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ABSTRACT

Improved Sliding Mode Control for UAVs
Attitude Control

Jang, Seok-ho
Advisor : Prof. Henzeh Leeghim, Ph.D.
Department of Aerospace Engineering,

Graduate School of Chosun University

This thesis introduces an improved sliding mode control technique for attitude con-
trol of UAVs with a quadrotor structure. The sliding mode control is a non-linear control
technique that is robust against external disturbances and model uncertainty. To design
a controller for UAVs, we define sliding variables and reaching laws and derive control
inputs. To analyze whether the designed controller is stable in the presence of exter-
nal disturbances, the stability is confirmed using the Lyapunov theory, and the control
performance is verified through computer simulation.

Sliding mode control has two problems, such as chattering, which is a high-frequency
oscillation, and it takes an infinite amount of time for the state to converge to the target.
We discuss the improved reaching law to reduce chattering, and verify that chattering is
reduced through simulation. To solve the second problem, we introduce terminal sliding
mode control and fast terminal sliding mode control that guarantee a finite convergence
time and verify their performance through simulation.

The improved reaching laws are effective in reducing chattering but have the disad-
vantage that robustness is not guaranteed. We introduce a super twisting algorithm that
can reduce chattering while ensuring robustness. This control technique is one of the

second-order sliding mode controls, and the control input is obtained by differentiating
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the sliding variable twice. The past algorithm guarantees only the stability of a model
with one state variable, but in this work, the stability of a model with multiple state
variables was confirmed. The designed controller has verified its control performance
through simulation.

As UAVs perform various and complex missions, they can sometimes face various
constraints. The mission can be performed in an environment where there is a limit on
the size of the control input due to the physical limit of the actuator, or the angular rate
limit due to ground shooting, transportation of important objects, etc. In a constrained
environment, it is difficult to obtain optimal control performance with the existing
control technique. Therefore, a control method considering constraints is required, and in
this paper, a sliding mode-based control method is introduced. First, we describe model
predictive sliding mode control for UAVs attitude control with a control input limit.
This technique is a combination of model predictive control and sliding mode control
that predicts the future state and reflects it in the current state. Next, we introduce
constrained sliding mode control for the attitude control of UAVs considering the angular
rate limit. This technique defines a new sliding variable with two equilibrium points and
has a variable structure that switches according to the magnitude of the angular rate.
Finally, Analyze the stability of the control technique and verify its performance through

simulation.
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Table 1: Characteristics for Quadrotor UAV

Parameter Value Parameter Value

m 1.6 kg Ja 0.0058 kg m?
l 0.52 m Jy 0.0058 kg m?
g 9.81 m/s? J. 0.0102 kg m?
k 2.98-1076 b 1.14-1077
M0 [10 —20 30| deg | mq [0 0 0]T deg

Table 2: Design Parameters for SMC

Parameter Value | Parameter Value
Qsme 8 k 10
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Figure. 4 Scenario of the external disturbances applied to the UAV
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Table 3: Design parameters for modified reaching law

Parameter Value | Parameter Value
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Figure. 10 Time histories of (a)Euler angles and (b)control input using sat function
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Figure. 11 Time histories of (a)Euler angles and (b)control input using tanh function
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Figure. 13 Time histories of Euler angles using TSMC
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Figure. 14 Time histories of control input using TSMC
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Table 5: Design parameters for FTSMC

Parameter Value | Parameter Value
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Figure. 15 Time histories of Euler angles using FTSMC
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Figure. 16 Time histories of control input using FTSMC
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Figure. 17 Time histories of Euler angles using STA
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Figure. 18 Time histories of control input using STA
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Table 7: Design parameters for MPSMC

Parameter Value Parameter Value
R 0.01 - I3x3 Q 0.005 - I3x3
Umin -0.05 Umaz 0.05
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Figure. 19 Time histories of Euler angles using MPSMC
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Figure. 20 Time histories of control input using MPSMC
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Figure. 21 Time histories of cost function using MPSMC
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Figure. 23 Time histories of Euler angles using CSMC
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