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A Study for Controllability, Stability by Optimal Control of Load
and Angular Velocity of Flying Objects
using the Spiral Predictive Model (SPM)
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Abstract : These days many scientists make studies of feedback control system for stability on non-linear state and for the maneuver
of flying objects. These feedback control systems have to satisfy trajectory condition and angular conditions, that is to say,
controllability and stability simultaneously to achieve mission. In this paper, a design methods using model based control system
which consists of spiral predictive model, Q-function included into generalized-work function is shown. It is made a clear that the
proposed algorithm using SPM maneuvers for controllability and stability at the same time is successful in attaining our purpose. The
feature of the proposed algorithm is illustrated by simulation results. As a conclusion, the proposed algorithm is useful for the control

of moving objects.

Keywords : uncertainty, stabilization, flying trajectory, model based, predictive model, nonlinear dynamic system

L AE

A B IdTAES EYANS 2
o] e Al A Al A=RE
A*Y(robust control) 7} o}o} Z-2 EEH
Holl thste] Hdh= Ao} A o=A
o3t B o] X B|PA Ao EAlIAE Al
22N HERPSEA)E Al SFAAk Stk

o HIBA &5 Ao o289 Al E, ARE AT
AERE AR o2 BEAE oF ] B} fdsi A4S
he AT Ao, dF Ao, 27| HE Aloje} e Ao
daE 7E o e Sds] A7 E vk ofd
LA FL v Aol Ao 7HE T3 AATRIA A
o7t T HEF A7H Jlow, uaA] ng ARG
Ao S Al ME=F ATHIL vk T3 HFE )
A HH Ao daEF 7R 9l Ao} A5E Wi -
e B AR R, HE AL Fol gagEelA
TRE FES 2HEL Stk

A S 2] HgA H2 Aol gaFel &
AToME BHYSE FHAESHE Ao] 9424 3
AR o] oz AEsn. & A2 Al g v
Bithl) B ATelME, dus BASSd A o
g ARgst] HIPAE Ao didog FRAlo|(AoAd)
3 v} AA AP E T WEsRs dndEe
TR 23k viA HA AolE A vl o5 2
A9 g Alo] SeHE FA XA olgdR A RE
EgrE ARt sk =% sidehe HFAE oo 9%
Aojoll ke kst EXeAA HE Ul P55 A}
I g F Bdojx daEFS FEth
* A AHCorresponding Author)
=BT 12006.6.13, AHEA :2007.1. 16.
- e dREta FEs Aot hmwang@dankook.ac kr)

C

=] 3]

.?.

o]

s

—

AFA
1ol
W=
kol

1
=

at

I B

2
o X

|

2
> >
S

i
ﬁ X
>

E

odl

(

=

3

IL o & =5

H|A| v]ef A2, FgelA nigiA 2ol mha} ¢lefe]

34 eprh Fok oldf vAAE HBAL St AEE
FEHEE ke FAEA AARE Ao HRE  glo)
of gt} ’
1. LMol E =Y HRyAl

2 HAFACIARZFHEA)AA sl drgstar HFA)
FAIFSA] e oA LFTTIaL & v, WS el
£ olglol] Yehd Aoz FAE T o] Bl njgAe] 4%
ARTAN 27823).

1.1 27 Zalel A3 Hat

FAFAY o1F WaE vehlle 42 vE3 g
V=QV+gn-ge;(j=12,3) 0]
AN ¥ = (Vb 1, ) - AN A S=WE, g - 5

3, g & 39 exoln
7} Fopde] e AREE Tt 2o

n, = (Pcos§ —gScy cosacos f + qSc), sina) G! ()}
ny, = (Psiné’ +gScy sinacos B+ gSc), cosa) ¢! 3
n, =qSc,G L. @

A7 G=mg, P-FR,5- vl oxFel dig
A% e P o] el i@ 2%, o -2, p-mned
Zolc],

¥ =R 37198 SelEs e 948 239
P4 2o

ey =cx(a, B, M), cy=cy(a,,b’,M), ¢, =¢,(a, B, M)



Journal of Control, Automation, and Systems Engineering Vol. 13, No. 3, March 2007 269

1.2 A 54 Selel sin A3t

A A EullelA LAk B gk A& Folk
Hol 93] vhe3 2.
i=eQl ©)

A7 & - AntAFAt AFHEA Atole] W AR
Q- 297704 HA d Fhonh

a="—0"=l-0, 0 o, ]| ©6)

T
A7 @ = (co oy Zr&zo|u},
(D), G)= Q=const &4 W LRHHQI olG21HHNE 2=
g glo] 7kl o, dAe 7

} o] e AH FHo A
ZT 2 717 ngAe] L5 E%éd'tHzﬁ]-

1. el a2 W
BlgRle] SBNAAE e 2 v WA o)
sreize,

X =f(X,U,), N

AZIM X -n 7Rl ZA|] e e, U -m 7)e] Alo] wE,
t AY [n.tp] o1tk
e A8 X & o go] 2ojxinh
x:(XT,YT)T9
®
[ o ad ] T [

