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Table 1 Performance parameters of plant protection unmanned
aerial vehicle

24 Parameters ${H Value
HLE K Airframe length/m 2.92
HLE FE B Airframe width/m 0.6
HLE = & Airframe height/m 0.75
JiE 3 4% Rotor diameter/m 1.8
e K #8245 # Maximum load/kg 10
BALFEHE UAV weight/kg 35

MLERWESS R 2546 . MR . WEFF . BV iK% A 2
A BEOHER WL R B, BAFYE 1.1 m, B0 Wk f o T
ML A A T B M 2 A W g, WSk O [l R AR
THuTT, FRASMESK A K& 1.5 L/min, AR HERE &
7250, FH BDST-R300-BG At 3 TR FALEN RS
SIS AR R B A TR T A A0 B S O
HBORATEE, RUFAR R TC ANL™ k42 B IR 2 1 H S8
ATWEZS AR o R AV 22 G0 A 8 S v 3l A e Byl 2 43847
SEE U TR S 1 A A BRI 22 4%
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BiE, FHSDRBE S EME S LM ER i, %
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mm, D3RR N PR R EAE (mm) 5 BE Bl
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FENREE A+ (10+1x10°D) mm, XU RTK 3 E 58 7 4
FE R+ (20+1x10°D) mm. S5 WM R 48 52 s 1 I Al
SRR R PR BT KU L AR SRR SR
2.1.2 Rt

I T 20184 7 7 12 HAEAL R B °F X E S A
AP ARG R IEFE MDA T o 43 3R 5 B 1 FK B ARk
PRG-I, Hrb, 5OWRER R 96480 1%
SeA AR, KR SR B B A 20 S IR
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FAEIX 2 5RAEX I 1.0m), SRAEX PR &40 E 1
HERHI T, TR K S m, FEHIEE 0.5 m. MHARTH ¢
Se4tar (K 7m, %19.3 mm) BEm4 R T 48 &m, H
e 2 52 [ 72 7 10 It AR PP AR BN AL ;SR AR — Mz
B LL0.5 m S H] BRI A1 A EOK AR R A (76 mm*26 mm,
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THAS DK BUACHEA R IE . W TR PR, 7KL
RN AL R F 0 AU >R 5 X iy Jr Ukl aniksid 1
o, SRAEIX 1 TS A K AR R AR 2 IR S W-1
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i South

¥4 1 Flight direction

l

/% East 1
1 P West Ik fiat #CHF Paper tape

-t North Water sensitive paper

r 7.0m i
TE: 1,20 33 RRER T, REX2HAREX S,
Note: 1, 2, and 3 represent collection area 1, collection area 2, and

collection area 3, respectively.
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Fig.l1 Schematic diagram of sampling arrangement in the test POPTA:NESE & 2
2 MIE Y TREMESH
Table 2 Flight and environmental parameters in the test
S AT K 453 B TS Y S AE 7 3 ‘Fl
o i}?l{;ﬁ{; T A Jﬂmﬁd R 42;’3{11:1!? T/Ii’%ﬁX;szJE
€an g . . €an win . . . can €an relative
Test No. speed /(m-s™) Mean flight height/m velocity/(m-s™) Wind direction temperature/°C humidity/%
1 2 3 0.5 [E]4 25.8 74.9
2 2 6 1.5 it 255 76.3
3 2 9 1.0 [iiiE] 25.7 75.7
4 3 3 0.8 (LB 259 733
5 3 6 1.0 [liiE]4 26.6 73.0
6 4 9 0.5 [LEI4 26.4 73.0
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KA E Sample location/m
e.s=3m-s’', h=6m

