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[ % H ] Development of an Attitude-Stabilizing Controller for Quad-Rotor UAV
Based on Two-Stage Cascaded PID Control

[ {E&] Tsu-Ling Wang and Chau-Chung Song

[EmC#%52]) In recent years, the application of the quad-rotor UAV is rapidly
growing, the popular topics of research are focused on how to
effectively control, the interface design of microprocessor and signal
process, the body lightweight, and rechargeable batteries or energy
storage. This paper studies and develops the design of cascaded PID
controller for self-stabilizing control, position-hovering control and
altitude-holding control of quad-rotor UAVs. Applying the inertial
measurement unit (IMU) and magnetometer, the 3-axis accelerometer,
3-axis angular velocity and 3-axis magnetic field intensity of quad-rotor
UAV are obtained, and further convert these data by using the
complementary and EMA filter into attitude heading reference system
(AHRS) which provides the pitch angle, roll angle and yaw angle.
Moreover, the attitude-stabilizing controller for quad-rotor UAV is
designed and implemented. Finally, the flight tests of the four-rotor
UAV are performed to evaluate and verify the system performance of
the proposed attitude-stabilizing PID controller. The test platform with
monitoring function is used to receive and gather the real-time status of
quad-rotor UAV on the ground stations. Furthermore, the system
feasibility and practicality of the proposed cascaded PID Controller is

tested and evaluated in this paper.



IET 2016 W5 G R CAERBRA FIRFE R ARG S RV RE A
ANEHIERENE > WA E 2 I0E RV e - B E A F R A B P L 2kay
a0 [8 4 BAHET GEERER G N B EPIRGHE -

= LERER

P AT ~ TAENIRIaHY Hof H 22 - ARPRAYRH S e S G RORGRUERE - it
(e HH S SRR T i 45 B 7 )y 2 j8334 - FrlA - TET 2016 fHETE{ERIRT ~ TAZAIR
TP S B BT b 38 - PR At —(E(E RAVRIFE SR & B - A &
VBT AT AR BRI T - BA #H A BT ROIG A1 E A R E R A ROTER = &
FLEFEMTZERZE ~ BT - BEaGERS - REIE &R - YRR - REIRE
TTARAPRIRIER ~ HCCRR ~ BRRIER - (LB TR ~ RIS BARTIE MR <H
B o RIHESE Y Keynote Speake fy1E)EE AKE2Y Tsuyoshi Yamamoto % >
8 k3" Understanding Big Data Through Visualization"

AT & 2 SRR A E B P A ARV E /D W i A REE I B
JEMFE AN B #ET blind review HYIEBFZ( H 25 &8 - 48 a0t & 1 T5m
3% o FTPA 0 1ET 2016 et & RSB TIHE B - e - TR
HHEE < b Feie ft—(EfR 4 2 BB FIHE RO 2 ilr LR s OR P& HEE
FEIAHEANT S & 2 BB -



i gk —

Conference Schedule

Friday, June 24, 2016
14:00~16:00 Registration
Time
Opening Ceremony
Welcome Remarks
Keynote Speech
14:30~16:00 Tsuyoshi Yamamoto, Hokkaido University, Japan
Speech Title: Understanding Big Data Through Visualization
Outstanding Paper Awards Ceremony
Saturday, June 25, 2016
08:15-17:30 Registration
Time Room A Room B Room C
08:30~10:00 Session Al Session Bl Session C1
10:00~10:30 Poster session I & Coffee Break
10:30~12:00 Session A2 Session B2 Session C2
12:00~13:00 Lunch
13:00~14:30 Session A3 Session B3 Session C3
14:30~14:45 Poster session Il & Coffee Break
14:45~16:15 Session A4 Session B4 Session C4
16:15~16:30 Poster session 111 & Coffee Break
16:30~18:00 Session A5 Session B5 Session C5




Sunday, June 26, 2016

08:15-17:30 Registration

Time Room A Room B Room C Room D
08:30~10:00 Session A6 Session B6 Session C6 Session D6
10:00~10:30 Poster session IV & Coffee Break
10:30~12:00 Session A7 Session B7 Session C7 Session D7
12:00~13:00 Lunch
13:00~14:30 Session A8 Session B8 Session C8 Session D8
14:30~14:45 Poster session V & Coffee Break
14:45~16:15 Session A9 Session B9 Session C9 Session D9
16:15~16:30 Poster session VI & Coffee Break
16:30~18:00 Session A10 Session B10 Session C10 Session D10




E 2016 World Conference on
Innovation, Engineering, and Technology (IET 2016).

) BLAAHYEXY o DEIL

NATIONAL FORMOSA UNIVERSITY Natiomal Formors University

Attitude Stabilization of a Quad-rotor UAV Based
on Two-Stage Cascaded PID control

Chau-Chung Song and Tsu-Ling Wang

Abstract

In recent years, the application of the quad-rotor UAV growing, and how to effectively control, interface of signal
transmission, lightweight, rechargeable batteries or energy storage will be the direction of future research. This paper
discusses the use of two Cascaded PID controller for attitude control and altitude control of the quad-rotor UAV.
Using inertial measurement unit (IMU) and magnetometer to obtain 3-axis accelerometer, 3-axis angular velocity
and 3-axis magnetic field intensity of the quad-rotor UAV, and convert these values using complementary and EMA
filter into attitude heading reference system (AHRS). It provides pitch angle, roll angle and yaw angle. In addition,
design two Cascaded PID controller for self-leveling attitude control and altitude control. Finally, we test flight of
the four-rotor UAV to verify the self-leveling attitude control, altitude control, indoor positioning control and
monitor the status of the quad-rotor UAV instantly from the ground monitoring stations.
Keywords: Quad-rotor UAV, PID control, AHRS, complementary filter, EMA.
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