S0 T4 H3S 20014 98I(pp.165-170) 165
The Journal of Information Technology, Vol.4, No.3

F018tE)| AISESHX|Q 42 oMol &8t A+

st - 201g* - s

e o9

RE7)EE o Rd AEFY 4L A 1080 AN B ¥E MAZH. o3 W WIE EFdn
A2 AR7)E0) AEFGY v o) T FYHA A7 A HA &3 e AARoo & A7
£ AxZd Q0N AHE AFsE 4} A BE ¢ A& 4 23 74 A7 48y Ze I
Q) ALY #AY 4TS FUL2 AT T AFY EYEZ 7P, AF ALA, 7ML 44
a, oA HYA, B L &9 AV T} 2L Poplly 2FER e AXAEY AxFd vAE ¥
g2 AT R4S AHsE ARA2Y FARAEL AYBY Az QP n I vA:e
Jgol o8 + Yom ARAxR A AXA Azte] Ay M FHHY P 9 £E YAT
H8e 37 ATAY 9 o Al g4 wet FRI)e A4 WA AFH [Y ¥4
2 7143 279 £ Y & v)A Aoz Azndch v QA A=Y Y M= 1 F
840 AN AFF vie JAT FHA2Y Jgo] A= vAE P AT AAHY 7€ oFA

nEsaz o] Rold tFy AT ZAE FHLE A

. M8

FAFZ7Ie MAF FAZFHAY AF
& 7P 29y FI7l0 FUF
INE AFAGY Hzd q@ AT &
AAEE T4 AFdd THY AN
Fole 452 AHSHY FEZFgA 1 B8A
o] dFd vt itk FUAFF/Y AHEE AF
Al F371 Z2FA A A¥4E 7RI
Z2FA FUsE FAHEY Fade o5E
ZHALTHIL ol FARIIIE AFLE ¥
YA A AF2FFAY HAE oY &
Ho 3719 A 78] YeH oY e

* MEDISHS &R
= SXS >FE MO

d7477 45 ATH2-5). AFZFEAY
AAE #3719 &5 AVYH TP
decoupleds| | At} 7FAQs L FYPHo AT &
ERANE FATRYE VIFLE FAq F37
o] PBeFo] P AFZ2FFNE A
onl AAHNA AF2FRAY Zd4L
g 33719 x4 2 AL &%, 2
&0 EZRIAAL 7479 &xd me AFZE
F3Ag A o5 2AEYE FYIAUL
o, $431xd me GFE TAAZ6). 24
AN dF dE FAFFY] AFZFFAY
A€ vz, EN3gd. 2ddgE B8 AA
oz #3337 AF2FAA dR% EF
o & ZAA4E AL AU



166

. ASESEX &

2.1 NAEQ| H2

NP2 FAANE P, %, 2P HPEF
o 71%E e A AN2gozA FYPAA
(Inertial Navigation System, INU)$} u]3z%
# ¥ (Flight Control Computer) TA €U

£ FEZF YoT A¥EFE &4, B
Ao FCCol &AdoletE Z$3w, FCCe
INUZEY we b gziAuoe e AFJdZEz
F 9 A4 Z2add 99 o)8do R/
Z2% AZEHOE AYsa 1 ARz & 2F
W2 228 HAG FEEHE A 4
e B PRAE FAFEE T

2.2 NAE 2

FAgF7Ie PP Tl A FeEBY
< U3 2o

x=Ax+Bu (1
y=Cx+Du 2)

4714 x& AHEH, vt AclLFAE, v
FE oo},

D3R 25 A AHPFHE B
2ol A4 HATIATA 5 FAh

Aol R4 HI3s 2001H 98

. Y, (Y,-U) —gcos(bpy) ]
ey
AlYT — T g 0
pl |L, Lp L, 0 0
r|=|N, N,, N, 0 0
$l |0 1 0 0 0
¢l 1O O 1 0 ]
Bl [Ya Y&
D L&a Ldr
da
7|+ | Ny N;, [ ] (3)
or.
0 0
¢l L0 0

N, e 9HDYR, p= B ALE, 7
e 8% A5E, 4 & 8 4 4t A9 3,
dat B9 VY, ore YT Byl

$37] $571 NS/ A A2 9
& B3 2

—0.1453 —0.0039 —0.9858 0.3207 0
—23.2500 —6.1850 3.3381 0 0
A=| 7.4232 -0.6717 —0.8143 ©0 0

0 1.0 0 0 0
0 0 1.0 0 0
0 0.0008
0.3698 0.0124
B=|-0.0410 —0.0493
0 0
0 0 ]




371 271 B8m/se A9 Alxg P
< b5 2.

