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Review of key technologies for autonomous homing of parafoil systems

SUN Qinglin”™ ,

YANG Jinshan, SUN Hao, CHEN Zengqiang

( College of Artificial Intelligence, Nankai University, Tianjin 300350, China)

Abstract; In order to explore the key technologies of parafoil systems, including modeling, trajectory planning, and trajectory tracking

control, to support their autonomous homing in wide application prospects in large-scale equipment airdrop replenishment, carrier rocket booster

recovery, and natural disaster rescue applications. Through research on the development of parafoil systems both domestically and internationally, a

comparative analysis and summary of the basic principles, commonly used methods, and cutting-edge technologies of the three key technologies

were conducted, with a focus on the flexible modeling technology of parafoil systems in complex environments, trajectory planning technology in

obstacle spaces, and trajectory tracking technology based on intelligent control strategies. A summary and outlook were made on the future

development trends of key technologies for autonomous homing of parafoil systems, which can help researchers gain a comprehensive understanding

of the research progress and development trends in autonomous homing of parafoil systems, and provide inspiration and reference value for further

research in this area.
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(a) Two dimensional trajectory of the parafoil

system ( easy case )
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(b) Three dimensional trajectory of the parafoil

system ( easy case)
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(¢) Two dimensional trajectory of the parafoil

system ( hard case)
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Fig. 14 Flight trajectory of the paraglider obtained by

sampling through ALHAT training"*®
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Tab.4 Parafoil system control strategy
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Fig. 15 Horizontal trajectory of PID and ADRC!™’
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Fig. 18  Parafoil control system architecture™™”’

BG4 B s B I OF AT N IRl FE AN
RY AT, A I E T, b, x4
A TR A P BT 100 A0, 456 i it
TER B EAE] 1 kgo FeaibAT 17 ESLH AL
BrRATS2H, 45 A& 19 Fs, B il 2k 2R 05
BT, A AT 2L AE Ry P i X 8, S e 2R R0
A R G 4 3 PR A X, GPU 1 U B LAk
i FRS I (000 1 2 AR 0L 00 B0 | HL v S 400 250500
SSBRCAT PGB AL . W] AR B, S B T A B
ARGT Hi PR B3 BT T R AR 2 i 2, 12 Fh T PN 4 ol
FRIIR 2R B A, AT DL i S B R L

I/ NRER IR 2E
ML
50t Y
0 /
. R X 5
43\3_3 -50
E
ﬁ—lOO' L ] E¢1ﬁﬁ
s X TALE
5ol X Hhk
® CPUBEHf
=200 I I ] I I | [
—-150 —-100 —50 0 50 100 150
AR /m

119 Ji I GPU il itk kA st
Fig. 19 Flight path with GPU guidance enabled'®”’

HERAE e R R, AT ANAELE
FAPLER > R EE 27 2 R A 2R AL ) L P T B
i P9 PRI AL 3R S B0 A 0 45 4 55 I, A e 22
AR ER LIS 2RISR, W
GPU. FPGA | 4= 7] 25 2 SoC ( all programmable
systems-on-chip, APSoCs ) | SoC-FPGA %%, DL & %%
A BT AT 551 Karakostas'™" fii i 44 5 IR
3B AR AN E R TN & B R
1242 (long short-term memory, LSTM ) f# 22 [ 2% F01
H R SR s TR RO AL B IR R
NHUAEBA A il 2R Ge 8 GPS 25 Ah 15 it 1Y
LT H R AT e T . YIPas Rk
B, 76 SR T ML i A LSTM DLSZEE TG AHLAY
HETRA &g,

25 L RTIAR  SLAR B PR R A L S — A
RPN R0, T B 45 5 R AR 8 1%
P e AR BE A 55 2 07 T A ME T IIE ST
LRUYENZS ALl SE ST 2 s e N TE & D S
FERISCRALAS A ], H 1% e 428 1l w5 8 R4
il SR AT 20 & B U T 0, (B A5 75 T3