KA E Sample location/m
fs=4m-s', =9m

T s M ATHEE, m-s'; A N RATRIE, m. LREFRTOLRE RS SR 5 R 8,
Note: s is flight speed, m-s™'; £ is flight height, m. The circle indicates the fluctuation of coverage rate obtained by the fluorescent tracer method.
B2 BXBafRER2MFLMALER
Fig.2 Deposition results of the tests in No.2 collecting area
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B, HATEEERMENES TRE, dOREESE
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HATELE T AR R 228558 (0=0.05), FifRHI&1
BE (R Flig MG 3 i, 4rrnl 0, 2 FG il
J7 2T 15 55 1 7 26 R 4G SR A O e R, 6 AR50 -1
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B 1~ S AT, 2R A TS S S R Y T B
PExSR (PHET0.05), U6 (RITHEE4m/s, &
TREom) R FAEEEMNZS (P=0.02), ULHIHA
TENAUHIAEA 2T, T2 R B BRI 7 ik R %
FAEF DR 58 250

e 4 2 BRI 5 v I AS A B UL AR 45 R, A
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Table 3  Analysis of droplet coverage rate obtained by water sensitive paper method and fluorescent tracer method

i H Ttem UG 1 Test 1 Y5 2 Test 2 U5 3 Test 3 Y5 4 Test 4 5 5 Test 5 45 6 Test 6
-1 12 13 2-1 22 23 3-1 32 3-3 4-1 42 43 5-1 52 5-3 6-1 62  6-3
R? 0.98 0.92 0.96 094 092 091 091 0.89 0.84 0.89 0.92 0.96 0.94 0.95 0.98 0.97 0.96 0.89
P 091 0.75 0.74 0.60 0.56 0.92 0.27 0.73 0.79 0.56 041 0.24 0.24 0.77 0.97 0.12 0.08 0.02
RMSE 1.99 249 222 0.89 1.02  0.69 0.52 047 0.24 0.68 0.81 1.60 0.39 0.32 047 0.37 0.27 048

T4 IKEERFNTSRERENE R ZEIARGS
Table 4 Droplet deposition measured by water sensitive paper method and fluorescent tracer method
T R HUREE 5 R B [CE =R
Droplet coverage rate/% Coefficient of variation of sampling/% Range of coverage rate/%
Bl S 7 el sopmp Ak N
Test No. area Fluorescence Wa-tc?r AR Fluorescence WaFef A Fluorescence Wét?r Zd
sensitive sensitive sensitive .
tracer paper Rate of change tracer paper Rate of change tracer paper Difference
method method method method method method

