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Abstract

A traditional air blast sprayer typically relies on an additional operator to manage the positioning of the spray delivery pipe. To eliminate the need for a
second operator, a microcontroller-based embedded system was developed and tested under laboratory conditions using a specialized setup. This system
consisted of several components: a spray delivery pipe controller to regulate and rotate the spray delivery pipe based on signals received from the
microcontroller, a signal generator to create signals by adjusting the lever via potentiometer R1 to specify the desired position of the spray delivery pipe, a
mechanical position indicator to display the required or set location of the pipe and a microcontroller-based embedded system to process the signals
generated by the signal generator and compare them with the current location signal. The embedded system then outputs a signal, which, when received
by the motor, determines the angle and direction of rotation for the spray delivery pipe. This rotation is facilitated by the motor's command to rotate the ring
gear through the rotation of the pinion gear, ultimately controlling the movement of the spray delivery pipe. The evaluation findings indicated that the
developed system requires 36.48 s to execute a full rotation of the spray delivery pipe, with an angle error ranging from 0 to 2 degrees. Overall, the
developed embedded system holds the potential to eliminate the need for a second operator, offering convenient management and control of the spray
delivery pipe.
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Introduction

Orchard growers are increasingly adopting air blast sprayers due
to their significant advantages over traditional spraying methods.
These sprayers offer improved spray performance, cost efficiency,
uniform distribution, and decreased labor requirements!'-3], During
the flowering season, rainfall and overcast conditions create a
conducive environment for the proliferation of diseases and insect
pests. These aggressive pests and diseases pose a considerable
threat, potentially resulting in the complete loss of the crop*-7l.
Pradeep et al.®! highlighted that when mango panicles are affec-
ted by pests and diseases, the yield of mangoes may decline by
50%—-80%. Consequently, it underscores the importance of spraying
to mitigate damage from insects and diseases, thereby controlling
their detrimental impact on crop yields. Multiple experiments
conducted across different crops using modern techniques have
provided evidence that the discharge of chemical substances leads
to environmental pollution. Van den Berg et al.®! illustrated that
between 20% to 30% of the material applied is lost to the air,
comprising up to 50% of the total applied material. The extent of
atmospheric loss, as indicated by Cross et al.l'%, depends on various
factors, such as the chemical properties of the applied material,
atmospheric conditions, and the spraying technologies employed.
A variety of technologies!''-14 have been developed for controlling
DC motors. Mondal et al.l'*! introduced a microcontroller-based
embedded system for DC motor control, employing a closed-loop
approach. Their system established a continuous closed-loop circuit
by harnessing back electromotive force (EMF) generated through
the tachogenerator. Gohiya et al.l'él demonstrated a DC motor dri-
ving system using an embedded system for a mobile robot.
However, a significant limitation of this system is the relatively low
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processing speed of the processor. The existing air blast sprayer
setup necessitates dual operators: one handling the tractor and
another stationed at the rear of the sprayer. The second operator is
responsible for adjusting the position and direction of the delivery
pipe while in operation. However, this arrangement exposes the
operator to significant vibration, jerking, and potential pesticide
exposure from the polluted air generated during sprayingl!7.18l,
Operator exposure within the pesticide spraying area can have a
significant impact on health, as highlighted by Wong et al.l'9l. Addi-
tionally, workplace vibrations can adversely affect the human body,
leading to health issues such as muscle strain, back pain, and spine
degeneration(20-221, The current air blast sprayer presents several
challenges, including operator-experienced vibrations and serious
hazards for the sprayer operator. Therefore, there is a necessity for
modification in the existing system wherein the tractor operator can
also manage the sprayer. Eliminating the need for a second opera-
tor in the air blast sprayer has driven the design and development
of a microcontroller-based automation system to control the spray
delivery pipe using a DC motor. The primary goal of this research
paper is to devise a mechanism and a microcontroller-based
embedded system to rotate the delivery pipe of the air blast sprayer,
enabling precise spraying on the target plant.

