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Abstract Chemicals are used to improve the quality
and productivity of crops. Contrarily, it can cause severe
ecological and civic well-being difficulties owing to spray
drift. The drift can be reduced by choosing a nozzle that
yields the largest droplet dimension, and providing
acceptable coverage at the anticipated claim rate and
pressure. Droplet dimension distribution depended on
nozzle type, which confirmed the potential of these factors
for reducing spray drift. As a consequence of spray drift,
residents, livestock, terrestrial and aquatic ecosystem may
get exposed to toxic elements. On the other hand, aerial
spraying has its advantages like greater efficiency,
mobility, and more extensive area coverage in less time.
An experimental setup was framed to select a nozzle
suitable for UAV spraying in coconut palms, and a series
of experiments were conducted to identify better
deposition and droplet density of spray liquids at different
operating pressures. The setup consists of a spray lance
with a universal connector to attach the selected nozzle and
a stand to hold the nozzle orientation, height, angle, and
direction of the spray. The experiments were conducted
with combinations of different levels of variables. For all
the combinations of variables, samples were drawn to

quantify the effect of selected variables on the droplet size
generated. The selected nozzle's discharge rate gradually
increases with increasing pressure. ImageJ is a Java-based
image handling publicly accessible software developed by
the US Institutes of Health (NIH) and the DepositScan
provides a wide range of attributes of droplets, such as the
number of droplets, equivalent diameter, droplet area, etc.,
measured by using the program. The pre-determined area
for determination of the size of droplets was selected,
copied, and pasted into a new file, then the image was
binarized. The best treatment result was observed in hollow
cone nozzle and NTM nozzle, which is suitable for UAV
coconut sprayer based on the deposition and droplet
density.
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1. Introduction

Drift can be reduced by choosing a nozzle that yields the
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major droplet dimension, providing acceptable exposure at
the intended application rate and pressure [9]. The nozzles
disrupt the fluid into droplets, form the spray configuration,
and drive the droplets in the appropriate direction. In the
knapsack spraying practice, added to 80% of chemicals are
left on the earth's surface, which is not desired [12]. Excess
pesticides lead to too many difficulties, such as
environmental contamination and chemicals left-over [11].
The spray deposit circulation features and intended lane
separation values (distance between flight lines that
produces a maximum coefficient of variation of 30% for
spray deposits) were strongly influenced by wind speed,
nozzle place, discharge height, ground velocity, and
droplet size [13], [14]. The changing in flight speed, flight
height, and vertical altitude of the boom after the rotor and
the adjacent distance among the nozzles significantly affect
the droplet deposition and drift behind the fuselage [18].
Depressing drone flying height increases the spray capacity
and improves droplet distribution at the cotton canopy
bottom [2].

2. Materials and Methods

Spray configurations and delivery of spray droplets
depend on the aspects of nozzle features and positioning,
the quantity of air assist, transportable speed, spray bound,
and micrometeorology conditions during the applications
[41, [6], [15], [16]. An experimental droplet analysis setup
was developed at Agricultural Engineering College and
Research Institute, Trichy, Kumulur, to study the
characteristics and optimization of nozzle operating
parameters for various crops in UAV sprayers as shown in
Figures 2 and 3. The setup consists of a spray lance with a
universal connector to attach the selected nozzle and a
stand to hold the nozzle orientation, height, angle, and
direction of the spray. The spray lance inlet hose is
connected to the triplex piston pump which is driven by the
engine. The power generated by the Greaves gasohol
engine is 3.7 kW capability. The engine operates at a
maximum of 3600 revolutions per minute, which is
conveyed to piston pump fixed nearby the engine frame by
means of a V-belt drive. A countering type three cylinder
piston pump was installed to distribute the spray fluid at the
preferred pressure. This is the positive displacement pump
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with changeable expulsion rates at different pressure
ranges. The pump has the following characteristics: normal
pressure 0-10 kg/cm?, maximum pressure 15 kg/ cm?, 950
revolutions per minute, 3 HP power requirement, and 36
liters per minute suction capacity. The water was drained
from the reservoir tank by means of suction pipe from the
pump, which is built-in with a filter to avoid dust and other
external material incoming the pump, as shown in Figure 4.
The ideal working pressure must be kept constant for water
discharge in the form of mist spray through the nozzles.

