20194 12 A N A1 =S 50 % 5 12

doi:10.6041/j. issn. 1000-1298.2019. 12.011

BETEZAREMENTANBEREE VTESNGE

EAM LIU Xiaoguang” % ' Ki# ® # KEL

(LA EARME R L2z B, LAt 100083 5 2. Jin A 48 J& I R H 48 307 0 4% L #R 24 B, 34 CA 95616)

TR O A D 3 TR R T BIL S B AR ol o 8 35 3 77 7 Yl 2 17 R S B S AL R RAT 2 RO RRE 1 N 2
ORI SY TR I A ), A eI TG AL RGN &, 2T ROS(Robot operating system) il MAVROS #4 T
Hy B[] TS AL 5 T IR AT £ A AR TR R AT, A5 B T RTK — GPS 9 46 X0 iz ¥ ) ik 1 3 T O8 T 35 19 AR
X B R 5 3, e S R AR A 5 AT A S A0 AR 2 SR B X T A HUIR S AT AT B IE 4R T RAHL AT
SR ATHB R EM . Wit — SRR I B EE LR, BT ROS I T WATIES AL, LU T
T NHURGHE B FAE 55 m 2 I B AT o ESE RATIRIG A5 R W) - B AL A 32 AT S AR v K O 1 S 29 58 s iR 22
4 0. 145 m , 3 1 Jy ] 724 %€ 7 % 26 4 0. 053 m,

KR TAML; AFET; [FERA; ROS

FESES: $252°.3 X HERARIRAD: A X E%HS: 1000-1298(2019)12-0098-09

Precision Autonomous Flight Control Method of UAV Based on
Multi-sensor Integration

WANG Dashuai' LIU Xiaoguang” LI Wei' ZHANG Junxiong' YUAN Ting' ZHANG Chunlong'
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. College of Engineering, University of California at Davis, Davis CA 95616, USA)

Abstract; In the wake of development of China’s agricultural aviation technology, the application of
micro-plant protection unmanned aerial vehicles ( UAVs) in the domain of crop pest and diseases
management is becoming more and more extensive. There is no doubt that the UAVs have some
significant advantages comparing with the traditional spraying methods because of its features of
flexibility, environmental adaptability and high operational efficiency, particularly when working under
complex scenarios that are inaccessible for conventional plant protection equipment. However, in
practical applications, there are still some notable issues such as unsatisfactory application quality, low
automation, and high safety risks which are limiting UAV’s working performance. Precision spraying
technology and UAV autonomous control technology are the key factors in terms of ensuring the spraying
quality, improving working efficiency and safeguarding flight safety. For the sake of endowing the UAV
with some extent of autonomous flight capability, a multi-layer control system was introduced, which
consisted of a companion computer and an open-source flight controller that can communicate with each
other via ROS and MAVROS. Meanwhile, an integrated method of external sensors ( RTK — GPS and
LiDAR sensor) and flight controller onboard sensors was proposed. This method can significantly improve
the spatial position and control accuracy of the plant protection UAV. In order to further enhance the
UAV’s autonomous flight ability, the task control system was designed and proposed, which enabled UAV
autonomously flight between multiple task points with the horizontal and vertical location error of 0. 145 m
and 0. 053 m, respectively. The research result effectively improved the plant protection UAV’s position
accuracy and self-operating performance, and provided some reference for the future development of
precision spraying technology.
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Fig.1  Overall solution for precision autonomous

flight control method of UAV
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Fig.2 Key components of UAV’ s control system
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Fig. 13 Curves of UAV’s spatial position during autonomous
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Tab.3 Test result of UAV’s position accuracy during autonomous flight

B4 WEZE/(°) WELE/(°) WEREE/m  SLREE/(°) SRR/ (°)  SEPREE/m KTFiRE/m TEHIRXE/m
0’ ~121.7596409  38.539708 7 2.0 ~121.7596419  38.539708 2 2.02 0.134 0.02
A ~121.7592968  38.539708 8 5.0 ~121.7592991  38.539708 5 5.24 0. 190 0.24
B ~121.7592967  38.539979 1 5.0 ~121.759299 1  38.5399789 5.11 0.233 0.11
C ~121.7596408  38.540157 1 7.5 ~121.7596422  38.540 1577 7.39 0. 134 -0.11
D ~121.7599862  38.5399789 5.0 ~121.7599855  38.5399784 4.80 0. 095 -0.20
E ~121.7599862  38.5397086 5.0 ~121.7599852  38.539708 1 5.10 0. 095 0. 10
0’ ~121.7596409  38.539708 7 2.0 ~121.7596415  38.5397082 2.21 0. 134 0.21
SR 0. 145 0. 053
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