Material and methods

The spray delivery pipe, positioned behind the tractor driver in
the air blast sprayer, is currently manually controlled by another
operator using an iron wheel. Hence, there is a need for an elec-
tronic method to automatically manage and regulate the spray
delivery pipe for chemical application. This research aims to design
and develop a microcontroller-based embedded system for
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controlling the spray delivery pipe of a tractor-operated air blast
sprayer. A laboratory setup was constructed to assess the perfor-
mance of the developed embedded system. The setup comprises a
spray delivery pipe actuator, a signal generator for determining the
required position of the spray delivery pipe, a mechanical position
indicator for the spray delivery pipe, and the microcontroller-based
embedded system.

Spray delivery pipe controller

The spray delivery pipe actuator consists of several components,
including a DC motor, position sensor, idle gear, ring and pinion
gear, brass pulley, and C clamp. The pipe actuator system was seg-
mented into various units as outlined below.

Upper unit

The upper unit consists of a circular plate with an outer diameter
of 254 mm and an inner diameter of 183 mm. A ring gear with 80
teeth and a module of 2.5 is securely attached to its upper surface.
Additionally, a 238 mm diameter circular flat piece is concentrically
welded onto the lower surface, as illustrated in Fig. 1a & b. In the
lower unit, the pinion gear meshes with the ring gear (80 teeth, 2.5
module) to rotate the upper unit. The spray delivery pipe is affixed
to the ring gear, ensuring that they are coaxial with each other.
This setup allows the spray delivery pipe end to rotate within a
range of £+ 180° from the main position.

Lower unit

A round plate, with an external diameter of 406 mm and an inter-
nal diameter of 183 mm, had three brass pulleys situated at a
distance of 119 mm from the center, evenly spaced at intervals of
120 degrees. These pulleys were set up to create rotational move-
ment in the upper unit. The motor, a position sensor (R2), and a
pinion gear featuring 21 teeth with a 2.5 module dimension were
interconnected via a shared shaft. This shaft was upheld by C clamps
to ensure stability and accurate alignment. The rotation of the upper
unit was facilitated by engaging a pinion gear with a ring gear
boasting 80 teeth and adhering to a 2.5 module specification. Addi-
tionally, two idler gears were utilized to support the upper unit.
Figures 2 & 3 illustrated the schematic and developed lower unit,
respectively.

The operation of the spray delivery pipe actuator relies on com-
paring the current position, as indicated by the mechanical position
indicator, with the desired position from the signal generator. When
the signal difference exceeds 27.77 mV, indicating a deviation
greater than 2 degrees between the set and current positions, the
motor rotates clockwise. Conversely, if the signal difference drops
below 0 mV, indicating a deviation of less than 0 degrees, the motor
rotates counterclockwise. If the signal difference remains within the
range of 0 to 27.77 mV, corresponding to a deviation between 0 to
2 degrees, the motor remains stationary without any rotation. The
rotation of the spray delivery pipe is achieved through the opera-
tion of an electric motor that drives a pinion gear, meshing with a

Fig. 1 (a) Front view of upper unit: 1. circular flat; 2. circular plate; 3.
ring gear. (b) Top view of the upper unit.
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ring gear attached to the pipe itself. This interaction between the
ring and pinion gears enables the rotation of the pipe around its axis
when the motor is activated. The electric motor receives power from
an embedded system, and its rotational direction is controlled by
the polarity of the power supplied by this embedded system.

