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Decoupling Control with Parameter Identification for a Model
Helicopter with Three Degree-of-Freedom

Mitsuaki ISHITOBI*, Hiroshi KINOSHITA and Hiroaki NISHI

* Department of Mechanical Engineering and Materials Science, Kumamoto University,
2-39-1 Kurokami, Kumamoto-shi, Kumamoto, 860-8555 Japan

This paper considers decoupling control of a model helicopter with three degree-of-freedom.
Since its position control system is not decouplable via static-state feedback, we try to apply
dynamic-state feedback. In most practical cases, however, the model parameter cannot be measured
accurately due to a difficulty of system parameter identification. Here, the online parameter estima-
tion technique is introduced in the derived control loops. In this paper, a decoupling control method
with the online parameter estimation technique is proposed under the presence of the parameter
uncertainties and applied to an experimental system. The experimental results show the
effectiveness of the proposed algorithm.
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DEERAZ § [rad] & T 5. HIBEDE—FADOHME
FEENABTERELT, O—FITX D87 &M
MICHIETE S,
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% M, My [kg], BHOOEEE M, [kg], OA, AB,
AC, CD MZNENOWEBES Ly, Lo, Lo, Le [m],
DE, DF OHgE#Z L, [m], ENMEEZE g [m/s?]
ET5. £z, FHMOBRET A bEENEN
Jeo Jo. Jg [kg'm?|, BEREETNEN 0.,
ne [kgm?/s] EFB. MBOO—FIZ X BB AT
NEN F5=K,, Vs, Fy=Kn,V, [N &EEN5. =
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Fig. 1. Overview of model helicopter with three

degree-of-freedom

(a) Elevation angle coordinate

Fy
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(b) Pitch angle coordinate
Fig. 2. Schematic diagram of the model helicopter
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Je& = —(My + My)gLq, cos(e — 6,)/cos b,

+ McgLccos(e + d.)/cos 8, — 7€

+ KnLo(Vy 4 Vi) cos 0 (1)
Job = —MggLy cos(6 — 6p,) /cos oy,

+ MygLi, cos(8 + 63)/cos 8y, — 1

+ K Ln(Vy — V) (2)
Jo¢ = —0yd + KinLa (Vs + Vi) sin @ (3)

ZZT
da=tan™'{(La + Le¢)/La}, Sc=tan~1(Lq4/L.),
dp=tan~Y(L./Ly)

J-=0.86 [kg-m?], Jp=0.044 [kg-m?], Jp=0.82 [kg-m?]
L,=0.62 [m], L,=0.44 [m], L4=0.05 [m]

Le=0.02 [m], Lp=0.177 [m], M;=0.69 [kg]
Mp=0.69 [kg], M.=1.67 [kg], K,,=0.5[N/V]
9=9.81 [m/s%], 1.=0.001 [kg-m?/s]

76=0.001 [kg:m?/s], 14=0.005 [kg-m?/s]
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& = f(x) + g1(z)us + go(x)uz (4)
ZIT, z=[c €600 ¢ $T
u1=Vf—|—V},, uszf—V},
_ : N
D1 COSE + po sine + pgé
6
f(z) = . .
D5 cos 0 + pe sin 6 + p70
é
Do

gi(z) = [(-) pacosfé 0 0 O p;o sin 9]T
g2(x) =100 0 0 pg 0 0]
p1=[=(My + My)gLa + McgLc]/Je
p2 = —[(Mj + My)gLo tan 6 + M.gLctand.]/J.
P3=—Me/Je; ps=KmLa/J.
s = (—Mj + My)gLn/Jp
6 = —(Mj + Mp)gLntandy/Jg
pr=-ne/Js, Ps=KmLn/Js
P9 = —n¢/Js, pro=—KmLs/Js
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E=FO) +q)v+RE)wn, v=[ ¢]" ©®)
ZZT

E=[e e 00 ¢ ¢ u w], vi=11, va=1u

€
Py COS € + pasine + paé + paug cosd
6
ps cos 0 + pg sin ) + p79
¢
pa¢ + prous sinf
Uy
0
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g&=[00 00000 QT
BE=[0 0 0 ps 0 00 ﬂT
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pscos® — pypguqsind
p1osin®  pgpiou; cosd

B(¢) = [ } (10)

v=n wf,6=[a %f (11)

T
a*(€) = [at(6) a3(6)] (12)
a; (&) =—p1£2 cose + pof cose — paélsine + pae®
—pau16? cosf — p1fsine — 2p4f1y sin §

—p4u1(ps cosf + pgsind + p—,-é) sinf  (13)

(1; (ﬁ) =p9¢(3) + 2p109.'L.L1 cosf — ploé2ul siné
+p1ou1(ps cos @ + pesinf + p79) cosd (14)

e*(§) =
Q10€ + 0116 + Q198 + 3@ (15)
Q200 + 0210 + 9o + 939
A = diag{\1, A2} (16)
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wy(k) = €(k) = p1 q1(k) (19)
wa (k) = 8(k) = pj q5(k) (20)
ws(k) = $(k) = p3 q5(k) (21)

T

ry

P1=[P1 P2 P3 p4]T

P=|ps o pr ps]T, P = |po plo]T,
g (k) = [coss sine ¢ ulcosg]T
as(k) = [cos8 sind 6 wo]

as(k) = [¢ ulsnle]T

THY, p, (i=1,---,10) 1 FEKTHS. £TITR
(19)~(21) DHERZ @y (k) = ] (k)q, (k). Ba(k) =
P; (k)az(k), @s(k) = Ps (k)gs(k) &L, NTA—%
HEMBEEADERN2ET NI XL O
pi(k) =p;(k—1)
+éw;¢mxk—n@4k—n—@xh—m
Xi +qf (k= 1)Pi(k —1)g;(k - 1)

(22)
B k) = NPk~ 1)+ qy(k — 1)gf (k- 1)
i=1,2,3, P7Y0)>0, 0<Xx<1
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BZIEREOTHEETHS. Hhe, ¢ DEEM@EZ
NEN ey, pg EEBLT, BiFEIL ey = 0, BEID
¢ = 0 ETHEKW, 2T T, BiFIKHZD Case
1&, BETHD Case 2 DREBREITW, Case 1 T
W {eg =0 [rad], ¢g =04 [rad]} &L, Case 2 Tl
{ea =102 [rad], ¢q =0 [rad]} EL7z.

