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Double-Loop PID Controller for Quadcopter Attitude Stabilization
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ABSTRACT

In this paper, we implemented quadcopter system using sensor-fusion filter and double loop PID controller in
order to support stable hovering and flight. The double loop PID controller consists of an inner loop and an
outer loop. Inner loop is an angular velocity PID controller, and outer loop is an angle P controller. And
Mahony-based sensor-fusion filter using accelerometer and gyroscope is adopted to estimate the flight attitude.
Quadcopter control module is implemented using ST32F103RB of 32-bit microcontroller and IMU sensor of
3-axis accelerometer and 3-axis gyroscope. We analyzed the effect of each gain factor on stabilization in double
loop PID controller. Finally, the double loop PID controller using angle and angular velocity shows better
response time and stabilization than the single PID controller using only angles. In particular, we confirmed that

the stabilization time of the double loop PID controller is shortened by about 20% compared with the single PID

controller.
.M 2 gk, =22 Google, Amazon, DHL 52| ¢ 7|E
3} o] A} 2 E}"hﬂ 7194Ee] 1l =l
< MCU2} MEMSMicro-Electro-Mechanical A|~Hlo]| A-83ko g2xn] AA| Qo) tlofsl el
System)  7|Wke]  AlA 7]se] o] wle} e ssiel 538, %E*Ei =L Ale7) &
UAV(Unmanned Aerial Vehicle) = 5207 He olate] At Aol Z1Eo] WAE EAlol|A e} 7
= 7] = A7) s] o] FolRar gl = o] Alge] A e = sl el ARRkS Al

¢ First Author : Shinhan University, Department of IT Convergence Engineering, jeonds1127@naver.com, H33]¢1
Corresponding Author : Shinhan University, Department of IT Convergence Engineering, stlee @shinhan.ac.kr, 41341
% 1 201811-359-D-RN, Received November 7, 2018; Revised February 8, 2019; Accepted February 21, 2019

748

www.dbpia.co.kr



=1/ A=FE A HAHEE 913 o|FFZ PID Alo]7)

3lo] JAA R E 3
= vkl 28 3

pitch, roll, yaw<] #|e{ 5 %ﬁ}] REQ WEo g ¢k
reAe|e] FH5 2l Ay, AR5, #
2541, #3802 wEkdgte] 2iEal &
W &(hovering)©] 7153} webA, F=FEe] oA
A<l nlahg Aofalr] f13 vhekdh =iEel
i,

=[x A=FE ] Ao S5 TS
A3l 7HERRALA, 2po] ZAA, Z53HAIA, S
Hg3loirt 531, A=FE L] A A& Sld 3%
=3 %2 PID Alo] vRAlS- Agksla, o]o a3k
3% 2|, AE 2 &5 2] A S 93] A
BgE] 7E AN §3) 7] A43ke] Al A
2 selzE o} EAE NS, = [2]014
£ oFFo]ix w|712560, MPU6050 Al4], BLDC ¥,
ESCE #-43lo] F=Fe|2 T3lslgir) &3], 2%
of 2Jgk Al wlole]e] 5A-E 312d3te] PID Ao]ell
A ApAle] MRS el d o g% Zhwe] wsled
S AHgshs tiAl Aol zAX RN 2L s
D(7] ) ARl Algsko 24 v} /fAE Ao 3
= Az o,

B =elldE oAel suE 2 ulage $leA
A g3dEl 2t 12 3~ PID zﬂo{y] g zms]{_ el
EFE 2pAA] A
ol 2& el e 73
e Adndgict 37l %% 4°J P B =
vtsy e 7|ke] A3 E e} o]FFZ PID Al
o]7]9] FatuldS Awdlt) 4ZexE o|FFEZ
PID AH|o]7]e|| Z}zke] o]5o] |l 3etirtol b
Slel] Pl S EAMEka, Alkd 1%-%4 PID
Ao} 7122] %5 PID Aloi7)2ke] A%
Aafelct

rﬂ l>
1'1
r
l"-.-: FFI
I
_OL
I
:‘|—2‘
> %
oo
o
)

by A=)
gL

Il AAH S=9l0] 4K o 7

2.1 HEZE st=go] AA|

A=Fe BAE AAA0] Bmglelx] ke 214
Ale] 73} IMU(Inertial Measurement Unit) Al4]ol|
A1 ZA4E A A e 8ste] 71A9 AAE
Moz Aojgiet a8 12 7T A=FE Al
wEe] BRREE Helw gtk MCU=
STMicroelectronicsA k2] 328]E. Cortex-M3 A2 2]
STM32FI03RBS  AMgslely ] Zedms

72MHzelcl. 74 $54 2ESQ] nRF24L01>

DC(1)
ol
DC(2)
MCU
(STM32F103)
‘ DC(3)
o [ —

38 1. A=FE Al BE 45
Fig. 1. Block diagram of quadcopter control module
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quadcopter control module, (b) quadcopter main frame
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