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Figure 1 (Color online) Schematic diagram of a quadrotor UAV
model.
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Figure 3 (Color online) Diagram of directed communication topol-
ogy.
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Table 2 (Simulation scenario 1) Controller parameter settings
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Figure 4 (Color online) 3D trajectory of the UAVs.

Pt 284 (LLLS TS AL A,

MIESFI6T] LLE H, 1585 T4 BR A Al i 8 i1, A
TR SRR BRI R 22 DU SIE T 2 R T BSMC T k.
FEAR I AR IR Z 46 E S, BSMC LB B iR %E
WSLE 0.0k B IR 292,54 s, A SCHEE RIS
MM B 291.08 s, WSUEEEHETH29135%, ASCHIE
TE LR [FRE A R 28R 1 ) ) S 300 T B PR A e 8
TR, BRAN, FE R A ARG SR S, BSMC T VERIEE
B RAEAPUH], PREERS R LB B N R, HRAT B R

691



A5 AR ZI AT 22 DY it 38 0 AHLAT BRI 15 725 5 s A7 i F 7

0.2
€1x 0.2
€2«
£ 01 €3 ) B
5 b x| g .02
= N [ Ca | o 8
w 0 ]
0.4
06 —_———-
0.1 &
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)
0.4
ey, 1
2y op—o e
=02 €3y el
£ ] €1
= e4y E’
e ———ty | - | s 1 €20
u o, = i €39
[ 2 €40
——=—-€p
0.2 -3
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)
. S 0.8
/ N AT ey
I 0.6 ‘
02(] | _ e
£ | €1z T 04 €3y
=04 €2, g e
o ] s 4y
5061 ey, 502 s
I
€4z
08l
. I |———€c O ~======7
1l 02
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)

Bl 5 (MZhRE) A E IS5 RS IRER R %

Figure 5 (Color online) Tracking error of the position-loop and
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Tracking error (m)

B 6 (Mo E) AN B ERER IR

Figure 6 (Color online) Total position tracking error of UAV.

R ZEHH0.001_ETF2£0.195; 1A S H kS 5] ARBF
P WA RuE I | k5 RIS, HAE
1l 45 HH ST R R TR SR, AT FE SR S R 2%
PENIRSE TR M ERER R B, BRI S, KRAERS
PRI J A B R AR £00.017, R H BN B 5%
AR e R R AL B IR ZE /N T0.048, BRI
75 AR5 ERE

692

1 2
s — Bixh o — Bighie
) ®
E Baxhax g ﬁz.¢ hzo
E 05 Baxhax = 1 Bsghse
Z Bax hax < Baghagy
0 0
0 5 10 15 20 0 5 10
Time (s) Time (s)
0.5 10
— — Biyhiy I Biehie
7] s
€ 1 Bayhay B Baehze
o Bayhsy w 5 Bsehse
g Bayhay s Bighae
0.5 0
0 5 10 15 20 0 5 10 15
Time (s) Time
0 0
— —ﬁ«zh«z .:; —Bwhw
é-O.Z Bazha: ? . Bayhzy
& 04 Bazha: g - Bayhay
Z Bazhs sz Bayhay
-0.6 -2
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)

Bl 7 (4 RROR B $RAT a2

Figure 7 (Color online) Actuator fault curves.
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Table 3 (Simulation scenario 2) Controller parameter settings
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Figure 9 (Color online) 3D trajectory of the UAVs.
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Figure 13 (Color online) Actual control signal.
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Finite-time fault-tolerant formation control of multiple quadrotor
UAVs under input saturation
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Aiming at the formation control problem of multiple quadrotor unmanned aerial vehicles (UAVs) subject to input saturation and
actuator faults, this paper proposes a finite-time fault-tolerant control strategy based on the command-filtered backstepping. UAV
systems operating in complex real-world environments face multiple challenges, including actuator faults with nonlinear coupling
characteristics due to factors such as mechanical wear, control input saturation caused by physical power limitations of components,
as well as parametric uncertainties and external disturbances, which severely affect the reliability, robustness, and transient
performance of formation control. To tackle these challenges, this study focuses on the finite-time leader-follower formation tracking
control problem under the coupling influence of the aforementioned multiple complex factors. Specifically, a finite-time command
filter is introduced to resolve the issue of high computational complexity arising from repeated differentiation in conventional
backstepping design, along with a compensation mechanism to eliminate filtering errors. Secondly, for unknown nonlinear dynamics
in the system, radial basis function neural networks are employed for approximation, with an adaptive law designed to update the
weights online. Additionally, an anti-windup compensator is constructed to mitigate the adverse effects of input saturation. Based on
these designs, the finite-time stability of the closed-loop system is rigorously analyzed using the finite-time Lyapunov stability
criterion, demonstrating the finite-time boundedness of all closed-loop signals. Finally, the effectiveness of the proposed control
algorithm is validated through two sets of comparative simulation results. The results indicate that, even under the combined influence
of actuator faults and input saturation constraints, the proposed algorithm ensures that the UAV formation tracks the desired trajectory
quickly and accurately within a finite time, while exhibiting excellent fault-tolerant capability, robustness, and transient performance.
This work provides an effective solution for high-precision and highly reliable cooperative control of UAV swarms in complex
uncertain environments.

quadrotor UAYV, formation control, fault-tolerant control, input saturation, finite-time control
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