Thus, a regulator and pressure release controller are
fitted in between the nozzle and pump to sustain the
necessary pressure. It moreover guides the excess fluid
back to the reservoir. A pressure gauge was installed on the
pump to show the adjusted pressure of the liquid
discharged. The nozzles were allowed to spray for 3-5
seconds to the target area (as drone forward speed is fixed
at 0.5 m/s), which is fixed based on the betterment of spray
deposition. The water-sensitive paper (5 x 5 cm) was
placed on the simulated structure having five-card (1, 2, 3,
4, and 5) holding positions as shown in Figure 2.
Water-sensitive cards are an essential tool for evaluating
the quality and quantity of pesticide application on plants.
Water-sensitive paper is always placed in the vertical
symmetry axis of the nozzle spray film, perpendicular to
the axis. After spraying, the cards with deposition
configurations (varying droplet spectra and concentrations)
were investigated manually and using a computer software
package.

2.1. Nozzles Selection

Selecting a nozzle that improves the preferred spray
configuration under UAV spraying is essential. Nozzles
that produce tiny droplets offer better coverage, and the
chemicals are retained and enhanced on the tree surface,
especially in the epicenter region of the tree. However, tiny
droplets are more susceptible to particle drift. In that, five
types of commercially available hydraulic energy nozzles
were selected, namely NTM nozzle (N;), NMD nozzle (N,),
Hollow cone (N3), and commercial drone nozzles hollow
cone nozzle (N,), and flat fan nozzle (Ns), (Figure 1) due to
its suitability to UAV spraying for standardization of
operation parameters.

Figure 1. Selected spray nozzles
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2.2. Droplet Analyzer Software

Several profitmaking and investigational software
bundles (DropletScan, StainAnalysis, StainMaster, Spray
image | and Il, Gotas, ImageTool, and AgroScan) that give
better detection of spraying pattern depend on the image
sampling and analysis of water-sensitive cards used as
simulated positions related against identified coverage,
droplet size spectra and class proportion distribution
confirmed through physical counting. In addition, the
software proved that simulated positions coupled with a
correct image system could be an exact technique to figure
out spray parameters. The package contains a set of
specified plugins used by an image visualization and
enhancement platform to produce numerous observations
useful for articulating spray deposit distribution pattern.

2.3. Measurement of Droplet Deposition

The droplet analyzing system consisted of a camera,
laptop, and monitor to view the output of the analyzed
picture. The program used to analyze the droplet was
DepositScan (Final version last updated on 2009) [7]. The
program was developed by Application Technology
Research Unit (ATRU) Wooster, OH, Agricultural
Research Service, and U.S. Department of Agriculture.
The DepositScan program deals with an appropriate
solution for on-the-spot estimation of spray quality even
underneath operational field circumstances. Wide range of
attributes of droplets, such as the number of droplets,
equivalent diameter, droplet area etc. could be measured by
using the software. The custom plugins were established
using the Eclipse progress platform and Java software
design language. ImageJ is a Java image handing out
software to obtain, investigate and process images. The
National Institutes of Health (LOCI, University of
Wisconsin) developed the software and has made it freely
available to the public. Once the DepositScan program is
opened, it starts an image-processing algorithm and
stimulates the user to scan the sample. The package then
accounts the individual droplet sizes, their disseminations,
the total amount of droplets, and the proportion of area
covered. A spray deposition sample investigation proceeds
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in less than 30 seconds to complete.

2.4. Image Capturing

Sony IMX 586 sensor is the 48MP resolution used for
the photographs. This sensor utilizes the filter array with
Quad Bayer color, wherever contiguous 2x2 pixels move
toward a similar color, making sensitiveness shooting
possible. Additionally to these benefits, this sensor
includes innovative exposure control technology and
signal processing functionality. The specification of the
Sony IMX 586 sensor is given in Table 1.

