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Development of a variable-rate fertilizer sprayer with image processing technique by un-
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Abstract

Fertilizer sprayer with image processing technique mounted on unmanned tractor was conducted to inves-
tigate 2 main purposes: the fertilizer spray application and the unmanned tractor travelling. For the fertilizer spray
application, the sugarcane shrub size was determined in order to vary liquid fertilizer rate. Higher rate applied for
a small shrub and lower rate for a large healthy shrub. The prototype of variable rate fertilizer sprayer with image
processing technique was developed for study the altitudes of image processing system at 0.6m, 0.8m and 1.0m
and the altitudes of fertilizer sprayer system at 0.3m, 0.5m and 0.7m which effect the fertilizer sprayer efficiency.
The results shown that the altitudes of image processing system at 0.6m and the fertilizer sprayer system height
at 0.3m were the best combination for the sprayer system to distribute liquid fertilizer. For the unmanned tractor

travelling, the prototype was focused on direction controller and working performance. The direction travelling
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controlled was considered at linear and curve trajectory path. At travelling speed 1 m s, the direction travelling

was controlled in both x and y directions with maximum error during operation at 0.62 m and 0.005 m at the end

point. The result showed that working performance 15.17 kN of drawbar force, 85.30% of field efficiency and 3.57

Rai hr'* of tractor field capacity and 3.99 liter hr'" of fuel consumption.

Keywords: image processing, fertilizer sprayer, unmanned tractor, leaf density, variable-rate technology
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Figure 1 Specifications of the system. (a) Overall diagram
of variable rate fertilizer sprayer; (b) Fertilizer storage
and sprayer systems ; () digital image systems; (d) Im-

age segmentation systems
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Figure 2 (a) Specifications of the unmanned remote con-
trol tractor parts system; (b) An autonomous tractor
based on unmanned remote controlling system for

modern farming; (c) Overall diagram configuration
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Table 1 Correlation between the difference of image

data acquisition and height levels (m) with green sam-

ple density.

Green  Image ac- Altitude levels (m)
samples  quisition 0.6 0.8 1.0
density  processes

5% Observed 5 5 5
Web-Cam  4.333° 3990  3.756™
10% Observed 10 10 10
Web-Cam  8.363° 7.813° 6.604°
15% Observed 15 15 15
Web-Cam  12.400° 11.284°  9.015°
20% Observed 20 20 20
Web-Cam  16.084° 14.869° 12.178°

Means of a, b, ¢, ab and bc in a column followed by
the same character are not significantly different at 0.05
significant levels according to Duncan’s Multiple Range
Test.
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Table 2 Correlation between height levels (m) and

chemicals and pesticides spraying width (m).

No. Nozzle Spraying width(m)
Height  at 0.2li- at 0.6li- at 1.0l-
(m) ter/min ter/min ter/min
1 0.3 0.245° 0.370° 0.647°
2 0.5 0.265° 0.387° 0.752°
3 0.7 0.285° 0.478° 0.838°

Means of a, b, c and d in a column followed by the
same character are not significantly different at 0.05 sig-
nificant levels according to Duncan’s Multiple Range
Test.
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Figure 6 Kinematic model simulation and tractor con-
troller with MATLAB/Simulink program.
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driver to follow a straight line motion path.

Figure 8 The error in the movement of the tractor along
the axis Xand Y .
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Table 3 Test data of the unmanned tractor-driven.

Operating data

An autonomous tractor
based on unmanned re-

mote controlling system

Drawbar force(kN) 15.17
Working speed(m s™) 0.25
Performance (%) 85.30
Fuel consumption 3.99
rate (Liter hr)
% Slip 247
Drawbar power(kw) 3.79
Working performance 3.57
(Rai hr')
Electricity consump- 0.00937
tion (kwhr)

Table 4 Relationship between the input voltage value,
input current and control pressure of the unmanned

tractor-driven automatic install equipment

Control Pres-

Input Volt-  Input Current
sure
age (Vt) (mA)
(MPa)
1.26 20 0.125
3.42 270 0.625
593 550 1.25
9.87 950 242
fras s
:e:/ / :“ )
(a) (b)

Figure 9 Specifications of the input voltage value, input
current and control pressure. (a) Comparison between
Voltmeter and Ampere meter; (b) Graph show about

EDG-01-H in terms of control pressure vs. input current.
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Figure 10 Vision cameras (front view and rear view).
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