S 12 - (FE TR SR S AN S

55 46 &

A R GE IG5 SR RESE B , 28 14 B0 425 )
J7 SR AT HIL IR ER T o

5 REMRIIERE

5.1 ET CFD HZEERHERM TR

b I a7 A i WS T 13 DO Py W N EDE R
G , 2R R G5 15 A0 12 R SE I
BT EOR o HR T IR HANN 128 S BOR Y 3
PRGN T CFD M BT5 5 REAS T 47 3t
R PER RGBT EOR . SRV FROCITE 7T
FA R Z 6 A EAR A, AR R AR
2y, AR A BUERA A" o {5 H AT 1&
TSR X BA: R G B Sy S B R R
B 2% LA T SR I X BT A B, Ren 46077 42 11y
T — P R g BRI BRI DRL B33k 52
Bo ITIEA IR T 5 AW AEANR] 1B
PRI N IZALRE I A R IRIRR, IS B T 52 2 # 5
N FSL RGN ZAT 55 P il R o DG, AR D Re O
PR B AR 5 B M R ] SRR AR 4
T3 A2l Jy 2 SRR B AU AT S B ARk
HIBIF5E 7 10 o
5.2 [ERSESE MRS EhAS AT LX)

Wt N T3 B A DR 1) B 38 A JiE 4R
SRR REDL AT I IR 3 A R G T2 ML)
v, LA O A 5R A E AT You
SR T R TS s IR T KL = G
TR Tk, B BERLEN I JC A HLAE S 2536
SErp R BN AT AR Y TC R R R A . IR AT AR
FUARERER R B ATSE T, 76 8 ms YLK HF
T RATROBRASE , W TC A B A 3l 25 E R K
P, XT3 RGEMT S, AL ZERI Mt £
TR B F b A 14 o I U, 3 S R B AE
Frd A A AL B B H AR s e U . Aok
FOBIF S T AORF e S BN 324 R LT e = [R] N 1Y
S B AT AL o
5.3 BEITETENERRIRER R =4

B

TG4 il SR 25 2 S B, AR SE BRI L o 48
T HAL (H T 3 A B g SR AROROR S Y SRR
o B RETE SR M T RS SR B A A A TR
AR, HOX R T5 3 T 2 i P Ak HLAIR R A ik A X
BECEES TS G, Infi AL N TR RETT
B S S B IS 1 e SR R B O A K
U ERE R T UERE ), SRR ARG A &
VIO A B e RIS, R R N2 ik — AR

P25 1 N =4 T I L 7K
FEHCRI BT . SR R =
AR O EUR (D5 = AL RO T4 B ) 2
0 ARG L K SR TR

6 B

Insy==|

R FE N AP 2R 58 = A Bir BOR R BLIK , 5
TR RS A EIHATAY = TOCHEOR , B3 A
F YRR U ML R B P, S LR A
T =IO B S A OB AR PR 5T T5 1 A
RIS, I T 4300 S BB A B AT 5T %
SRR T 3 ] A ME R, BRI 2R G A 9 A
A ARLAE R AN E P S I 2 ARG G
M S [, SR AL T CFD e ME L HOR 1 R e A
T AT Bl AU MU A X B s 1], LA e
TR BERIE BT Pl SRR 42 ) 4% , LIt — 25 2 Tt
A RGN E PRI R AR

2 % 3k ( References)

[1]  XUE X P, WEN C Y. Review of unsteady aerodynamics of
supersonic parachutes[ J]. Progress in Aerospace Sciences,
2021, 125; 100728.

[2] HEINRICH G A, VOGT S, LAWRANCE N R J, et al. In-
wing pressure measurements for airspeed and airflow angle
estimation and high angle-of-attack flight [ J ]. Journal of
Guidance, Control, and Dynamics, 2022, 45(6): 1033 -
1045.

