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The Effects of Auditory Stimuli on Helicopter Pilots Taking Off

- Startle -
MunSeong Kim', SeungYeal Lee”, ShinWoo Kim™, Hyung-Chul O. Li™

ABSTRACT

Startle stimuli elicit physiological, involuntary behavioral, emotional, and cognitive responses.
Specifically, startle responses are heightened when arousal or stress levels are either very low or
very high. Under unexpected, low-visibility conditions at night, where startle and surprise are
induced and stress levels are heightened, we examined whether additional auditory stimuli
enhance pilots' startle and surprise responses. Current pilots were tested while performing
hovering flight in a virtual environment. Results revealed that physiological, psychological, and
physical responses to startle and surprise were induced in pilots. These results suggest that
additional auditory stimuli may adversely affect pilot performance during takeoff.
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1985). &% YR HIAPEARl IS5HNt ofy g}
A wkg, AAA B fehe, AEF AL
A W ABATE AHS AHisHA st wEA g
Al=ol tisto] 005 A[7FoHA THes ARA vREE
SHISIcHRivera, Talone, Boesser, Jentsch and
Yeh, 2014).

= W2 24 A B 34 AR fE
% 3(Davis, Gendelman, Tischler and Gen-
delman, 1982; Carlsen, Chua, Inglis, San-
derson and Franks, 2008), 43} A4S F7HA
7Ie 59 A W g5 B fHRIth &
S0 EF YA} 22 & A=0] 7|HE F27] Z2
Fet 5 AYY £HE 200ms~1,695ms Ft
AAAHL, B 5 Adols= 102 Bty
TS AAAF K Sternbach, 1960). §3], A&2Q
Abe WA -2 uEAQl Q1] HE AHRAME 30%
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oA 60x %t A= FFPSHA| ZXSHA Skt
(Vlasak, 1969). @hA, =¢ A= FHQ 53
P& TBS Befcke BYH v, P54 W= A
o713, Q19 QIR A& Wefste] oAt 24 D &
Al a2 2ol £840 ¢ vE 4= UtKRivera
et al., 2014).

= S 2T & e FZacoustic) A=
3718 &4517] 95k, Berg(1974)= AAlEE]sH]
93] 24 dAE H8sto, <k AA(id poten-
tiometen)® wAES] FAYS S &8 4
3 = 2 9h39] 50% EE IA|E 85dB(A)DEFL
Husigick ol Qs @2 HZ &F A+olA
100dB(A) ©lA9 A=7F AREEI(Blumenthal,
Cuthbert, Filion, Hackley, Lipp and Van Boxtel,
2005), Ramirez-Moreno®}t Sejnowski(2012)9] <1
TolAZ 80~85dBY HAE ZIsl= FZt A=0|
AAIEE AHA ¢ HZ 4T 5 v A
gt

27t A=9] 2719} Fupapo] T HIRPEARL AA|
kS-S =431y Yste], Foss, Ison, Torre Jr &
Wansack(1989)2 M EE £F2= 5.5m Eolxl
WE FdsHA 2ESHA & oh3oll, 74 A= Al
Ioto] 2359 58 AT E SFsHrt HA4] oA
EAFES ARSI Sms IFECE 7|ESHAL, W9
HFo 2 &0l ALE milliradian 92 %5}
At H7 =9 5% = 250Hz = 800Hz
o]a, A7 110, 120, 130dBelo™, HZ A=
Z& 5 50ms &t ASsIeith. A An nE x
AolA 1~2% B= JFE U 27] Al=olA =
=9] 7|17t /1S 2.7, 3.2, 5.1 mrad ¥ %
F1o] FaElon, Fukp] e Aol {igith

T 2opllAY] EHE 2FAR] 7IHiof ofu=
RAYT ZFEe Ao wE2Ho R fEE Al
o = gle A L5 WAL A A €Y
502 AOJHrKFAA, 2015). 35 EoillA =3 &
=& ARES AE Ae BA gon, EZtolu Azt

o WshA BAIA B 47 WY 5 Y 32 A

ﬂl

1) dB(A)= IEC 61672-1 ®Z] wa} 1kHzE 7]&°
2 oto] Fuj9] F7]o] wEpa TSRS Fofotho
Z7% groloh. Ado] AHEHE 7He 9 24 A
EYLS 1kHzETH B2 Yo} B2 71FX2 AL
22 94 4289 AL dB(A)S dBE wHEsHH oF
1~4dB = AAA HKNTi Audio, n.d.).