—0.1937 —0.0017 —0.9879 0.2405 0
—25.0330 —8.1859 2.6050 O 0
A=) 13.2596 —0.5947 —1.0332 0 0
0 1.0 0 0 0
0 0 1.0 0 0

0 0.0010

0.6579  0.0221

B=|-0.0394 —0.0877
0 0
0 0

FF7] $x7F 41.2n/s¢) B Alad" 84
< g&3 2,

f —0.2246 —0.0010 —0.9886 0.2075 —0.0059
—26.4333 —9.4764 2.3159 0 0

A= 17.8324 —0.5755 —1.1864 0 0
0 1.0 0 0 0
0 0 1.0 0 0

0 0.0012

0.8841 0.0297

B=|-0.0381 —0.1178
0 0

0 0 J

3499 39 Sxo BAYOl LS
2

167

2.3 NO1712] &

479 AojRxe g BEAEE 19 19
2. € Ao7lE PAYIZ FAHY 9 A
o7l PIAO7|1Z TS ZZe] Ao)7)4)
g o5& TRTFZAN @30 AAHoHo
o, &37] £xd we AN A52FR
A o] 52 v} 2,

37 £271 053m/s A, HAE 74
7] °o]5 Kdr 057, 89 #ol7] ¢|5 Kpsie
07, 3| At wakete] 4305 KARIR 112
AA = A}

37 £=7b 3B84m/sA A, HAE 724
7l 15L& 055, 89 Aoj7] °o]5L& 10, 3AY
3 el 43o|5L (752 HAH A

FF7 $E7} 4722m/sQ) S, A E 72
7} o5& 047, 7 Ao}7] o]5L 16, 3AY
o wWgele F3o|5L 0552 AAH AT

& 74 o|E Kpt 082 dgdojzen &
Ao}7] vj#olS Kphix 08, £S5 Kphit
0012 7] $xd wssiA ¥a 944 g
o2 Megsoiz)

F37] &xo me AdAHNA Aoo5g
ol 2AEYE 4 gy e o I3
F@Eo 7,

Ky = —0.0017V + 0.7630 @

K, = 0.0150V — 0.9967 (5)
Kar = —0.0092V + 2.0802 (6)

Aq71AM, Vi 33719 HgE ol



168

. Co|ng 22

AexFAAY A%, F3719 $HEA, ¥
Y45 (Flying Quality), %37 7249 F3
dg d71gde &g d5e7] Hstd gy
AI2LE ALY d7jud 2de fx
42 Y84 von Karman Z9& AHE3H,
A5z2FFA Az vAdTY A4 E A3
A& Dryden 298 ARE-3TH6]

Wrlng AEE YA TIE A HEe
a9 29 2o 35E FANIY] A8 O
22 128 Wi g AT

4
2 —_
g=0, () (Zr-LH+7 0

474, g (=L2.ME BFol roln EFH
A7 04 7H42EEE RE WFOIY nE
YLEE ZE B,

Dryden 299 Qu4e 3 2o},

Yur1= C1 Yut C2 Y1t dy 2.+ dy x5
8

oq71A,
c1=2 exp[—2arndt]
cy=— exp [ —4ar 4t]

_ c _C1,,a—c/b __c
a’x—d[ba2+ 3 (54t _sz”)]

dy=d[—Sy (54— 1) — (2=ELb) 4y 22

ba’

HESI02 Hladd H3E 20014 ofd

1
b= (2n) *

Dryden spectrum®& AR23te 73S longi-
tudinal component= th&3} 2t

-1 .,V
a=5-01)
_ _0c _Z%
c= 2”2(/1)
_ o, V¥
i=2 )

lateral component® th&3 2t}

- 1.,V
a= - (1)
_ 3o , V %
=571
_ o V%
a= 2%,

G71A, Ve AFWNEE, ok WEE 4
F9 Z7], A%€ integral length scale, 4t= A
£ Azbolth

V. 2OaI8

3gAA dojF dirlag 2dE AHEEo 3
e 5o g dAH A AF2FFAY =
948¢ Y84 #3212 2Kmol g
W AFEAN V=T5m/sec, 0% 02m/sec, AT
530.3& AHgsten, ofgd drjudEE 19
29 2. & Ao7]e & W¥ 30degE UVt



POoIB)| NSZTEXIQ 24 a0l

& de A 23 3% 2o 7 A
o #9 FE 0degE A/IAUE W dRE
Y 49 2

ol p-Joo sl e s L,
L} 1 1 L] L]
L] " 1 L] [
2 L L] L} 1] 1 L]
LT R A . 1. -—-————
1 L] [ ] ] L] 1 1 1 [ ]
) 1 L] L] L] i ] L] 1 q
[ U T N R P S SN DU S J
1 1 L] L] L] ] 1 1 L]
[} 1 L] ] ] ] L] ) ]
L] 1] . 1 . U 1] ] 1
e R it Tl sl Tt e il Bl sl Tl
[ ] 1 1 1 ) 1 . 1 L]
L] ) ] 1 1 1 [} 1 L]
- ——— N M
e 5 18 & M = B 15 st = it