[3] JASMINE R, NICOLE V, ANTONIO S. An approach to the
preliminary sizing and performance assessment of spaceplanes’
landing parafoils[ J]. Aerospace, 2022, 9(12) . 823.

[4] PAUL T, ROLAND S. An aero-structural model for ram-air
kite simulations[ J]. Energies, 2023, 16(6) : 2603.

[5] ZHU H, SUN Q L, SUN H, et al. Aerodynamic prediction for
flight dynamics simulation of parafoil system and airdrop test
validation[ J ]. Nonlinear Dynamics, 2023, 111. 11065 -
11085.

[6] KNACKE T W.
manual[ R]. Naval Weapons Center China Lake CA, 1991.

[7] URGUN S, GOKDEMIR M, FIDAN S. Comparative analysis

and manufacturing of airfoil structures suitable for use at low

Parachute recovery systems design

speeds[ J]. Journal of Advanced Research in Natural and
Applied Sciences, 2022, 8(4) . 600 —613.

[8] CARTER D, GEORGE S, HATTIS P, et al. Autonomous
guidance, navigation and control of large parafoils [ C]//
Proceedings of the 18th ATAA Aerodynamic Decelerator
Systems Technology Conference and Seminar, 2005.

[9] BERLAND J C, DUNKER S, GEORGE S, et al
Development of a low cost 10 000 1b capacity ram-air
parachute, DRAGONFLY program [ C ]//Proceedings of the
18th AIAA Aerodynamic Decelerator Systems Technology
Conference and Seminar, 2005.

[10] CLEMINSON J. Precision aerial delivery systems: modeling,
dynamics, and control[ J]. The Aeronautical Journal, 2017,
121(1244) . 1579 - 1583.

(11] B, W, X%, & BREREL AR EM DT
LDV E B RHEOR A4, 2018, 40(3) : 1 -6.



4

INEM, S ARG BRI SCHEBR DI T 25k (13-

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[25]

TENG H S, TANG G J, LIU T, et al. Line target homing
method of parafoil system[ J]. Journal of National University
of Defense Technology, 2018, 40(3): 1 —6. (in Chinese)
fedh, Fr, MO, 5F. BT I s B A i i 4
B ARG T]. i KR 5 3 gk, 2021, 42 (1)
65 -73.

JIAO M, WANG L W, TENG H S, et al. Remote control and
telemetry
booster[ J].
42(1): 65 -73. (in Chinese)

B, BEE, W, 5O SIS AR R G
WFELI]. R R IR (BARERR) , 2012, 43(4)
1331 - 1335.

LI C, LYU Z H, HUANG W, et al. Guidance navigation &

control system for precision fix-point homing parafoil [ J].

system design based on parafoil recovery

Spacecraft Recovery & Remote Sensing, 2021,

Journal of Central South University ( Science and
Technology ) , 2012, 43(4) ; 1331 - 1335. (in Chinese)
CACAN M R, COSTELLO M, WARD M, et al. Human-in-
the-loop control of guided airdrop systems[ J]. Aerospace
Science and Technology, 2019, 84 1141 - 1149.

FeuL, KOO, VAR, SF. —RORR IR A p Bt
SB[ J]. ERREEIR(BARIR) , 2023, 63(3) :
348 -355.

WU Z, ZHANG W B, WANG Z G, et al. Design and testing
of a large parafoil [ J].
( Science and Technology ), 2023, 63 (3). 348 —355. (in
Chinese)

TAO J, DEHMER M, XIE G M, et al. A generalized
predictive control-based path following method for parafoil

Journal of Tsinghua University

systems in wind environments[ J]. IEEE Access, 2019, 7.
42586 —42595.
TANAKA K, TANAKA M, IWASE A, et al.

polynomial lracking control approach to a common system

A rational

representation for unmanned aerial vehicles[ J]. IEEE/ASME
Transactions on Mechatronics, 2020, 25(2) : 919 -930.
YAN L Q, SONG Y G, WANG H J, et al
modeling and autonomous landing for flexible parafoil-vehicle
multibody system[ J]. IEEE Access, 2023, 11 43945 -
43961.

