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ABSTRACT 
 

This paper reviews various techniques for assessing vertical spray patterns. Determination of spray 
characteristics is one of the most important tasks in the development of the sprayer. Uneven spray 
characteristics will result in loss of pesticide in the form of drift and wastage of chemicals. Many of 
the horizontal patternators are available to test the nozzle for field crops. Orchard crops often have 
varying canopy heights and densities, which can lead to uneven spray distribution if not properly 
managed. By evaluating the vertical spray pattern, farmers can adjust sprayers to match the 
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specific characteristics of the canopy, reducing pesticide waste, minimizing environmental impact, 
and improving coverage in the target areas. The different techniques for assessing spray patterns 
include image analysis of water-sensitive papers, analysis of droplets by laser or ultrasonic 
techniques, computational fluid dynamics, thermography and vertical patternators.  
 

 
Keywords: Spray characteristics; vertical patternator; droplet size; thermography; image analysis. 
 

1. INTRODUCTION  
 
“Testing and inspection of sprayers is one key 
element to rationalize plant protection product 
use. The evaluation of the vertical distribution 
pattern is crucial in improving the quality of 
product applications. In fact, this test allows: 1) to 
direct the spray only on the tree crown, reducing 
the off-target, 2) to regulate nozzle orientation to 
achieve a correct spray pattern and 3) to reduce 
differences between right and left side 
distribution in traditional sprayer with an axial 
fan” (Ade and Venturi, 1995). 
 
“The calibration of sprayers is a crucial issue in 
achieving high effectiveness in pesticide spray 
application. During the calibration of orchard 
sprayers, a key point is to obtain a vertical 
pattern of liquid distribution that matches as 
correct as possible the tree’s canopy. In fact, the 
equipment should direct the spray only on the 
target (usually the tree crown), in order to reduce 
the off-target (drift and run-off) and to optimize 
the chemical treatment” (Biocca et al., 2005). 
 
“Assessment of the vertical spray profile is one of 
the main steps to adjust sprayers for bush and 
tree crops, as it allows verifying that the spray 
plume matches the target canopy profile. 
Orchard crops often have varying canopy heights 
and densities, which can lead to uneven spray 
distribution if not properly managed. Proper 
adjustment of the vertical spray profile is a key 
aspect of optimizing pesticide application with 
air-assisted sprayers for orchards and vineyards. 
The spray profile, in fact, shall be adequate to 
the target canopy profile in order to address the 
spray plume only in correspondence with the 
target and to minimize off-target losses” (Allochis 
et al., 2013). 
 
Some studies have determined as much as 45% 
of losses of pesticides during spray application. 
To reach an optimal spray liquid profile, the 
selection of the proper nozzle pattern according 
to the shape and distance of the target as well as 
adjustment of air flow rate is necessary (Garcera 
et al., 2022). Several studies have demonstrated 
that vertical patternators are a suitable tool for 

assessing vertical liquid distribution (Balsari et 
al., 2007; Pergher, 2004). 
 
On the other hand, the characteristics of the 
droplets have an important effect on spray 
distribution. Nowadays most of the orchard 
sprayers use hollow or full cone nozzles (Bahlol 
et al., 2020). When considering droplet size and 
velocity, the finer the droplet the lower the drop 
velocity (Nuyttens et al., 2009). This is especially 
sensible when the size of the tree to be sprayed 
is large because the droplet has to travel a long 
distance from the nozzle to the target. This effect 
could be reduced by increasing the size of the 
droplets. Low drift nozzles permit an increase in 
droplet size while reducing the volume of drops 
<100 μm in the spray (Zande et al., 2018), which 
leads a reduction of drift by 50% (Grella et al., 
2017). Droplet size is a critical factor influencing 
the effectiveness and efficiency of pesticide 
application (Kavya et al. 2024; Nordin et al., 
2021). “Smaller droplets can penetrate the dense 
canopy of plants more effectively, reaching target 
pests and diseases” (Chen et al., 2020; Hu et   
al., 2021). “However, excessive droplet drift   can   
lead to off-target pesticide deposition, 
environmental contamination, and reduced 
pesticide efficacy” (Wongsuk et al., 2024 & 
Cotteux et al., 2013). 

