
P
os
te
d
on

25
N
ov

20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
66
93
93
81
.1
43
75
08
6/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Adaptive nonsingular fixed-time attitude stabilization for quadrotor

UAVs with multiple disturbances and uncertainties

Lihui Wang1 and Wenxing Zhu1

1Southeast University School of Instrument Science and Engineering

November 25, 2022

Abstract

This article proposes an adaptive fixed-time attitude stabilization control scheme for quadrotor UAVs in the presence of multiple

disturbances and uncertainties. Firstly, a novel nonsingular fixed-time terminal sliding mode (NNFTSM) surface is proposed.

The dynamic surface guarantees non-singularity and fixed-time convergence so that the setting time is independent of the initial

states. Secondly, using the proposed NNFTSM surface and adaptive technique, an adaptive nonsingular fixed-time terminal

sliding mode controller (ANFTSMC) is designed for UAVs attitude stabilization. It yields exponential convergence of the

attitude tracking errors to zero without requiring a priori knowledge of the upper bounds of the multiple disturbances and

uncertainties. Then, the stability of the closed-loop control system is validated by the candidate Lyapunov function, and the

upper bound of the convergence time is given. Finally, the parameter design criteria and the convergence time comparison are

analyzed in detail. Comparative performances for quadrotor UAV attitude stabilization are presented, and the effectiveness

and superiority of the proposed controller are illustrated over the existing method.

Hosted file

RNC-22-0808 Revised Main Document.docx available at https://authorea.com/users/553311/

articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-

uavs-with-multiple-disturbances-and-uncertainties

1

https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties
https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties
https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties


P
os
te
d
on

25
N
ov

20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
66
93
93
81
.1
43
75
08
6/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

2



P
os
te
d
on

25
N
ov

20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
66
93
93
81
.1
43
75
08
6/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

3



P
os
te
d
on

25
N
ov

20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
66
93
93
81
.1
43
75
08
6/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

4



P
os
te
d
on

25
N
ov

20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
66
93
93
81
.1
43
75
08
6/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Hosted file

Tab. 1.docx available at https://authorea.com/users/553311/articles/605075-adaptive-

nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-

disturbances-and-uncertainties

Hosted file

Tab. 2.docx available at https://authorea.com/users/553311/articles/605075-adaptive-

nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-

disturbances-and-uncertainties

5

https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties
https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties
https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties
https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties
https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties
https://authorea.com/users/553311/articles/605075-adaptive-nonsingular-fixed-time-attitude-stabilization-for-quadrotor-uavs-with-multiple-disturbances-and-uncertainties