REDELINGHUYS C. A flight simulation algorithm for a
parafoil suspending an air vehicle[ J]. Journal of Guidance,
Control, and Dynamics, 2007, 30(3) : 791 —803.

TAO J, LIANG W, SUN Q L, et al. Modeling and control of

a powered parafoil in wind and rain environments[ J]. IEEE

Dynamics

Transactions on Aerospace and Electronic Systems, 2017,
53(4): 1642 - 1659.
ZHU H, SUN Q L, LIU X F,

interaction-based aerodynamic modeling for flight dynamics

et al. Fluid-structure
simulation of parafoil system[ J]. Nonlinear Dynamics, 2021,
104 ; 3445 - 3466.

GOODRICK T F. Theoretical study of the longitudinal
stability of high-performance gliding airdrop systems [ C]//
Proceedings of the 5th Aerodynamic Deceleration Systems
Conference, 1975.

YANG H, SONG L, CHEN W F. Research on parafoil
stability using a rapid estimate model[ J]. Chinese Journal of
Aeronautics, 2017, 30(5) : 1670 - 1680.

REDKAR S, FIEDLER B. Control design and simulation
framework for an autonomous paramotor UAV [ C ]//
Proceedings of International Design Engineering Technical
Conferences and Computers and Information in Engineering
Conference, 2022.

LI'Y H, ZHAO M, YAO M, et al. 6-DOF modeling and 3D

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

trajectory tracking control of a powered parafoil system|[ ] ].
IEEE Access, 2020, 8. 151087 —151105.

LVF K, HE W L, ZHAO L G. An improved nonlinear
multibody dynamic model for a parafoil-UAV system [ J].
IEEE Access, 2019, 7. 139994 — 140009.

TAN P L, SUN M W, SUN Q L, et al. Dynamic modeling
and experimental verification of powered parafoil with two
suspending points [ J ]. IEEE Access, 2020, 8. 12955 -
12966.

OCHI Y. Modeling and simulation of flight dynamics of a
relative-roll-type parafoil[ C]// Proceedings of the AIAA
Scitech 2020 Forum, 2020.

PRAKASH O. Modeling and simulation of high altitude
winged airship-payload using  9-DOF  multibody
model[ C]//Proceedings of the ATAA SCITECH 2023 Forum,
2023.

TOGLIA C, VENDITTELLI M. Modeling and motion analysis
[2022 - 09 - 28 1.
https : //rosa. uniromal . it/rosa00/index. php/dis_technical _
reports/ article/view/8850/8821.

VISHNIAK A.
system flight dynamics [ C ]//Proceedings of the Aerospace

system

of autonomous paragliders [ R/OL J.

Simulation of the payload-parachute-wing

Design Conference, 1993.

Wi, B0 ARG I A b RS ) S
HIJ]. MRS R@E, 2018, 39(1) ; 45 -52.

YANG H P, HE W L. Modeling and simulation of 15-DOF
parafoil dynmics[ J]. Spacecraft Recovery & Remote Sensing,
2018, 39(1) : 45 -52. (in Chinese)

KFR, mlE, WP, F SRS RGEMALIIEAN 2
Wahysa ()], R AE 4, 2019, 40(9): 1935 -
1942.

ZHANG Q B, GAO F, GUO R, et al. Multibody dynamics
modeling of powered parafoil system using equations with
quasi-coordinates[ J |. Acta Armamentarii, 2019, 40 (9) .
1935 —1942. (in Chinese)

RADEMACHER B J, LU P, STRAHAN A L, et al. In-flight
trajectory planning and guidance for autonomous parafoils| J | .
Journal of Guidance, Control, and Dynamics, 2009, 32(6) .
1697 - 1712.