o] F= AREEIT

Martin, Murray, Bates & Lee(2016)= A7]H]3)
Alom HIshks oA B A E A
Ao #loud bang) ATE A=ste] A4l 1
(decision height) oJst2 W&k 1% £AS
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Bo| Azt A A9 &4 miZo] ARt Ae=
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31, Lee, Lee & Park(2021)2 d&4d o
17 A=gollA 80~85dBY] &Rl AFE 30%
QF A=l AFGE 2FAMR} ATHE 2FANS] ARk
o} 355, =0l Uigt 84 Q149 Xolg Brtst
fArt. Martin et al.(2016)2 H|7| 2F A4S =
ARZE @Ao]al, Lee et al.(2021)9] A= HFH
2% A BARE Ao, &9 A=l o3k 3
9] A&, B vg, AEd BriE 9ol digt 3

= Brleksih
aukael BgYr| 25 9, AAFE 2T 4
o= & ¥H2 4T &= U= 8Rlo] © Wol &A
gtk 55 2543 7R /A9 Sl XAE, 5
o

ol
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ZHgZ AMofuAY 2t 713e] A=o] HoJ A2zt
ARQA7HA] AE=o] S Y & e A, 4
2 ZJHi=(Pfaff, 2000), 7H9] 2 Ee AEFHA
0] o) ALY &2 S ARl S7HE
5, 2 A, EHAY, A= & wie} o] A
R19] ZHy Eol Wi WS W, 183, AEFA B
¢k B LAY LA &5 gt Zol wie- 2zt
AE RS doll= F7FeHAl "tiMartin, Murray and
Bates, 2011; Barnett, Wong, Westley, Adderley
and Smith, 2012).
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A @RS mlo|2E FoiA A ARE Fardk=th
ol I A 2EEA X3t Ag7F AR

| AR2oA 5% A=Fog AL JisAo] At E

5], thFet Q1A] HA|(Seamster and Redding, 2017)
o Sz ZFANAE B 2 TP v|A

groz ZMde AHelng =% Wkgo] ¥ S7HE
o Stk

000 &7] s S5 Aol 2AF B 114(2023)0014 %=
olFsh= oA & A7 2FAR] =¥ W=
TS 7hs7do] AXEIH. @571 W CRM(crew
resource management) SOf|A], o]&-E 37| Y5}
of A&t HIPS sk AFolA 7IWe] & 47F 2
Ao 2FAE B SH st 71eEa, =9
HhS{(startle reflex)S FAste] At

oj2fgt Aol Etokal, 7IW AT IFFllA
TE 5 e 2 27 AR ZFAIA 9T
£ & Ao T A= A9 glow, ol AR
o] & IAE 7Fs/Ad= oHs] Ut WA, 7 A
o= 82 A=l olEshe IgolA AR Bd=
Fohe delFE 2FJARA vAe IF= A5
A} it

o)
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E 7L Kim, Lee, Kim & Li(2025)9] “dlAJs}
A gt GAg A|A9 HIrt o|Soks dYFEE X
JF o] ot 24 FAS A W
3 BARE AAH 270N H7H A= 24E 71
3k Aolt}. ot MAY 20N EHI Eehe

H3(startle and surprise response; SSR)°] -t

At okt 2CAM = o}E-73t A3t vEhdar, A
A Ao F2-733F B Ueigth & AT
= o543 273} F2-7335t 2704 FZ4 =9
AlE oo mE SSRS =7ggh dtolck

E JFoAE Kim et al.(2025)9] AFAH ol
g F9 skl AR v dAoA AdsT
5 9 S DACIA FeEeo] Feit oo s
AW = AlZE ©A 9] Al AAY 29 29

£, AR W8 GAN AP R gt 714
22 o AN

E, 3% 0 g% WAL A% v Ao vleH
HlEA 2 2719) 2539 $1Yo] BRT wAolh
Wepd, o] o MASH 2309 YL 2]
o=l 2] Y L wekeo] i o=shy

1o

re

e QIR FHIY| ofFck W, 2 AT
£ oulmd ge 2719 237 $4Uol AT
2l AR ¥ WA Agatel, 257 21Ye]
wskgo] 4] ek B¢ 4 Eekeol o Al

ARkgo 2 7hEstoit.