Table 1. Specification of the Sony IMX 586 sensor

S.No. Parameters Values

1. Effective pixels resolution 8000 x 6000

2. Size of the unit cell 0.8um x 0.8pum

3. Sensitivity 133LSB

n Signal .Ievel value of sensor 45006

saturation

5. Voltage for digital 1.1v

6. Color filter array Quad Bayer array

7. Image output format Bayer RAW

2.5. Image Processing

The captured image file was loaded. The pre-determined
area for determination of the size of droplets was selected,
copied, and pasted into a new file, and then the image was
binarized. Then clicked on the count button and selected
the required parameters. By clicking the output button
software generated the output file in excel format. That file
was used to determine spray deposition. The window
heading of the ImageJ platform after Deposit Scan is
exposed in Figure 7. As a final point, the program
consignment file estimates DVy3, DVys and DVyg and
shows the results from the part of the designated section,
the entire amount of spots, and the proportion area
coverage obtained by the spots [17]. The image processing
sequence is shown in the Figures 5, 6, 7, 8, and 9.
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Figure 2. Simulated setup for holding water-sensitive paper (1, 2, 3, 4, and 5 are card Positions)
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Figure 4. Laboratory set up for droplet measurement
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2.6. Droplet Density

The number of droplet strains on water-sensitive paper
in one square centimetre area was termed droplet density.

2.7. Volume Median Diameter (VMD)

Most of the sprays have an extensive variety of droplet
dimensions. The very commonly used measurement is the
(VMD) volume median diameter articulated in
micrometres (um). This divides the spray number into two
equivalent parts by volume, and one part holds the droplets
minor than this diameter and the other part holds the
droplets major than this diameter [1], [10].

2.8. Number Median Diameter (NMD)

The number median diameter NMD is the assessment
that splits the spray into two equal measures by the amount
of droplets so that partial droplets are minor and remaining
are larger. Mutually both are significant as optimal NMD
improves spray efficiency while ideal VMD decreases
spray drift [1], [10].

2.9. DV0.1 Value

DV, value designates that 10% of the spray volume is
droplets minute or equal in size and ninety percent larger
than this value. If the value of DV, is big, then the droplets
in the spray are supposed to experience drift.

2.10. DVO0.9 Value

This designates that 90% of the spray size in the droplets
is equal or smaller and 10% greater than this value. If the
DV,g value is big, ample of the spray volume may be
occupied by a few big droplets. As a result, spray exposure
and efficiency may be shortened as there would not be
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enough droplets to cover all treated faces.

2.11. Relative Span Factor (RSF)

The relative span factor (RSF) reduces the dispersal of
the spray spectrum to one number. This relative span factor
indicates the unity of droplet size distribution. The value
which is closer to one, indicates the more uniform the spray
will be:

DVy o9 -DVy1
DVy s

RSF = )

3. Results and Discussion

The trials were conducted with different nozzles at
various selected pressures to find the droplet deposition
and density. The experiments were replicated thrice to
increase their accuracy of the results. The diameter of the
volume, number of medians, and number of droplets per
target area were studied. There is a strong correlation
between the values measured using computer software and
manual analysis [3]. The data collected from the field
experiments are compared with the DepositScan system
developed by USDA, and the results show that the system
is effective and reliable [7]. It was determined that varying
the nozzle orifice could reduce spray drift, and knowledge
of the orifice diameter and liquid pressure could provide
reasonable predictions of droplet spectra factors [19]. The
value of spray distribution is usually enumerated using
simulated collectors such as Kromekote card or
water-sensitive paper. These cards can be used for an
immediate evaluation of spray coverage to find on time
solutions about the quality of enduring or prearranged
spray applications in horticultural and agricultural systems

(3], [3]. [8].

iﬁ '
1
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Figure 5. Droplet photograph (samples) taken immediately after the spraying
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Figure 8. Images of nominal spray droplets analysed in DropletScan

Figure 9. DropletScan output window

Using DepositScan package, an 8-bit grayscale image
has 256 tonal choices (2 to the eighth power) related with
the two tonal options of a 1-bit bitonal image. The tones of
a grayscale image with a bit depth of 8 range from 0 (black)
to 255 (white) and all the 254 shades of gray in between.