The embedded system collects input signals from two distinct
sources: firstly, from the signal generator, which indicates the
desired position of the spray delivery pipe; and secondly, from the
mechanical position indicator, which relays feedback signals from
the controller regarding the current position of the pipe. A micro-
controller, acts as a comparator, within the embedded system analy-
ses and compares these input signals. Based on this comparison, the
output of the comparator can be either negative or positive. A nega-
tive signal instructs the motor to rotate the pipe anticlockwise, while
a positive signal prompts clockwise rotation through the interloc-
king mechanism of the ring and pinion gears. With this setup, the

Brass pulley—lr &

T
C clamp ————"!,

. Motor
T L + Idler gear
f ) Brass pulley
Potentiometer
Y Spray delivery pipe
ge————— Support frame

Fig.2 Sketch of developed lower unit.

Fig. 3  Schematic view of lower unit: 1. four leg stand, 2. position
sensor, 3. pinion gear, 4. motor, 5. brass pulley, 6. idler gear, 7. C clamp.
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need for a secondary operator to manually adjust the spray delivery
pipe is eliminated. Instead, the system operates autonomously,
controlling the positioning of the pipe based on the signals it
receives and processes within the embedded system. This automa-
tion streamlines the process, enhancing efficiency and reducing the
potential for human error.

Signal generator for the required position of the
spray delivery pipe

The signal generator consists of several components: a lever, a
gear assembly comprised of both driven and driving gears, and a
position sensor (R1). The position sensor (R1) is connected to the
lever through a gear assembly, which incorporates an 8.54 gear
reduction ratio. The lever is utilized to adjust the desired position of
the spray delivery pipe. These components are installed on a rectan-
gular plate, as depicted in Fig. 4.

The driving gear is positioned on the shaft of the position sensor
and remains constantly engaged with the driven gear, forming the
gear assembly. This gear assembly is situated at the lower side of the
rectangular frame for optimal placement and functionality. The
lower end of the driving gear shaft was linked to the position sensor
(R1), while the upper end of the shaft was secured with an input
lever. Additionally, a needle was attached to the upper end of the
driven gear shaft, serving to mechanically indicate the set position
of the spray delivery pipe. During the operation of the sprayer, if a
new target area needs spraying, the operator adjusts the lever to set
a new position. Rotating the lever creates a signal indicating the
new position of the spray delivery pipe. The current position of the
spray delivery pipe is determined by the spray delivery pipe con-
troller. Both the signal representing the set position and the signal
indicating the current location of the spray delivery pipe are input to
the microcontroller (comparator). The microcontroller processes
these signals and sends them as output to the motor driver. Based
on the received signal from the microcontroller, the motor deter-
mines the angle and direction of rotation for the spray delivery pipe.
The developed signal generator unit for spray delivery is illustrated
in Fig. 4.

Mechanical position indicator of spray delivery pipe

A needle (indicator) and dial have been used to indicate the set
position of the spray delivery pipe, depicted in Fig. 5. The indicator
was connected to the driven gear shaft, as mentioned in the genera-
tor unit. The set (required) position of the delivery pipe depends on
the spraying target area, which was decided by the tractor operator.

"B

Needle

Driven gear

Input lever

oR 2 .
11| sl +— Position sensor
- Driving gear

o

Fig.4 Photograph of positioning and indicating unit.

Dial

Handle

Fig.5 Position indicator of spray delivery pipe.
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When the tractor operator fixes the required position of the spray
delivery pipe by adjusting the input lever, that position of the spray
delivery pipe is shown by an indicator in angle form. The flow chart
of the position indicator of the spray delivery pipe is shown in Fig. 5.