T, Kim et al.(2025)2] &7} Diarra, Marchitto,
Bressolle, Baccino and Drai-Zerbib(2023)9] &%
AE =9 vk3ol tisto] e 40 04 37t
2 =2 o5& Frlelat. kY &Xoa Aluke
oF AEPHo|=E FF0llal, S BrlE sl o
3t 7971t EQte] diste] SESHA Sisith E, &
TR fEE AR 2RoEE &9 offE B
7k}, Kim et al.(2025)9] d+tollA] 4 =3
Ehe9] SRS(SSRO 2t A=oE Qg =% wk
(startle resopnse)°] $=7}=lo] SSRo] ¢ Z71E A
= Aisisith

o o &

B oiqto] EA2 ofzho] oAfsiA] Fet AAIY &
ZFA] SSR
< SRS ASSHE Aol ool AJgo] &
o3k 2704 olEsto] AR HIgE SHe =3 9
oA gt A 270l 29<Ith, ofto & QIgh
=78 anel AAPoR Qg -5t avtE
Qlato] ZskE SSRol k= R0tk HZh A=o]
F7t=le 2704z SSRol B S7HE 4= 9leH, SSR
2 QISH AAEESI 1A AR FFoz ARt vt
olojX|= o] Igol o Z tFIFE HF 5 Uk
AL Aok ff HAZ A7 =29 {57 &40 o
2 2719 zAe® Yxo] A FI3Hcounter-
balancing)sto] AEstoTt. ool Ao Fagt =
AolA ARE] Bl sk =5 ARAEA AFS
WA AAY 24S FAsIHA, olnf H7Zh A=)
U M= 248 A= At SSRE 745t
Aot 7Rt 92 Mol =S 2RGAIA AuhE

oo} AHlrR A w2 S, U =



4 AR, oI5, A4S, o1FE

Vol. 33, No. 4, Dec. 2025

Table 1. Experimental design

A | PR | v | SPHe | F5Ee
PLEI PSRt XN
l:_7],»‘— i471' X o 1 O
gead | A e | P e
TE-73} F AL
Mo

gheol digt FH4 vie AdH 2 Ak AEA
(STAI-X-DZ A=A ¥712 sHA sk Aledlold
L2 FEFe HlolE Aleg SR ot =
S W3 AASItKTable 1).

22 H¥ 71F

AL Kim et al.(2025)9] 9+ 2o F7s]=
87 A=l Higt SSRe| 7He S5k Ao® 5
SR, A &4 71 AEehy & =
o} B3 o|EE ARgSIRTh

2.2.1 H™ 7]+

Aol ARGE AlEElold ZEIHT HIES
Kim et al.(2023, 2025)9] A7z ARGEIROH,
AY RS B 719 2% s g4 @4
ol gt B AFFAHKIm et al., 2003).
AEgold Z27#e Taminar Research AR
X-PLANE 11, ¥eFHE S-76& ARESHAL, 7H
Fe 9F#A VR(Virtual Reality)AF2] Oculus
Rift S &5t B AlF ol PC 24%14]
HUEE ARESte] BIFY Fo 715E= HIF Hloleet
Z7HALe] Aok gHolskal, X-PLANE 119] HlHS A
g5t 2E57H logitech flight G-9408 FEF
B 2371} fARBHEE AolZEn} e EE A%
sto] ARESIGITE AolEge] dZFEo] Sle= EH
(trim) WE9] 7]5& AASt] SSRol TAEH 9%
SHA] 2 AIAI9] =5 R &5 AXA HolEE
o= A=A stk

AAA ZAL control padE= ofolgi= 82
aog A9k X-PLANER 593 74 YE
az dFd AFole g2 agPoe= 3PS A
AZ £ slom, A7 A, 75, €& S3HRWY
LIGHTS) 59 =552 ARSIt

A7t A=2 Aol 7Hde] A BAYE =5
S/9udE ARESIGAL, 4ol AE FoiE

T

ol

o

F7A doll e Aol T 2ol wheo] Asgst
g}, Hzh A2 H2, F2'F oF 1.629] A7t =
t A=A, A=) A7]= HREY] A dHE
aEste] FHAR SAste] FHgke] 70~75dBe]
HeE FoiEo] g 2Fsigen, A7 He
oA FHEZAY A= oF 1.2mArKFig. 1.

