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Development and Analysis of Plant Protection UAV Flight
Control System and Route Planning Research

CAO Guanggiao LI Yibai NAN Feng LIU Dong CHEN Cong ZHANG Jinlong
( Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: Plant protection UAV operation has the advantages of safety and efficiency, saving medicine
and water volume, strong adaptability, good prevention and control effects, using UAVs to carry out plant
protection operations is an important way to effectively prevent pests and diseases. Compared the research
on the development and related applications industry, the factors that affected the operation effect and
efficiency of the plant protection UAVs were analyzed. Flight control system, single UAV route planning,
multi-machine operation scheduling scenarios and optimization methods that affected the efficiency and
effect of plant protection UAV were described respectively. With the aim of improving the operation effect
and operation efficiency of plant protection drones, the status of plant protection UAVs’ flight control,
route planning and scheduling were analyzed. In view of the high accuracy requirements of plant
protection UAVs, which led to the contradiction of high manufacturing costs of their flight control
systems, the low-cost and high-precision attitude measurement devices were developed which can meet
the needs of plant protection UAV operations, and corresponding attitude estimation algorithms were
developed. For the situation that the plant protection UAVs route planning, optimal scheduling model did
not match the actual operation requirements, the optimization scenarios, constraints and optimization
methods of single UAV route planning and multi-machine scheduling were summarized. Finally, an
automatic replenishment platform for plant protection UAVs was developed, an optimized model for job
management and scheduling model were built based on multi-machine collaboration, and the reliability of
plant protection UAVs in complex operation environments was improved.
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Tab.1 Common plant protection UAVs models and performance comparison in China
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Tab.2 Accuracy of different inertial navigation application levels

FEIRAY in 3
4 — P
BB ey one) T .:fﬂ’f’,“;z_;,) 05/ (pg-h ) AR .EE—T.;Z%
TH >100 >1200
TR 0.1~10 2x107* ~5%x10* 0.2~0.5 200 ~ 500 4%x107* ~1x107? 200 ~400
M 0.002 ~0. 015 5%107%~5x107° 0. 002 ~0. 005 5~10 1 x107° ~2x107° 5~10
R % 2% 0.0005 ~0.001 0 <1x10°° <1




4 ¥

1/ 1 R O S ¢

2020 4F

FEBCABE AT S OB IR T OGEFB T L
WA 5 . BOCHE S BAA TS Pk AR R
e ISR ER A A AR ik
£ LTRSS LR U Bz R Y A
XPHOGHTE  SCEF BT bR B AT OGS AH I A P A
Hb, 3 BAT AR ARV R R AR A TR
i as 2 XoF 28 AT 55 R K R Y U A B )T
FHP 3 ARG SRR ST, LA A
( Microelectro mechanical systems, MEMS) HA /i #%
I AR AR 5 TR A A A P S
TETNERA DAL A A IH P 77
DL B Je AL 3 )iz . MEMS 222
ar P HER Y 322G 56 [E ADL 24 F] 468 Sensonor 2
A] Jii s ST 28w 82 SR Al b 28 [ Bt 1 7 el
FHEASCIE, FA LB T MEMS 0 288 (£ 11537
S ADI A FEE Y ADIS16490 IMU (I £ 24
JL) ,MEMS FERRACI T AR ETE 1.8 (%) /h, Id
TR MmEEETE 3.6 pg, 7N TR AT, T A
IR AR 2019 4F Sensonor A HIEN T
STIM318 IMU, Fi: 42 % fii ik ] 0.3 pg/h, W

0.15(°)/(h-Hz® ) GEENRAR GRS HE , T B OB2F I
B2AS, BT AN, DA KE S a5
50, EHNBMIF A S5 B F R T MEMS & {44
K TAE, b ACH0 KA oK/ KN T4 R B K &
TR R SO A PHMRAE A 125, HilAE T I i it B
AR ASRE S S B Rt B TR T — R S A
XoF R T AR I A X R T 1 B ) MEMS 348
RN, LA AR T B A s AR IR s T e R I
TRRRFET T —FE RSN Fg £ A
FH BE ( Multi-DOF ) S LR 2 FE S84, 5T X 2-DOF
SRS T SR LR R A R GE 1 w3 2%, R I = T
A RS e A R A S EAT, FRE R K
AT EFHEA R T MR T MEMS 1514
2.2 TRATESMIT

3 T B BRI B T T SRR IR R U
TN AT BB, RS SR B8 M O
[ F AR AR FR SN A ) LA K2 3 A Ak b A 3 32 ( i)
ZR B | ) U A I R ) A5, T AL RAT IR
TRV EARZS DA 20038 18 AT B8 oA 1T, 81 L o 1 £
THAFI AT B Lo BT AN T AR
(5 2, MEMS 14 B8 R A B A7 e TN £
AT HERR TG, oA A 0 S0 v B 1 AT R dE
BN BT,