Microcontroller-based embedded system

The microcontroller-based embedded system (depicted in
Supplementary Fig. S1) has been designed to automatically control
the rotation of the spray delivery pipe of the air blast sprayer based
on signals received from the microcontroller. This system consists of
several components, including a microcontroller (Arduino Uno, with
2KB SRAM, Smart Projects, Italy), a DC motor (12 V, 7 kg-cm torque,
India), a motor driver (L298N, 5-35V, India), a 12 V DC battery, a posi-
tion sensor (Potentiometer, 10 K, rotary type, Pot-Tech Electronic,
Bombay, India), and an LCD. The developed embedded system
incorporates two potentiometers, both of 10 K resistance and fea-
turing 10 turns. The first potentiometer (R1) is positioned for use by
the tractor operator, while the second one (R2) is connected to the
motor via a shaft for control purposes. The LCD is utilized to display
both the set (required) and current positions of the spray delivery
pipe. An Arduino code is uploaded to the Arduino Uno via a USB
cable to control the rotation of the spray delivery pipe by operating
the DC motor. The signal generator lever (shown in Fig. 4) enables
the operator to adjust the position of the spray delivery pipe. The
signal generated by the lever is transmitted to the DC motor
through the microcontroller. Depending on the signal received from
the microcontroller, the motor is directed to rotate either clockwise
or anticlockwise. The developed embedded system is illustrated in
Fig. 5.

Development of laboratory setup for position
control of spray delivery pipe

The developed embedded system for controlling the spray deli-
very pipe of an air blast sprayer underwent testing at the Farm
Machinery Laboratory, Agricultural and Food Engineering Depart-
ment, Indian Institute of Technology (IIT), Kharagpur, India. Poten-
tiometer R1 is utilized to generate a signal representing the desired
position of the spray pipe, with a lever attached to the shaft of the
potentiometer to facilitate adjustment. The tractor driver manipu-
lates the lever to rotate the potentiometer shaft, thereby producing
a signal that is directed to the microcontroller (comparator) for

Fig.6 Developed microcontroller-based embedded system.
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Fig.7 Sketch of automatic control unit for spray delivery pipe.

processing. Another potentiometer, R2 (feedback sensor), is directly
installed on the motor shaft to produce a signal representing the
current position of the spray pipe, which is also sent to the micro-
controller. The comparator evaluates the two signals and generates
an output signal proportional to the difference between them. This
output signal from the microcontroller is then transmitted to the
motor driving unit. Depending on the polarity of the signal, the
motor rotates either clockwise or anticlockwise. The potentiometer
signals are continuously provided to the comparator, which consis-
tently generates an output signal accordingly. When the compara-
tor's output signal reaches zero, the motor shaft ceases its rotation,
aligning the spray pipe movement with the rotation of the motor
shaft. Gears serve as a mechanical transmission for this function.
Both mechanical and electronic displays indicate the magnitude of
the potentiometer-generated signals. The driver sets the required
position based on the targeted canopy. The schematic and deve-
loped automatic spray delivery pipe control system are shown in
Figs 6 & 7, respectively, while the flow chart of the developed spray
delivery pipe control system is depicted in Fig. 8.

Results and discussion

Time taken during a full rotation of the spray delivery
pipe

The study involved assessing the time variation between the full
rotation of the spray delivery pipe as set by the operator and the
time required by the developed embedded system to complete the
same rotation. This comparison was conducted by rotating the lever
either clockwise or anticlockwise. Figure 9 illustrates the cumulative
duration required for the spray delivery pipe to complete a rotation
spanning from —180 to 180 degrees. The embedded system exhibits
a delay of 2.024 s. In the counterclockwise direction, the embedded
system consumes 36.48 s for a complete rotation. Conversely, a
0.45% variation is observed in the clockwise direction. Rotating the
input lever takes 4.82 s in the counterclockwise direction and 4.74 s
in the clockwise direction. The observed variation in handle rotation
time is 1.65%.

Step input positioning of spray delivery pipe
Figure 10 illustrates the step input positioning of the spray deli-
very pipe, showcasing the time taken for the pipe to complete its
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Fig.8 Developed laboratory setup for the air blast sprayer.

rotation by the set position determined by the lever. The assess-
ment involved adjusting the position in increments of 30 degrees
within a range of —180 to +180 degrees using the lever. It was
observed that each step input took approximately 2 s to execute.
Upon initiating the lever's rotation, there was a 1-s delay before the
spray delivery pipe began its rotation. On average, the pipe took
2.31 s to complete a 30-degree rotation once in motion. The delay or
response time between the set position of the lever and the embed-
ded system's reaction time was measured at 1.33 s. Figure 11 visu-
ally depicts a direct relationship: as the set angle of the spray deli-
very pipe increased through lever adjustment, the position of the
spray delivery pipe was correspondingly adjusted.