 
“Different methods are ordinarily employed to 
assess the vertical distribution pattern (i.e. the 
amounts of liquid sprayed at various heights. 
They include: image analysis of water-sensitive 
papers” (Moor et al., 2020, Salyani et al., 2013, 
Simões et al., 2025 & Mangado et al., 2013), 
analysis of droplets by laser or ultrasonic 
techniques (Miralles et al., 1996 & Tekelıoglu 
and Parkin, 2002), assessment of deposits (or 
tracers) on numerous passive adsorbent 
samplers (Miller et al., 1992; Pergher, 2001; 
Hoffmann et al., 2003) Computational Fluid 
Dynamics (CFD) (Dekeyser et al., 2013), 
thermography (Menesatti et al., 2008) and 
vertical patternators. 
 
“Vertical patternators sample the spray at 
different heights by intercepting and collecting 
the droplets with various tools as metallic trays, 
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plates covered with adsorbent material, funnel-
shaped collectors and lamellae, that can be 
mounted horizontally (very common) or vertically” 
(Biocca et al., 2005; Gil & Badiola 2007; Pergher 
& Gubiani 1997). “The patternators are employed 
both for the certification of new sprayers and for 
the testing of equipment in use during their 
periodical inspection and calibration” (Gil 2007). 
“Other researchers studied the performance of 
patternators or compared the obtained 
assessment of spray with the real deposit on the 
plants” (Pergher, 2004 & & Sarghini and Pergher, 
2013). 
 

Different types of spray assessment techniques 
for the vertical sprayers were reviewed and the 
procedure involved is discussed. 
 

2. IMAGE ANALYSIS OF WATER-
SENSITIVE PAPERS 

 

Water-sensitive paper is a specially coated paper 
that changes colour, usually turning blue from 
yellow, when it comes into contact with water, 
allowing users to visually assess the distribution 
and coverage of a liquid spray pattern (Simoes et 
al., 2025). The standard size of water-sensitive 
paper is 26 X 76 mm. It is primarily used in 
agriculture to evaluate the uniformity of pesticide 
application on crops by showing where spray 
droplets land on a target surface and the size 
and amount of spray droplets. The exposed 
water-sensitive paper should be scanned to a 
digital image immediately and it should be sealed 
in an air-tight cover to prevent further exposure 
to moisture. The image analysis can be done by 
using the following methods. 
 

2.1 Using Image J (DepositScan) software 
 

“A spray deposition recognition system was 
developed by integrating a portable business 
card scanner, a portable computer, and a 
program called “DepositScan”. A publicly 
available image program (ImageJ) and a 
proprietary custom-developed program were 
combined to develop DepositScan. DepositScan 
specifically quantifies spray deposit distributions 
on any paper-type collector that could show 
visual differences between spray deposits and 

the background. Water-sensitive paper, oil-
sensitive paper, or Kromekote® cards could be 
used as collectors” (Zhu et al., 2011). 
DepositScan first requires the user to scan 
samples and then convert them to produce 8-bit 
gray scale images, then calculates the number of 
deposits and area of each deposit in the selected 
section of the image the menu bar is shown in 
Fig.1. Finally, “results such as individual droplet 
size, droplet distribution, total number of droplets, 
droplet density, amount of spray deposits per unit 
area and percentage of area coverage are 
displayed and saved” (Sies et al., 2017). The 
DepositScan can measure the droplet diameter 
as low as 17µm. Because of pixel limitations, the 
accuracy of DepositScan decreases along with 
the decreased size of the spot. The Deposit Scan 
can be downloaded free of cost from the website 
http://www.ars.usda.gov/mwa/wooster/atru/depos
itscan. 
 