2.2.2 4elsty 24 7|1+

HH= el SCOSCHEARS] RYTHM24E 714
O] Aol 2-85HA| stof 4lHl(heart rate)2t AP
o]%(heart rate variability) & =745ttt RYTHM
24+ FEe] S-8=Z 2032 Elite HRVYF EFFA
2 AZHo] 18 ol &40l A& Afol= Auke
oF AlhHo =7} AikHETKFig. 1)

AHPHOI = AIRE JHIt Fulr FAolA BAH
ot AZE G990l HRS geidog 189 A% v
Z=o]H(bpm) gtol ZroH Qg deoltt. MEAN RR¥}
RMSSD(root mean square differences of succe-
ssive difference)= &4 A|H9 =& &7 AU R &
£ N2 ARgsto] AkbE RIN)T RIN) Atel9] 7H4
o] H#Ql MEAN RRZ glo] IW <¢Fgidefolrt.
RMSSD+= QIFHe RR 7+ 2t Apolof] thgt B+t Al
9] AlFEog, gro] AW FgAdEoltkFig. 2)

Fog B4 gAoA= &89 AEF ASE fast
Fourier transform(FFT)¥ 72 7|9 &8s A5
o 9 nFwt 9oz EEg thgof|, AA Fuk: g
99 Z(total power), AFT WY T=(F

at

oz

Fig. 1. Actual experimental scene
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power), 1153} t9] ZL(HF power), 7 H 2t
] HIE(LF/HF ratio)e] AF=Ht.

Castaldo, Melillo, Bracale, Caserta, Triassi &
peCCh1(2015)1— :L/d 14/\]?(4 /\Eaﬂ w17]-o]-7] T]
sto] 7Rt ARIEs e ©7] AlEPHo|eE &
Attt 1 23 34 A4AE A AT sk
ZA$-ol= LF/HF= S7F5k2 MEAN RR, RMSSD, HF

T AAastke ZoE Yyt

2 AP ofte] FYujtojA o]FsH] 5t A

] B3E sl 5ol oAdehAl Zet S48 A9
A U 42 &1l A7 ASE F7Iske A9l
o} wEhA], 22 7o) 4ol dash, 18 78
#go] 7Fs3t MEAN RR, RMSSD, HF(Castaldo,
Montesinos, Melillo, James and Pecchia, 2019)2}
HRO| 37}, 49 A2 SSRo| o3t F4 AEFHA
7F Z71=dokaL B7elitkTable 2).

223 delg™ 58 7|1F

Y =l oY =04 Bl 114 2AE
He 2 ESH, B2 -5 B Fx A&
A2 =Xl AEH-EA EQl HI(state-trait
anxiety inventory)x 197040l Spielberger(1970)
7h Rt A7) BaA] FAF B4R, BQRE +7HEd
A vrgoz B AE) E<state anxiety)d} Blil

Table 2. Meaning and application of HRV(Kim et

al., 2025)
AEHA | 18
5 9] m o =5
18} Agkss - =
R 258 Bl | s
A44Q1 RR 714 #1olgt9]
S‘Iii]— AT L
RSP e we am | 0|
2= orga
3| 12} ¥lEo0] A
MEAN | B3 A S wR A ||
RR 255 g
0.04~0.15Hz 7
IF | 22 2g4747 o #wel | - |2
Qe
LESE HF) Ml & = Bl
LE/HF | qonaAe) gge vyera | o | #Fs
0.15~0.4Hz°] 7= -
A BIAAAS o )

2 WSk e 4% PO Bt B4

o1

anxiety) 2.2 FLE35}9ct.

E9HKtrait

E o AE Kim(1978)0] ¥kt 32wt X§ %
oA AFe EolulS A5t EATE AFSo|A AE

Az Qlsle] AAFOE of|H A Bk A7
o] &bl L3 Y A LHe mhgo] EES
o, ‘Ui uhgo] Zubzulsiey S 20749 74
3, 1074e] Bl Egwo] ek

WSS 44 BAE HEg Agslel A 13

2] KIA)Y, “FE a=gQA), A a1=tk3
), “oigs] 2gt4R) & s Ads)] 9o
o 9E3ko vl ShAlsle] FZof wradslgich A
A A 207014 80 Aol 2 ASHY, Mol =