1 10.13 8.77 15.51 119.16 120.48 1.09 45.62 29.98 15.64

| 2 7.02 6.10 15.08 104.57 104.38 0.18 31.62 23.63 8.01

3 7.86 6.54 20.18 101.56 105.51 3.74 38.45 21.67 16.78

T 8.34 7.14 16.92 108.43 110.12 1.67 38.56 25.09 13.48

1 2.63 2.43 8.23 92.62 84.72 9.32 9.65 6.16 3.49

) 2 2.41 2.35 2.55 118.03 89.98 31.17 15.10 6.64 8.46

3 2.34 1.83 27.87 101.97 90.68 12.45 10.86 5.35 5.51

Ty 2.46 2.20 12.88 104.21 88.46 17.65 11.87 6.05 5.82

1 1.27 0.86 47.67 87.25 68.93 26.58 5.99 2.08 391

3 2 1.07 0.94 13.83 92.20 75.64 21.89 5.21 2.59 2.62

3 1.16 0.64 81.25 97.46 69.28 40.67 8.07 1.56 6.51

T 1.17 0.81 47.58 92.30 71.28 29.71 6.42 2.08 4.35

1 2.06 1.90 8.42 71.11 71.92 1.12 6.35 5.12 1.23

4 2 2.06 1.82 13.19 78.95 82.16 391 7.44 6.03 1.41

3 2.32 2.43 4.53 86.42 105.57 18.14 9.57 9.24 0.33

-1y 2.15 2.05 8.71 78.83 86.55 7.72 7.79 6.80 0.99

1 1.42 0.92 54.34 70.55 78.18 9.76 5.57 2.49 3.08

5 2 1.14 0.63 80.95 78.36 95.37 17.84 5.22 2.20 3.02

3 1.29 0.82 57.32 88.35 148.94 40.68 7.07 4.82 2.25

Sy 1.28 0.79 64.20 79.09 107.50 22.76 5.95 3.17 2.78

1 1.17 0.65 80.00 69.50 86.10 19.28 4.64 1.99 2.65

6 2 1.07 0.58 84.48 69.23 68.41 1.20 4.00 1.43 2.57

3 1.19 0.52 128.84 66.40 78.00 14.87 3.80 1.25 2.55

T 1.14 0.58 97.77 68.38 77.50 11.78 4.15 1.56 2.59

TE: AR AR MK SR ) AR A R i 2 X

Note: Rate of change represents the absolute value changed rate relative to water sensitive paper method.
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P& 3 R AT T30 AR TE AL 25 25 DR 36 R
GER R, 1 RATHE 2 m/s, KATE 3 m AR &1
T, FIHUTOBUE SR s, TOWR B IEFUK AL s
ZEIN K 8.34% M1 7.14%., FEH KITRIER K, &
TRV 36 R A, AT N 2 m/s IR, 2 Fp
HATF, CATEEE 6 m#R 3 m i T 578 25 R ML T
52.4% f163.18%. CATEJE N6 mif, RATHEEE 3 m/s K
2 m/s I Y 55 TR 3 2 2 o IR T 47.97% F164.10%,
FH 388 R AT B 4 B AR A A5k R 8 I A 3 T 1) 25
o PRI AN T 7551 2 WL 5 R 1 2 53 &
SRR R, BER CHLAE Y B A AT A
K, FEELE AP AE I T T ) LA T 3 B 22 U
55, [FREARMGRER A, WMEEHE LIS, B
TR, B0 DX PN Y 25 DR A N s D 5
AR AT s BEAR DL BN T e A PR E o R, &
S 5% B\ I35 KU AR 0 8 32 Al #0 A0 it 2 X 3, T
B FEORERATEY, MNEEE % BRI & M2 iR
Fitg, FTEAMUAXEY)E 2 AN B A

2 m P 3% 7R 51 Fluorescence tracer method

JK 3457 Water sensitive paper method
10

5% 75 75 % Dropet coverage rate/%
K,

R4 Tests
B3 FRALATEHRRELEE

Fig.3 Droplet coverage rates under different working conditions

4 %

AR SCGE o = B S R G AR BUE R T AL AT
S8, R0 1.0% B9 RQT-C-3 9614 [ 7k %
WA T A 25 %) 3WQF-80-10 AUAH {4 T AMLFEAT A A AT
SHCF MM, R SR 40T 1 S A R R K A 4G
AR RE 2 Fh a5 i W e T 5K, R 28 GRS vk Rk SR [
QAL BT R ARG T LRV 350% , HR e 2 FlCR B DT
KT MU REME, FRTTE AT AL AT S 500
FRUUBR A S, AR AT 458

1) 2 967m 51k 5 /K ARk B A9 25 T DU R 35 R o
IR T —80, YWHIRIRZE N 0.24%~2.49%, 27
K 7 X 7 45 %50 0 7 s R A R e vy, A
(R?) {EHH 0.88~0.96, {Likgdl6 (KATHE 4 m/s,
KITEEIM) KMUT, 2R kiS55 5 R R
WEMEES, UL AL BB AT, ST
e EE IR vk BB AR5 DUBVE 3R S8

2) HKMACE BRI UM e, BTN BRI
AT FE TSR S R BB AN, S ENEHE
TRWEETRE, MREATCANL CITHEEE R 4 m/s,

Xt REBR 2 R 9 m IR, S TR T AR B R K AR
I 97.77 %, BRI IR ITRR S, Rk LUA #55R
T it 243 W55 1 PN S AR S5 DU R e A A 0, 2 i R R
TEAMLRAT 7= A BT IR A 25 A 2 )32 B I

3) FEARSCREE KT, Wi MR 2 AT
FIFR X #ObR i BE A RE IR, AT R 2 m/sip, " RATAR
1 B 6 m AL 3 m B 578 15 K FEAIK 52.40%; T KATAEXT
BER 6 mikt, CATHEE 3 m/s B2 m/s 0 B o R
1 47.97 %.

gi bk, AR TC AR 2 R =, e
FEBERL AR YN PR AR IR S AR TR, S B T
OB B /N R 25 [l P sl g0, Bk, e TR e A
HL b T JC R B 2 A D B A 5 I ok XU X6 55 T DT AR g AT 5
M B, R A A T 5, DA B EL AR 4 1 1 3T
AR ST TR A
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Fluorescence tracer method for analysis of droplet deposition pattern
characteristics of the sprays applied via unmanned aerial vehicle

