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Abstract: In order to solve the faults in usual measurements of droplet distribution and motion in agricultural
spraying field, a new method is given for the analysis of droplets characteristics and motion with PDIA (Particle/
Droplet Image Analysis) and digital image processing technique. During the analysis of the size of droplet and the
velocity, images of droplets in spray field have been captured by using high-speed imager. The parameter of droplet
such as size, perimeter, equivalent diameter, shape factor and position etc., have been calculated with digital image
processing technology. The trace of droplet in different frames has been tracked with the method, which is based on
flag tracking and droplet neighborhood matching probability technique. The results showed this method can both
realize the motion trace of droplet in different image frames and analyses the velocity of droplet. This technique can
detect the droplet parameters quickly and accurately for agricultural sprays and provide the basic way for research

on flow visualization image analysis in pesticide application.
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INTRODUCTION

Agricultural spray drift of pesticide is an important
factor to cause environmental contaminations and low
effectiveness of pesticide applications (Ucar et al.,
2011). To analyze the drift affecting factors and the
droplet drift dynamics could not only provide the
theoretical basis for the research of the droplet drift
control and the spraying equipment, but also increase
the efficiency of pesticide applications, reduce the
droplet drift and improve the environmental protection.
There are many techniques were to develop a computer
simulation model that mimics the collective behavior of
droplets in the spray cloud form agricultural spraying
field (Lu et al., 2012a, b). But on-target deposition and
the related spray drift form field herbicide spraying
operations are influenced by many factors, field tests to
collect droplets data are very expensive and time
consuming (Liu and Wang, 2009). It also finds
difficulty in capture the image from the spray field in
the traditional method of mechanical measurement
(Chau, 2009).

Currently, three laser-based systems are commonly
used to obtain information about spray clouds produced
by agricultural nozzles (Heiskanen et al., 2008). These
are Laser Doppler Anemometer (LDA), Particle Image

Velocity (PIV) and Phase Doppler Particle Analyzer
(PDPA). These methods can only measure the size and
speed in a fixed position; they cannot get instantaneous
entire flowing images. The Oxford Lasers VisiSize
software measures Particle size and velocity
distributions using a technique called Particle/Droplet
Image Analysis (PDIA) (Lai et al., 2011). This
technique will overcome the deficiencies all of the
above method. In PDIA technique, a laser is used to
illuminate the region of interest from behind and
shadow images of the subject are taken with a digital
camera (Yang et al., 2011). The laser and camera are
triggered so that a single laser pulse freezes the motion
of the subject during each frame capture (Deganello
et al., 2011). In order to distinguish between the
Particles and the illumination background, the system is
capable of measuring Particles that are out of focus and
Particles that are too far out of focus to be accurately
measured and rejected (Xu et al., 2011).

To develop a new measurement method combining
high-speed imager with all-digital image processing for
the droplet size distribution and motion analysis in
agricultural spray field, a new method is provided in
this study to solve the faults in usual measurements of
droplet distribution and motion in agricultural spraying
field.
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Fig. 1: Schematic of the system configuration for sizing

EQUIPMENTS AND METHODS

Experiment equipment: There are three main
experiment equipments for measuring spraying field.
One is Electrostatic Spraying Systems, another is
Oxford Lasers Systems and the third is VisiSize 3.0
software. These apparatus and its schematic of the
system conuration for sizing were shown in Fig. 1.

Calculation method: The shape parameters of the
main characteristics of droplet include area, droplet
equivalent diameter, droplet shape centre coordinates
and shape factor. Calculated method as follows
(Borkowski and Walczuk, 2011):

e Droplet area ( A4;): If the droplet size image is
MxN (pixels), droplet pixels in the image were
labeled as f; (x, y), the formula of the droplet area is
calculated as follows:

M N
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e Droplet equivalent diameter (D;): It was assumed
that droplet image is a circular Particle shadows,
the droplet equivalent diameter will be calculated
as follows:

D=2J4/x )

e Droplet shape centre coordinates (x; y;): For
discrete digital image, the number of pixels at Ax is
A, and at Ay is A4;, the formula of droplet shape
centre coordinates were calculated as follows:

1 M N
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Uy P IPIELE ()
1 M N A
Vi= o lely o

e Droplet shape factor (p): Droplet shape factor
ranged from 0 to 1, if it is close to 1, it shows
approaching a full circular. On the droplet image,
its shape factor was calculated as follows (“L,”
representing the perimeter of droplet):

p=2JAr /L 4)

e Velocity of droplet motion (\_)Kx,\_;,g,): If droplet
shape centre coordinates at a image were X;,, Vi
and to match adjacent to another droplet in the
frame, the horizontal and vertical velocity of
droplet will be calculated as follows:

{C,-x = (x,, - x,) /[(n =1)A1] )
Vip = (yin - yil)/[(n —1)At]
—_ 1 m.o
Vikx = ?Z“l Vix (6)
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The above formula: “A#” representing the time
different between two adjacent images that is the
countdown to the camera’s velocity of frame.

