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Performance Analysis for Quadrotor Attitude Control
by Super Twisting Algorithm
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ABSTRACT

Quadrotor is simple to model because of the symmetric structure but it has the disadvantage of
being relatively sensitive to the external disturbance and system uncertainty. The PID technique
applied for the attitude control of quadrotor has been applied comprehensively, but it has a
disadvantage that is hard to precise control in the nonlinear system. In this work, a quadrotor
attitude control law using the super twisting algorithm is studied, which has robust characteristics
against disturbance and system uncertainty. To evaluate the attitude performance by the proposed

technique, simulation studies and actual flight tests are carried out,

conventional PID controller.
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Fig. 1. Coordinate system of Quadrotor
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Table 1. Euler angle initialization and command

o Na
step 0 1 2 3 4

15 —15
15 —15
15 —15

Table 2. Flight test conditions of Quadrotor system

0
(degree) 0

command ﬂ

Variable | Parameter | Variable | Parameter
m 1.2 kg Jx, 0.0058 kg-m?
I 024 m Iy, 0.0058 kg-m?
K 2.980-10°® Iy, 0.0102 kg-m?
b 1.140-1077

Table 3. Parameters of PID controller

Variable | Parameter | Variable | Parameter
Ky diag[18,18,27] K, |diag[0.8,0.8,1.2]
K, diag[7,7,8]
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Table 4. Parameters of SMC controller

Variable | Parameter | Variable | Parameter

K diagl4,4,4.5] Agpe diagl[8,8,9.5]

Table 5. Parameters of STA controller

Variable Parameter | Variable | Parameter

K—l dlag [8’ 87 9’5] AS'HLC dzag [47 4’ 5]

K, diag[8.5, 8.5, 3]

Quadrotor i

Nofa + e e Sliding s <TA u ,
surface | ——
s—e+d e Controller System

Fig. 2. Block diagram of STA controller
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MPAEE s flsl AHeE AE=EH FCC
(Flight Controller Computer)oll AF&¥ MCU(Micro
Controller Unit)&= STM32F767VIT6¢|t}. IMU+= Vector
NavAFe] VN-200& AH83tH 2™, UART(Universal
Asynchronous Receiver/Transmitter) &4l& ©] &3
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Bl 2F2 RCEI7IZ X=FoH, $Ad 53X @
< PWM (Pulse Width Modulation) 2= F4l38}
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Fig. 9. Flight test for the quadrotor attitude control

Fig. 10. Changing center of mass of the quadrotor
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ol v 4&e wEr] 57 Wi, 9% =5
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&3 F Eoh GRS Hge Sl N A3 ghol
™, Table 33} 6014 & < 3%°] oI5 # =o|7}h
A7E olfre AAl HdgdAe oda B0
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Table 6. Parameters of PID controller

Variable | Parameter | Variable Parameter
K, diag[25, 25, 30] K, diagl0.8,0.8,1.2]
KD dzag [47 4: 6]
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Table 7. Performance index of PID controller
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IAE ISE ITAE

(e+03) (e+03) (e+03)
roll roll 9.84 98.4 74.6
cmd | pitch 2.95 9.65 21.0
pitch roll 1.68 3.26 12.9
cmd | pitch 10.6 103.0 72.4
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Table 8. Performance index of STA controller

|IAE ISE ITAE
(e+03) (e+03) (e+03)
cmd | pitch 0.77 0.99 4.79
pitch roll 0.85 1.05 7.74
cmd | pitch 2.99 16.9 22.3
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