2.2 Using MATLAB software 
 
“The water-sensitive paper that was used for 
collecting the droplet spectrum was scanned and 
the WSP was converted to a grayscale image 
with colour space transform. The droplets were 
extracted by binarizing the grayscale image with 
the global Otsu threshold. The binary image was 
classified into overlapping droplets image and 
non-overlapping droplets image with roundness 
criterion. The concave point was detected for the 
contour image of overlapping droplets. The 
contour of the overlapping spots was segmented 
based on the detected concave point and 
grouped. The ellipse fitting was used to estimate 
the complete contour of individual droplets 
contained within overlapping spots. The spray 
quality information was obtained by particle 
analysis of the image with non-overlapping 
droplets and the image with ellipse fitting and 
saved as an Excel document” (Xun, L., 2024). 
The parameters like WSP area, percent 
coverage, droplet density, number of droplets, 
and number of non-overlapping droplets, DV0.1, 
DV0.5 and DV0.9 can be obtained. The flowchart 
showing the procedure involved in the analysis of 
water-sensitive paper is given in Fig.2 (Xun and 
Gil, 2024 & Ghiani et al., 2020). 

 

 
 

Fig.1. Menu bar of DepositScan software 

http://www.ars.usda.gov/mwa/wooster/atru/depositscan
http://www.ars.usda.gov/mwa/wooster/atru/depositscan
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Fig.2. Procedure involved in analysis of water-sensitive paper using Matlab software 
 
 
 



 
 
 
 

Srigiri et al.; Arch. Curr. Res. Int., vol. 25, no. 5, pp. 331-342, 2025; Article no.ACRI.134809 
 
 

 
335 

 

2.3 Using Dropleaf app 
 
The WSP exposed to the pesticide solution can 
be directly taken a photo or it can be saved in the 
gallery. The photograph will be converted into a 
greyscale image to discriminate the card surface 
from drops. The gray scale image is subjected to 
threshold-based binarization, where the gray 
values below the threshold become black while 
the images more than the threshold become 
white. The skeletonization of the boundary will be 
done to mark the inner region of the drop from 
the closest white mark. The skeleton image is 
refined to mark the drops properly. The 
refinement is based on the threshold value which 
was defined by the user based on the number 
and structure of the drops. The properly marked 
drops are further identified by using marker-
based watershed segmentation. After the 

segmentation, the parameters like coverage 
area, volume median diameter and relative span 
of each segment will be computed. The 
procedure is shown in Fig. 3. 
 
The usage of the dropleaf app involves the 
following steps. The scanned image was fed to 
the drop leaf app through the camera or from the 
gallery of the mobile. The area of the WSP needs 
to be selected and the resolution needs to be 
selected. The image may be set for processing 
which will give the result for the WSP. The 
results include mean diameter, droplet density, 
spray coverage and median diameter. The app is 
simple to use with an option to store the data. 
The usage of the dropleaf app is shown in Fig.4. 
The Mobile app is available in Google Play Store 
https://play.google.com/store/apps/details?id=up
vision.dropleaf. (Brandoli et al., 2021). 

 

 
 

Fig.3. Image processing course of dropleaf. 
 

 
 

Fig. 4. Dropleaf mobile application 
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3. USE OF SENSORS AND CAPACITORS 
 

