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Abstract-

Traditional pesticide spraying methods often result in
excessive chemical usage and uneven distribution,
which increases cost and harms the environment. This
project proposes a Low-Cost Sensor and Deep
Learning-based Methodology to ensure controlled
and uniform pesticide spraying across farms.

A camera captures real-time field images, and a
lightweight deep learning model identifies crop areas
that actually require spraying. Based on this detection,
sensor-driven spray nozzles automatically adjust the
pesticide flow using flow and pressure sensors to

maintain equal distribution.

The system applies pesticides only where needed,
reducing wastage and improving efficiency. By
using inexpensive hardware and optimized
algorithms, the solution remains affordable for
farmers while supporting precision agriculture.
This methodology provides a practical and eco-
friendly uniform,

approach for achieving

controlled, and cost-effective pesticide application
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Components required:

e Arduino / Microcontroller (for sensor &
pump control)

Camera Module (for crop/weeds

detection)

12V Diaphragm Pump

Spray Nozzles (agricultural type)
Pesticide Tank

Flow Sensor

Pressure Sensor

GPS Module

Motor Driver

DC Motors / Rover Platform (or Drone

frame if aerial)

Battery (12V)

Tubing & Connectors

Solenoid Valve

Wheels / Chassis frame

DC-DC Converter (5V & 12V supply)

Buzzer

12V Barn
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INTRODUCTION

Agriculture plays a vital role in the economic
development of India, and effective pest management is
essential for improving crop productivity. However,
traditional pesticide spraying methods often apply
chemicals uniformly across entire fields without
considering the actual needs of the crop.

This leads to excessive pesticide usage, higher costs

for farmers, environmental pollution, and health
risks to humans. With increasing awareness about
sustainable farming and precision agriculture, there
is a growing need for smarter and more efficient
spraying systems.

This project focuses on designing a Low-Cost
Sensor and Deep Learning-based system to
achieve controlled and equal pesticide distribution
across farms. The proposed methodology uses a
camera for image capture, a lightweight deep
learning model for crop detection, and sensor-based
control of spray nozzles for accurate pesticide
delivery.

Pesticide spraying is an essential process in farming,
but traditional methods often lead to excessive and
uneven chemical application. This not only increases
cost but also affects the environment and crop
quality. With advancements in technology, deep
learning and low-cost sensors offer a smarter way to

perform precise and controlled spraying.

Recent advancements in sensors, automation, and
deep learning technologies provide an opportunity to
develop intelligent solutions for farm spraying.
Deep learning enables real-time detection of crops,
weeds, and affected areas, while low-cost sensors
allow accurate measurement of flow, pressure, and
speed required for maintaining uniform pesticide

distribution.

By integrating these technologies, farmers can spray
only where necessary and in precise, controlled

amounts.

This approach helps reduce chemical wastage,

minimize environmental impact, and improve
spraying efficiency. The system is cost-effective,
scalable, and suitable for small and large farms,
contributing to a more sustainable future in

agriculture.

Pesticide spraying is an essential process in farming,
but traditional methods often lead to excessive and
uneven chemical application. This not only
increases cost but also affects the environment and
crop quality. With advancements in technology,
deep learning and low-cost sensors offer a smarter

way to perform precise and controlled spraying.
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1. Importance of Agriculture:

Agriculture is the backbone of India’s economy, and

crop protection is essential to ensure high
productivity. Effective spraying methods directly

impact crop health and yield.
1.1 Problems in Traditional Spraying:

Conventional pesticide spraying applies chemicals
uniformly to the entire field. This often causes
excess usage, wastage of chemicals, increased cost,

and harmful effects on soil, water, and human health.
1.2 Need for Precision Agriculture:

Farmers today require smart and efficient spraying
methods that use pesticides only where needed.
Precision agriculture helps save chemicals, reduce

damage, and improve crop quality
1.3 Role of Technology in Farming:

Modern technologies like sensors, automation, and
artificial intelligence allow real-time monitoring and
decision making. These tools make spraying

activities more accurate and controlled.
1.4 Importance of Deep Learning:

Deep learning models can identify crops, weeds, and
affected areas from images with high accuracy. This
enables spraying only on required portions of the

field instead of the entire area.

1.5 Use of Low-Cost Sensors:

Affordable sensors such as flow meters, pressure
sensors, and speed sensors help control the spray
quantity and maintain equal pesticide distribution
across the field.