DV, 1 -10% of the volume of the spray is smaller than the
value shown; DV, -50% of the volume of the spray is
smaller than the value shown; DV, 4 -90% of the volume of



the spray is smaller than the value shown. Finally, the
number of droplets per square centimeter and relative span
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are tabulated in Tables 2,3,4,5, and 6.
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Table 2. Droplet of NTM (N;) nozzle at different card positions and different operating pressures

Pg:s?:i((j)n I(Dkrge/scs#; I(Du\llq; I(Dll\f{ﬂ? I(:)u\:n? % Coverage Deposits/cm? D(leﬁ_olzlr::%n RSF
1 172 210 303 443 44.2 0.198 0.62381
2 2 60 60 255 0.28 3.2 0.014 3.25
5 477 1513 2548 52.98 14.2 18.311 1.368804
1 184 910 1099 34.38 511.5 3.15 1.005495
2 119 391 829 20.3 633.1 1.22 1.815857
3 ! 355 1229 2103 35.6 72.6 10.369 1.422295
5 63 122 181 0.19 7.9 0.007 0.967213
1 211 992 1285 33.49 511.5 3.476 1.082661
2 411 1081 1750 27.24 274.7 5.946 1.238668
3 ° 163 471 501 2.62 253 0.202 0.717622
4 422 1471 2521 52.21 58.4 17.84 1.42692
1 7 130 196 10.5 511.5 0.29 0.915385
2 8 590 1001 1109 19.07 181.6 2.553 0.518482
3 400 1419 2438 48.89 83.7 16.172 1.436223

Table 3. Droplet of NMD (N,) nozzle at different card positions and different operating pressures

Pocs?:iccj)n I(:'I:glscsrigi I(Dp\r/n§ I(Dp\r/n? I(Dp\r/n? CO\ZOrage Deposits/cm? D(flrlj_olzlr::g))n RSF
1 109 184 303 16.48 404.2 0.612 1.054348
2 2 87 165 214 5.56 191 0.181 0.769697
5 179 179 179 0.12 1.6 0.005 0
1 404 1130 1856 39.18 330 7.543 1.284956
2 ) 538 1556 2574 56.11 124.7 18.809 1.308483
1 87 173 489 13.92 547.8 0.519 2.323699
2 6 496 1270 2044 40.32 401 9.532 1.218898
5 66 95 303 0.44 4.7 0.024 2.494737
1 485 1119 1754 38.11 317.3 6.518 1.134048
2 421 756 1011 28.47 88.4 3.152 0.780423
3 ° 472 1137 1801 33.03 197.3 6.705 1.168865
5 52 52 52 0.01 1.6 0 0
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Table 4. Droplet of hollow cone (N3) nozzle at different card positions and different operating pressures

Pocsai‘triccl)n Z:gelscsr:llzs I(Dp\r/r; I(Du\r/rs I(Du\r/n? % Coverage Deposits/cm? D(fﬁ)jz';:%n RSF

1 2 150 300 452 23.77 254.2 1.209 1.006667
2 207 350 514 19.09 113.7 1.169 0.877143
3 368 830 1292 13.21 17.4 2.391 1.113253
4 368 830 1292 13.21 17.4 2.391 1.113253
5 323 323 323 0.46 1.6 0.028 0

1 4 116 275 494 27.52 584.1 1.280 1.374545
2 109 192 302 18.13 401 0.686 1.005208
3 130 230 345 16.62 251.0 0.716 0.934783
4 143 206 358 8.55 1184 0.370 1.043689
5 150 334 710 11.47 159.5 0.731 1.676647
1 6 186 804 955 30.95 374.2 2.520 0.956468
2 248 780 949 33.64 243.1 3.227 0.898718
3 193 431 786 27.59 224.2 1.954 1.37587
4 128 190 249 9.60 164.2 0.363 0.636842
5 143 231 387 14.81 2116 0.669 1.056277
1 8 159 693 1153 27.11 475.2 2.383 1.434343
2 240 787 1263 32.42 257.3 3.442 1.299873
3 601 1549 2497 52.61 78.9 17.027 1.224015
4 385 1276 1692 40.15 290.5 6.368 1.024295
5 106 182 301 14.16 347.3 0.521 1.071429