Wang et al., 2019 used “a leaf-like capacitor 
(Yingtai Tech., Tianjin, China) for the 
implementation of the droplet deposit sensing 
system. The sensor was designed based on a 
capacitor with 84 parallel coppers. The coppers 
were separated into two groups and connected 
respectively as two electrode plates of the 
capacitor. The whole structure of the capacitor 
was packaged (painted) with insulation material 
of ceramic”. “The capacitance varies according to 
the dielectric constant of the media composition, 
the air or the spray, inside the gap of the 
electrodes” (Lim et al., 2016). “The dielectric 
constant changes when the ratio of each 
component in the media composition varies. A 
linear model can be fitted to calculate the deposit 
mass of the spray according to the measurement 
of the capacitance of the capacitor with droplets 
depositing side. The leaf-like capacitor could 
provide the analogue signals to indicate its 
capacitance. The sensor is implemented with an 
operational amplifier circuit. With a capacitor in 
fixed capacitance, the leaf-like capacitance 
sensor will share different voltages when the 
dielectric constant inside it is changed. The 
capacitor was linked to an analog-to-digital 
converter (ADS1115, Texas Instruments, Dallas, 
TX, USA), which could convert the analog signal 
of the real-time capacitance into the digital 
voltage signals. The digital signal was then 
processed by a 32-bit microcontroller (STM32F4 
EXPLORER, ST Microelectronics, Geneva, 
Switzerland). The microcontroller could read the 
input digital signal and display the voltage 
information representing the analogue signal on 
a thin film transistor-liquid crystal display (TFT 
screen). Linear models of deposit mass to the 
voltage signals were developed due to different 
herbicide sprays in this research and installed in 
the microcontroller. Thus, the microcontroller 
could calculate the deposit results of each 
measurement and then display that on the TFT 
screen. All the measurement results were 
recorded with a trans-flash Card (SD card) which 
was mounted on the microcontroller processing 
board” (Wang et al., 2019). 
 

4. THERMOGRAPHY 
 

Infrared thermography converts the thermal 
energy emitted by an object in the infrared 
spectrum of electromagnetic radiation into an 
image.  Spray visualization is generally carried 
out to give qualitative information of the spray 
flow field. It also provides information of the 

geometric features of the spray which includes 
spray pattern, spray cone angle, and spray 
coverage. Traditionally, spray visualization has 
been achieved by several optical methods, 
including but not limited to, high-speed 
photography (Mangado et al., 2013, Pergher, 
2001; Miralles et al., 1996 & Tekelıoglu and 
Parkin, 2002) Schlieren technique (Menesatti et 
al., 2008; Ade & Venturi,1995). Shadowgraph 
technique (Pergher and Gubiani 1998, Pascuzzi 
et al., 2004; Menesatti et al., 2008), and 
holography (Gil and Badiola, 2007; Gil, 
2007).  “An infrared thermography-based 
visualization and characterization technique that 
uses infrared imaging to characterize and 
visualize the entire flow field of a liquid spray. 
The technique employs an emitter which is a 
uniformly heated blackbody background as a 
thermal radiation source, and a receiver which is 
an infrared detector. The method provides a two-
dimensional image in which the value associated 
with each pixel on an intensity scale, accounts 
for the amount of infrared energy emitted by the 
source which while traveling through the spray is 
attenuated. For a given fluid, this attenuation is a 
function of droplet size, spray density, and the 
complex refractive index (m = n − ik) of the 
material being sprayed. The infrared detector, 
therefore, receives a damped signal as a result 
of the attenuation of the emitter intensity. This 
damped image is recorded to provide an 
attenuation image of the spray. This image is 
post-processed to study the droplet transport 
within the spray” (Nelson et al., 2010).  
 

5. VERTICAL PATTERNATORS 
 
Patternators are the device to quantify the flow 
from the nozzle and check the spray pattern. The 
different types of vertical patternators are 
discussed below. 

 
5.1 Cornell Patternaor 
 
“Nine 0.35 m×1.20 m wide fly screens were 
connected via hooks to two 4.25 m high, 10 cm × 
5 cm wooden boards. A small gutter was 
attached, at an angle, to the bottom edge of each 
screen. The gutter sloped to one end where a 
plastic hose was connected which ran down to a 
box containing graduated measuring cylinders. 
The spray cloud hit the fly screen, the air passing 
through and the liquid ran down the front of the 
screen, into the gutter and then, via the plastic 
hose into the collecting cylinders. The collected 
liquid in the cylinders will be analyzed for spray 
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pattern” (Gil et al., 2013). Fig.5 shows the 
constructional details Cornell patternator. 
 