1714
X =lanaz.as) . Xo=[enemen] .
X3 :[531>832,833]T, Xy :[anVyaVzJT>
X5 =[5gvgizg | Xe=[nenym, ||,
ST SR

olet.
BAH cZelA QU FHGWHS) AURHE 070
U v e go] 2ol

H=PTF+68—I:+Q, ©)

s

2t xy WEel 2%
o e Ao et ¢

o

A p=(pfA) s Prsy
1. ol ¥ =-0 olt}. A W

& Yoz v,

(e (arY 00g
he=-{ ) {5 - (aX] W
. (oH or\ (30
A== (ayj - (5) PY_( aYJ ’ ah
OF (OF oF

i L2, ay] SEER

A W p o] A 222 v 2

Py, (t2)= Py, (12) = Py; (t2) = Py (12) = Px, (12) =0,

T T
(9% [P
PX4 (lz)—[a—X;j , PX5 (t2)_(aX5) (12)
Halof Thael Aol ols) AT

u=Y=—k’py (13)
2. Ypkst Bx{aolMel Hofzt
T 9w 2L A BuelE TR
Aviual Qs 2APSE AT 4 357 299 23
gheel geolrt |
[=V,[ X, ]+ I[Q(X 0+ L(uug.t) | dt, (14)

f
A7 w - A, w, - A AH A, Q:%ﬂin 0|5

B; (1=1,2,3) & AF, n-3FAFE HERIG
27 A3 A2 2R Thee) Qust BAYLOIA AR
o
)
=V [X.2]+ [[O0X,0)+ L(u,ug,t) ] dt, (15)
ul

3714 ng:%p(hz—hgv)z otk o1% A7 24 4

olt}. @714 UE)& <gvr= FOIAE Holts).

HAAA Ao} oz AZo| et Alo] H2vEHE Tkl
T AZ AAAe] F Z5re] At Ao devjsE 73
ot Ao °h7ﬂ%% BEAgM Agd AF st g

R ER
UAdE mdoae] A WA Aojgh, BEEAE 23t
7 1% RREGS /oy = thew} Tol At B,
8V3p al oh oz
=pll-1,)—+ h—hy, |—+ - =,
ony, pl( gv)@nx /32( )anx p3(z ng)anx
(16)
o ol oh oz
/4
=pill—1g )| — h—hgy, | —+ - —_—
6ny 'Dl( g")@ y+‘02( )6ny p3(z ng)é‘ny
amn
6V3p ol Oh Oz
anz :pl(l“lgv)£+p2(h—hgv)anz +p3(Z—‘ng)anZ,

(18)



270

%] HolA plz & A ARE 1% AY, A A,
oy (k=1,.,6) & Alg=olrl,

R A Ao} steelE gk T AoisiziE g
0#0 U W sl Y5 ¥ 8 BTl wiew

0=0% G} o] ATk E oln) AR A 27
ST
eSS Edloll A = WA FEA Ao semelE 27
A BRSNS FEERS ov/ax & T Lol 7
AL e,
N oy 09 0@
i 'Dl(7 yg"')a (‘9 9 )a (¢ ¢g")a o,
= pl{[a)x —tanS(my cosy —m, siny):|r—y3}r,
19

- oy o9 o¢
ﬁ‘pl(%?’gV)@J’pZ(‘g_‘ggV)awy p(#- ¢gV)

{[a) —tanS cosy—wzsin;/)]r—ygv}(—tan&cos;/)r

{( siny — a)Zcos;/)r 4 }rsiny

{[cos @y, COSY — @, sm;/)] ¢gv}zzzl}; ,
(209)
N 17 09
izpl(}/_ygv)aafz‘*'p2('g_'ggv)aw (¢ ¢gv) ¢
= {[a)x - tan.9(a)y cosy — w, siny)]r —yg,,}(tangsmy)r

+m {(a)y siny + @, cos;/)r - ng}rcosy
1 . siny
+m {I:cole(wy Cosy — @, sm}/):lz' - ¢g‘,}(— Cosgjr
ey

HelA gy (k=1,..6)E A%, 7,9y - & 7, 87|t}

ols} Zo) AH Aol A2 Aole AAANS Ll
99 o8 Aolgte] Astei

Iv. ¢33 E 78 ¥ 2z}

AB7A AAG vAE fRAle] darelEe, vAE o
Aog2ate] w9 AU NPLEY vEHT 34 &
Y BEHH ] 2598 2dy oF 24 (1), 5B AHe3sH
of AlggoldE A5 BRI g7 dARE =
7] 272 vEAle] 1% 10000molA E 19 VeRiTh

Aol & gFrolAE v HF AR FXHE 015
oA 0.1, 872 0,034 0, Sk 0.03904 00] HEE A
o] AAHUCE EF HF A AN xFol| w2 vy A7
£ 25000m ©]iL zFol| ME ¥ AE = 1000mo)ch. 181
HF A AoA ] vYA| 1zt 3m7} H ook 3t}

a3 194 62 daEE FRAHZ v sengE 7
2 Ueileh. 29 12014 dugEe F3sHs Aolut
o= 35 ZA&egks 247t e, a3 1914 & (16),
7, (18)°1 &3 FojF A= Ao} g& vekick 28 39|
A (19), 20), 2Dl 3l AR HBA & Aol =}

HO - Xis8t- AIABRESE =2X M 13 &, W 3 & 2007. 3

X 127 &7,
Table 1. Initial Value of flying.
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Vy 200[m/s] wy 0.001[rad/sec]
vy -150[ms] wy, 0.005[rad/sec]
V. 0 o -0.001[rad/sec]
ny 1 Pitch 0.15[rad]
ny, 1 Yaw 0.03[rad]
n, 1 Roll 0.03[rad]
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Fig. 1. Load change.

WX,WY,WZ

¥ 2. 5% AojdEinie e ¥t
Fig. 2. Angular velocity.
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Fig. 3. Velocity on the earth coordinates.
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Fig. 4. Velocity on the connected coordinates.

0.16,

0.14

0.12

0.1

0.08

9.0,y

0.06

0.04

0.02

7 5. A AAL
Fig. 5. Angular State of flying object.
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Fig. 6. Trajectory of flying on axis xyz.
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Table 2. Executive result of algorithm.
@ 0=0 ®) 0#0
t[sec] 262.87 262.87
63.36 6336
n,/ny/n, 25547 25546
86.71 86.72
slEAlolgk 405.54 405.55
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