Comparison between the set position and current
position of the delivery spray pipe

The comparison between the set position and the current posi-
tion of the spray delivery pipe is shown in Fig. 12. It was noted that
the current position of the spray delivery pipe closely aligns with the
set position, fluctuating within the range of 0° to 2°. This suggests

Chouriya et al. Technology in Agronomy 2025, 5: 009
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Fig.9 Schematic layout of the automatic spray pipe positioning and indicating system.
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The performance of this system was assessed in laboratory condi-
Fig. 11 Real-time response for every 30° rotation of spray delivery tions, revealing that it took 36.48 s to complete one rotation of the

pipe.

that the developed system is highly accurate. Moreover, it was
observed that the system operates with remarkable precision, espe-
cially beyond 20°.

Chouriya et al. Technology in Agronomy 2025, 5: 009

spray delivery pipe, with a variation of 0.45% in the clockwise direc-
tion. Additionally, the system delay was measured at 2.024 s, and
the angle error ranged from 0 to 2 degrees. Overall, the developed
microcontroller-based embedded system effectively controlled the
spray delivery pipe, and the absence of a second operator did not
significantly impact its performance. The laboratory setup designed
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for this purpose enhances the spraying system of the air blast
sprayer, offering efficient control of the spray delivery pipe. The limi-
tation of this developed system is that it takes more time to control
the spray delivery pipe of the air blast sprayer; in the future, a deve-
loped embedded system can be tested under field conditions.

Author contributions

The authors confirm contribution to the paper as follows: study
conceptualization, formal analysis, validation, visualization: Chouriya
A, Thomas EV; data curation, methodology, investigation, software,
writing-original draft: Chouriya A; writing-review and editing,
resources: Singh R, Thomas EV; supervision, project administration:
Thomas EV. All authors reviewed the results and approved the final
version of the manuscript.

Data availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding author on
reasonable request.

Acknowledgment

Research facilities of the Indian Institute of Technology Kharag-
pur were thankfully used to conduct this research work.

Conflict of interest

The authors declare that they have no conflict of interest.

Supplementary information accompanies this paper at
(https://www.maxapress.com/article/doi/10.48130/tia-0024-0027)

Dates

Received 8 July 2024; Revised 6 August 2024; Accepted 27 August
2024; Published online 4 June 2025

References

1. Zhang W, Liu Z. 2011. Experiment on variable rate spray with real-time
mixing pesticide of 3WY-A3 sprayer. Transactions of the Chinese Society
of Agricultural Engineering 27(11):130-33

2. Dekeyser D, Duga AT, Verboven P, Endalew AM, Hendrickx N, et al. 2013.
Assessment of orchard sprayers using laboratory experiments and
computational fluid dynamics modelling. Biosystems Engineering
114(2):157-69

3. Shen Y, Zhu H. 2015. Embedded computer-controlled premixing inline
injection system for air-assisted variable-rate sprayers. Transactions of
the ASABE 58(1):39-46

4. Holland J, Fahrig L. 2000. Effect of woody borders on insect density and
diversity in crop fields: a landscape-scale analysis. Agriculture, Ecosys-
tems & Environment 78(2):115-22

5. Rosenzweig C, Elliott J, Deryng D, Ruane AC, Miiller C, et al. 2013. Assess-
ing agricultural risks of climate change in the 21st century in a global
gridded crop model intercomparison. Proceedings of the National
Academy of Sciences of the United States of America 111(9):3268-73

6. Eilenberg J, Vlak JM, Nielsen-LeRoux C, Cappellozza S, Jensen AB. 2015.
Diseases in insects produced for food and feed. Journal of Insects as
Food and Feed 1(2):87—-102

