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1.Target detection module 2.Main controller 3.Speed measuring module
4.Solenoid valve control module 5.Wireless communication
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Fig.1 Schematic diagram of the installation position of each module
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Fig.2 Schematic diagram of the structure of spray rack
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Fig.3 Flow chart of main controller
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a. Installation diagram of ultrasonic ranging sensor
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Fig.4 Schematic diagram of target detection unit
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Table 1 Test results of static target spacing

PRI B 25 ZEAMR 5 R =Y AR W IR ER
Detection Left discernible Right discernible Discernible
range/m distance/mm distance/mm spacing/mm

0.5 63 42 105

1.0 103 53 156

1.5 143 76 219

2.0 170 100 270

2.5 106 83 189

PRGN T 3 000 mm, 8 75 00 BE e B X HE Ak
BEH/NT 50 mso ARFEERSCRY, LI R 18]
50 ms, 145 LR A 08 1) AN 18], BEEL BRI 18]
80 ms. {EIGHFENL b, B AR AR S 55 1 2 A B
41 m. FELRINEVELNR G, R LAXT FE A I S o S ]
B3 B B AL BRI [R) EAT A U I TR, ELBE A I
SRS IR B 5 e 1 I 42 R R AR IR A ST, R
R AR R IR D B A5 FEAR TR 18] B Y £ KR
B, R 80 mso JNHEHIHLAE 1 m/s AITRHHESE T, W%
FE IR EE N 80 mm. 3% E MG EA AR
A EE Y EEEAH 80 mm 5 S HEFR N A BE 2 AN, 25 53R 1
R HERHLE 1 m/s ATBORE N, X R B B A HEAR
W RFRANER 2 PR .

R2 ITWEEN Ims! RARILHASEIRIAR EEE
Table 2 Theoretical dynamic target discernible spacing at the
driving speed of 1 m-s™

— B AT
PRI _ BRSSREREE
. Theoretical dynamic target discernible spacing
Detection range/m
/mm
0.5 185
1.0 236
1.5 299
2.0 350
25 269

S SR el v b 2 [ D TR R — AR T 1000 mm,  H
F 2 vTK, HERIALAT R 1 m/s B, R S U R AR A U
PR () BE S h A B AR 1R 3 1) BE A KB A 350 mm, 3/
1000 mm. FHRIEH, EMPREE 4.0 m. #EEZE 1.4 m,
W6k 2 [A] R TE] R 1 200 mm, 326 KT 350 mm, #i%xd 40
W% 55 2 B AT 70 SR el gk AT B Bl BT 25 ARG
2.3 HERIHITELMRIE LR

NI TN B 55 2 B I 55 R S Hi R AT LAT R
IR R, Wit HERLALAE 28I AR B DL S B e R HLAT 30
TP ) S o M A R B AR SRS R A A
o, PR R HE R AT R, MR AT R
LT PR KA S 2 MBS, E R
Hl G RFTTF, EdmsSk I F i, AT XSRS

IE R H A1 4% CHE18-15N11-H710 2 /KA % 2%
ATmegal 6 b3 2% .\ ZigBee Jo4kIBA5 B DL R B kil ik
(AR BEED o HRAAEEA RN 590 mm, JAKZH
1 854 mm, 5CHEPCFEEE Sy %M%M 20 mm, SAIESREI,



%18 1

WRigem e R ol 2 s M oy s 2225 B AT ) 5 1k 15

e K 58 =8 20 mmx 15 mmxS mm BRI, T
R, TEACHIAERE 15 mm Abze s — gk, Jtwz
R 61 Uik, Miekeese W Sa s, T8 R1E
JRRER T HEER N A UK, WORE AR N AR A [m) 2B /R A% 1%
IRk, R A Bk e A B AN Sb R .

b. RIS R SR
b. Physical drawing of Hall sensor
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Fig.5 Physical drawing of speed measuring device installation
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Fig.6 Distribution diagram of sampling label paper

T i R bR AR E SR A e AR I i, IR
—THA P TRNE, fERMEN B R TESE 104
K AR IEGR T
3.3 FMEEMIEHEMERIRAR

WIS TFUEHT, BT R OFRAN 0.01 g) FREL
20.00 g FHERLL gL ta 5, P BT AR RN 0.01 kg)
FREL 100.00 kg iE7K, Kgea @GRy, BER I :
5000 [1)iF5 B AT YLt

RIS DA EAGAY L7 EAG A R SN T X R,
TR > A G LW B 7a s, B R5G a0 7b fos .
PEERE SR I HECE T EEAR ARG A s A FH R K R A
e e REM TR e A E s IR R R 5K, KiE
FAL T e — A B, 22 R R Al e e AE 1
B TR A Y TR R 55 1A Bk B K
6§ FH RIS 8 ) A58 T, A B ARG /N T 0.2 mYs
i, MR AT I . HER AT IR AR R, X S
T2 LA P U A 00 A 4D ) B 000 e s AL PR AT ek

TR, A LR R Ol L A K s RSk TR
5RM, BHATXREMZ . AR e e L B A AE A E
XHHEmEE AsfEib)a, W

