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Abstract: [Objective] Flight quality of plant protection UAV is an important factor affecting the effectiveness
of aerial spraying. The objective of this research is to explore flight qualities and operation effects of plant
protection UAVs of different types and control models, which can provide data support and guidance for
selecting the models and improving the spraying technologies. [Method] Flight paths and parameters of single-
rotor oil-powered plant protection UAV(Se-UAYV), single-rotor electric plant protection UAV(Se-UAV), semi-

automatic-quad-rotor electric plant protection UAV(Saqe-UAV) and full-automatic-quad-rotor electric plant
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protection UAV(Faqe-UAV) were obtained by micro-light Beidou navigation satellite system, and flight
qualities (including path accuracy, variation uniformity of flight parameter and path length) were analyzed and
evaluated. [Result] Flight qualities of quad-rotor plant protection UAVs were better than those of single-rotor
plant protection UAVs, and flight quality of Faqe-UAVwas better than that of Saqe-UAV. Faqe-UAV had the
best uniformity of flight parameters throughout the operating area, and the uniformities of flight speed and flight
height were 3.66% and 4.67%, respectively. The average route deviation of Fage-UAV was the minimum, which
was 0.172 m. In addition, the effects of flight direction on flight parameters of plant protection UAVs under full-
autonomous and semi-autonomous control modes were insignificant and significant respectively. The effect of
route length on flight parameters of plant protection UAV under semi-autonomous control mode was not
significant, but route length had a significant effect on flight speed of plant protection UAV under full-

autonomous control mode. [Conclusion] In the aerial spraying process, quad-rotor plant protection UAV under

540 5

full-autonomous control mode has the best flight quality, and gives spraying quality more security.

Key words: plant protection UAV; aerial spraying; flight quality; autonomous control; quad-rotor
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Table 1 Types and parameters of tested plant protection UAVs

AP PRV /(ms™) A R /m KA E/L
UAV type Flight speed Spraying width Maximum load
e 3 2 i PR JEAHBL(So-UAV) 0~15 4~6 12
Single-rotor oil-powered UAV
HiE R BRI ANL(Se-UAV) 0~8 4~6 15
Single-rotor electric UAV
VU Jie 3 r 3 48 AR JEAHL(Qe-UAV) 0~6 3~5 10

Quad-rotor electric UAV
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Fig. 1 Flight paths corresponding to speed changes of plant protection UAVs
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Fig. 2 Flight paths corresponding to height changes of plant protection UAVs
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Table 2 Flight parameters corresponding to flight paths of plant protection UAVs

B - SO-I.JAV (CHEES Se-l.JAV (CHEES Qe-[.JAV (GH=ES Qe-UAV (&2H *
Route No.  Flight direction Semlflutonomous) Semlflutonomous) Seml:;clutonomous) Full-iutonomous)
v/(m-s™) h/m v/(m's™) h/m v/(m-s™) h/m v/(m's™) h/m
1 % Go 3.35 1.29 7.43 0.88 2.74 1.02 3.28 1.57
2 [ Return 3.95 1.26 4.99 0.90 2.38 1.10 3.30 1.65
3 2% Go 3.83 1.22 6.77 0.89 2.77 1.02 3.28 1.59
4 [ Return 4.64 1.42 6.74 1.12 2.84 1.08 3.35 1.62
5 % Go 4.87 1.35 6.44 0.88 2.73 1.14 3.36 1.60
6 [ Return 5.16 1.45 6.39 1.02 2.30 1.27 3.40 1.69
7 % Go 3.94 1.23 5.66 0.87 3.18 1.02 3.42 1.67
8 [ Return 4.81 1.75 5.88 1.10 3.12 1.02 3.55 1.61
9 2% Go 3.25 1.26 7.18 0.97 3.13 0.89 3.68 1.66
10 [ Return 4.08 1.41 6.38 0.99 3.06 1.04 3.27 1.68
11 % Go 6.92 0.77 297 1.01 3.32 1.62

12 [7] Return 6.16 0.75 2.93 0.93

13 % Go 7.18 0.71 295 0.77

14 [F] Return 6.52 0.85 3.07 0.90

15 % Go 7.06 0.70 2.67 0.72

16 [7] Return 5.66 0.72
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Table 3 Path parameters of different types of plant protection UAVs

