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Control of Quadrotor UAV Using Adaptive Sliding Mode with RBFNN
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Abstract This paper proposes an adaptive sliding mode control with radial basis function neural network(RBFNN) scheme to
enhance the performance of position and attitude tracking control of quadrotor UAV. The RBFNN is utilized on the approximation of
nonlinear function in the UAV dynmic model and the weights of the RBFNN are adjusted online according to adaptive law from the
Lyapunov stability analysis to ensure the state hitting the sliding surface and sliding along it. In order to compensate the network
approximation error and eliminate the existing chattering problems, the sliding mode control term is adjusted by adaptive laws, which
can enhance the robust performance of the system. The simulation results of the proposed control method confirm the effectiveness of
the proposed controller which applied for a nonlinear quadrotor UAV is presented. Form the results, it’s shown that the developed
control system is achieved satisfactory control performance and robustness.

* Key Words : Quadrotor UAV, Adaptive sliding mode, Approximation error, Chattering problems, Robustness.

Received 16 November 2022, Revised 7 December 2022, Accepted 10 December 2022

* Corresponding Author Han-Ho Tack, Dept. of Convergence Electronic Engineering, Gyeongsang National University, 33, Dongjin-ro,
Jinju-si, Gyeongsangnam-do, Korea. E-mail: fmtack@gnu.ac.kr

- 185 -



SEANSX 2|5 =2X| M23H H45, 2022

. M2

—

2ol A==E FAnA(UAV : unmanned aerial
vehicle)s =& 71847 et 714 722 <
ste] Tz 2 8 o EY Aol BTl Wyl
Holm, UAVS] FHAG Hgo=z QI3 Ao FYo

£ Fod ZuEE Eopt Utk olHd UAV
& Alo7le] AAlele 2 M Fa% 18 Ao
2 udd g AW 53, ESAA 9 s a1y
sloF gt} wEkA FH==ZE UAVOlA AEg 3z
135S 2957 HalAe A= AS Ao Aol
3 g 3l}

A @ d Bk J=ZE UAV A2ES 7 o3
AT Be A7t olFoxlen, HE=REH UAVSY =
Al Ao] Alz"lole 113 FHPD)A iy 71y
LQe] A&=HANLL 4 AFd AF F4 FA=
Wgy g sgfold BE Al HIs }%OM
AgERom2-3], ALY sefold BE F7 A|2~E
2 AEstEg A3y Aol o]&& AF st ’“74151‘21
th4-5]. 7182 o2 SMC(Sliding Mode Contro):e ¥
o] HAdE Ao} AxgloR BEHAY 2 R uHs
2Egs] Hal ws dasta Agg 2R JF
RTHEL =3k A7 32 AAEE 8
o Agg Ao flojx A Y, ¥R =9
o F&3 Ny MY 2 o
3l RAE Aol gt AAE e WHoE =Y
g 7R E RAFJTHT7-8].

B =goMe F=2H UAVY 48R g o
&3} ESAAS BAs] Hal AEd 248 V1es
0] 43 A& A3, RBENNe| A4d 223 &g
ol EEA0 AxElE dAste HTEEH UAVY <
Azt 2 X AF FHE A3l AHEsFeH, AEY
old A W&l AHE BYFRTh

_‘

2
[l
i)
2
N 2

izt
oot
ot
f
re
o
-0,
N
olr

. F==2F UAVS & ZE

B Hoxe FHrEE UAVY 53 md& Ast
™, Fig. 12 2498 77 Hu HAJAV ZAE A=
28 A2Ee eIt &5 34 4 (3 2o
o, e e RS B

- AEEE PaE Ausa P,
A B4,
- meAde geks,

Fig. 1. The model of quadrotor UAV.
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Fig. 2. The structure of the RBF neural network.
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IV. Simulation Results
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Table 1. Quadrotor model parameters
Variables Value Units
m 2 kg
I, =1 1.25 Ns*[rad
A 22 Ns*/rad
l 0.2 m
J. 1 Ns?/rad
b 2 Ns?
d 5 Ns?
g 9.806 N2
Dy, D,, D, 0.01 Ns/m
D,, D;, D, 0.012 Ns/m
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Table 2. Controller parameters

Variables/Value
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Fig. 3. The result of roll, pitch, yaw error.
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