255 2o Aot ada S,

2.2.4 A @S =73 HOE

4% ek, A9 2 91 ol A,
B710) 9471, 987) A19) AN g 5ol ek A
oI At 37191 AR S5 D 315, Aol
220 Bedel Zwgl WA, B9 Ho]
== 7479l oF 0.025% o Al

HolZde WAA) U BE) WoR 47t
+£15° W] Vol gAY glom, ojuf +15°% ]
% dole] AolA +12 71SHHIY 8). 002520}
o 7129 Hol2Y Aot & Zwe] W oz 7
SEg pEohy, 4450 Holne 59 AIEEe
AR 7, SENS A8te] WAl TME waksy
o 2SR THgolA Holaele] RARe wiEA] 4
Hue, 257k 3] Aol2d 24919 93 AsE
AR 98 ol At

N

i“I w
o

F7ERL

2 48 000 T 4 Y 354 1098
o FAE Haoln 4 %
AT 15 9% AANEES S50 G50, 58
E ARIE 254 A2 AV AL 2590
2 1000417} o9 71 A2 BRI B
S0 Lol 3 51.504I(SD=3.83)01, % I el
o AMHARES B 506047KSD=1,556.49),
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Ou|PAIZS Wt 292A17HSD=150.09), A718|BAZ
S g 360A7HSD=196.02)°]w, A5 A|EHo|¢
TH= Bt 5.870(SD=2.30)°130c. H¥S FES o
2] 10,0009 F7HIE AF5HAch

2.4 HEHERL

FA7HAA QITFEASH FH, K
A4, ¥ A 5L 71dslA] A8
A A5 A5ttt A 5242 ARt BY
ALY AITHA ] gk S o8 A,
A= AAE g AL He oA o 1~28%
AR B sh= Zloletal A9siitt. Aol Ba
gt Aldkeel AEro|=E EA5l] oA =S
o]g] 2RGAIZH.

IHEE #Ao] WA oA sto] ZEbER, Kol
24, 029 YAE A4lo] ARESh= Helol WA HY
ZoteE 3§t th3ofl HMD(head mounted display)&
ZrgshA shith. 18, FARE S7HAI717] A
T2 oA TEEe 719 S-S HMD| W
AMAR YA Stk BEge] A7) °oF 35~
40dBE 7189 B B &g FTE APe] Aot
At HMDE 283t 7AksolAl dast A7|w
94 0|, A9 5& 875H sto] AR} 7HER

49 YIXE 24sIGith. oF, H|go] Bagt o
31 A7ES 7HECIA dHsisinh

5 71 Aol 10kmel 52 A5 gl= &
o5k 77 202 AAselth ARk HIge] 71 Al
doz IT= 2045ft, WAL A4 P9 £10°,
HF= @A X-olA +56t8 AXSIRL, oA 4=
2o g o|F3}o] oF 10& Fot AR v|PS Al
SIthFig. 3). AR HIY A5 she B2t ARt
2%, 3%9] ARF ML 7 1314 8sIGia, A
&0 ARETIFORE AQXE 7} 134 ZAfs6lo
a9 AR Bk sk, AERe] 5 AAI7}

R 9 M1

= ool A9
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r.,‘ZDQLr.}LJ}no
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Fig. 3. Practice scenes from external and
internal view point(Xplane 11 captured)
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otdal A w+3stote] Astaick

A7t A= AT = 2= 7130l 45
gt otk 20X $R 0 & o]Fsto], AL HAoA
AAIE xﬂx]—eq H|39] 7]& olUjol A 1~28& 53t Al
A2 vRE sHA| sttt AR vl b= rtar
HHE]QS wof, ofe|wjEe] 8§ TR0 AA|
7 20E WA o] ¥ EUE| Ueiks AR 7]
F3sto] Ao} Aol ARSIGITE AR 219] APgE
160m, 7-59] =ol+= 0ft, 752 %2 overcast(dl=
= ] d2 A= AAsielct 71 9 53519
2T AAAFAL, 7RSS SlRsHAURE A2 ThA|
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(a) Day example to aid understanding

(b) High visibility condition

(c) Low visibility condition (counterbalanced the
conditions with and without auditory stimulation)

Fig. 4. Experimental scenes from external and
internal view point(Xplane 11 captured)



