AF Ve HoZ FHde T FHE Fsto dHolH
g FS5sla ok 2FAe] A7)l BS(cross-check) A9 4T SAYL v PHRE
F53Ed A3 GBS AR ZFAV B £ JE HLLE Hodgstn A A

= kel Wik At gestth F 48 F 2FA AT AU 58S #HdE
o FAEE g ygAds AdAeAE mE s v PAT] AAY HPu Ko JlAF F

7189 2FALY] 7 XY A7 E AHEQGE U FFUE AR ¢ Jd7t
wok o M (Fitts, et al., 1950; Itoh et al, 1990, Mumaw et al., 2001, Saeter et al,,
2003), AE71E ez 4T FAYES E4zte 7= AU Wetzel et al, 1998;
Brown, et al., 2002). 221y, 71A14 EAIAZIA AA A4, ZHelE MFD(multi
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function displays), IDP(integrated display panel)%s &&717} 2R o ug} A& =&
FEAAZY EF FHA Sz dan Yok B, AE3 FRd gt HY
PE= Wi glemz NZE 7159 37 A 71E AF HelHE uE HE
3t7]ol & SHAZE Ut :

B dFdAe HAANAA BAAZIER F/19 CRT MFDs, HUD(head up
display)& &332 v AFE7] 2FA0A A7 d8E FYste 2FTAY AT &
AYS A 2 BAgq AzFsA A7) wix AA 2o 712 dole(And g
A g4 g Az g FA)E FE 1A s

ZFAe &3 whHe A AAHH(VE: visual flight)3 A 718 8(F: instrument
flight) 22 T8 5 Aok AA8FS 3719 F2HE)T AFZY o= (43

A FHAD)T vuweX FF7] ZAE 2Fste Aotk w4, A7 AL FIT7)
o FzH YAl W 2FE AFe AAHA FEE JM A ste Rl ofY
o FFAVNL gESL FPstE S TI B AP AEE 2FAY ¢
By e AA wEge AR AT AVl dAd QoA owWd v FFEE et
AFAEGA] UANE Fad ouig A "ok a2y U M PLIPHE
2R A v gdo] ag 7EAd ARe FIF Ao B 5 o

7)
G FAE A FUOR diA AAAA, 2, ol F- 4R

AN EHIE 7L A=A eolr, Physical Mock-up&
1%&9&‘4. Mock—up°ﬂ ’“&Q AZIEL EF AAZ FFHA @v 3dd 2Ho]7)
g A n#gsts AT 2 ANEH)HES & £ gl 9E H Y(imaginary
flight)e #stgct &7 2F 3] AF7] 2F9 2§ 71234 &F-$H-43
-2 5 59 2L uge AW darh A A wet AVE Fx, glsu =
4718 AEsnz AA H 31} FAr A7) gAag stelgtn MRS AAY, F5F 4
Zo] g79h : o
ST EF9 FAHE Y3 ArE® AH]lE Vision 2000 Video Eye-Tracking
System(EL-MAR Corp, USA)ol%itt. Calibration®}d-2& A A A, °}:11 <219 (eye
mark camera)® FA 4 & (visual field camera)g FAlel #FsAch ¢4 AAFA
B Agd MM duidPe T ANAIAAH S SAARG F 2 A
A P ddgEtE Aol J3¢o] UES HIP EHES g4d3] oAz AR
£ s o Aol Al oM dAyddz aAFPAE AX, 2 A4S 4+
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Stk B gl 23 47 24 FuE wele]l £ 482 Mock-Updl A
MY YPE FYFES v, AT $HYL BT SHHAY (<2 1),

-

<2y 1> ¢354 49 29

22 4 84

g8 g (scanning pattern)& Z A ¥4 @A ¥ El(spatial scanning pattern)$} A
7 gy ¥ (temporal scanning pattern)Z ¥ F7H3A<Q A dsiyes &
e GAAZE AH gAFEH disidEs Al oE Alzke wsE msk
. BEEF A7 B AGE AP vy Fe Aol EF 27 g
HAAZEAN A AR B v €S WEE(%)2 HEsle] B3

