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Abstract: Shortly, the demand for food production will increase, and the challenges to agriculture,
including climate change, land degradation, farmable land availability and labor effort, will be
resolved by applying precision agriculture techniques. In modern precision agriculture, variable rate
(VR) technology is one of the key research areas. This technology provides an improved adjustment
of agrochemical dosage to the trees by applying pesticide spraying to only areas where trees are
detected based on their heights. This paper presents the testing results of an indigenously developed
spot-specific sprayer for orchards based on tree detection through ultrasonic sensors. Lab Results
show that spot-specific spraying provides 40% of agrochemical savings for an area of 100 acres
compared with traditional spraying for the citrus orchard. Such technology can facilitate the farmers
by automatic pesticide sprayers and economically protect the plants.
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1. Introduction

Today agricultural industries are adopting both primitive and modern sensors and
controller-based technologies to tackle these issues, each having advantages and disadvan-
tages. Modern technologies are also judged based on their impact on the global environment
and ecosystem. In most parts of the world, uniform spraying of pesticides is practiced by
the use of pesticide-filled tanks and nozzles for spraying. Mainly it is carried by a single
person who sprays it across the field [1]. This method also has many disadvantages because
uniform spraying does not consider plant size, and farmers rush mostly without proper
protection, which may result in many health hazards. Such uniform spraying is primarily
manual, which works on the hydraulics principle, which is exhausting. This spraying
technique uses more pesticide than the required amount for the crop, which is expensive
and time-consuming [2].

In the early 2000s, this manual spaying was replaced with electric pump spraying; it
had reduced the human effort, but the rest was the same; for example, this electric pump
spraying technique also used more pesticides than actually required for crops, which was
the core problem [3].

Researchers have attempted to develop variable rate (VR) technologies for various
crops. To date, less attention has been given to the economical use of ultrasonic sensors
in variable rate (VR) systems. S. Gangadharan et al. conducted a comparative analysis
between a LIDAR sensor and an ultrasonic sensor [4]. Sensors were tested in such a way that
enabled the process of an automated shaker system and controlled its working. Both sensors
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were tested in an outdoor and indoor environment with accuracy factors of 10.16 and 5.08,
respectively. The sensor was mounted in vertical and horizontal setups to develop a 3D
canopy profile for a citrus tree groove. They also worked on volume estimation with the
LIDAR sensor in their study. However, very little work has been performed to incorporate
an ultrasonic sensor for tree detection in the intelligent sprayer [5].

In this paper, using an ultrasonic sensor integrated into a local boom sprayer that
avoids unnecessary usage of expensive chemicals is presented that will not only reduce the
cost of production but reduce environmental pollution. The boom sprayer provides better
penetration of agrochemicals without damaging leaves and thus protects from various
insects/diseases.

2. Methodology

The system is powered by a 12 V battery connected to a solar panel for automatic
charging from sunlight. The system consists of 4 modules that are centrally controlled by a
microcontroller. After boom selection, the sensors will start detecting objects at a certain
distance, which can be altered according to a user’s requirements.

The ultrasonic sensor will send a high flag signal to the microcontroller if a tree or
object is detected within the sensing range of the sensor. The controller in the system will
decide which relay to operate attached to that particular sensor’s output. The relay will
switch ON the solenoid valves connected to that specific relay, as shown in Figure 1b. The
system is mounted on a metal frame boom 3 feet above the ground. The distance between
each sensor is 2.5 feet, and the distance between the sensor and solenoid value is 10 inches
during lab testing.
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Figure 1. Laboratory testing of system and design frame. (a). No object; hence solenoid valve is
closed (b). Object detected and solenoid spraying in action (c). Design of Spot-Specific sprayer,
spraying only when trees are detected, based on their height.

Ultrasonic Sensor

The working of ultrasonic sensors is based on the principle of the Doppler Effect. The
Ultrasonic transmitter transmits an ultrasonic sound wave, the signal travels in the air, and
when it acquires objected by some material, it gets reflected near the device; this reflected
wave is detected through the ultrasonic receiver module [6]. Now, to analyze the distance,
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we use equation 1; the speed of sound in air is (330 m/s) and the time when the signal
is transmitted.

Distance = speed × time (1)

This principle is widely used for object detection, obstacle avoidance and depth
measurements [7]. Ultrasonic sensors are of two types that are HC-SR04 and JSN-SR04.
HR-SR04 has high speed with less distance accuracy, it can detect the object fast, but
the measuring distance has (<5%>) error. While the JSN-SR04 has a percentage distance
measuring error (<2%>), its detecting speed is slow [8].

The spot-specific sprayer with three solenoid valves and three ultrasonic sensors on a
single boom is shown in Figure 1c. This system can be attached to any tractor or small farm
vehicle. The ultrasonic sensor will detect the trees, and nozzles attached to the solenoid
valves will spray whenever the trees are in the sensing range. Three sensors are attached to
10 feet boom at the height of the citrus tree. If the tree’s height is 3 feet, then only the bottom
nozzle will start spraying; if the height is 6 feet, then the bottom and middle nozzle will
start spraying; and if the tree’s height is 9 feet tall, then all three nozzles will start spraying.

3. Results and Discussions

Testing of spot-specific sprayers is divided into two categories. In the first category,
the opening and closing intervals of the solenoid valves are calculated for one, two and
three sensors separately. The switching interval of the class B (coil insulation) relay is
10 ms, while the power transistor has a 0.1 ms switching interval; both the results of relay
and transistor-based switching are shown in Table 1. Due to the fast switching of power
transistors, the solenoid valves operate fast, and no part of the tree canopy is missed
during spraying.

Table 1. Lab testing results for nozzle opening and closing.

Transistor-Based Switching Relay-Based Switching

Sensor Nozzle Opening Nozzle Closing Nozzle Opening Nozzle Closing

Sensor 1 74 ms 72.2 ms 84 ms 82.2 ms
Sensor 2 71 ms 93.6 ms 81 ms 103.6 ms
Sensor 3 45.8 ms 80.4 ms 55.8 ms 90.4 ms

Sensor 1,2 55 ms 73 ms 65 ms 83 ms
Sensor 2,3 50 ms 58.4 ms 60 ms 68.4 ms
Sensor 1,3 42 ms 79.6 ms 52 ms 89.6 ms

Sensor 1,2,3 28.5 ms 70.4 ms 38.5 ms 80.4 ms

The above results show that the power transistor performs better than relay-based
switching as there is a time lag between the opening and closing of solenoid values through
the relay, which misses the target tress spraying. The excess amount of agrochemicals
is wasted.

Comparison of Uniform Spraying and Spot-Specific Spraying

Spot-specific sprayer provides agrochemical savings of up to 40% for citrus trees. The
detail for different agrochemical for citrus and their saving for a 100-acre area is given in
Table 2.

Table 2. Amount of different agrochemicals and their savings for spot-specific spraying.

Chemical Name Used for Quantity per Acre
(mL/L) Price per Acre Savings for

100 Acres

Bifenthrin (mL/L) Leaf Minor 300 1050 42,000/-

Castle (g/L) Canker 300 1050 42,000/-

Copper
Oxychloride (g/L) Stem disease 250 750 30,000/-
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4. Conclusions

The developed prototype of a spot-specific spraying system efficiently detected the
objects in laboratory settings through the ultrasonic sensors-based central control system.
Before commercialization, field testing is required to fully assess the capability of spotting
specific sprayers in tree detection and agrochemical spraying in different orchards. Such
a system saves up to 40% of agrochemicals through sensor-based automation, which is
economical and easy to implement. All the components are easily available in the market
at low prices.
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