>N
T L] L] L L) T L) L) L]
L] L] . . L] L] 1 L] L]
1 1 . [} . ’ 1 . L]
n 1} (!
) = T " l
1] 1 1) L) L] » 1 [} .
L] 1 L] . L] L] L] L] 1
oY IR A S DU T N S R YU
L} 1 1 [] E] L) 3 L] L]
L} L] 1 1 1 . L] L] L]
1 1 1 1 L] 1] 1 )
1] 1] ] i [} 1] L] ]
B R L L R
1] L] 1 1 L) L] L] L]
» 1 1] L] L] . L] L]
[ IR S U QP N B W P,
L] 1] t [) 1 L] 1 [}
L] L] L L] . . L]
’ . [ 3 N . v v
[ Y A S e Y W Uy
[] 1] 1] [ 1 [] 1] 1]
. 1] L] 1] L] L] L] [
. ¥ L] " L] 1 L] .
R T I T W e Iy R Y
L] L] L) L] 1 L] . L]
. » ] . 13 L] 1] []
1 [ ] L] L] 1} 1 L] L]
[ ] .
. & b % B 1k e = 6

=
L] L L] L] L] L] L] T T
| ] 1 L] [ . L] 1] 1 L]
’ 1] ! a 2 1] 1) L 1]
L] ) 1 ol
L f
] 1] L] [ ]
. L] 1 1 ]
P IR U T Y N U (i T
L) [} 1) L} [] L] [} L 1
L] L] 1] 1 L] L] [} 1] 1
1 L] L] 1 1] 1 L] L] t
™ QI S U O VU S N O e
1 1 1] L 1 1 [] ¥ []
. . » 1] . 1 . L] »
L] L] » L] 1] 1 L] L} [ ]
[55 IR S D S DU P R T P
L] L] ] 1] 1] L] 1 [ ] L]
] . L] . . L) . L] L]
1} L] " [ ] ] L] L] L} 1]
Bhactdedecbacadacnleatdacdacbh e Jdo -
» [ ] [} L] [] ] . L) .
" . . L] [ ] 1 . " .
1] . . [} [} 1] . L] L]
$h eccidedaccbh cdacdtaccle o docles « de -
[ ] . [ ] L] [ ] 1] L] ] L]
1] L] . 1] L] 1 1 L] »
" 1 . L] L] 1] 1 L] L]
olcaat 2 2 1 & .
[ ] & (13 [ P % » % Ll 2 -~ 8

169

v.&8 &

g37] $xo n2t AAHNY A7) o5&
ofF 2AEIRRLH, 37 FaEd W
f71ad 2dE J4stoq RS | A
A& 371tk NASA dojHd & fi7]ud

$ FU1EgE W AAHNY AEEFAAL
Fold HEe TAAA 43 FYFE ¢ F 3
Ak o APoze MPNEE T HoHE
AHgEte] A2 ujRsE FAeka oY mE
o]59| Fyo| Yot 44

V. 2128

[1] C. F. Lin, Advanced Control System
Design, Prentice Hall, 1994

[2] C. S. Buttril, P. D. Arbuckle, K. D. Hottler,
Simulation Model of Twin-tail , High
Performance Airplane, NASA, Langley
Research Center, July. 1992

[3] J. H Blakelock, Automatic Control of
Aircraft and Missile, John Wiley and
Sons, Inc., 1991

[4] P. Gamnell, D. ]J. East, Guided Weapon
Control System, Pergamon Press. pp.
87-133.

[5] K. E. French, Flight Test Experience with
an RPV Emergency Recovery System,
Lockheed Missile and Space Company

[6] Show-Tien Wang, Walter Frost, Atmo-
spheric Turbulence Simulation Techniques
with Application to Flight Analysis,
NASA Report 3309, 1980



170 . HLI01R M4 HI3E 20014 o8

The Study of the Robustness Analysis of the autopilot for the
UAV

Ho, Lim*, Ki-Yeoul, Kim**, Hyun, Kim**

Abstract

In this paper, we proposed an autopilot of the unmanned piloted vehicle to guide to the specific
position, and analyzed robustness of the designed autopilot. We divide an aircraft velocity into the
three case which are low, crusing and high speed, and designed autopilot gains are gain scheduled.
We generated the turbulence for the operational altitudes and analyzed performance of the autopilot
about it. We proved robustness of the designed autopilot for the turbulence and gust using
simulation.
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