Experiment design: The experiment was carried on as
follows condition: It was 20°C temperature, 10.2 kPa
atmospheric pressure and 80% relative humidity in
greenhouse. It was 0.4 MPa the nozzle pressure and
13.33 mL/svolume flow. Set as follows fixed
coordinates: It is axial that spray nozzle along the
direction in centerline of spraying and it is transverse
that wvertical to axis. Using two-dimensional
measurement, launching systems and optical image
acquisition device was set in the same level line.
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Table 1: The characteristics of droplet size

Diameters Microns
Mean diameter Number mean (D; ) 12.7
Volume mean (Ds ) 15.9
Sauter mean (Dj3,) 19.7
Vol-wtd mean (D) 22.5
Volume percentiles 10% (Dyo.1) 13.1
50% (Dyo.s) 234
90% (Dy0.9) 30.6
Minimun Duin 4.40
Maximun Dinax 31.1

Background ave: 162; Contrast: 0.47; Dark pixels (%): 2.22; Shape
reject (%): 0; Particles/frame: 24.8; Elapsed seconds: 0

Table 2: The shape parameters of droplet

1D Diameter/pm Perimeter/um Shape factor
1 7.910 37.24 0.82
2 18.28 78.02 0.84
3 4.430 32.51 0.36
4 7.430 33.24 091
5 4.870 23.62 0.81
6 5.670 26.16 0.88
7 11.45 69.75 0.46
8 13.49 58.13 0.89
9 49.38 272.33 0.36
10 12.32 55.59 0.83
11 43.69 194.17 0.56
12 30.40 110.99 0.96
13 9.360 65.40 0.36
14 7.910 35.97 0.87
15 9.560 41.97 0.91
16 16.42 74.48 0.77
17 8.230 36.89 0.90
18 10.58 45.05 0.95
19 20.58 90.29 0.77
20 13.43 75.75 0.52
21 19.19 94.99 0.62
22 11.02 53.78 0.72
23 21.26 91.53 0.79
24 15.74 95.45 0.43
25 5.480 28.16 0.71
26 39.18 206.25 0.40
RESULTS AND ANALYSIS

Characteristics of droplet: Table 1 and 2 show the
data for the droplets that have been analyzed. The
equivalent diameter, perimeter, the shape factor and
characteristics of droplet size are given for each
numbered droplet. The data will be saved automatically
as a binary report file (*.TXT).

Distribution of droplet: After configuring the image
processing, as described above, a whole sequence of
images to build up a size distribution and associated
statistics can be analyzed. When a given sizing analysis
is complete, the statistical data will be displayed in
graphical on the results page, as shown in Fig. 2.

To pick up one frame from every ten images, there
are 1495 droplets in total of 60 images. The
accumulative distribution of droplets in different area
and perimeter were displayed as shown in Fig. 3.
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Fig. 2: Droplet size distribution, (a) diameter number
frequencies, (b) diameter frequencies by volume
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Fig. 3: The accumulative distribution of droplets in different
area and perimeter size, (a) according to area of
droplet, (b) according to perimeter of droplet
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Fig. 4: The approximation in droplet trace

Analysis of droplet motion: Velocity data is obtained
by VisiSizer using a technique called droplet tracking.
During each frame of the camera the laser is pulsed
twice with a pulse separation. The droplet pairs are
linked with an arrow. And the numbers next to the
droplets on the image correspond to the droplet
numbers are given below for analyzing.

After the parameters of droplet such as size, the
center of droplet shape and position etc., have been
captured by high-speed imager and calculated with
digital image processing technology, the 2-D (two
dimensions) picture of droplet motion in spray field will
be constructed according to these droplet parameters.
The trace of droplet in different frames has been
tracked with the method. The approximation curve
track of droplet motion is shown in Fig. 4.

CONCLUSION

PDIA technique involves illuminating the subject
from behind and taking shadow images with a digital
camera. Any imaging set-up that allows Particles to cast
distinct shadows can be used. This includes imaging
suspended bubbles, as well as spray droplets or
Particles in-flight. The high-speed imager can captured
the shadow images at up to 100 frames/sec. The all-
digital sizes each Particle based on the profile of its
shadow and builds a size distribution by analysis many
images. Velocity can also be measured using double-
pulsed illumination, which causes each Particle to casts
two distinct shadows in the same image. It is accurate
and feasible to describe the droplets in the agricultural
spraying field and to analysis flow visualization image
in pesticide application by using PDIA measurement
and all-digital image processing technique.
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