TR K 2 B % Jo AN WL 1 5 00 R 48
(Inertial navigation, INS) ¥J >Rk H L L W R 4t

(MEMS) 1 HAZ AR | 33 2640 AR pUAIC i H 2 #E
ko H2, 5 TRBEIRACR T3 KOG L 15 18 28 55
WRASCRH LG , MEMS BE B2 ASORS 24022, I 22 80K, L 3]
PR A R, W 7 3 R L % B 55 52 i 0 J%, [m] )
MEMS &I 1 T 27 J0 1k 18 3 248 3% — 2tk
WO T 3 T 2R DT TS ] sk G 25 | ARSI
BEHLIER T MEMS FE 32 A7E J5 3h B BEIGE B L
AREW 238 B MEMS BERRACAE B o Fr B A Bl
Pl shin 2z H A mA e e
Jo AN ML PE DI & PR 9T ( Inertial measurement unit,
IMU ) 383 5% FH AR S5 04 i 1, A BE AR R A 22, K¢
) TAER 5 P A R A G S R 5l
R MR IE B OO ROR . TR BRI B )
KA PR E AT E b R S S PR (B
ZIAFTEZE M, AR E P8, RO T R G0N
R FEERZERZ P BANL AT R i
AN 3R A7 B R 5 RURI R 38 T A5 U Bl 5
Wi, A TTSE M MEMS i 2R 48 AT Bodla i ASUeE P A1
s o901

BAERA T MEMS (19 INS A& 46 300 %
AAhTE, T HE ST MEMS (19 INS (1494 A Fi -
P i IS I LA SR Rl 5 ok A Rk S I JE A LS
SHERFIGTT . BRI FA B T 2 R/RE
JE P %% ( Kalman filtering, KF) , £ 45 7 - € I 7%
( Particle filter, PF)P 4" J& K /R 2 3k I 28
(Extended Kalman filter, EKF) F1JC 5 < /K 2 JE I 4%
( Unscented Kalman filter, UKF) 4l52-531 KF Al AN |H]
Wt At TR AR 19 S5 AR O A, SR 5 Bk TR
SRS BRI Y | I3 2ok % SRR % [ ST I 2540
O JC ML CA T RS YT A A XA
TEPAT Al B 09 T8 N DU i 32 L THAIL (Qball — X4) 1Y
Wi PRGN 532 W ) AT, i ) — b B s OB D
(PF) B RS AR S AL 1107 v, T3 2o 4R 12k
=R A AL (LQ) AR A A ] Qball — X4
M RATR B, JING SR T —Fh L TH KR
S RN (EKF) B JC AHLESAG Tk Rl 1L 2%
i A AR R I ) A R SR AR YR H R
B A M TTHOR FR T AMLRESST

P IRARIR 2RI 4% (EKF) & TR0k
LNEUBE Y F R T RS (H  EKF R A4k
PEAEAR LA A DL K Bk = R 1Y) S R A Al 1
AREOLT , 23 BB THERE T B A BORE KAl
THRZ2  EKF I & R PR fEsh T 2 HA T
e B AR R B AR R PR AT R R R
4N Sigma S ETEH R /R 2 PP (UKF)  efER R
28 A (Optimal Kalman filter, OKF) R84



%8

HOLTT 25 AT AL I R GG ATLRI T 2 b 5

(PF) FilJ” L H AN B R /REEW 75, 5 EKF AH
L, & TR BRI A s R IR 2 T, R B 28
SRR TF 0 B M DL R e R AT A R B Y 5
PESS RS BT 20 4RR SR B9 CPF — EKF
S BN LT BERRAS 0 BE AR g R
ZAE IRl =8 5 A W B A T (8 5 e
i, TEIXEIRA 251235 F F EKF #1 UKF #47 [&
FEFTCAMLLESAGTT, 45 R F W] UKF R 47
PEREAIE M, XIONG 25" % PR AE A7 78 o 3 o
FRI e 7S AT 48R OKF Al DU g o A
PLEY 23, AT DL AR A kG B 0 7 B A 8 A IR
RODRIGUEZ 45" & T4 B+ /R & 38 i #% (EKF) ,
P T R TR AN AT R Rt
RS, HE 5938 33 2% 18 Je AP e it 2
G BCFASEAY AT DATHA R DR Ak 30 H ol ) 3
T, PO R A 28k ], KADA A5 fil i UKE
Flte/NRE & KF g T I ANLESAR TR
2.3 RITESEH

b A AR TE AU T i K AT, b I F AR fE
DL RGRAR 2 RATR IR B sl AR 0 25 7™ F s i e AL
() RATEAS 24 o 7 p T AWMLY W 5% shaty sh JE A
PUA B sl , 252 M RAILIY) AT 35 5 A 25 e
ORI BAEm 2y A rp, RATER A B SRS
AR I SHEUCHLEEE AT AR NS, R I b0
SR LA TR (F 1),

/OE p
K1 JEN RHLARbR B R

Fig.1 Schematic of UAV coordinate system
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Tab.3 Four-rotor UAV attitude control mechanism
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Tab.4 Performance comparison of various navigation technologies
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