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Abstract

This study investigated the UAV spraying system height in relation to spraying uniformity and dispersion. The
operating heights of the UAV spraying system at heights of 1 m, 1.5 m, and 2 m from the hollow cone nozzles were
investigated within a wind speed of 2.8 m/s. The tests were to determine the spray uniformity and dispersion on the
water sensitive paper that was placed on the paddy plant. The results of water droplet samples were evaluated using
ImagelJ software. The results show the droplet distribution at 1.5 m height has high values for average droplet density,
which is 162.7 deposits/cm? at the top area and 161.8 deposits/cm? at the bottom area. The percentage of coverage
was also high, at 55.21% at the top area and 51.4% at the bottom area.
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1. Introduction

Throughout the Eleventh Malaysian Plan (2016-2020)
and the National Agro-Food Policy (2011-2020),
Malaysia continues its proactive and progressive
measures to promote paddy and rice sector development.
Agro-chemicals are being used on crops to control pests
and weeds through conventional spraying systems with
little consideration of substantial variation in plant
populations and canopies [1]. It is estimated that about 3
million metric tons of pesticides are used annually
worldwide to control the disease [2]. These chemicals not
only control weeds but also help to control insect pest
attacks that cause a reduction in crop yield and affect the
crop quality as well [3]. However, the World Health
Organization reported that around one million illness
cases resulted from the manual spraying of pesticides in
the fields [4].

Alternatively, UAV spraying systems are being used for
crop monitoring and management for spraying pesticides.
However, the proper spray height and nozzle opening
need to be investigated. Investigations are needed as
there are many problems in the area, such as non-uniform
spray or late spraying [5], poor penetrability and poor
distribution to the crop. A study conducted by [6]
revealed that UAV spraying systems could increase
efficiency by more than 60% with a 20-30% decrease in
pesticide dose. Furthermore, the self-adjustment routing
mechanism of UAVs can significantly reduce pesticide
waste and fertilizer application [7]. [8] suggested that
UAV spraying systems should be carefully tested to
ensure application accuracy. It was also suggested to fly
at a low altitude of 1 to 5 m. That will help in avoiding
spray drift.
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However, there is no study available on different flight
configurations for altitude and spray nozzle openings that
might be helpful for farmers to optimize the UAV
spraying system. Such investigations will reduce the risks
of overuse of pesticides due to their outside drift as well
as overlap of areas under spray [1].

In the current study, an effort has been made to evaluate
spraying dispersion through the UAV spraying system at
different heights and to estimate the droplet dispersion,
especially on paddy fields, to overcome these difficulties.

The findings will be helpful in recommending efficient
spraying for paddy fields through UAV spraying systems
as well as an alternative way to come up with standard
guidelines for the incorporation of drones in agricultural
operations.

2. Materials and methods

2.1. Testing method and data collection

This study was conducted at the open field near to the
Centre of Excellence for Unmanned Aerial Systems
(COEUAS), Universiti Malaysia Perlis (UniMAP),

Malaysia (Latitude: 6.43744 N, Longitude: 100.18868 E).

The total area of the field was 140 m x 70 m.

The UAV spraying system sprayer was tested at three
different altitudes of 1 m, 1.5 m, and 2 m in height: wind
speed of 2.8 m/sec with an average temperature of 33 °C
and humidity of 84%. A hollow cone nozzle with 100%
openings was used in this test. Water-sensitive papers
(7.6 cm x 2.6 cm) were placed at the top and bottom areas
of the paddy plant. The top area is the upmost part of the
plant, whereas the bottom area is within 20 cm of the
ground. The goal is to evaluate the water droplet sample
obtained from the spraying nozzle, as shown in Figure 1.
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| BOTTOM AREA

GROUND

Fig. 1. Water sensitive paper placement

Attention was given to where the water-sensitive papers
were placed at a 30 cm distance between the left and right
areas of the main point paddy plant to get drone spray
impressions (dots/marks) as shown in Fig. 2 and Fig. 3
below. A similar testing method to that in Fig. 2 was
suggested by [9].

