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Abstract: With the extensive applications of unmanned aerial vehicle (UAV) in military and civil fields, how to ensure
the safety of UAV while completing the presupposed task becomes one of the research hotspots in the field of flight control
area in recent years. Based on the review and summary of the existing research results at home and abroad, this paper
summarizes the research status and future development directions in the safety flight control field of UAV. Firstly, the flight
safety requirements of UAVs in different mission scenarios are summarized. Then, the safety flight control problems of
UAV are mainly summarized into four aspects: safety envelope protection control, safety control under different constraints,
safety control under system faults and attack, and safety control for UAVs swarm, and the key control techniques and their
advantages and disadvantages are described and analyzed respectively. Finally, the future development directions of UAV
safety flight control are prospected.

Keywords: unmanned aerial vehicle; flight control system; safety control; envelope protection; constrained control; fault-

tolerant control; control of UAVs swarm

1 5| (Introduction)

N AT, BN —BABERE
N, FERERI L EAE R AR A AT 6 R A H 3
AT PR AT 45 B i o 2 H 1B 45 W £ RO HR A AT AT
A aras M, BAXEM IR E R, LA R
oS ®AT RIE AR5 S8 SR . 78 20 tH:
o HILLE, o AL G620 I B 3L 5 B/ R
FIThEe, &5 T A H ¥ N E B R4 H,
HAEPAT A OO, K108k tEHRE. it
IR i W PEAT 55 A 5 3RO AT 48 VA e L A
R, RIEHLEENS T I AR, v
TMLG Ml e B AN eR AN TEN K

HEWH: EXARREEERNTFERESE (61825302) .
BIE{EH: BRI, chenmou@nuaa.edu.cn

HINE T AN,

VAR, Jo NAUAE ZE 55 70 R F AT 47 i o o 22
A, HAMHKREARIESE CEERE. EEE A
FEAE €2005—2030 F AN RAHELLED) B hk
AR: CHR TG ML %2 A JAT FE 1 2 ORI L T 1)
REBENRKZEHNTRE”, X—SRHT LA R
A N AT EEME I E B, WHUR AN @A AT
Hl RGAHCH ARG B R R EEESY., Hir,
ST ANUE AT IS FE A I 22 A ) i 83 1 Ji (]
AIRZ, WERNESTHAE F LAV ITHEHE
5 G5B 8 2 AT N/ B RRES AT
AT R A R B, RG0S AT R

W RE /33 8181 2022-10-31/2022-11-21/2022-12-04



346 I SN

2023 £ 5 H

BT EEVERRAS, DAL AN RE 2R 45 9 Bl 4 55
VA BRI REOC ALK, 24 i ) 3=
BN, TAEBUE AT RS ER I LR A 2 R

FH T~ 0 A MLAE 28 =5 A0 R FH U380 EL A A s 1 2
Y, P ARER T AL 1 e 22 4 VAT I dl R R B
BuE T RAWTE AT SRR B (HR T ANLE
S AAmEARLNE, S, TRIAR SRAHE.
FAN RS E SEREME, T 2 SO A 1 e AT B ) 2%
ML Rt O [FI, o AHLER € AT 55 31 853
N, HE RSN IS DL N E S B SR IR BR
fil, HAEMIRE, EHR AL 22 3% S FERL
B i M RE i bR 52 B AR BR 1), 388 R I 9 L
PrERE. REMALR, WMLAHR, F5EtkaEthir
2R DL RS A, EE RN, Hbf
BE 2 AR TOVE SR T TN ), PR A R A RS SR
A AT RE S RN QY HORAE IR W IR AE AT PR AR 42 1] A
HH AN B A RICRE X 6 20 SR I 0 DA S I JkE, i
A REIE BTG AL R 455 BB ATL 55 AN W] 3 1Y) TR AT Sl
FECE R,

AT, BANKIHSATERE . KR
Z. ZWHMEEIEER R T, XaFRER
Guiaifs. WA RTTER AL, BB AL
FEAAR RIS IR AN PAT 2SS RIS, A T T8
BT NTETE R IIAESS, 7T DA o AHLEERE
RERPATERAES. EEHTAIRG T, B4
T NHLAT REAAAE BB AT AR BRI, AT ANLZ
() 36 i DX 28 J4E AT A5 JE A8 HL N AT e 2 HH B ) 4 s
B AR SRBNA THAE A T & T AL Z 8] 22 R A Al
A, Db n A ot e AHLEE AVUEEE R G
ATEW RAVERE K, HE BT ANLETL AL
LR RFARTTRIUE FESS, NI HE
e B, fEEER BHEUE RN L4 K
AT F I RE 72 AR H AR UK R 1) B 7 1) 2
—, 0P e [ K At B R S

AT VAT AR [ A Ao AL 22 4 AT Fs ) A
IR TT R R A, o ) 2 il SR HE . A
2R el Ra sl SBeh - e e
i, PARIE ANUVERRE R G2 18 07k 5070 R
AT T ot 5488, &5, 4 TR kEA
R FEWE 1B 9T 7 1Al
2 S5/ EaFREI TR ANRE KT

1=l (Safety flight control for UAV under

constraints of aerodynamics and structure
envelopes)

BEE MU BIAMEBOR R 2%, DL A5 Fh

2X104
1.5¢
g
= U
|
0 100 200 300 400 500 600
V /(m/s)
(a) ‘P RIL A
5 : .
A o
‘3‘ R |
2, KELR
& i VL BRI
ﬁl
2N ;
e S SRR PR A
_ B ) ..D
0 100 200 300 400 500 600
V /(m/s)
(b) &5kl 5t

0 50 100 150 200
ps/(®)
(c) AEH LA I

200-
100 -

>
< 0-

= _100- 1
200 B 1
80 100 7O
Vimss) 00100710
(d) AFIA a5t
100 NW
501 i
S
5 P
o ‘.,f
-50 x
oI
—100 L
—100 —50 0 30 100
ps/(°)
(e) AN R LBl i

B 5RKEBLR

Fig.1 5 types of loss-of-control envelopes
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