77 17
N Forward [iEAEHRIR
iTEHL direction ;
Simulated orzilm:l&teegR
orange tree Li 4
mk g i L USET
Nozzle < et T Real orange
N Y/ 4&% \ treeT
ST },\, T ,W, ,,,,, o |
1 R
i/
ﬂs,,ﬂ"" ......
59m g
|

a. KR iR R

a. Schematic diagram of orange tree distribution

b. I I
b. Testing field
LWEEHAE 2.3k 3.MERHT 4K SXTFAMTY 6T
BT THREA 8 URE 9. TER 1048 Y BUmEk 4
1.Spray hose 2.Nozzle 3.Hanging spray bar 4.Solenoid valve 5.Double cross
universal joints 6.Lifting guide rail 7.Lifting frame 8.Primary boom 9.Secondary
boom 10.Inverted Y-type nozzle bracket

B 7 e FiREe
Fig.7 Targeted spray test

4 RWERSHF

RIGEE ARG, FERFAARSAUNT, IR AR,
BENDE EN RACE TR B EA, AL E
B A RACE 3 AN I E TR R T
WL RV EK BT E R 18RS
R

RYE (IB/T 9782—2014) , H85E Ji5 () Z 0 K FEbr
EAIMAT e TR0 B CEZWRE) « A1 % (%
VOB T AR A LB T AL >0~ 1/4) 5302 2 (257t
HHRBNMERA > 1/4~1/2) « B3 % (S
AR >1/2~3/4) « B4 % (HRMET
BUNM A 3/4 LB, 28ek)a, BIER 3
R AUNTESTU R NPT E Sz

o - X LEN, X2+ Ny x3+ N, x4

N x4

x100%

(3)

A NN RO GO R Ny AR BB NN
B3R G Ny A e A N ONER T S
RIGLERWE 3 Fn. WIS RGIHRIHER AT
WEEE N 1.5 m/s B, AN[A] R 77 T 2590 B 5 1 Dl il 4 2



18 1

WRigem e R ol 2 s M oy s 2225 B AT ) 5 1k 17

AW b Z T 2530 5 Rl 50%,  HARG6 s
S G E, K A BT s AR .

BbAk, FEHEAT F ()08 55 R0 I, 7F M T % B A 242 1
MEE T 2B 50, R I 24 P 35 T Dl W 2 T L )
1/4 LAF, AR4E (JB/T 9782—2014) , W4 HA TR0 % .

FHEE 3 AT, HBRHATBEE A 0.5 m/s B, Wi% &
77 0.4, 0.5 F1 0.6 MPa X o (191351 265 30 B 5 25 43 il o
84.7%- 91.7%- 88.9%, ZGWIHEF K m Bz, Rzt
6 T B T W 55 T 0 0] 25 B A e TR ORI, MU A
0.5 m/s [P NATIUT, 7240 PR AR 55 J T 5%
%, LLRAD 25 SN 1.0 m/s I, W5 E 77 0.4,
0.5 1 0.6 MPa X FI 25 M 2250 A 64.2%-
70.3%-. 75.8%, LT 0.5 m/s FIEZRIHE R, Bi%
JE IR 25 G R K, WSS R TR, I E

R, WOERINE 1.0 m/s FEEEE S, N 244 R w2
FE SRS E %, 7205 5 1.0 mv/s FATHEE T,
-2 (1) P ¥ 25 TR 2 R R AT 30%, ST 1 1)
I R, HARAS D A2 1% B SR v R s % 4 X
LT HEE S, K20 24 V20 5 AR it J A2 TR A
NUTRRAEM B 2R, R /N2 29 e PR3 XS 254
TELT; AWMRERENE L. . T2 28
B, HAEHER AL RO AT I, 24 VR P R I
Je s, R IRITE T BRE 25 48 1 1 S AR AT X K g 1)
(A ek 25 R AT e LAAE, A et bR SR Y B sl s 40
Z AR B R RS, #ob e B Em E R B, M
LT AN N =P = s 1 M e B N T i PO
BRZBARFFEER M, SAh, HERUAT RO, wE
TR DL, 2 P s DR A A

R3 FRITHEESHBEEN THHRMER
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0.4 95.0 92.5 87.5 90.0 87.5 80.0 71.5 85.0 67.5 84.7
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0.4 22.5 25.0 32.5 17.5 15.0 30.0 17.5 17.5 27.5 22.8
i 0.5 27.5 27.5 32.5 22.5 25.0 325 20.0 17.5 30.0 26.1
0.6 35.0 325 37.5 25.0 27.5 25.0 30.0 20.0 22.5 28.3
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Development and experiments of the hanging flexible targeted spray
device for orchards

1,34

Chen Zehong!, Chen Jianze?, Song Shuran'***, Sun Daozong*?*

(1. College of Electronic Engineering, South China Agricultural University, Guangzhou 510642, China; 2. Guangdong Lyric Robot
Automation Co., Ltd., Huizhou 516000, China; 3. Guangdong Provincial Agricultural Information Monitoring Engineering Technology Research
Center, Guangzhou 510642, China; 4. Division of Citrus Machinery, China Agriculture Research System, Guangzhou 510642, China)

