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Experimental Studies of Attitude Control of a Quad-rotor System
using a Time-delayed Controller
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Abstract: In this paper, the attitude of a quadrotor system is controlled by a time-delayed control method which uses the previous
information to cancel out uncertainties in the system. Although the linear controller works for the attitude control, the robust
performance against disturbance is relatively poor. Therefore, a time-delayed controller as a robust controller is used. Experimental
studies are conducted to validate the performance by the time-delayed control method. The performances of both a linear controller

and a time-delayed controller are compared.
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Fig. 1. Coordinates of quad-rotor system.
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Table 1. Relationship between torque and control input.

PWM 7 Tr Tr Tp
11500 0.057 0.064 0.054 0.062
12000 0.140 0.140 0.127 0.143
12500 0.220 0221 0.204 0.219
13000 0.329 0.332 0.290 0.332
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Table 2. Characteristic of a quadrotor system.

Total weight 1.028kg
Distance from COG to the rotor 0.2m
The full length 0.6m
The full width 0.6m
Overall height 0.19m
MCU DSP28346
Control method RF radio control
¥ 3.PD #lo] AL wk
Table 3. PD gains.
Ko 12.8
K Dg.0 4
Ky, 50
I 4 ARREAA Ao} AR gk
Table 4. Gains for time-delayed control.
KP¢.9 12.8
K D0 4
KDV/ 50
Ce 0.18
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(a) PD control.

Time (sec)

(b) Time-delayed control.

1%} 5. Roll FHell oigk TH7 Alo].
Fig. 5. Hovering about Roll axis.

E 5 Roll F 38 Alojol| tjgk RMS error.
Table 5. RMS error of the roll angle.

RMS error (Degree)
PD control 0.2835
TD control 0.0785

angle(degree)

Time (sec)

(2) PD control.

angle(degree)

Time (sec)

(b) Time-delayed control.

15 6. Pitch ol tigk S8 Alo].
Fig. 6. Hovering about Pitch axis.

¥ 6. Pitch % & A|ojoll thE+ RMS error.
Table 6. RMS error of the pitch angle.

RMS error (Degree)
PD control 0.5001
TD control 0.0923
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