B ek 77 1] YL (mes™) HE ST/ % P /m FFER ST/ %
Type Flight direction ~ Average velocity Velocity uniformity ~ Average height  Height uniformity
So-UAV(¥EHE % Go 3.85 1.27
) 14.80 11.06
Semi-autonomous) [A] Return 4.53 1.46
Se-UAV(FHZE % Go 6.83 0.83
) 9.95 14.53
Semi-autonomous) [5] Return 6.09 0.94
Qe-UAV(¥HE % Go 2.89 5ol 0.95 1248
Semi-autonomous) [5] Return 2.81 ' 1.04 '
Qe-UAV(£H * % Go 3.39 1.60
3.66 4.67
Full-autonomous) [5] Return 3.37 1.65
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Table 4 Route deviation and length of flight path for plant protection UAV m
So-UAV (FHZF Se-UAV (CFHE Qe-UAV (FHFE Qe-UAV (&£ H*
Witk e eI 1 Semi-autonomous) Semi-autonomous) Semi-autonomous) Full-autonomous)
RouteNo. Flightdirection  ffi2s ik fre e e e e e
Deviation Route Deviation Route Deviation Route Deviation Route
length length length length
1 2 Go 0.128 83.72 0.261 104.01 0.101 76.70 0.374 63.63
2 [#] Return 0.183 98.61 0.136 109.84 0.280 78.68 0.184 64.58
3 2% Go 0.285 76.59 0.266 121.94 0.140 80.37 0.075 65.37
4 [B] Return 0.225 83.45 0.497 121.34 0.159 85.16 0.200 66.56
5 2% Go 0.206 77.91 0.426 109.39 0.215 79.29 0.158 67.27
6 [ Return 0.497 82.60 0.703 108.64 0.255 80.59 0.223 67.93
7 % Go 0.162 78.85 0.453 84.87 0.123 76.38 0.166 69.22
8 [#] Return 0.678 81.67 0.269 82.33 0.343 71.80 0.098 69.97
9 % Go 0.304 65.01 0.691 114.86 0.080 71.96 0.115 72.11
10 [B] Return 0.339 69.37 0.217 114.76 0.207 73.55 0.125 62.12
11 % Go 0.412 117.67 0.155 68.30 0.172 59.71
12 [8] Return 0.159 117.13 0.277 67.38
13 % Go 0.303 107.71 0.244 67.81
14 [#] Return 0.243 110.76 0.182 70.58
15 % Go 0.186 98.78 0.144 64.10
16 [B] Return 0.193 96.24
“F-$5 Average 0.301 0.338 0.193 0.172

#2481 77 20T Qe-UAV fiil

R, AR ML 5
24 AESHER
R AT 7 ) R R B AT R RS

2% I i A1 AN s 1% A 22 5 30

W, ol B 7 R AT O R 2R K B UAV 19§
AT IR S BEAT T 2253 HT o

B KAT 7 1A R OR e AL AT i AT O
ZESP TR, TRAT T A6 E i 7 30T B e R
TMBIHE R IC ML) ®AT = B B 3 s B AR TG A
HLE) AT 388 0 DY e 32 W By A R o A AL I ot e A
JEERE I PR 55 2 MK PB4 5 4 0,037, 0.02 1 0.011,
BI/NTF0.05, KB ®AT 7 Mk B ) 7 N E
RTENWLE) AT S BUAAE — E R LR TR AT
J5 Tk 4 R 5 2T Y S A R T AL
F) AT . AT = R AT RS B 1 B 2 /K P
BIRTF 0.05, R ®AT 5 x4 3 4 5 U Y
JiE F L ANE R T AN AT SE G A B2

EH T 28 K FE TR OR e AP AT it &k AT 7
ZEST MR, 2K XS B 32 i) 7 30T e 3R
TMBHECRIC AL F e L 2 A8 LR TG AALAN DY Jie 32
L2 A TR TC AL AT 2 8000 8 3 MK 3K

T 0.05, FREAMILEK XS B F 9607 XA
MHLH AT SEOE AN R 2 . MR K4 H 3
P 75 2T DY e B L B AR AR o AL 38 AT R
)2 K TE RN 0.01, RIAMIZLKEX £ H Fi%
i) 77 =0 VU Jie 32 i 3R OR TG AN HLI P35 AT R
AR R VRS B2 B 5 P38 R AT 3 R 2 ]
(I ENE 7 2 25 MR B0 R 2R P<0.01, DRI B A R
LR ENEE R RN R EN, i %
PR
F [ 051 A 4 SR mT [ 0 7 2 11 [l U R A
YN 1.432 F10.029, R, 7888 B KATEREE (v) T8
Bl (1~5 m/s), fHERTE NI v SHLKE (1) 2
] (1) 0 AR N
v =0.029/+1.432, 3)

] A AL e B8R N 0.729,

TERTEE LI R R, A2 K (D) I REL
KT 0 HAIEME, R AN AT IHEE S5 H4
KR 2 A) 5 IEAH G, UeBATE R Ya LN, 2K
B, TE AN AT 2K, X 5 SR AE
b ik FE AR
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