48

=
P
=
i

23

o
-

Vol. 26, No. 3, Sep. 2018

Original Article

https:/ /doi.org/10.12985/ksaa.2018.26.3.048
ISSN 1225-9705(print) ISSN 2466-1791(online)

A85A A7 A% PLAAANE o] 48

A=ZE NEst TH3

ah) 21, v}

ol

2] A%

gils

AA Ao} WY A

o) ¢

7

Development of Quad-rotor with Anti-Windup Based PI controller

and Hovering Attitude Control Flight Test
Daejin Park*, Cheongeon Park*, Sangchul Lee**

ABSTRACT

This paper deals with a development of a quad-rotor for a hovering attitude control. First,

a rotational dynamics are derived to design an attitude controller. The attitude controller is
based on PI (Proportional-Integral) controller. For a stable attitude control, an anti-windup

method applies to the PI attitude controller. Additionally, a complementary filter is used to

obtain more reliable attitude.

Gain values of the attitude controllers based on the

anti-windup method are obtained through tests. Finally, the quad-rotor with the anti-windup
based PI attitude controller is developed and a hovering attitude control flight tests are

performed. As a result, the developed quad-rotor is capable of stable hovering.
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Fig 1. Coordinate System of Quad-Rotor
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Fig 2. Block Diagram of Complimentary Filter
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Table 1. Parts of Developed Quad-rotor
Target AngieEr‘rar@w Rate Errcrq,‘g.w 66,4 5.0,
Angle youl oo L T n e L Weight
—+X) n ) n 3 Parts Specification @
Inner Loop
Frame DJI F450 (450mm) 295
Quter Loop Arduino Mega
) ) MCU 25
Fig 4. PI Controller Block Diagram (ATmega2560)
Wi-Fi ESP8266 Wi-Fi Module 2
Module
Desired Rate¢'5'w
Target Rate Errorg g Sensor MPUB050 Module 12
Angle 6 g P s
T LDPOWER x 4
: Motor 221.2
Angle B ! (MT2213-922KV)
ngte BTy Inner Loop
TURNIGY Super Brain x 4
Outer Loop ESC 92
(ESC-20A)
Fig 5. Anti-Windup based PI Controller Block Diagram
9 P 9 Carbon Fiber T-Style x 4
Propeller 60
(10x4.5)
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Figure 6’8_‘ X'“Z—](% -ﬂEEHQ] 0}715—]5{%% H Total 9252
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o » Table 2. Specification of ESP8266
ERS AgSTh
Items Parameters
Operating
Quad Rotor 25~36 V
— Voltage
e v
Wi-Fi Module S
i Operating
l“ Avg.Value : 80mA
Sensor Current
(L || MCU ES}%}(;(M
aii;gs gyrostope + | (ir(‘j:er:;arlgeé%ay (5\1/({A, E)EC) Wi-Fi
802.11 b/g/n/efi
Battery Protocols
(2200man,
35C, 351P)
Network IPv4, TCP/UDPHTTP/FTP
. . va,
Fig 6. Architecture of Quad-rotor Protocols
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Frequency Range

24~25 GHz
(Receiver, Transmitter)

Frequenc
g y No.1~14
Channel
Security WPA/WPA2
GPIOs 17
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Fig 7. ESP 8266 Wi-Fi Module
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Fig 11. 2-axis Control Test

Fig 8. Quad-rotor Remote Control

Table 3. Anti-Windup based PI Controller

Gain Values

Gain Value
K, 05

Angle
K, 0.04
1 Ky 0.25

A i Rate

Fig 9. Completed Quad-rotor
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Fig 12. Gain Tuning Software

Fig 13. Indoor flight test
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