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Autonomous landing control system design for an unmanned seaplane

DU Huan, FAN Guo-liang!, YI Jian-giang
(Institute of Automation, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: For landing of an unmanned seaplane in severe sea states, we propose a new autonomous landing control
system design scheme, based on the analysis of the characteristics in different landing phases. This scheme divides the
total system into a velocity control subsystem and an attitude control subsystem. The velocity control subsystem consists
of a velocity dynamic inversion controller and a throttle switch module, while the attitude control subsystem consists of a
wave filter, a pitch angle backstepping controller, an altitude PID controller, a pitch angle switch module and a T-S fuzzy
reasoning module. The wave filter can effectively filtrate the wave-frequency motion from the disturbed attitude angle,
avoiding the chattering of the elevator after landing. The command filtered backstepping method is used to design the
pitch angle controller, which can reduce the actuator saturation in severe sea states. Finally, simulations are performed in
different wave conditions. Results show that the designed control system has satisfactory performance.

Key words: unmanned seaplane; autonomous landing control; severe sea states; velocity control; attitude control

1 5|3 (Introduction)

K ETANEFREA B FRME. UTEHE T
FEEATSS BI/K BRI, ISR A 21 1 kR 1
FTYEFB AL, AH LE T — M i ki 2 /AT 28, K B TE AL
FAMEFK FARERK S B RE ), e D
FH AR B 77 1 #8021 A g, dnids b pRoas ke
1% WIEVENE . I Fisk . ARSI T K R 0-ST

T ML AT IR A, 2 Y B SOk A e 1Y
— N B, R S R R © O T AL
KRN I S AR, T — M I AL, & Fili 5
I RFER T DA RS TR Z BT RCR, 2R
T N T 35 ik 4 ) 28 6 15 1101 A sk (61K
PID# I 77k Be v 1 Te AN E hE Bt 9 1) AN 1

ke H 0: 2015—05—15; 5% HIYT: 2015—-08—01.
T38{5 /% . E-mail: guoliang.fan@ia.ac.cn; Tel.: +86 10-82544639.

E & BRI EEETH (61273336, 61203003, 61273149, 61421004) #EH).

PElfE, JRAESLPR AT RIS 3] 1 I0E; SCHR (71K
ARS8 T B ANUR 1BIREST RSt
R &8, e AHUE TSR (RPN 5E B E 3
i SCER (BRI L= HI it T R ANLE A
Wi 32 49¢, AHEEPID 5V, T A2 ) 4 By S 4 Rz i
ERTERE; SCHR (91 AL M 4R R A A5 LS T T
TR, FRAES BT E BITEOL T R H &N S P ik
BEUE 1 S 2 4 SR (1OTAT STk (11173 51 R
FIRRI RGN ph I 2 et TR e Bl o, 29 R
ARGREEREE. EX TR T AL, AE RIS
Wk 5 S 2 KR ) B A2 SE g ¢kt
(flying fish)” 7K_EJo AWIFERE /KB BOR BT 2| 57
W, A KRR SR AR BB, FEAG TR RR AR iR

Supported by National Natural Science Foundation of China (61273336, 61203003, 61273149, 61421004).



1306 B owo#H w5 N

32 4%

P f B 20 SOk (139 g8 T /K B REUZEAS [R
NI E KT I, R A B R E S R gt
ik

BLSLIUAN RO R /K R AN B BH K, FE
T I BA R PR 7 T 0 1) R 1, PR K R AHLE 7K
1 — B[], K Sh IR K, Wi SRAS B ORFF LT N K
B, W 5 RN 1A RE IR, GO ER BT
AU AN e 0 18 58, AN R IR HL B 25 R R 8 & 2%
K, TERELAAE T, B KGR 7K B I AHLE
P JCO IR, a0 SRAS Re A Hh S I R BR B, A AT
B2 H B A T O BRER LR 250, R, B EE K
il RG MR MK ETE AN S K i, e
LA L T I PTIR PR R R AT P e

S N S 110 Nl e T =12 52 ) NG
MHLE EEKIBRRR. ZARROTEEESR T RE
ML RS, B H 7 RG0S B S04
i e AR [T DDA R A e, 3845 i R S8 IR 8
Begs N o 28 « B PIDIEH2S I 1)
AR AN T-S ORI PR AR B, b, (RFA0I A e 4%
il AR FH 4R 2 D I SB35 A 5 1 i
B JHRANT 58 A PR 16 RO A T il
YT TR PR i) 830 YR IE R A SR FH 2 T e B () 3R
2R MRS LI 3% B T (17200 Be AT kg Ik i HH 525 A
&5 R mOEL BN, HXHRAIRAS 47 B A,
o 1 RETHDN R R AL B i ik FE A M.