HEFD 1 B EOWMEITITESIT L BELUES
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a0 = oo = 16,011 = g1 = 32,019 = gy = 24
=X =16
(0) = P;1(0) = 10°I4, Py 1(0) = 10°1,

013 = 0p3 = 8, A1 =

0.999 + 0.001(¢, — 1)2 (&, < 1)
0.999 (er2>1)
V(e —€a)? + (6 - 4a)?

10 = Qg = A1 = A THENS, I (17), (18) D
Ty, Ty AT EE B ey, ¢g KELEANTIWN. H
STV TAMTIE02 ms] &Lk, £z, ERT
BRI A= OEE#HEEDODEDLDITHREL .

~18< P <08, —22< P, <—-1.2

—03<p3<00, 01 <pPs<0.6, —05<p5<0.5

—T0<Ps < —5.2, —0.6<p; <00, 1.8<Fs <22
—05< D5 <0.0, —0.5 <o <—-02
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HIEREDORETEAD L, HIEMEEIZNNTA—% i ]
MEOHEEZZITCTL, NIA—FHEEZTHRN - -
EREHBENTRD I, )NT A— SRR OBAN < T i
B DR EERDCEN THB LN B, - W’“‘“‘”‘""W"“’m i
DEIZ, Case 2 DT A—FHEWEEZEAL L sl .
BEDHNANK S, HE/INTA—F by, P, s NEN F i
ThR, ®10, B11THS. ZTOMD/S5A—S —
I Case 1 FIEE, BELIOZEEZL TV (). Case2 D Time [s]
NI A—FHEEETORVWESOEANK 12 TH 5. Fig. 5. Identified parameter py.
ERBEEIZDWTIE, NIA—FHEEITOREEIC
i, e, ¢ &EBITHK 0.01 [rad] T, Case 1 LIFIEFRIEE Y —
DIETHBHEENERINT NS, NTA-FHEZIT - .
DIRWEEIIE, 13001 [rad] DEFHRET, T 25| .
A—FHEEEToRBEEERERL, ¢ DEZEIL0.05 . — .
[rad] BEIZ/2 > T, Case 1 KD IWHERIZTZ ST & 2 .
B, REBIFTBLEFDWD0. K5 A—FH 3 :
ERE, BECESHEOEA DA DT, HE E
ZDHED Case 1 LEKD I ENNZS. N T T
0 100 200
Time (s]
Case 1 {eg =0 [rad], ¢a = 0.4 [rad]} Fig. 6. Identified parameter Dg.
B l T T T 1 | 1 1 T U -]
0.4 / = ;
o ] -4 o ] L | L] l 1 i -
= ] Y 3
g o2 - - \¢ ]
s [ e ] =) ]
SN N el = e ]
w O #w ° ]
: B — ] < 3 .
6 o g ”‘“’“""’QW'”‘“MM e
02k L L] " 0
) 100 200 [ 7
Time [s] 02 l ' L i 1 1 1 1 TR
; ; : : ; 0 100 200
Fig. 3. Result with parameter identification. Time [s]
-1.3 ———— Fig. 7. Result without parameter identification.
sk h Case 2 {e4 = 0.2 [rad], ¢4 = 0 [rad]}
S : 'hr,—','.'....‘" : FT T T T T T T T T T =
L ] 02}
X ] z [ i
~1.45 [ 1 1 I ! ! | L i ) i ; 0.1 :- -:
0 100 200 < F i
Time [s] . - 1
W L ¢ 0 N
Fig. 4. Identified parameter 7. L ]
0 :— fﬂM}ﬂ\_«z/ .:w{\r_,j;f\w‘ﬁg‘j.’.«w};;
0 100 200
Time [s]
Fig. 8. Result with parameter identification.
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-1.3 T T T T T T T T T T
& L .
14l _
i ]
~1.45 { 1 I 1 ) | 1 1 1 :
0 100 200
Time [s]
Fig. 9. Identified parameter pj.
0.5 T T T T T T T T T T
04 -
~ - -
L H——i-mm."x'.'.'.'.'.‘.r.:'.. # ~
0.3 -
C_1 1 ) 1 1 | 1 1 1 ) n
0 100 200
Time {s]
Fig. 10. Identified parameter py.
3 L | T T T T I T T 1] T ]
:
&€ 2fF 3
:
1 C 1 1 ) 1 L L I L 1 L n
0 100 200
Time [s]
Fig. 11. Identified parameter pg.
0.2 ] T T T L T T

& 6 ¢ [rad]
f=1

T T T T T T T L D |

\8

3

t
TS IO T N WU N S B | |

.v"”’-“*“l
N Sy g, KBNSV, g, i
-----””‘,;“ o o g A e
0 I"’WMTJ‘ 1 ' ! 1 L I 1 6 !
0 100 200
Time [s]
Fig. 12. Result without parameter identification.
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