The UAV spraying system was flown at a speed of 12
m/s from point A to B and was controlled by IFLY
application software with 10 repetitions for the hollow
cone nozzle. Then, the samples were collected, and the
paper was checked to be dried before the next procedure.
The same methods were applied to the different heights
of nozzle. This testing involved a total of 300 samples,
with 100 samples for each type of nozzle.

The spray droplet impressions on water-sensitive paper
were observed by using ImageJ software (DepositScan).
The number of spray dots per cm2 was counted. If the
number of fine spray dots were equal to or greater than
100, then the spray was considered uniform. The number
of spray dots per cm? should be equal to or greater than
100, depending on the level of height, wind speed and
spray nozzle opening. This is the recommended value for
uniformed spraying. On the other hand, if the number of
spray counts is less than 100, the height level, wind speed,
and spray opening nozzle are not the recommended
values for uniformed spraying. As such, this would lead
to non-uniformed spray and a waste of resources [9].

The spray dispersion was evaluated by analyzing three
parameters: (i) average droplet density on water sensitive
paper by counting the number of droplets per unit area
(Deposits/cm?), (ii) average coverage, which represents
the percentage of water sensitive surface covered by the
droplet (%), and (iii) total deposit counted, which
represents the total of droplet deposition distribution in
the target area.
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Fig. 2. Layout of WSP sampling
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Fig. 3. WSP distances from the main plant

2.2. Unmanned Aerial Vehicle (UAV) Spraying
System Specifications

In this study, the tested UAV spraying system is the
HSSB10L-606 Sprayer Drone, as shown in Fig. 4, which
has six arms, six motors, and a hollow cone type of spray
nozzle. The complete specifications of this system are
provided in Fig. 5 below. The spraying tank capacity was
10 liters with a UAV take-off payload capacity of 28 kg.
This system had smooth take-offs and landings in its
autonomous mode with a flying speed of 0—12 m/s. This
UAYV spraying system software interface used the IFLY
application for instructions of flight height, spray span
for overlapping or precise spray, flight speed, and turn
time.

Effect of Spraying Dispersion

Fig. 4. HSSB10L-606 sprayer drone

UAV part Description
Number of arms 6
Tank capacity 10 Litres
Maximum take-off capacity 28 kg
Flying time 10-15 minutes
Flying height 0-30m
Flying speed 0-12 m/s
Spray speed 0-8 m/s
Spray width >4-6m
Spray flow 1-1.15 L/min
UAV size 2.0m*1.3m*0.45m

Fig. 5. UAV spraying system specification
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3. Results and discussions

Spray uniformity and dispersion were tested with
hollow cone nozzles at different heights. The spraying
dots imprinted on the WSP were scanned using a scanner
and uploaded to DepositScan software to determine the
average number of droplets in the sample data. Tests
were performed at 1 m, 1.5 m, and 2 m altitudes with a
100% nozzle opening and a wind speed of 2.8 m/sec. As
shown in Fig. 6 below, the spray dots imprinted on the
WSP have different working heights. The results of
deposition analysis for this observation are provided in
Fig. 7 and Fig. 8 below.
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Fig. 6. Spraying pattern with three different working

heights
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Fig. 7. Dispersion of a UAV spraying system at 100%
nozzle opening and 2.8m/sec wind speed