Zhang Ruirui, Li Longlong, Wen Yao, Chen Liping®, Tang Qing, Yi Tongchuan, Song Jiaxing
(1. Beijing Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China; 2. National Research Center of
Intelligent Equipment for Agriculture, Beijing 100097, China; 3. National Center for International Research on Agricultural
Aerial Application Technology, Beijing 100097, China; 4. Beijing Engineering Laboratory for Beidou Navigation of Agricultural
Machinery and Intelligent Measurement and Control, Beijing 100097, China)

Abstract: With the development of agricultural aviation technologies and their application in agricultural production, plant
protection unmanned aerial vehicle (UAV) has been widely used to control pests and diseases of crops. The high speed
rotation of the rotor in the UAV produces a powerful downwash affecting the distribution of pesticide droplets on the ground.
Understanding spatial distribution of these droplets on the ground is important to evaluate application quality of the pesticides
and plays an important role in improving the spray system in UAV and optimizing its operating parameters. Current methods
for measuring the droplet deposition distributions use a number of collectors placed regularly on the ground to receive the
droplets and measured their sizes; it is difficult for them to effectively obtain the deposition of all droplets resultdue to the
downwash of UAV. This paper presents a new method to resolve this problem by improving accuracy and spatial continuity of
pesticide droplets measurement applied by an unmanned helicopter. The flying parameters of a 3WQF-80-10 unmanned
helicopter used to spray pesticides were obtained from the high-precision Beidou navigation system, and the RQT-C-3
fluorescent whitening tracer with mass fraction of 1.0% was used as the proxy for the pesticides. Two droplet collection
methods: one used continuous strip paper and the other one used individual water sensitive paper, were used to measure the
droplets deposition distribution. We divided the experimental field into three areas, with Areas 1 and 2 spaced 3 m apart, and
Areas 2 and 3 spaced 1m apart. A metal bracket 8 m log and 0.5 m away from the ground was placed in each area. Prior to the
experiment, a paper tape was fixed on the surface of the bracket and the water-sensitive paper cards were placed evenly in the
area (0.5 m away from the paper tape. There were one paper tape and 15 water sensitive papers in each area, and a total of six
spray tests were performed based on pro-designed flight parameters. The combinations of flight speed and flight height were:
2 m/s and 3 m, 2 m/s and 6 m, 2 m/s and 9 m, 3 m/s and 3 m, 3 m/s and 6 m, and 4 m/s and 9 m. The paper tape was detected
by fluorescence spectroscopy analysis, and the water sensitive papers were scanned using an image processing software to
obtain droplet deposition coverage rate. The results showed that distribution curves of the coverage rate obtained by the paper
tape method coupled with the fluorescence spectrum tracer were consistent with that obtained from the images of the water
sensitive paper method, with the R? being 0.88~0.96. Because not all fine droplets fell on the water sensitive papers due to the
effect of the high speed rotating rotor, the coverage rate curve measured by the continuous fluorescence method had multiple
peaks and the value of its coverage rate was higher than that measured from the water sensitive paper method. When the
unmanned helicopter flew at speed of 2 m/s and height of 3 m, the coverage ratio obtained from the continuous fluorescence
method was up 16.92% compared to that sampled from the individual water-sensitive paper method, while when the flight
speed was 4 m/s at height of 9 m, the coverage ratio in the latter was 97.77% higher than in the former. In terms of the impacts
of unmanned helicopter operating conditions on coverage rate, when the helicopter flew at 2 m/s and height of 3 m, the
coverage rate of the droplets obtained from the two methods were the highest, being 8.34% for the continuous fluorescence
method and 7.14% for the individual paper method. With the flight height and speed increasing, the spatial coverage rate of
the droplets decreased. In summary, the high-speed rotor of UAV generates a downwash, making the droplets of pesticides
move in different directions and resulting in a large spatial difference in their deposition on the ground. Therefore, the
continuous sampling method is more adequate to evaluate the spatial distribution of the droplets. This study has implication
for study on detecting deposition of pesticides and other agrochemicals applied by UAV.

Keywords:unmanned aerial vehicle; pesticide; droplet deposition distribution; spectral analysis; fluorescent tracer