A7 Aol ol83H WelFH Al nAE 4% 7

oA shaltt. 2SRt ool HMDE SRR, Al
A2 v IAE $Psks =Fol =2E =E1% =
gheol Hiet A7eh 2]t Histol SHSHA Skt
SHE HEoles 5107 A= FAE F5H shal,
A= A7) vy dlolgE Agsialed, A9
245 A

B A= AEshe 2ANME AAE 230 W
e A% A9 S44udE A A4 A5
st o2l AlRbE 71530 olF Bk A4
A= AsAl g 209 SLsith

2.6 &4z

SPSS version 255 AREsto] A2 A=29] 4 <+
Aol wet AR FPsele], HHE &4 R
RMSSD, MEANRR, HF, 737}, &<t
130 tiste] o EE t AL AR 257t
982 AR} 7158t A7ES TEfsto], 3% o|yd
s 23709 /M 2 7SS 4RSS SSRE
7EEololt). 3% o]9o) Mg EE 2 Ve ARE
v AL FA517] Y5t 2oz 71519t 24
o ARgE RE glojEE = |<2.41, [H=([<5.95
2 373 AHE UESI9HKline, 2005).
HRolM= 4 AF0] gle 2AM=72.50, SD=
9.55)Er} 37t A4=o] Q= 2A(M=78.10, SD=15.79)
o] 563 T Wom, BFAZHOE [osigitt
(t=-2.52, d=9, p<.05). RMSSDol|A= 37k 2F=0] Q1
= 2AM=50.61, SD=25.37)Et} Az} A=o] Q= =

i

i)
ay

o

2~
T —1—011'

HR RMSSD

[1 witHouT [] WiTH AUD. ] without [ wiTH AUD,

21140 50 928

a0 -l—em L
50 | 50.6X

0
to 8.0 X78.1 40

5 3.0
70 70972 | 30

: 5 238y
e Lo 2 2L

AM=36.79, SD=21.28)°] 13.82 9FZ Wgton] &4
Ao g JOlolHtHt=2.44, d9, p<.05)(Fig. 5).

MEAN RROlXE= 7 A=Fo] gl 2AM=
843.33, SD=103.49)ktt H7Zt A=Fo] Y& =24
(M=795.29, SD=137.38)°] 48.04 Wk WtoH &
ARog {51tk t=3.41, d~9, p<.01). HFIA
= F7 AF0] gl 21(M=699.84, SD=812.45)1%.
ot H7F A=o] Sl 271(M=373.89, SD=570.85)°]
325.94 T 2oror BAH R Fo5HtHt=3.19,
dr=9, p<.05)(Fig. 6).

R7MlME HZE A=) gl 2d(M=4.40, SD=
2.37)2t} 7} A=o] Q= 2A(M=6.80, SD=2.49)°]
249 E9kom BAFOCE  [OlstdltK=-6.00,
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o= FOJelht=-3.99, d9, p<0D(Fig. 7).

2T WgOANE 37 Aol gk

X

BN
2 A

%
r_}j_‘

MEAN RR HF
WITHOUT [J WITHAUD.

WITHOUT [J wiTH AUD.
o *
1000 ] 3000 ]
g50 958.3

947.7 26737
933.6—
00 T 3% 2500

850 ESldpry
i 25.9 2000

. 01,8633
800 X795, 18

750 TeLE 1500 1,398.7-

159

700

1000
650 646.5— 8933

& £99.8>
00| aaaz

550 L ETF 7 O
5283 1177 4
500 0 B0F ik

Fig. 6. The MEANRR and HF results under
both conditions

0807.3

ad7t ot

[] WITHOUT [] WITHAUD. ] WITHOUT [] WITHAUD.

ks e

1 . T
T7.0
54

90 g0 75
55 X558

. 2
2.3
50
30 as 45.6%

20— 0 - J_ :
370

B0 .0 70

6.3 51.0-7

Fig. 5. The HR and RMSSD results under both
conditions(with and without)

Fig. 7. The emotoinal valence and anxiety
points results under both conditions



8 AR, oI5, A4S, o1FE

Vol. 33, No. 4, Dec. 2025

EE7uS
WITHOUT [J WiTH AUD.

®
2

19.6
13
17
5 148~ 147

13 12.9- X133

J_ 0.4
BB

0.9

1
10.3
9 9.+

Fig. 8. The flight control responses under both
conditions
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AFoz 8o5tarii=-2.51, d-9, p<.05)(Fig. 8).
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