7. Haq M, Taher Mia MA, Rabbi MF, Ali MA. 2010. Incidence and severity of
rice diseases and insect pests in relation to climate change. In Climate

Page 6 of 6

Microcontroller-based embedded system for spray delivery pipe

change and food security in South Asia, eds Lal R, Sivakumar M, Faiz S,
Mustafizur Rahman A, Islam K. Dordrecht: Springer. pp. 445-57. doi:
10.1007/978-90-481-9516-9_27

8. Kumar P, Misra AK, Modi DR. 2011. Current status of mango malforma-
tion in India. Asian Journal of Plant Sciences 10(1):1-23

9. Van den Berg F, Kubiak R, Benjey W, Majewski M, Yates S, et al. 1999.
Emission of pesticides into the air. In Fate of Pesticides in the Atmosphere:
Implications for Environmental Risk Assessment, eds. Van Dijk HFG, Van
Pul WAJ, De Voogt P.Dordrecht: Springer. pp. 195-218. doi: 10.1007/
978-94-017-1536-2_9

10. Cross JV, Walklate PJ, Murray RA, Richardson GM. 2001. Spray deposits
and losses in different sized apple trees from an axial fan orchard
sprayer: 1. Effects of spray liquid flow rate. Crop Protection 20(1):13—-30

11. Pal T, Shekhar C, Sharma HD. 2009. Design and development of embed-
ded system on ARM for on-line characterization of DC motor. Proc. 2009
International Conference on Advances in Computing, Control, and Tele-
communication Technologies, Bangalore, India, 2009. pp. 502—06 US:
IEEE. d0i:10.1109/ACT.2009.129

12. Ahmed |, Wong H, Kapila V. 2004. Internet-based remote control using a
microcontroller and an embedded Ethernet. Proceedings of the 2004
American Control Conference, Boston, MA, USA, 2004. Vol. 2. US: IEEE.
pp. 1329-34. doi: 10.23919/ACC.2004.1386759

13. Marcu MD, Slusariuc Rl, Popescu FG, Samoila LB. 2018. Universal DC
motor protection system based on microcontroller embedded algo-
rithm. Proc. 2018 International Symposium on Fundamentals of Electrical
Engineering (ISFEE), Bucharest, Romania, 2018. USA: |EEE. pp. 1-4. doi:
10.1109/ISFEE.2018.8742423

14. Russel MK, Bhuyan MH. 2012. Microcontroller based DC motor speed
control using PWM technique. Proceedings of the International Confe-
rence on Electrical, Computer and Telecommunications Engineering, RUET,
Rajshahi, Bangladesh, 2012. India: RUET. pp. 519-22.

15. Mondal R, Mukhopadhyay A, Basak D. 2013. Embedded system of DC
motor closed loop speed control based on 8051 microcontroller. Proce-
dia Technology 10:840—48

16. Gohiya CS, Sadistap SS, Akbar SA, Botre BA. 2013. Design and develop-
ment of digital PID controller for DC motor drive system using embed-
ded platform for mobile robot. Proc. 2013 3rd IEEE International Advance
Computing Conference (IACC), Ghaziabad, India, 2013. USA: IEEE. pp.
52-55.doi: 10.1109/IAdCC.2013.6514193

17. Deboli R, Calvo A, Rapisarda V, Preti C, Inserillo M. 2013. Vibration trans-
mitted to operator's back by machines with back-pack power unit: a
case study on blower and spraying machines. Journal of Agricultural
Engineering 44(s2):e146

18. Cerruto E, Manetto G, Santoro F, Pascuzzi S. 2018. Operator dermal
exposure to pesticides in tomato and strawberry greenhouses from
hand-held sprayers. Sustainability 10(7):2273