m Droplet Density (Deposits / cm™2)  m Coverage (%) Total Deposit Counted

100 I I
o - | . | || - -
Top

Top area Bottom area Bottom area Toparea Bottom area

1 meter L5 meters 2 meters

Working Height

Fig. 8. Droplet deposition distribution

Fig. 8 shows the bar graph of spraying distribution for
droplet density against working height from the nozzle.
Based on Fig. 7, the hollow cone nozzle at 1.5 m height
had the highest average droplet density on WSP, which
was 162.7 deposit/cm? at the top and 161.8 deposit/cm?
at the bottom area, with an average coverage of 55.2% at
the top and 51.4% at the bottom area. Then, the total
deposit count, which represents the total of droplet
deposition distribution in the target area, was the highest,
at 1003 at the top area and 885 at the bottom area. The
percentage difference between the average coverage was
the lowest value amongst working heights, at 0.9%,
which found that the droplet successfully penetrated from
the top area to the bottom area. In 1914, [10] proposed
the general use of hollow-cone nozzles to apply
pesticides or fungicides to field crops when foliage
penetration and complete coverage of the leaf surface are
required. The spray drift potential is higher from hollow-
cone nozzles than from other nozzles due to the small
droplets produced. Generally, this type of nozzle should
not be used to apply herbicides. It is also stated by [11]
that the spray can be effectively done with 100% nozzle
openings at wind speeds less than 6 m/sec with a flying
height of 1.5 m.

Then, the tested hollow cone nozzle at 2 m
demonstrated a non-uniform pattern or less on spray
distribution of droplet density, which is 79.0 deposit/cm?
at the top area and 63.7 deposit/cm? at the bottom area,
and the total deposit is counted by the lowest number
between 214 at the top area and 171 for the bottom area.
Because of the faulty height, the percentage difference
between the average coverage was 6.9%, indicating that
the droplet could not be distributed evenly or penetrated
to the ground area. As stated by [11], a working height of
2 m is efficient at working nozzle opening at 75% with a
wind speed of less than 5 m/sec. To avoid spray losses,
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the working height should be less than 2 m if the wind
speed is greater than 5 m/sec.

The result also showed the highest differences for
average coverage between the top area and the bottom
area, at 15.5%, which found that the top area reached
more droplets density compared to the bottom area. The
effect of spraying dispersion at a working height of 1 m
is poor. The WSP was drenched by too much drip. This
is fine for water application but not suitable for pesticide
application. Overdosing of the pesticide’s chemical may
also damage the paddy and waste the resource. This
process is also similarly stated by [12] in their research
paper that the droplet distribution in a 1.1 m canopy area
is poor for pesticide spraying purposes, but it can be
improved by increasing the spray volume in the future.

4. Conclusion

In this study, three flight heights of spraying nozzles
were carried out by using a hollow cone nozzle with a
100% flow rate opening under wind conditions in a
paddy field. The average droplet density, average
coverage, and total deposit distribution of droplets in the
target area between the top area and the bottom area were
compared and analyzed in this research. The conclusions
are shown as follows:

1. The average droplet density of droplet
distribution in the target area was influenced by the
height of the nozzle, windspeed, and flow rate. There
were significant differences in the droplet distribution
rate in the target area between the three-flight heights.
The average droplet density at 1.5 m flight height had the
highest and excellent result because the deposit density
was more than 100 deposits/cm2. This finding is in line
with the study by [9]. The percentage of average droplet
difference between the top area and the bottom area was
also the lowest at 0.9%, which concluded that the droplet
was successfully penetrated from the top area to the
bottom area.

2. The average coverage results of the droplets
were influenced by the total droplet distribution, which
also depends on the flight height. The droplet dispersion
at 1.5 m flight height had the highest percentage of
average coverage at 55.21% for the top area and 51.5%
for the bottom area.

Effect of Spraying Dispersion

3. The highest total deposit counted for the
droplets in the target area of dispersion at a height of 1.5
m had the highest number of 1003 for the top area and
885 for the bottom area, which indicated a suitable
working height of the nozzle for better droplet
distribution.

The experiment demonstrated that the flight height of
the nozzle is one of the most important factors that affect
the droplet distribution and drift for pesticide spraying of
UAVs. Experimental results revealed that, at 1.5 m flight
height, with 100% nozzle opening at 2.8 m/sec wind
speed, results in uniformed spraying results. Awareness
and consideration for the use of a hollow cone nozzle
with an appropriate flying height is critical for better
spraying dispersion and droplet distribution while
avoiding pesticide drift harm to the environment and
humans. Consequently, the type of nozzle from the
different flying heights, nozzle angle, and orientation
should be studied for better precision in agricultural
aerial spraying.
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