JANN T. Aerodynamic coefficients for a parafoil wing with arc
experimental [cilv
Proceedings of the 17th AIAA Aerodynamic Decelerator

anhedral-theoretical —and results
Systems Technology Conference and Seminar, 2003.
NICOLAIDES J D. Parafoil wind tunnel tests: AFFDL-TR-
70 —-146[R]. [s.n. ], 1971.

BURK S M, WARE G M. Static aerodynamic characteristics
of three ram-air-inflated low-aspect-ratio fabric wings; NASA-
TN-D -4182[ P]. 1967 -09 -01.
TACOMINI C, CERIMELE C.
from a large scale parafoil test program[ C]//Proceedings of
the 15th Aerodynamic
Conference, 1999.
MADSEN C, SOSTARIC R, CERIMELE C. Flight
performance, aerodynamics, and simulation development for
the X —38 parafoil test program[ C ]//Proceedings of the 17th
ATAA
Conference and Seminar, 2003.

LOLIES T, CHARLOTTE M, GOURDAIN N. A fluid
structure interaction methodology to design paragliders and
parachutes[ C]//Proceedings of the 26th AIAA Aerodynamic
Decelerator Systems Technology Conference, 2022.

ZHAO L. G, TAO J, SUN H, et al. Dynamic modelling of

parafoil

Longitudinal aerodynamics

Decelerator Systems Technology

Aerodynamic  Decelerator ~ Systems  Technology

system  based on aerodynamic  coefficients



(FE TR SR S AN S

55 46 &

[42]

[43]

[45]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

[54]

identification [ J]. Automatika, 2023, 64(2): 291 —303.
TRET, KA, X T O LT R R A 7 AR
PrE[T]. Abm0ME 28 L K K % 2 ik, 2020, 46 (6):
1108 - 1115.

ZHANG S Y, YU L, LIU X. Numerical simulation of parafoil
inflation  process based on fluid-structure interaction
method[ J]. Journal of Beijing University of Aeronautics and
Astronautics, 2020, 46(6) ; 1108 —1115. (in Chinese)
ZHU H, SUN Q L, TAO J, et al. Flexible modeling of
parafoil  delivery environments [ J ].

system in  wind

Communications in  Nonlinear Science and Numerical
Simulation, 2022, 108 106210.

GAO H T, TAO J. A novel trajectory planning method for
parafoil airdrop system based on geometric segmentation
strategy[ J ]. Mathematical and Computational Applications,
2022, 27(5) . 75.

BT, INEMR, e, % JETE TN 3 R
HERZ ARG B [T]. M R, 2017,
38(3): 320363.

LUO SZ, SUN Q L, TAN P L, et al. Trajectory planning of
parafoil system with intricate constraints based on Gauss
pseudo-spectral method[ J]. Acta Aeronautica et Astronautica
Sinica, 2017, 38(3) : 320363. (in Chinese)

GOODRICK T F. Wind effect on gliding parachute systems
with control:  AD
698456 R .
Army Natick Laboratories, 1969.

GOODRICK T. Estimation of wind effect on gliding parachute

cargo systems using computer simulation[ C ]//Proceedings of

non-proportional  automatic  homing

Natick: Airdrop Engineering Laboratory US

the 3rd Aerodynamic Deceleration Systems Conference, 1970.
GOODRICK T F, PEARSON A, MURPHY A L, Jr. Analysis
of various automatic homing techniques for gliding airdrop
systems with comparative performance in adverse winds[ C]//
Proceedings of the 4th Aerodynamic Deceleration Systems
Conference, 1973.

LI'Y L, LIN H B.
parachute trajectory with deadband and non-proportional

Theoretical investigation of gliding

automatic homing control [ C ]//Proceedings of the 11th
Aerodynamic Decelerator Systems Technology Conference,
1991.

