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Design and Test of Smart-targeting Spraying System on Boom Sprayer
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(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Tai’an 271018, China
2. Shandong Provincial Key Laboratory of Horticultural Machinery and Equipment, Tai’an 271018, China)

Abstract; In order to reduce pesticide waste of pesticide spraying in the field and alleviate the pollution
to the soil, a smart-targeting spraying system on boom sprayer was designed, aiming at satisfying the
requirements of spraying for large row spacing and plant spacing. The system was mounted on the
common spray boom spraying machine in field, and an ultra-sonic ranging sensor, which was
corresponding to row and furrow, was set according to a certain distance along spray bar direction. The
distance between spray bar and canopy and the distance between spray bar and the bottom of furrow were
measured in real time. The vibration noise generated by the uneven furrow and the boom vibration was
eliminated by utilizing the signal amplitude modulation. According to the features such as plant height,
canopy diameter and canopy height, etc., the amplitude modulated data was carried out in pattern
analysis to recognize targets and realize smart-targeting. The equipment test was carried out on the
tobacco plant in the field, which has 30 ¢m plant height and 15-piece leaves or so. The test results
illustrate that, this smart-targeting spraying system has a valuable reference for the design of other target
spraying systems. Comparing with continuous spray, the boom sprayer smart-targeting spraying system
could save pesticides about 30% and 20% for the gap rate of 39.2% and 31.6% , respectively.
Therefore, this smart-targeting spraying system is well performed in the target spraying operation in the
fields where the plant space is beyond 15 ¢m and could significantly improve the agricultural economic
efficiency.

Key words: boom sprayer; smart-targeting; amplitude modulation
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Fig.2 Precision target system block
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System software flow chart
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Fig.4 Spray bar vibration diagram
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R 1 REFIE 40 Hz B F 12 39 em U BE #47
Tab.1 Measurement data of 39 cm DBH in 40 Hz sampling frequency

205 1 2 3 4 5 6 7 8 9 10
LG/ 45 37 35 47 33 31 41 49 51 45
¥ {f /mm 448.3 488.5 454.5 463.2 462.9 516.3 454. 8 481.9 456. 4 475. 6
B 2 57.3 66.7 52.18 57.3 72.2 64.3 57.4 60. 6 58.9 57.8

R2 REEIE 40 Hz B EHRG1E 31 cm T EEH IR
Tab.2 Measurement data of 31 cm DBH in 40 Hz sampling frequency

205 1 2 3 4 5 6 7 8 9 10
B AL 19 21 23 24 22 19 22 19 18 23

B/ mm 166.7 166. 8 152. 4 129.6 147.3 114.6 150.2 157.3 159.5 132.8
PR 25 66. 4 72.8 77.2 72.7 72.6 76.9 78.2 63.35 63.8 71.9

xR 3 REEIE 20 Hz B EHIG1E 39 om U BE H IR
Tab.3 Measurement data of 39 cm DBH in 20 Hz sampling frequency

21 51 1 2 3 4 5 6 7 8 9 10
B A5 32 30 16 25 22 19 22 26 15 20
Y {H/mm 499.2 482.2 513.4 517.4 504.5 505. 4 512.7 510. 6 517.3 512.3
i 22 37.9 83.5 35.6 56.7 50.3 55.4 40.5 28.7 34.8 41.8

R4 REEE 20 Hz B F 1942 31 em U EEH 4R
Tab.4 Measurement data of 31 cm DBH in 20 Hz sampling frequency

2H 51 1 2 3 4 5 6 7 8 9 10
B A~ H 11 9 11 12 10 14 9 8 7 8
4 {E/mm 155.8 157.1 177. 4 159.7 184.0 149.3 129.1 176.5 158. 4 172.6
FrifE 22 70.3 65.6 69.7 60.7 54.4 51.5 54.6 59.4 53.2 59.6
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Tab.5 Adjustment time of system controlling parameters

S

L GEWAR/ WERRRECNN WO RO
BES st 8 8
1 1.6/6.2 1.5/6.8 2.2/4.2
2 2.4/4.8 2.2/5.1 2.4/6.3
3 2.3/4.5 2.2/5.6 2.7/4.17
4 3.0/5.6 1.7/6.3 3.4/5.6
5 2.3/6.9 2.7/5. 4 2.8/5.3
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Tab.6 Target hit rate %
20 51 £/ H2 W %3k
1 98 94 98
2 94 90 92
3 100 100 100
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Fig. 8 Schematic of field operations
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Tab.7 Main parameters of plants

HbkAT EZEN E)ZRn%g P FH R
Myl KB/ B/ CEMEE KB wmES iR/

m m B /cm cm cm cm
1 321 199 21 50 34 31
2 319 223 15 50 39 35
3 319 246 7 50 46 39
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Tab.8 Data of spray experiment in field

4 kAT AEbRE BLE é % AXT LU ]
5 WIE KE/ R, BB/ BEER/ BEFR R/
m % (mes™') L L %
1 8.7 59 32.2
I 2 321 39.2 0.4 9.3 6.7 27.9
3 9.1 6.2 31.9
1 8.5 6.9 18.8
2 2 319 3.6 0.4 8.6 6.9 19.8
3 9.2 7.5 18.5
1 9.2 8.7 5.4
3 2 319 23.5 0.4 8.2 8.6 -4.8
3 9.1 8.5 6.6
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Fig.9 Wave form before and after processing
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