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An Estimation and Compensation Method of Deck
Motion for Unmanned Helicopter Landing on Ship
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Abstract; Unmanned helicopter is undertaking more and more important combat missions, and deck motion
is an important factor affecting the safety of its autonomous landing, thus the accurate estimation and
compensation of deck motion becomes an urgent problem. To solve the problem, a method of deck motion
estimation and compensation based on adaptive AR model and optimal preview control is proposed. When
designing the deck motion estimator based on AR model, the time-variant factor is introduced to design the
updating law of the adaptive model parameters, so as to optimize model performance. Simulation results show
that the proposed method improves the accuracy of deck motion estimation to a certain extent, and its computation
process is relatively simple. Then, the prediction signals generated by the deck motion estimator are
introduced into the preview controller as the foreseeable future information, and the deck motion of the
landing point is compensated based on the optimal control theory. This method solves the problem of phase
delay of deck motion compensation system effectively and improves the deck motion tracking accuracy to a
certain extent, so that it can increase the success rate of unmanned helicopter autonomous landing.
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Fig.2 Working process of deck motion estimator
2 ETEHAFNERRRIEHIMERIELIT

T PP $4 0 2 7 4 o) 2R 4 v 48— 1 5

18 AR AT UL AR R AR R L, R )5 2 T el
%“”fﬁJI;'ﬁ X 42 o A R T IR AT I8 B Lt ) 4
HIBR ) — Pl ik

KA x (k) eR,y(k) eR",u(k) eR I Hx(k),
Y (k) ;u(k) 53 B To N B FHILAE R i 38 B A ] 4
ERRE B AL E;A,B, C X APRSSE
M. 7EX(10) TR AR BB ARG D, R HERRIER N
0, B r=m, BFiRSEM AN r(k) iR e(k) ,UEH
e(k) =r(k) -y(k) o (11)
W e(k) M x (k) HEATREG W DL AR S 25 1R JF
BN
x(k+1) =Gx(k) +G,Au(k) +G,Ar(k) (12)
A RRENBE Tx (k) = (e(k) Ax(k))";G, =
(Im -CA

0 A
TR L2500 E AL SR B0, M S
W wh

J = i [x"(E)Ox(k) + Au"(B)HAu(Ek)] (13)

P AT PR BB R /IME R Aw (k) 525K B
¥ Q,H RAERE, FESWELH T HRE. 7,
ARG DL 92 ) 0 P Jo, 2l B A L 2P Z BT OT R R
1, Bk b R BUERM -1+ 1 BIFIRE,
2.2 ETRERE
WAL= A
Au(k) = Fx(k) + zl(;F,(j)Ar(k +j) (14)
A Fx (k) ARSI  F, S Fe KA RO 115t
1 R A
F=-(H+G.PG,) 'G.PG,
{P =0+G'PG,-G'PG,[H+G'PG,] xG’,fPGx(ls)
R(14) PESHBSE 2 R T Rk 1 6 BinE T
DLAT R AMEE o
BARK | B2 5 BinE R E M, B
Ar(k+i) =0 i=l+1,1+2, (16)
M amERKBIMERIREZRGY KN
[x(k+1) ] [G G, ][x(k)

)ﬁ;(%BBfﬁFumm%

G"Auk 17
0] (k) (17)

x,(k+1) OIN
0 I, 0 - 0
o1, -
xXHP:G,=[6 0 - 034, =10 0 ;
0o I




#1248

R CE: EAETHLEMRRESI TG SHMET & 25

Ar(k+1)

x,(k): Ar(]‘:+2) [

Ar(k+1)
= (17) AT 455/ ME TR R B

J= kzﬂ[[x (k) x,(k )][Q 0][x((k))] +Au’ (k) HAu (k)|

(18)
0,0
. (m+n) x(m+n) = e mxm
AF:Q2eR 0 [00],Q.6R ;H e

—

REREEHEE, R (17) fRX (18) TREHE
WEBULATHRER F, () B FLEHELS 58

F,(j) = -[H+G,PG,]'G,(£")'PG, (19)

Au(k) = Fe(k)+ F,Ax(k)+ Y F,G) Ar(k +7) (20)

#(19)#,£=[I-G,[H +G.PG,] 'G.P]G,,F =
(F,F,), i (20) AT LIE W, BRI B & AE L8
Bt B al B3 T RTGEE, E 3 B,

)|

M3 BLFULERLA
Fig.3 Optimal preview conirol structure

2.3 BiREFHMERZT
TNEFHAEE M BB, FHAEE LA BR B P AR
WAEES, T NEMELREHR RN ERRER
B3l h MREES] v, 2T B UL E & K oz shth
EHENR A EEMRE RS, EHSNBLE
Bl hEn T R EE N EER SR REIIN
PRI , & AT & R 5 A F I ARE s A2 4% DL AT
BERNEARFEMZEM AMZHREHME 4w

B
FHET) M zae -
e o EeE] |
R % [ s
h_é | s Y
Bl =
E —? BmE i

Bt

- Lk
)
frEsH

B4 HHasitMEasot

Fig.4 Deck motion compensator
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