BISCIE, BREET, TRZ03E, 4. ARG B AMTELE 1Y
RABETLI]. AUZSIHEHAR, 2017, 47(6) : 55 -59.

HU W Z, CHEN J P, ZHANG H Y, et al. Design and
optimization in multiphase homing trajectory of parafoil
system[ J]. Aeronautical Computing Technique, 2017,
47(6) : 55 -59. (in Chinese)

SLEGERS N J, YAKIMENKO O A. Optimal control for
terminal guidance of autonomous parafoils [ C ]//Proceedings
of the 20th AIAA Aerodynamic
Technology Conference and Seminar, 2009.

R, KRR, INEAR, & ETINRER R SRS
WA B[], R EE 5 N, 2013, 30(6)
702 -708.

GAO H T, ZHANG L M, SUN Q L, et al. Fault-tolerance

design of homing trajectory for parafoil system based on

Decelerator ~ Systems

pseudo-spectral method[ J]. Control Theory & Applications,
2013, 30(6) ; 702 —708. (in Chinese)

CLEMINSON J R. Path planning for autonomously-guided
[Cl/v

Systems

parafoils; a dynamic programming approach

Proceedings of AIAA Aerodynamic Decelerator
(ADS) Conference, 2013.

PSR, b, WO Tl . G RGN AL LI
AUPLE BT [T ], W REE TR R 2244, 2016, 37(7)

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

955 -962.

JIANG H C, LIANG H Y, ZENG D T, et al. Design of the
optimal homing trajectory of a parafoil system considering
threat avoidance [ J ]. Journal of Harbin Engineering
University, 2016, 37(7) : 955 —=962. (in Chinese)

WA, RIRTE, LKA, & R TR EER S ] R
SRR PRI L) ]. s Je4s, 2010, 17(5): 7 -
10, 18.

XIEY R, WU Q X, JIANG C S, et al. Application of
particle swarm optimization algorithm in route planning for
parafoil airdrop system[ J]. Aero Weaponry, 2010, 17(5) :
7 -10, 18. (in Chinese)

LUDERS B D, SUGEL I, HOW ] P. Robust trajectory
planning  for
uncertainty[ C]// Proceedings of the AIAA Infotech @
Aerospace (1@ A) Conference, 2013.

FOWLER L, ROGERS J. Bézier curve path planning for
parafoil terminal guidance [ J .
Information Systems, 2014, 11(5) : 300 -315.

BENNETT T W, FOX R, Jr. Design, development & flight
testing of the NASA X - 38 7500 fi2 parafoil recovery
system[ C]// Proceedings of the 17th AIAA Aerodynamic
Decelerator Systems Technology Conference and Seminar,
2003.

YANG LY, ZHAO X G, GU F, et al. Multi-phase homing
optimal control for parafoil system [ C]//Proceedings of the
2016 IEEE Robotics  and
Biomimetics (ROBIO) , 2016 1343 —1348.

Mrar, B, 500, A JETRAE Tk MR RSk
P BRI ]. s 224, 2020, 41(12) : 324226.
CHEN Q, ZHAO M, LI Y H, et al
constant trajectory planning for parafoil system based on
gradient method [ J ]. Acta
Astronautica Sinica, 2020, 41(12) ; 324226. (in Chinese)
XG50, B, BRET, 5. JET TAFSA (I B h 342y
Boafi it [1]. Ko S5 #EH, 2017, 42(2):
64 -68.

ZHAO Z H, ZHAO M, CHEN Q, et al. Design in multiphase
homing of 4-DOF parafoil system based on improved artificial

autonomous  parafoils  under  wind

Journal of Aerospace

International Conference on

Optimal segment

descent Aeronautica et

fish-swarm algorithm[ J]. Fire Control & Command Control,
2017, 42(2) : 64 —68. (iin Chinese)

W, BB, FEME, . RERE S BUAATPLL LT
SE[T]. 24K, 2020, 41(5) ; 1025 -1033.