AR REFELH R 2R T K ETEAML
BRI IRB AL, 563795 4 77K B R AWUAEA RS
IKBY BRI, FEga S T AR 2545 4 B4t
TR ETANLE FHE KIS RS 55 EA R
NHEAT T ESEE, B UE BT T R S A R
O A SCHAT T .

2 FEAIHEIR (Model formulation)
2.1 K EFT AR (Model of unmanned seapla-
nes)
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(1)
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Fig. 1 Forces acting on the unmanned seaplane

2.2 YRR (Wave model)
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Fig. 2 P-M spectrum with U = 7 m/s
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2.3 AL (Wind model)

K ETEAWAETEAN G AT FEH, 2 & F T
R, Rl FR B N XU . A F2 255 FE XKL,
RS INAE 5 AE R SRRk . A SCR F 3k
(Dryden) RSk = A2 R 23, H A 7K R E Tt
AN EH R E MW 1 AR N

Uturb = Lil[N(S)Hu(S)]; (7)
oL, 1

Hus) = o\l Sy T mavs ®

Wiurb = Lil[N(S)HW(S)]y (9)

Ly 1+ (V3L/V)s
) =\ ar @z 10
Horb: LR R0 SR R A5 5, N (s) 4 0 0
FISIEIE S, Hy(s), Hy ()53 387K 77 [ A2 B
J7 I T IE IR 8%, Ly, Ly 3 37K 5 A2 B 5

A1 B

ZUIREE, VT AN,

A& H/NF300 mH,

L,=H, (11)
H

L,= 5 (12)

(0.177 4 0.000823H )

Ow — 0.1W20, (13)
1

oy = (14)

(0.177 4+ 0.000823 H

HA W A5 FE 6 Ak RS2l X AR .

3 KEERANEFEEKIES Hr(Autono-

mous landing process analysis of unmanned
seaplanes)

3.1 HFEFH/KHrBi(Phases of autonomous landing)
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Fig. 3 Different phases of autonomous landing
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3.2 %54 (Reference command)
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Table 1 Control strategy in different phases
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Hor:
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2) AKumbrPBL S B R A T e A 2
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(17)

o Ho NERTE BTG R
3) P& B, BEBY B, ZK BTG AL AT f 2 45
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4) JKTHEAT B N 7 SEBLE B B35 H xR,
TR S48 2 AT IE I U T-S B 25 H (2251
R;; :IF V(t)is A; and hy(t) is B;, THEN
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0; | NS84, a; SR EJE AHL T R
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Fig. 4 Autonomous landing control system architecture
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ESUEFEIREFRZEYV =V — Vo, W3 IR iR L Iy
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4.2 I TYIHRAELER (Throttle switch module)
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4.4 AP A [ 2B 15 il 83 (Pitch angle backstepping
controller)
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Fig. 5 Command filter with magnitude, rate and bandwidth constraints
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HA BB R e N
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X (32)K T, v
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FIAT B TH PR AW B0 . T 00 AR AT ST
E/‘], m{ﬁ%ﬁde = 56,0-
E S AR AR PR R ZE A
22 = 29 — Eq, (37)

AR e

68
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y
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22 = —/ﬁqu — 21+ kgé. 39
Rt BN B Lyapunov BR L
1 1
V= 52% + 523 (40)

KT, FHEERGH39), 11E
V= —kgi% — kq,?% + (k251 + kgig)é. 41)
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i H Young’ s A"25 X, nI 45
- kol kol | o |k
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k k ~
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TR PR IR R 22 ZAH X T RS W15 22 2 I F
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4.5 EEPID# 8% (Altitude PID controller)
VEAP R 1| 2%, B S PIDIS | S84 IAE H N
BN AR b T B AR AT A 18 4, BARRIE N
0o = kupen + kg [ endt + knacn,  (44)
Hort: ey = He — H, kup, kg, kna IAIREROEL 4 1
I3~ T BB R SR 3T IE, H ] RN N
waz{ﬂa@%0<x<X“ (45)
He(x), > X1, H > Hy.

4.6 A YIHAEB (Pitch angle switch module)
AN F DI AR A F R AEAS IR G 7K B B A
AT 42 11 45 2 (AL AS (7] P B0 22 A4V £ i 4. AR 4
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5 {5E%5E (Simulation results)
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SEIG: 1) TR, HfK T i) A RXER, =iF,
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fic PR S &NV =50m/s, o = —1.97°, ¢ =
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Table 2 Parameters of command filter
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Fig. 6 Landing trajectory of case i)
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Fig. 7 The state response of case i)
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Fig. 9 The state response of case ii)
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258 (Conclusions)
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