Table 5. Droplet of drone hollow cone (N4) nozzle at different card positions and different operating pressures
Pc?s?‘cri?)n I;(rge/scsr?;;: I(Dp\r/r; I(Du\r/ng) I(Dp\r/n? % Coverage | Deposits/cm? D&‘Biﬁq'%n RSF

1 2 141 278 501 18.18 292.1 0.919 1.294964
1 127 167 200 24 50.5 0.084 0.437126
2 ) 88 180 197 0.35 111 0.013 0.605556
1 362 981 1599 27.8 489.4 473 1.260958
2 6 93 156 217 0.28 7.9 0.012 0.794872
5 389 1456 2522 52.56 69.5 17.954 1.464973
1 224 1030 1449 35.59 396.3 4.224 1.18932
2 461 1330 2199 43.43 2147 11.849 1.306767
3 ° 426 1194 1962 36.59 440.5 8.472 1.286432
5 490 1587 2685 62.54 200.5 21.522 1.383113
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Table 6. Droplet of flat fan (Ns) nozzle at different card positions and different operating pressures

Card Pressure DV1 DV 5 DV 9 o : ) Deposition
Position (kg/cm?) (um) (um) (um) % Coverage Deposits/cm: (uL/cm?) RSF
1 2 203 266 298 1.48 111 0.077 0.357143
1 116 159 203 0.74 15.8 0.026 0.54717
2 66 66 133 0.08 3.2 0.002 1.015152
4
3 193 262 312 2.84 18.9 0.147 0.454198
5 248 483 629 27.37 120 2.041 0.78882
1 172 391 766 28.74 330 1.845 1519182
2 592 1108 1527 30.25 4373 4.617 0.843863
6
3 486 1510 2535 52.83 45.8 18.013 1.356954
5 136 189 206 211 33.2 0.08 0.37037
1 691 1704 2716 64.99 88.4 21.945 1.18838
2 8 338 906 1475 23.59 484.7 3.727 1.254967
5 411 1263 2114 37.05 170.5 10.471 1.348377
—o—2 kg/sq.cm  —@—4 kg/sq.cm 6 kg/sq.cm 8 kg/sq.cm
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50
9 40
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Figure 10. Coverage percent of NTM (N,) nozzle with different operating pressure at different card positions
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Figure 12. Coverage percent of Hollow cone nozzle (N3) nozzle with different operating pressure at different card positions
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Figure 13. Coverage percent of drone hollow cone nozzle (N3) nozzle with different operating pressure at different card positions
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Figure 14. Coverage percent of flat fan nozzle (N4) with different operating pressure at different card positions
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In this experiment effectiveness of different sizes of
droplets produced by selected nozzles was evaluated. The
results showed that the degree of coverage differs
regarding the working pressure. While comparing Tables
(2, 3, 4,5, and 6) and Figures (10, 11, 12, 13, 14, and 15)
shows that the hollow cone nozzle (Ns) possesses good
coverage, followed by NTM nozzle (N,) at all operating
pressures. The NMD (N,) and flat fan nozzle (Ns) have
similar shows and similar areas coverage. The hollow cone
nozzle (N4) has the least area coverage. The heights degree
of coverage was obtained at the lower heights due to the
nearer distance of the target and the forces acting on the
ground. The degree of coverage was highly influenced by
the time, angle of the nozzle mounted, and spray amount
and droplet sizes. The best treatment result was observed in
hollow cone nozzle (N35) and NTM (N;), which are most
suitable for UAV coconut sprayer.

4. Conclusions

An experimental droplet analysis setup was developed at
Agricultural Engineering College and Research Institute,
Kumulur, to study the characteristics and optimization of
nozzle operating parameters for various crops in different
UAV sprayers. The degree of coverage was highly
influenced by the time, angle of the nozzle mounted, spray
quantity and droplet sizes. The best treatment result was
observed in hollow cone nozzle and NTM nozzle, which is
suitable for UAV coconut sprayer based on the deposition
and droplet density.
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