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Practical active disturbance-rejection solution to a fly wing
UAV flight control within full envelope
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Abstract: Based on linear active disturbance-rejection control (LADRC) theory, a full envelope flight controller is
designed for high aspect ratio flying wing unmanned aerial vehicles. This controller consists of two parts, which are
inner attitude controller and outer trajectory controller. In attitude controller design, an anti-delay LADRC is proposed to
handle effects of control delay and actuator dynamic process, which can cause response oscillation in normal LADRC. In
trajectory controller design, considering the UAV aerodynamic characteristic, we design respectively the altitude controller,
heading angle controller and lateral deviation tracking controller for each common flight mode. Simulation results show
that the designed controller has high value of control performance index and strong robustness when parameter uncertainty
and severe wind disturbance exist. Compared with conventional methods, we find that the proposed controller has fewer
parameters and a much simpler tuning process, providing a reference solution for further engineering application.
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Fig. 1 Configuration of high-aspect-ratio fly wing UAV
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Fig. 2 Flight envelope and simulation points

4.2 IS E (Controller tuning)
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i B2 ) %8 (anti-delay LADRC)IZEAT A& A5 R
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M 1 T 2.

= oftis
© -—- HAB M+ LGSR
10 SRR 10 msHER Y
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,20 1
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15 T T T
10 T
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10 F RN+ 10 ms A
,150 S 5 T >
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P 3 ARG O T PR 25 i S pH 2
Fig. 3 Simulation response of two controllers in different

delay condition

Normal LADRC B SR LU 47 (1 B T-HE PR RE, (H
M3 () 1 JL 45 SR AT 0, 245 ] 2% 5 M rh AF TR RE ML
AR A LE IR I, normal LADRC C. 4 To vk i
Mt Th Mz R ) R Eesh 7, Rz 2
SO FEA R 3 FE LN, MENLENASIZHT AL 1S
IIF 5 32T 18 K T normal LADRC F 45 i) 25 582 12 it
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I T BIEE B TEAELRPE e, BREE M N 3 B
A B B IR T, T SE LA R . B 3(b) AT 4,
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PRER P B OJGHE . Bt LAAS SCFT % 11 fanti-delay
LADRC E A 5 5 ) & t: A A )42 il 14 .

2) TEAELLZEN 150N IRRAS s Ab ik AT 5 FE
A MERERIOAE. BREFFE AN M ICTFAH, = 100 m
HARAE L AR B Ay = 100 m FEARFE. 15 B 45 54

F4-5F1R.

FH 4] 0, 76 4 ALk PN 150 DU 0OIR 4 A,
To NHLLE) fie % v P BRI o ) s 2R 1) v 25 45
A, A B4 F v B R B B B T BN 0.4548 m,
AN 1 v 25 R B ) e KRB T M 1.6746 m, $5 28 B A
WA PO FREEPERE. B S A, FEIBOIRES AT,
BEE SRR/, o NAUFEER B 17 it 25 55 4 ) 00 £
175 A M 20 0T 78 K, (E AR 2 R FE AN, T8I BT
VT A ) s B B AL e PR 4 1 .

100

75

50

AH /m

25

100

75

50

Ay /m

25

t/s

P 4 2B INECIR A T e EATN 1 i 125 PR h 2
Fig. 4 Height and lateral deviation response in full envelope

test points

(SIS

0.00

B

-0.35

t/s

K 5 AR ZRINaCIRAS w0 i B th 2

Fig. 5 Sideslip angle response in full envelope test points

3) AR TC AMUT S5 THI 25 HH TRBE ) = 5 I R
EETE A, BAE AN S L NIES: KITIH &1
TR RE. 15 B 2 RE R R S K se ), SLR fEE T
B, N TR BLFE TPt = 150 ~ 180 's); 1E & M B
BE, IO ] B XUt = 920 ~ 930 s)F1 =4 =T
(t = 950 ~ 1050 ). 1 H 45 Rk 67,
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Fig. 6 Trajectory of continuous full envelop flight
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Fig. 7 Trajectory and sideslip angle response in continuous
full envelop flight
H1 Bl 6-7RI &N, TE AHAE R LES: (AT AE
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g PRUEZESAEE , P S TR A1 B sh AL T HE 52 1)
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I vERe, XS 8RS MR IR TS A
AEORIEHEERE.
5 25 (Conclusions)
1) 2 TLADRCHL Btk ATHE ] 25
LA I P 4 ot P BB AN 6 R M e, ol 8 4 4 T

B RREESHRD A e BEE, Ea1E
TREFRH.

2) HHLADRCHIFZ IV BEZ PATHUI B Ay
M R4 B IR I F2 I ALK, anti-delay LADRCIU 7]
DA R AR 5.

3) AR TR IR AT R 75 2K,
A DA R PR ) e AHLEHZE BRER IR AR £, X506
BATRITENNL A7 LEL
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