AY A EXdiael @ Arle 715dEE 2889 6714 4om(@® HUD (Head
Up Display), @ LMFD (Left MFD), @ RMFD (Right MFD), @ FD (Flight Display
&5, 1xA, ADI, HSIE EF3tE 1F), ® ENGINE A7), ® Others), <21¥

2>0 A7l EF3 wjdo] AAHAU
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3.4 %
31 7 A7lel WE A

Zt Azl ME e 2EFAI ARE A7) 98 FAAVE FAGE ABE
mleted, <@ 3>ol MY F 2EAY FAPL TS BAG 1Yol AAHY 9
oh <% 3>A 2EALY FAPE +'E EAFH] glon = YA Ao
Ua EAEQonR '+'7t Bol B3 A: AVYFEE 3 Avll HE Agto]
= AL on g

Zt A7l ME NS BE AESQon, 1 XS §AEE £ A wRg
Wasigon, <1y 4>0 A1 ®E Aol AAH ok

<ag 4> 294, 71 o] 2F A #ZF Avl= HUD (55.2%)°) i, =L &
ZE B A7 A gao] old e Asle 9B NAES ¥348E Others 18
(216%)YS ¢ 4 Atk a1 Loz E FD(14.2%), RMFD(4.7%), ENGINE(3.2%),
LMFD(1.1%) o) %ith

Ypos

Xpes

<3 3> A7) FAN 22N FAH
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14.2
1 47 T —32
i = P ! L — 1
UMD RMFD FD ENGINE  Others

H 7|
<Y 4> A7E oE AL

32 A7l¥ #% 35

A7 RERSE HE L2 AP on g <3P 5> HAAH Uk <2
550 detd A7 &5 FE AHEY, A7]d #HZAZE Zo] HUDY #E53+
7V 428% 2 7+E Btow, Others(30%), FD(11.5%), LMFD(5.9%), RMFD(5.4%),
ENGINE(4.5%) &ollth. @71A] s &A1 vl Eo|§ 2 LMFD A 718 o
AL ENGINEAZI BT HQov, #5 J5e ¢ & A2 Yygyos Hojo
o]R-& ENGINEA7]7} OIL PRESSURE, NOZZLE POSITION, RPM, EGT, HYD
IND LH/RH #A71& & 2522 wo] €2 A4 AAG7 dEo2 4T,
AL ool 71EHE A79 13 FAAG AFHGM E Yehdoh

50.0 g
200
30.0
20.0
#1000
0.0 Ltd
HUD LMD RAVMD  FD  ENGINE  Others
A2
<29 5> A71d %= 3 (frequency)

30.0

= 55 (%)

joal
B~

3.3 Al7]1¢9 &2 7 2 (cross—check path)

A7le BARzE 2FA7} wg Fo A7E BARE £AE oels, 2 O
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fe

B2 BAZRE st FA&IE F2E FAgkon, o <ad 6> @47
FHAol AAH Ak <2” 6> ETHL SE FAHA dm, GHFRI}
AR2 A% olojA glon, Bue L EZ BAEH gtk oFA 59 gAA=R
o d7b <E 1>e) AAlE drt.

<ayg 6> A7 g A=

<E 1> A7) 88X Az 4

1f 2 3[ 4] 5{ 6] 7| 8] 9({10]11]12/13]14|15{16|17/1819120/21]22)23}24|25

HUD Y Y y Y Y Y Y Y
LMFD v :
RMFD J

FP < + y \/ \/

ENGINE + Y \/ y v

Others \ y \/

<
<

<E >& AdEd BEAo] =34 o 73
= ENGINEAZ7IE 23 LMFDZ &4 #&¢& o
Me FF vl8 FoA 2AF dAd s F &
71E @o] HUASSE ¢ + U

<E 1> & 4814, d3d gaeEM RE8ES BEF FH8Y From-To
chart ZAstg o™, 2822 From-To chart7t the <E 2>o] AAEoinh <F
2>% BW HUDo M= FD(flight display 28)2 &2 o] olEsl:= Ao 714 2o
W (1667%), 2 Y22 E Others (9.44%)%th. 18l, z2t A7lE R d £ o