19. Wong HL, Garthwaite DG, Ramwell CT, Brown CD. 2018. Assessment of
exposure of professional agricultural operators to pesticides. Science of
The Total Environment 619-620:874—82

20. AlShabi M, Araydah W, ElShatarat H, Othman M, YounisMB, et al. 2016.
Effect of mechanical vibrations on human body. World Journal of
Mechanics 6:273-304

21. Dupuis H, Zerlett G. 2012. The effects of whole-body vibration. Heidel-
berg: Springer Berlin. xiii, 162 pp. doi: 10.1007/978-3-642-71245-6

22. Katu US, Desavale RG, Kanai RA. 2003. Effect of vehicle vibration on
human body - RIT experience. Proceedings of the 11! National Confe-
rence on Machines and Mechanisms, Dehli, India, 2003. pp. 1-9. www.
bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-
on-Human-Body-Katu-et-al.pdf

Copyright: © 2025 by the author(s). Published by
By Maximum Academic Press, Fayetteville, GA. This article
is an open access article distributed under Creative Commons

Attribution License (CC BY 4.0), visit https://creativecommons.org/
licenses/by/4.0/.

Chouriya et al. Technology in Agronomy 2025, 5: 009


https://www.maxapress.com/article/doi/10.48130/tia-0024-0027
https://www.maxapress.com/article/doi/10.48130/tia-0024-0027
https://www.maxapress.com/article/doi/10.48130/tia-0024-0027
https://www.maxapress.com/article/doi/10.48130/tia-0024-0027
https://www.maxapress.com/article/doi/10.48130/tia-0024-0027
https://doi.org/10.3969/j.issn.1002-6819.2011.11.025
https://doi.org/10.3969/j.issn.1002-6819.2011.11.025
https://doi.org/10.1016/j.biosystemseng.2012.11.013
https://doi.org/10.13031/trans.58.11037
https://doi.org/10.13031/trans.58.11037
https://doi.org/10.1016/S0167-8809(99)00123-1
https://doi.org/10.1016/S0167-8809(99)00123-1
https://doi.org/10.1016/S0167-8809(99)00123-1
https://doi.org/10.1073/pnas.1222463110
https://doi.org/10.1073/pnas.1222463110
https://doi.org/10.3920/JIFF2014.0022
https://doi.org/10.3920/JIFF2014.0022
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.1007/978-90-481-9516-9_27
https://doi.org/10.3923/ajps.2011.1.23
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1007/978-94-017-1536-2_9
https://doi.org/10.1016/S0261-2194(00)00046-6
https://doi.org/10.1109/ACT.2009.129
https://doi.org/10.23919/ACC.2004.1386759
https://doi.org/10.1109/ISFEE.2018.8742423
https://doi.org/10.1016/j.protcy.2013.12.429
https://doi.org/10.1016/j.protcy.2013.12.429
https://doi.org/10.1109/IAdCC.2013.6514193
https://doi.org/10.3390/su10072273
https://doi.org/10.1016/j.scitotenv.2017.11.127
https://doi.org/10.1016/j.scitotenv.2017.11.127
https://doi.org/10.4236/wjm.2016.69022
https://doi.org/10.4236/wjm.2016.69022
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://doi.org/10.1007/978-3-642-71245-6
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://www.bodytech.it/wp-content/uploads/2022/01/Effect-of-Vehicle-Vibration-on-Human-Body-Katu-et-al.pdf
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Material and methods
	Spray delivery pipe controller
	Upper unit
	Lower unit

	Signal generator for the required position of the spray delivery pipe
	Mechanical position indicator of spray delivery pipe
	Microcontroller-based embedded system

	Development of laboratory setup for position control of spray delivery pipe
	Results and discussion
	Time taken during a full rotation of the spray delivery pipe
	Step input positioning of spray delivery pipe
	Comparison between the set position and current position of the delivery spray pipe

	Conclusions
	Author contributions
	Data availability
	Acknowledgment
	References