5.2 Paper Patternator 
 

“It consists of a stand with high-quality 
photographic printer paper along with a dye for 
visualizing spray deposition. It was proposed by 
Dr. Andrew Landers of Cornell University. 
Although more expensive, water-sensitive paper 
can also be used in a paper patternator” (Martin 
2012). The paper pattenator is shown in Fig. 6. 
 

5.3 Modified Cornell Patternator 
 

This was the modified form of the Cornell 
patternator. The main aim of this modified cornell 
patternator is to reduce the cost. The generated 
spray was collected with the help of window 
screens. A fiberglass window screen of 18 x 16 
mesh was used for the patternator. The 
patternators are based on multiple panels with a 
standard size of 3 feet wide by 1 foot tall. The 
panel size was based on the capturing capacity 
of the panels. The modified cornell patternator is 
shown in Fig. 6 (Martin, 2012). Similar type of 
patternator was developed by (Sehsah, 2016) 
 

5.4 SARE Patternator 
 

This type of patternator contains painted plywood 
panels to catch the spray from the air blast 
sprayer. The patternator was developed for a 
height of 8 feet for vineyard usage. The 
patternator was divided into a number of sections 

and each section can be quantified. The 
dimensions of the patternator include seven 
sections of three feet by one foot. The height can 
be increased with the extension provision (Martin 
2012). 
 

5.5 SARE with Screens Patternator 
 
The patternator was the combined form of a 
modified cornell patteantor and SARE 
patternator. It is based on using painted plywood 
panels covered with screens to catch the spray 
from the air blast sprayer. Fibre glass window 
screens of 16 X 1 mesh were used on 
patternator. The 8 feet height patternator was 
divided into numerous sections that will allow 
quantification of liquid in each section. The size 
of each section is three feet by one foot with a 
provision to increase the number of sections if a 
taller patternator is required (Martin, 2012). 

 
5.6 Lamellate patternator 
 
The lamellate patternator is equipped with 96 
horizontal lamellae made of plastic inserted in a 
stainless steel frame. The vertical resolution of 
this test bench is 100 mm, corresponding to the 
collecting surface of three lamellas (the liquid 
collected by three consecutive lamellae is 
conveyed to a graduated tube). The first lamelle 
is positioned at 310 mm in height from the 
ground. The total height of the test bench is 3500 
mm, total width is 1800 mm (Allochis et al., 
2014). 

 

 
 

Fig. 5. Constructional details of Cornell patternetor 
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Fig. 6. Different types of patternators 
 

6. CFD ANALYSIS 
 

The CFD can be used for measuring the spray 
liquid distribution and droplet size distribution. 
For the assessment of the spray distribution of 
the orchard sprayers, a vertical lamellae 
patternator wall (Pachler Metalltechnik GmbH, 
Kirchberg, Austria) was used. The patternator 
with a height of 3.20 m consisted of horizontal 
lamellae which separated the liquid spray from 
the airflow. The separated liquid was collected in 
sections with a height of 0.10 m and drained off 
in measuring cylinders after tipping over the wall. 
The filling height of the cylinders was 
automatically read by ultrasonic sensors. The 
droplet size distribution was described using a 
Rosine-Rammler distribution. 
 

𝑅 = 𝑒𝑥𝑝 [− (
𝑑

𝑑𝑒
)
𝛾𝑑

] 

 

Where R is the fraction by mass of droplets 
greater than the diameter d, γd a measure of 
dispersion and de a measure of fineness and 
equal to the diameter at which R is 0.368 
(Dekeyser et al., 2013). 
 

7. USE OF IMAGING TECHNIQUES  
 

The imaging techniques will be used to capture 
the droplet spectrum from the nozzle and can 
analyze the droplet characteristics. Different 
types of imaging techniques are as follows. 