Abstract: Spray drift has been one of the major diffuse pollution sources for fertilizers and pesticides in intensive agriculture.
Non-target drift loss of pesticides has posed a great risk to the ecological environment in recent years. It is a high demand to
improve the utilization rate of pesticides for the reduction of spray drift in an orchard. In this study, a hanging-type, flexible,
and targeted spray device was developed to promote the efficiency of spraying with less mechanical damage to the fruit
branches and leaves. The spraying device included ultrasonic target detection, a main controller, speed measurement, and a
solenoid valve control module. As the core of coordination, the main controller was responsible for the data transmission with
the other three modules. A Dongfanghong MS-304 tractor was taken as the carrying platform, with overall dimensions (length
x width x height) of 3.6 m x 1.5 m X 1.6 m. A three-point suspension mechanism was also used to carry the spray frame on the
rear side of the tractor. The spray frame mainly included a load-bearing frame, a lifting guide rail, a lifting frame, a first-level
spread arm, a second-level spread arm, a hanging spray rod, and an inverted Y-shaped nozzle bracket. Among them, the spray
arm was folded twice, including the lifting frame, the first-level spread arm, and the second-level spread arm. A double cross
universal joint was used for the flexible connection between the hanging spray boom and the spray arm, and a flexible spray
hose was between the hanging spray end and the spray head for the flexible spraying. As such, the flexible and bendable spray
hose was utilized to reduce the mechanical damage to the irregular branches and leaves. Different address codes were assigned
in various modules, due to a large amount of data processing. The data conflicts were avoided to first match the address codes
of the main controller as-received data. Three ultrasonic ranging sensors (TCF40-16TR1) were installed on the left and right
sides of the tractor, particularly in the upper, middle, and lower order along the vertical direction. The horizontal distance was
4.1m between the ultrasonic sensor holder and the spray rack, in order to detect the target at each height. In addition, a sleeve
was designed to strengthen the ultrasonic energy of the sensors in the central axis of the beam, in order to reduce the detection
range under the same detection distance for better directionality of the spraying. Different levels of spray nozzles were
prevented to trigger the spray ahead of time, due to the driving forward of the tractor. Specifically, the Hall sensor was utilized
to detect the magnetic field strength on the tractor rim for the real-time running speed of the tractor. 14 solenoid valves were
selected to control the sprinklers, four of which the inverted Y-type sprinkler brackets were controlled by one solenoid valve,
and each of the rest was controlled by a solenoid valve individually. A target spray test was performed on the orange trees with
a planting spacing of 4.0 m, tree height of 1.6 m, and crown diameter of 1.4 m. Two factors and three levels of orthogonal
experiment were designed for the test. The first factor was the travel speed with the three levels of 0.5, 1.0, and 1.5 m/s, and
the second factor was the spray pressure with the three levels of 0.4, 0.5, and 0.6 MPa. A full factorial experimental design was
also performed as follows. Prior to the test, 10 sampling points were evenly arranged on the upper, middle, and lower planes on
the crown of each orange tree. The droplet labeling was also arranged at the sampling points to receive the medicinal solution.
The allura red staining solution was then prepared. The tractor throttle was fixed, according to the factors of the spray test and
the horizontal relationship. The speed of the tractor was stabilized at the speed required for the test after debugging. The
pressure was also adjusted to the required. Finally, an anemometer was used to measure the wind speed of the surrounding
environment. The tractor started to travel and spray when the outdoor wind speed was less than 0.2 m/s. The spraying was
automatically stopped when the tractor completely passed all the orange trees. The test results show that: 1) the average droplet
adhesion rates were 84.7%, 91.7%, and 88.9% at the spray pressures of 0.4, 0.5, and 0.6 MPa, respectively, when the tractor
traveled at a speed of 0.5 m/s. There was no outstanding effect of spray pressure on the droplet adhesion rate at this speed. A
lower spray pressure was then selected to reduce the loss of medicinal solution. 2) Once the driving speed of the tractor was
1.0 m/s, the average droplet adhesion rates of 0.4, 0.5 and 0.6 MPa were 64.2%, 70.3%, and 75.8%, respectively. The higher
the spray pressure was, the higher the droplet adhesion rate was. Therefore, a higher spray pressure was selected to improve the
droplet adhesion rate in this case. 3) The average droplet adhesion rate was less than 50% at the speed of 1.5 m/s, indicating
the serious spray drift unsuitable for the spraying. Decreasing spraying was observed at the droplet adhesion rate in the upper,
middle, and lower layers of the canopy when the spray pressure was the same. Consequently, the greater the speed of the
tractor was, the more outstanding the decreasing trend was. Furthermore, the droplet adhesion rate of the leaf back was much
lower than that on the leaf front, temporarily unsuitable for spraying with high requirements. It is then necessary to adjust the
nozzle angle on the hanging spray bar for a higher droplet adhesion rate on the leaf back in the future.

Keywords: plant protection machinery; orchard; target spraying; flexible; ultrasonic distance measurement; droplet adhesion rate
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