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Homing control of a parafoil system in large wind environments
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Abstract: The parafoil system is a very unique class of flexible winged vehicle, due to the low speed characteristics, it
is vulnerable to wind fields. Since it is difficulty for the parafoil system to track the desired homing trajectory precisely and
achieve accurate landing in a large wind environment, the impacts of mean wind are taken into consideration in the stage
of trajectory planning, and a multiphase homing trajectory is designed and optimized based on a modified particle swarm
optimization (PSO) algorithm; in the meantime, the influences of turbulence are regarded as the external disturbances and
amended by linear active disturbance rejection controllers (LADRC). Simulation results show that the proposed homing
control strategy is of great importance to improve the homing accuracy and anti-wind ability for achieving set point homing
of the parafoil system in large windy conditions.

Key words: parafoil system; homing control; large wind environment; multiphase homing trajectory planning; trajecto-

ries; tracking; linear active disturbance rejection control

1 5|5 (Introduction)
HORGE—RIWA S AL ERE . By
ReJ). RIFEE e i s K R4, — K
FH R SR AR k. ST g 2 i s, B
RGAEARZ W IEAS 2HE R e A b,
b TR A3k S A P DL e 3R s P S A B2 4
FEH) ST R TS 7R R AR R H AR R FERT, v DUE I #
DAG ) 2S P — I [RKE R M B2 A % is a8 o
Hly, SRR SRS 75 R AR, ARG nT
T2 WG R RS, ITEeaK, BEE SR E AL
A4 (global position system, GPS) FATH A F
MR R R R R, MR ECRg R E EH

Wik H #: 2016—06—29; St H#A: 2016—10—25.
i@ {5/F# . E-mail: sunql @nankai.edu.cn; Tel.: +86 13002285763.
AT TmZs: SHERHA.

fretzE i 7 7 AR 32

HA RGN IR FAR KRR BT
B R L BART T V2. B0 LA AR A AL A AR
TR BL VAL, 8 R A IS HERS 2R ) B R
413, H ATk SR 2 B s R g H VA AN 2 B U A
L Ui AT S @ A R < R G A
ISR RAERE L BRI RORS RS I, T [ B A 2
A L, A v — R R4 4r BOAfi
VEAE20HH 20 904E AU I TRl KA 7T, L2
5% 2 3 A R G A VA a2 42 HEAS TR PR B B AR
RBEAT AN B, SR I AR B & Tk O LR 6 45 B S 5L
HATPRACDT Xt 2 BOE RS, 75 W B0 BR R R

E R HARRIERETH (61273138, 61573197), EF R SRR (2015BAK06B04), K TR ST # A7 H (14ZCZDSF00022), Kt

T E S AL T0 H (14JCZDIC39300) %

Supported by National Natural Science Foundation of China (61273138, 61573197), National Key Technology R&D Program (2015BAK06B04),
Key Technologies R&D Program of Tianjin (14ZCZDSF00022) and Key Fund of Tianjin (14JCZDJC39300).



12 W

Pt B RGUHERON NI BT ) 1631

W, 750 B <pr 2R 0 30 R R A ) (R A A RCR A ST
HIR [ 88 ¥ 3 <= 2R 5 (1) Ak R A% [ AL T 1k A 26 3
St 1t R 1R R, SR FH B 2 R 5 BRI B -l o)
(proportion differentiation, PD)¥% fill 535 ¢ vF 1 it 2k
PREFFZHIES. SCHR (918 FH s B H 215 21 0 25
AL, R AR A TR ) 1) 7 VA N T < R G
EERERFE . SR [10PKELL B & Rz 7 1280 2K
0 T R A0 PR R AR A b AE S PR B R S I v,
ALEXY A 45 R GU AU 17 157 B 1 EUAG 28 ) 2k 4T
VA ) Pegasus B <725 B R Ge Al A 1 ELA7I-AR
43—4 43 (proportion integration differentiation, PID) %
AT R U 7R R A A, 8
RS A2 o IR 52 e B A i i o0 57 ) TPk Ak
H, HIEHIERIMUMEIE. 75258 MR, EHlErHx
PERE S A —E R, Migid Ko FEUERERG I
AR KB/, &GRSR, I, £E AR S
BEH, H RO KA T AL B L EE ).