A§ & A7lE HUDReR, dgew
g & Qo <F 1>e AAd g4 ¢
o2 #HZL Y34 ENGINE A

Y

1



78 ATTAY 2FH HAE AT AV] B4 FH BT AT $98 olFA

2 '3 ®ol ¥ A7l HUD 2A HUD/} ¢ 83718 =22%

FAHA ANNYE & 4 Atk HUD dle tE A7|7 EAste Au7 2880z

WA 93, 28l HUDSY 533 Fd& 53 % AAs

I #ddd, ¢, HUDE £ u, HUDY EAIH+= Hl3 ARE gAeE=x], olUw
HAAE Be AdAe B EHdAe 7S + ok

,.
£
o
BN
_9[_1‘
s
N
)
ol

<E 2> A7l g8 7% 29 % From-To chart (%)

To HUD LMFD | RMFD FD ENGINE | Others
From

HUD 3.9 5.09 16.7 3.3 94
LMFD 2.2 0.6 3.3
RMFD 3.3 2.2 2.22 1.1
FD 14.4 0.6 3.3 1.67 2.2
ENGINE 5.6 - 0.6 0.6 1.7 0.6

Others 11.7 1.1 1.1 1.7

o] From-To chart AAEE ZZEAe 2a A7 Wad 44 2 Hrio A1Ld &
gomz ZFo AFHHs MW o AU AP Faste mrh AUsn
B89 Ame Hus QU

4. £ 9

FE7] 2FAY AAEAE A ABFEH nYFLAL2ZE AASAHYNY 19 (o
f T %), w3 AY AY ZA(foot reach, arm reach), A1Z3 A LZA(visual
field), A7l 2 %Z£7r X (ayout of displays and controls) S°] glown, B d3to
Ale A7l MiXE A3 71EARJ] Z2FAY "8 F AV g4 gy E4S F35A

15 88, =3 v]g), A3 v|sf, &AF v 471 HlF ZHA
Red, 71& AFE HY 3y vy HAH(AE A ZFAF HAH)AA Tt F
(Fitts, 1950, Liu, et al., 2002), c} & u|s§ Ao A
2 gRE FPHAG (Mumaw et al., 2001; Saeter et
12  Odg vy FAJ A AFETY] 2FH A7) EACEE

o] HUD A8)& vt s g4 e E4H02A oo & 7z & 4 gl
2 A7 dAHcE= 1) AA FIVA e B ol A EHCIHE AEdHA
I o vigs FPATE FH, 2) A vgs FPsr] A8 s¥E 2FTA @
EH’EJ’.Q_E g A, 3) ¥ld A7) (Flight Display)®t ENGINE Al719] A% A%
712 FEA @3 e a2FeZ RAAUE A 4) AF 7L XA &
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24 By dgez dgoke A Foloh watAN, stez AEdolHrt ALHE A
FoHlgSs st qFe vy =AM, 223 5 2FAS} vlsd 2FAL O
g ddoz A g4 FHE 245 477t &7 €% -

Z2F4H9 A7l MEL Zt A7Y FAE, AASHE, 715 B, ASSM(BAT
M) & &t ZAsIol stu, A7 AAF ALERIE, A7) B A9
From-To Charte AAl Hlg 4F& 3 oo FFH FAEA doHz FAS
Fejo] AFE7] =FH AA Ao Arwide 44 g2 &8 & 0D, HY 2S
Al A g Fe =2 289 F IS Aot JdEn

=2
5

5.4 &
E dAFojAE HUD(head up display)®t $719 MFDs(multi function displéys), a
Ju AEH AAVNAY BAAZZ FAHE AF7] A, 40 F v 5,

3, A3, #5)& dgng g o, ¢F FHE Fetod A7) G4 Fee B4 Hol
BHE F&3dch & d7F e FAE A7 FHE AEste AF7]) HA A 712
HolHZE AMEE & U, HY B AT FF 34 = =€ T €8 2 5 A
< Aol
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