GAO F, GUO R, FENG Z W, et al. Optimization design of
homing trajectory of parafoil system with five segments[ ] ].
Acta Armamentarii, 2020, 41(5) ; 1025 —1033. (in Chinese)
HE W C, WEN J Y, TAO J, et al. A combined homing
method of the

optimization parafoil

Automation, 2022,

trajectory system
considering intricate constraints [ J ].
3(2). 269 -285.

EHE, BB, A, & R TRARENAEGK
iR [J]. fias 24, 2021, 42(6) : 324566.

LI'Y H, ZHAO M, CHEN Q, et al. Combined trajectory
planning of parafoil systems in complex environments [ J].
Acta Aeronautica et Astronautica Sinica, 2021, 42 (6):
324566. (in Chinese)

s, XIAEAR, XIS, 45 BT SilE AT Sk E AR
BRI BFIE [T]. TFF L5 &, 2015, 32(1): 60 -
63, 131.

ZHANG C, LIU S D, LIU J Q, et al. Research on modified
A* algorithm based path planning for parafoil system [ ]J].
Computer Simulation, 2015, 32 (1): 60 - 63, 131. (in
Chinese)



4

INEM, S ARG BRI SCHEBR DI T 25k 15

[66]

[67]

[(71]

[72]

[73]

[74]

[77]

[78]

PARK J, LEE S, KIM Y, et al. Hazard avoidance landing of
loaded parafoil using deep reinforcement learning [ C ]//
Proceedings of the AIAA SCITECH 2022 Forum, 2022.
CEKMEZ U, OZSIGINAN M, SAHINGOZ O K. Multi-UAV
path planning with parallel genetic algorithms on CUDA
architecture[ C ]//Proceedings of the 2016 on Genetic and
Evolutionary Computation Conference Companion, 2016:
1079 - 1086.

SATHYAN A, ERNEST N D, COHEN K. An efficient genetic
fuzzy approach to UAV swarm routing [ J ].
Systems, 2016, 4(2) . 117 - 127.

LUO W, TANG Q R, FU C H, et al. Deep-sarsa based
multi-UAV path planning and obstacle avoidance in a dynamic
[ C ]//Proceedings of 9th
Conference, 2018 102 - 111.

GURSOY G, PRACH A, YAVRUCUK L
waypoint tracking control algorithm for parachute-payload
systems [ C ]//Proceedings of the 2nd CEAS Specialist
Conference on Guidance, Navigation & Control, 2013.
HENDERSON C R. Feasibility of tactical air delivery
resupply using gliders [ D]. Monterey: Naval Postgraduate
School , 2016.

MA Y X, LIU J H, ZHANG W S, et al.

trajectory control

Unmanned

environment International

Design of a

Research on
of parafoil systems based on active
disturbance rejection control [ C ]//Proceedings of 2022
Chinese Intelligent Systems Conference, 2022 ; 251 —265.
LONG X Y, SUN M W, PIAO M N, et al. Parameterized
trajectory optimization and tracking control of high altitude
parafoil generation[ J]. Energies, 2021, 14(22) . 7460.
SUN H, SUN Q L, SUN M W, et al. Accurate modeling and
homing control for parafoil delivery system based on wind
disturbance rejection [ J]. IEEE Transactions on Aerospace
and Electronic Systems, 2022, 58(4) : 2916 —2934.

LI Z H, NAN Y. Optimal path planning and tracking control
methods for parafoil [ J ]. 2023,
13(14) : 8115.

INER, BRTE, TN, S5, E2E T il A Bl iR
ERAEHIL)]. MR/RIE TR, 2019, 40(7) : 1319 -
1326.