1.6 Aim of the Project:

The project aims to design a low-cost, automated
spraying system that uses deep learning for detection
and sensors for controlled spraying to ensure equal
pesticide distribution.

1.7 Working Principle of the Proposed System:

A camera captures real-time images, the deep
learning model identifies target areas, and the sensors
along with control valves adjust the spray amount
based on actual need.

1.8 Benefits of the Proposed Method:

This system reduces pesticide wastage, lowers cost,
minimizes environmental pollution, and improves
making it highly

overall spraying accuracy,

beneficial for farmers.

1.9 Contribution to Sustainable Farming:

By using limited and controlled pesticide amounts,
the proposed methodology supports sustainable,

safe, and eco-friendly agricultural practices.
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2. Literature Review:

2.1 Sensor-Based Agricultural Spraying Systems
Several studies have implemented sensors such as
ultrasonic, LiDAR, and flow meters to regulate
spraying activities. Ultrasonic sensors have been
used to detect plant height and canopy density,
enabling variable- rate sparying.

However, these sensors often lack fine-grained
accuracy and are ineffective in complex field
conditions.

2.2 Machine Learning and Image Processing
Approaches:

Traditional image processing techniques such as
thresholding, edge detection, and color segmentation
were widely used for crop and weed identification.
Although computationally simple, these methods

struggle under varying lighting conditions and

require manual parameter tuning.

2.3 Deep Learning-Based Detection Models:

Deep learning methods such as CNNs, YOLO, and
Efficient Det have shown remarkable accuracy in
plant disease detection, weed classification, and
object-based spraying.

They provide high accuracy and robustness in real-
time applications. However, high-end models require
expensive hardware, making them less suitable for
low-budget farmers.

2.4 Automated Spraying Robots and Drones:
Several research works propose fully automated
robots or drone sprayers equipped with sensors and
cameras.

These systems achieve good spray control but are
expensive and require specialized maintenance,

posing a challenge for small-scale farmers.

3.3 High-End Precision Sprayers:

3. Existing Methods and Their Limitations: . Highly accurate but expensive.

3.1 Manual Spraying: . Require  advanced  hardware and

* High wastage of chemicals. maintenance.

* No control over distribution.

* Health hazards to farmers.

3.2 Blanket Spraying Machines: 3.4 Image Processing Only Systems:
. Spray entire field uniformly without . Struggle in low light or complex
assessing crop needs. backgrounds
. Leads to over-usage of pesticides. . Not reliable for real-time farm conditions
. High operational cost.

© 2025, IJSREM | https://ijsrem.com | Page 5


https://ijsrem.com/

)
REME'%

O 1Y
¢ 1S

e Journal

By

Volume: 09 Issue: 12 | Dec - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.586

ISSN: 2582-3930

4. Need for the Proposed System:
There is a strong need for a system that is:
. Low-cost and affordable to small and

marginal farmers.

. Accurate in detecting target spray areas.
. Sensor-driven to maintain spray pressure
and flow.

. Deep learning-based for robust
identification.

. Capable of uniform  pesticide
distribution.

. Energy-efficient and easy to maintain.

The integration of low-cost sensors with lightweight
deep learning models provides the ideal balance

between accuracy, efficiency, and affordability.

6. Conclusion

This review paper highlights the need for a cost-
effective and intelligent pesticide spraying system in
agriculture. Existing methods either lack accuracy or
are too expensive for practical use. The combination
of low-cost sensors and deep learning presents a
promising solution by enabling precise crop
detection and controlled application of pesticides.
The reviewed literature supports the development of
a smart spraying system capable of reducing
and

pesticide usage, improving crop health,

promoting sustainable farming. Future research can

5. Discussion:

Research shows that deep learning models
outperform traditional methods in plant and weed
identification. When combined with sensors such as
flow meters, pressure sensors, and speed sensors, the
system can maintain uniform spray density and
avoid wastage. Low-cost hardware like Raspberry
Pi, Arduino, and affordable cameras make it suitable
for farmers who cannot invest in expensive
equipment.

A deep-learning-based spray control system also
improves environmental sustainability by reducing
chemical residues on soil and crops. The reviewed
studies clearly indicate that such systems have high
potential for commercialization and large-scale

implementation.
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