— R, K7 PR R & . ~F35 K
PATH — AR, VR RIS TR] A, o B4 R GETT &, Hox
03000 SR B () S M) A A S 4 T A o CAVH BRI Rt AR
SCHEF- 2 U 2 A2 2SR v - DB R, K 3R
NANFETHE, Wit 3 T2 H Ptk (linear active distur-
bance rejection control, LADRC) 5Lk BR 5 1] e idE
ITABIE. D7 B REAIE | AR H B I i) 072
X T4 A R VAR BE, PR AR E ITHE
L= 9'8
2 B 1R (Dynamic model)

RSP ERR AT, IR & 7 AR fik 2
ETIERpEpa pEE e VD KA AR Froetau ik = i)
AERHRAUAT AR S i T 31, AT EESL 1 8 H HH A2 B4
ARG VAT AR, FEAR 64 B H DL B
B2 E ER U2 RN, SRR A AL B S R AT ER
5, ¥ R AR N < R G050 ) A 13],
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3.1 4rBUHMIE# (Multiphase trajectory strategy)
BB NI B A IRCR, KB AT R

PRSI A0 0 B3 2435 i b m RO A2 . A1, £

FAE TR R EA E RO T, KT T AR Az A e el

(14)




12 W

Pt B RGUHERON NI BT ) 1633

R B 4. NBE R TT 40 B B RS FE L /AT %2
A TSP SR R R ER 5 IR, B R G BUA
AR SR R

Btk A

7B

KPR

WIU675 )

/, //
{ 03, i
\ ’
g F R By 5
1
Gy

HEN R
DR, 4,
1 BT i o7 52
Fig. 1 Multiphase homing trajectory strategy
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UM S MU 1 (0 22 R, BT SRRt N A
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Pi AL x NYERIBEHLEL
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trajectory tracking control)
4.1 T T 8 2D Pk BB B 5K B (2D guidance

based trajectory tracking strategy)
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F A2 BRI O MR 2 1101, SR 2 T 1) 5 P 2D L3 R
BRI BT R R G AT S, 2R,

P 2 T 3R 2D BT R SR
Fig. 2 The sketch of 2D guidance based trajectory tracking
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A e=[s e, sTRUVIRE, eFMHFIRE.

M P2 - Vi 2R 73R T AE A, FE I ER R )
R, R 1A R 22 s R ] R 22 e E T A2 — E 200R
ST USSR, BAAIE T AR W STHER[16]. % T H
P RGURE, AL IR BRI RE T 125 B bs mipp R
Up MR A B AT ST T DASEIL AT )R 72 s HOVH R,
PRl b R 5 5 A ) 4 ) % 42 ) 3 <px 2R ¢ 1 i A
I ERER S5 T A xR RETH BRBE AR e
42 LADRC % #| 4% % 7 (LADRC controller

design)

H Pt 4% il (active disturbance rejection control,
ADRC)/2& H1 R 56 5B AT 7T 138 ) —
1) AR B g Il SR ADRCEE 7K T PIDAMVK
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T1 = X2,
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i3 = h, (30)
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kf = I3.
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Table 1 Parameters of parafoil system

Z WE

3 105 m

%K 3.1 m

AR 33.0 m?

TP AR 06 m?
Ao 6.8 m
LR 100 °

R LN 200 kg
Uiks i 80.0 kg

MR B ik 1) <=2, AR Y] ah i sh 2 3k B 1
N WIHEFE (u, v, w) = (15.9 m/s, 0, 2.1 m/s), ¥I4H
B 7 £ (€, 0,7) = (0, 0, 0), ¥ 45 41 3% JE (p, ¢, 7) =
0,0, 0).



1636 B owo#H w5 N

RIGAIE B R GUAE A S0 R AR e gk,
wWHE Ry s B AL E N (—800 m, —650 m,
800 m), il H A7 (0, 0, 0), B A= R G453 F 7
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(—1379.3 m, 0), F& T SEEPSOR AL BTS2 BLUA i
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Fig. 3 Planned homing trajectory
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Fig. 4 Homing trajectory tracking
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Fig. 5 Deflection control output
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Fig. 6 Homing trajectory in 3D space
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