SUN Q L, CHEN S, SUN H, et al. Trajectory tracking
control of powered parafoil under complex disturbances[ J].
Journal of Harbin Engineering University, 2019, 40 (7).
1319 - 1326. (in Chinese)

SLEGERS N, COSTELLO M. Model predictive control of a
parafoil and payload system [ J].
Control, and Dynamics, 2005, 28(4) . 816 —821.

ZHAO L. G, HE W L, LV F K. Model-free adaptive control
for parafoil systems based on the iterative feedback tuning
method[ J]. IEEE Access, 2021, 9. 35900 —35914.
SUNQ L, YU L, ZHENG Y M, et al. Trajectory tracking

control of powered parafoil system based on sliding mode

Applied  Sciences,

Journal of Guidance,

control in a complex environment[ J]. Aerospace Science and
Technology, 2022, 122 107406.

BB, A, 2 ETHEMNEETRE4 K
FreEmior 2011, A M A SN, 2010, 36 (4)
59 -62.

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

QIAN K C, CHEN Z L, LI J. Flight control scheme based on
dynamic inversion of neural network for power parafoil [ J].
Aerospace Control and Application, 2010, 36(4) : 59 - 62.
(in Chinese)

ZHENG Y M, TAO J, SUN Q L, et al. Deep-reinforcement-
learning-based active disturbance rejection control for lateral
path following of parafoil system[ J]. Sustainability, 2022,
15(1) . 435.

MAARUF M, MAHMOUD M S, MA'ARIF A. A survey of
control methods for quadrotor UAV[ J]. International Journal
of Robotics and Control Systems, 2022, 2(4) : 652 —665.
HOU Z W, LU P, TU Z J. Nonsingular terminal sliding mode
control for a quadrotor UAV with a total rotor failure [ J].
Aerospace Science and Technology, 2020, 98 105716.
JIAZ Y, WANG L L, YU J Q, et al. Distributed adaptive
neural networks leader-following formation control  for
quadrotors with directed switching topologies [ J ]. ISA
Transactions, 2019, 93 93 - 107.
HWANGBO J, SA I, SIEGWART R, et al.
quadrotor with reinforcement learning[ J]. TEEE Robotics and
Automation Letters, 2017, 2(4) : 2096 —2103.

bk, INVEM, BRFE, & BTN 2T S BE RSN
NEPRGEETLI]. HHEHL TR SR, 2019, 55(16)
227 -234.

GUO L, SUN Q L, CHEN S, et al. Design of powered

parafoil

Control of a

system based on real-time multitask operating
system[ J]. Computer Engineering and Applications, 2019,
55(16) : 227 —234. (in Chinese)

SLEGERS N, BROWN A, ROGERS |J.

investigation of stochastic parafoil guidance using a graphics

Experimental

processing unit[ J]. Control Engineering Practice, 2015, 36
27 -38.

AHMED F, JENIHHIN M. A survey on UAV computing
platforms: a hardware reliability perspective [ J].
2022, 22(16) : 6286.

KARAKOSTAS B. Control of autonomous UAV using an
onboard LSTM neural network [ J]. Journal of Ubiquitous
Systems & Pervasive Networks, 2023, 18(1): 9 —14.

REN B, YE X H, PAN Z R, et al. Versatile control of fluid-
directed solid  objects
learning[ J]. ACM Transactions on Graphics, 2022, 42(2) .
1 -14.

WANG Y, YANG C X, YANG H. Neural network-based

simulation and prediction

Sensors

using multi-task  reinforcement

of precise airdrop trajectory

planning[ J]. Aerospace Science and Technology, 2022,
120: 107302.

YOU S X, GAO L P, DIAO M. Real-time path planning
based on the situation space of UCAVs in a dynamic
environment [ J ].
2018, 30: 899 -910.

AR FA: R ATIE SR B s B B AR FE [ D ]
FAL: MRS TR R, 2011.

ZHENG C. Research on parafoil modeling and control

Microgravity Science and Technology,

technology of parafoil airdrop system[ D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2011. ( in
Chinese)



