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1. Liquid quantity monitor 2. Power supply and communication cable
3. Liquid quantity information transponder 4. Hollow tube 5. Ground monitor 6.

Flow sensor 7. Flow calibration cable 8. K1 correction button 9. K2 correction
button 10. Spraying UAV 11. Pesticide tank

a. MBI R TCL MG E Wit 77 R =
a. Design schematic diagram of dual-pressure liquid quantity wireless
monitoring device

L EEAEESAL 2806 TG 3 A8 4,11 RAE RS 5. HERIER
6. HLHUEEEED 7. ALBIES 8. WHIRE 9. MK 100 TOEED
12, EAREBHEED 13, BRI 14, BUEERIT

1. Vent of atmosphere pressure 2. Aluminum cap 3. Storage 4, 11. Air pressure
sensor 5. Circuit board 6. Power supply and communication interface 7.
Processor 8. Closed chamber 9. Aluminum base 10. Hollow tube interface 12.
Flow calibration data interface 13. Gyroscope 14. Power indicator light
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b. Structure diagram of dual-pressure liquid quantity monitor
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Fig.1 Dual-pressure liquid quantity wireless monitoring device
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1. Negative power supply 2. Liquid data output interface 3. Instruction receive
interface 4. Positive power supply
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Fig.2 Schematic diagram of liquid quantity information output
interface
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a. Installation of gyroscopes in monitor and aircraft
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b. Dynamic monitoring of liquid level of pesticide tank
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1. Dual-pressure liquid quantity monitor 2. Pesticide tank 3. Hollow pipe 4.
Internal gyroscope of liquid quantity monitor
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Note: X axis is paralleled with rolling angle of aircraft; Y axis is paralleled with
pitch angle of aircraft; Z axis is paralleled with yaw angle of aircraft; S1 represents
actual liquid surface; S2 represents liquid surface when pesticide tank is tilted; /,
represents actual liquid level; 4, represents measured liquid level of tilted
pesticide tank; ¢, represents angle of actual liquid surface and liquid surface
when pesticide tank tilted, (°); ¢, represents inclination of fuselage, equaled to
inclination of pesticide tank, (°).
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Fig.3 Installation mode of liquid quantity monitor and schematic

diagram of dynamic monitoring liquid level when pesticide tank is
horizontal and tilted
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a. Calibration method diagram for conversion of liquid level and liquid quantity
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b. Flow diagram of establishment data table of liquid level
percentage and liquid quantity
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1. Dual-pressure liquid quantity monitor 2. Flow sensor 3. Pesticide tank 4.
Hollow tube 5. Flow calibration cable
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Fig.4 Calibration method and process of liquid level and liquid
quantity
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Table 1 Parameters of flow sensor
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1. Flow sensor 2. Dual-pressure liquid quantity monitor 3. Hollow tube
4. Ground monitor 5. Liquid quantity information transponder
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Fig.5 Physical drawing of whole prototype
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Fig.6 Relationship between dynamic pressure difference and actual
liquid level
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a. Pressure difference before filtering
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Fig.7 Filtering results of pressure difference when liquid shocked
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Fig.8 Conversion and calibration test results of liquid-level and
liquid quantity in conical pesticide tank
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Table 3 Parameters of 3WDM4-10 spraying UAV

18t5 Index S Parameter values

225 A Volume of pesticide tank/L 10
WETAHE Flow rate of spraying/(L- min™") 1.71
ZLfiR (8] Endurance time/ min >13
Bl & & Aircraft weight/kg 8.1 (AafiHaith)
I %6 - Spraying width/m =35
fEAb 24 #% Working efficiency/(hm*h™") 267
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Fig.9 Installation mode of liquid quantity monitor on 3WDM4-10
spraying UAV

6 LERZY R IEAD PR W LR
Liquid quantity after correction in 6 L

— 4 LEZ R IEAL ISR R R
Liquid quantity after correction in 4 L
M — 2 LEZS R AR A IS R
Liquid quantity after correctionin 2 L
| — FAR SR Raiv liquid quantity data
\ hy,
%%’%&#{WW#N"."{‘:-‘NWK#MA’V ) ‘”‘f‘rv“v'\%"“v'wf'ﬁ"‘"f“\"w" *lW"lAwJ"’\“‘h‘
| Wit ——> > «—JFiR —>