7.1 Image Analysis  
 
In image analysis, the light is used to image an 
ensemble of droplets followed by the software 
analysis of the snapshot to determine the droplet 
sizes. Subsequent snapshots will give the 
velocity of droplets.  
 
A short, double light pulse is used to illuminate a 
screen that is photographed such that the 
droplets show dark spots against a bright 
background. A digital camera will be used to two 
snapshots of the particles. Software like Oxford 
VisiSizer analyzes the images and image 
threshold to identify the droplets to get droplet 
sizes and velocity. 
 
“Stroboscopic imaging technique developed in-
house, with a comparable working principle as 
the VisiSizer. It uses a Nikon D5600 digital 
camera with a Sigma 105 mm1:2.8 DG Macro 
HSM lens and a shutter speed of 1/2.5s, F13 and 
ISO400 in a dark room. It measures droplets in a 
range from 20 μm to 3000 μm. A time machine 
opens the shutter of the camera and 
simultaneously triggers a short light pulse of 0.5 
μs with a Vela One flashlight apparatus. This 
light pulse illuminates a diffuser that is situated 
behind the spray. The droplets from the spray 
are halfway between the diffuser and the 
camera. In-house developed software uses the 
sharpness of the droplet edges to automatically 
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decide which droplets are in focus, taking into 
account that this effect depends on the droplet 
size. The data of the in-focus droplets of all 
photographs are translated into droplet size 
distributions” (Sijs et al., 2021). 

 

7.2 Phase Doppler Particle Analysis 
(PDPA) 

 

In the PDPA technique, two laser beams are 
focused such that they intersect each other. The 
measurement point is defined by this 
intersection, where the laser beams interfere and 
generate a set of parallel equidistant fringes. As 
a droplet passes the fringes, it scatters light. The 
receiving optics placed at a well-chosen off-axis 
location project a portion of the scattered light 
onto multiple detectors. Each detector converts 
the optical signal into a Doppler burst with a 
frequency proportional to the particle velocity. 
The phase shift between the Doppler signals 
from different detectors is proportional to the 
particle’s diameter. PDPA is highly suited to 
measure the velocities and local structure of 

sprays. However, complications are known to 
occur when droplets are inhomogeneous, for 
instance, when they contain an internal structure, 
such as air inclusions, caused by, for example, 
surfactants, or emulsion droplets. The light 
passing through the droplets will interfere 
internally and cause an erroneous calculation of 
the droplet diameter.  

 
7.3 Laser Diffraction  
 
“With the laser diffraction technique, a laser 
beam hits the droplets, followed by reflection, 
diffraction, or absorption. The diffraction angle is 
inversely proportional to the size of the droplet, 
and so the light diffraction pattern allows us to 
obtain the droplet size distribution using Mie 
theory or Fraunhofer diffraction light theory, and 
assuming that the droplet has a spherical shape. 
Laser diffraction is widely applied as it has a wide 
dynamic range, allows fast measurements, and 
is repeatable with a high degree of precision” 
(Dayal et al., 2004). 

 

 
 

Fig. 7. Different imaging techniques for droplet analysis 
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8. CONCLUSION 
 

The spray pattern can be assessed by using 
imaging techniques, software, CFD analysis and 
patternators. The water-sensitive papers though 
expensive, can be analyzed using software like 
DepositScan, Matlab etc, which will readily give 
the data regarding droplets. Many android 
applications like Dropleaf and DropScan will give 
the analysis results of water-sensitive papers that 
can be stored for analysis. Capacitors and 
sensors can be used to read the change in 
physical quantity like the di-electric constant for 
measuring the drop characteristics. CFD analysis 
can also be used to measure droplet 
characteristics with the help of patternators and 
models. Patternators can be used for the study of 
droplet spectrum. Imaging techniques like image 
analysis, stroboscope, phase doppler particle 
analysis and laser diffraction will analyze the 
droplet spectrum based on the reflecting or 
scattering properties.   
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