Wit Liquid quantity/L
a o o0

[\

10 20 30 40 50 60
Hif (8] Time/s
B 10 3WDM4-10 AR RAMRZ f5 Ko 5 R
Fig.10 Test result of liquid quantity monitor of 3WDM4-10
spraying UAV
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Table 4 Coefficient of variation of liquid quantity monitoring data
before and after correction of 3WDM4-10 spraying UAV
RIERTAL 7 R 2 RIEJG A8 7 R A
Coefficient of variation  Coefficient of variation

before correction/% after correction/%

R
Payload of pesticide /L

2 9.12 1.77
4 4.84 1.14
6 3.00 0.81
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B, ZREVA B 178 S R R R VR AL BRI 28.45%
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Design and experiment of liquid quantity monitor for
pesticide tank in spraying UAV

1.23% xu Yan?, Lan Yubin'?, Luo Xiwen!?

Jiang Rui'?, Zhou Zhiyan
(1. College of Engineering, South China Agricultural University/Engineering Research Center for Agricultural Aviation Application
(ERCAAA), Guangzhou 510642, China; 2. National Center for International Collaboration Research on Precision Agricultural
Aviation Pesticides Spraying Technology, Guangzhou 510642, China; 3. Collaborative Innovation Center for Grain and

Oil Crops in South China, Changsha 410128, China)

Abstract: The liquid quantity data is one of the most important information to spraying UAV (unmanned aerial vehicle).
During the aerial spraying, the liquid quantity in the pesticide tank is dynamic, the operators have always to paid attention to
the liquid quantity so that they can make suitable decisions for the flight controlling. Therefore, the liquid quantity monitoring
method for pesticide tank is the most important in UAV spraying operation. However, other special characteristics need to be
evaluated in order to achieve real-time monitoring the amount of pesticide liquid of spraying UAV, including unstable liquid
surface, variation of physical and chemical properties of different pesticides, shapes of different tanks, the anti-corrosion
requirements, tank sizes, etc. In this paper, we aimed to explore the feasible method for liquid quantity monitoring of pesticide
tank in spraying UAV. Based on the above characteristics, we developed a solution called dual-pressure liquid quantity
monitoring system, which consisted of double pressure sensors for liquid-level monitor, wave filter for liquid level turbulence
(i.e.va combination of the median filter and the moving average filter), liquid level correction for aircraft on a tilt (based on a
gyroscope), and conversion model for liquid level and liquid quantity. In order to verify the feasibility of the proposed method,
a prototype of liquid monitoring device was developed, and the relevant verification test was conducted to test its performance.
The experimental results showed that there was a significant (p < 0.05) linear negative correlation between the liquid level and
pressure difference (between ambient atmospheric pressure and sealed air chamber pressure caused by liquid level), and the
correlation coefficient R* was 0.9989. It showed that the dual-pressure method can effectively eliminate the influence of
ambient atmospheric pressure changes on the measurement accuracy and stability. By using the proposed wave filter, the C.V.
(coefficient of variation) of liquid level data decreased from 28.45% to 12.27%, indicating that the proposed wave filter can
filter off the liquid level turbulence effectively. By using liquid-level correction for aircraft on a tilt, the error was reduced to
0.05 from -1.09 hPa when the aircraft tilt up to 30°. Therefore, the proposed tilt correction method can effectively eliminate the
error caused by aircraft body tilt. In order to test the performance of prototype of liquid quantity monitor in the actual spraying
operation, the test based on a spraying UAV, 3WDM4-10, was conducted. The test included three different flying attitudes,
forward, backward and turn around at the edge of field. When the payload of the pesticide tank was 2, 4 and 6 L, the mean
liquid quantity data out by the liquid quantity monitor were 1.985, 3.942, and 5.984 L, the relative errors of the liquid quantity
monitor were 0.75 %, 1.45%. 0.77%, the RMS error was 0.182, 0.199 and 0.180 L, respectively. The results demonstrated that
the output of the proposed liquid quantity monitor is stable and reliable in different flying attitude.

Keywords: unmanned aerial vehicles; design; experiments; agricultural aviation; pesticide tank; liquid quantity monitoring;
wireless monitoring



