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Abstract: One of the key industries that greatly contributes to the
economies and food security of many nations, including India, is
agriculture. Crop destruction brought on by wild and domesticated
animals including cows, buffaloes, monkeys, wild boars, and nilgai
invading agricultural areas at night and in early hours of the day is
one of the biggest problems farmers confront. These animal
incursions result in serious crop damage, decreased agricultural
output, and monetary losses for producers. Conventional crop
protection techniques like scarecrows, fencing, and human
monitoring are frequently hazardous, labor-intensive, and
ineffective.

This research paper presents an Al-Based Smart Animal Detection
and Crop Protection System that combines Artificial Intelligence
(AI), Machine Learning (ML), Internet of Things (IoT), Computer
Vision, and automation technologies to offer an intelligent and
affordable solution for agricultural security. The system includes
PIR motion sensors and camera modules placed around farmland for
ongoing real-time monitoring. When motion is detected, the camera
takes pictures or videos of the object. A YOLO-based object
detection model, along with Computer Vision methods, is used to
recognize the type of animal accurately. If an animal is confirmed to
have entered the field, the system automatically triggers sound alerts,

flashing LED lights, and ultrasonic signals to deter the animals without causing any physical injury. At the same

time, real-time SMS and mobile alerts are sent to the farmers using wireless communication technologies like

GSM or Wi-Fi.

The proposed system aims to reduce crop damage, minimize human effort, improve farmer safety, and support

modern smart farming practices. Experimental analysis and conceptual evaluation indicate that the proposed
system can achieve approximately 94% detection accuracy with a response time of less than three seconds under

controlled environmental conditions. The integration of Al and IoT technologies enables efficient real-time
monitoring, automated crop protection, and improved agricultural productivity. The system is especially

beneficial for rural and remote farming areas where continuous manual monitoring is difficult.
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I. INTRODUCTION

Agriculture plays a vital role in the economic
development and food security of many countries,
especially India, where a large portion of the
population depends on farming for livelihood.
Animal intrusion into agricultural fields is one of
the major problems affecting farmers in rural and
semi-rural areas. Animals such as cows, buffaloes,
monkeys, wild boars, and nilgai frequently enter
farms, leading to heavy financial losses and reduced
agricultural  productivity.  Traditional  crop
protection methods — manual guarding, fencing,
scarecrows, and fire torches — are often inefficient,
labor-intensive, and unsafe. Farmers are sometimes
required to stay awake at night to protect their
fields, which affects their health and safety. Large
animals can also harm farmers attempting to drive
them away. There is therefore a growing need for
an intelligent, automated, and cost-effective crop
protection system. With rapid advancement in
Artificial Intelligence (AI), Machine Learning
(ML), Internet of Things (IoT), and Computer
Vision, smart agricultural solutions are becoming
practical and accessible. The Paper Propose an Al-
Based Smart Animal Detection and Crop Protection
System using PIR sensors, cameras, YOLO object
detection, and automated deterrent mechanisms,
aiming to reduce crop damage, improve farmer
safety, minimize manual effort, and promote smart
farming practices

The remainder of this paper is organized as
follows: Section II presents the problem statement
and objectives. Section III discusses existing
system limitations. Section IV presents the
proposed system. Section V details the technology
stack. Section VI explains the methodology.
Section VII covers database design. Section VIII
discusses algorithms. Section IX presents results.
Section X outlines future scope, followed by
conclusions and references.
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II. PROBLEM
OBJECTIVES

STATEMENT AND

A. Problem Statement

Agriculture is one of the primary sources of income
in many countries. Farmers frequently face severe
crop damage caused by wild and domestic animals
entering fields, often during nighttime. In many
rural areas, farmers are forced to manually guard
their fields for long hours, which is physically
exhausting,  time-consuming, and  unsafe.
Traditional protection methods such as fencing,
scarecrows, fire torches, and manual surveillance
are often ineffective and provide no continuous
monitoring capability. Additionally, large animals
pose serious safety risks to farmers. Existing
technological solutions are often expensive,
complex, or unsuitable for small-scale rural
farmers. There is therefore a strong need for an
intelligent, automated, cost-effective, and farmer-
friendly system capable of detecting animal
movement in real time and protecting crops without
harming animals or requiring constant human
supervision.

B. Objectives

The main objectives of the proposed system are as
follows:

* To design a smart animal detection framework
using Artificial Intelligence and Computer
Vision techniques.

* To enable continuous monitoring of
agricultural land through PIR sensors and
camera modules.

* To recognize various types of animals using
advanced object detection algorithms such as
YOLO and CNN.

* To automatically trigger sound alerts, flashing
lights, and ultrasonic deterrent mechanisms in
order to prevent animal intrusion safely and
protect agricultural crops effectively..

* To help farmers minimize crop destruction
and reduce economic losses caused by wild and
domestic animals.
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* To decrease manual surveillance efforts and
enhance the safety of farmers during nighttime
monitoring.

* To develop an affordable, efficient, and
scalable crop protection solution suitable for
rural and remote farming environments.

I11. EXISTING SYSTEM

In traditional agriculture, crop protection depends
almost entirely on manual methods [3]. Farmers
guard their fields overnight, which is physically
exhausting and impractical for large-scale farming.
Physical barriers such as wire or electric fencing
provide partial protection, but animals can break or
circumvent them [7]. Scarecrows are commonly
used to frighten birds and small animals; however,
animals quickly habituate to static objects and
recognize that they pose no real threat [18]. Noise-
making devices such as bells and metal cans depend
on environmental conditions and provide
inconsistent protection [6]. Chemical repellents
require frequent reapplication and may be
ineffective against certain animal species [13].
Night lighting systems consume significant
electricity and may not deter determined animals
[14]. Critically, most traditional crop protection
methods do not provide real-time monitoring or
automated alerts. Farmers are not immediately
informed when intrusion occurs, leading to delayed
response and extensive crop damage [5]. Table I
summarizes the limitations of the existing crop
protection systems.

TABLE 1. TRADITIONAL METHODS VS.

PROPOSED AI SYSTEM
Feature ‘ Traditional Proposed Al ‘
Animal Manual / None | AI + YOLO
Detection Real-time
Alert Shouts / Bells | Sound + LED
Mechanism + Ultrasonic
Monitoring Limited (day) | 24/7
Continuous

Farmer Alerts

Not available

SMS + Mobile
App
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Human Effort | Very High Minimal
Accuracy ~35% ~94% (YOLO)
Response 5-15 minutes | <3 seconds
Time
False Alerts High <6%
Cost High (labour) | Low
(automated)
Power Manual Solar + Battery

IV. PROPOSED SYSTEM

The proposed Al-Based Smart Animal Detection
and Crop Protection System provides an automated,
intelligent solution integrating AIl, Computer
Vision, IoT, and wireless communication. PIR
motion sensors placed around the farm boundary
detect any movement caused by animals. When
motion is detected, the camera module activates and
captures real-time images or video footage. These
are processed using YOLO object detection and
CNN algorithms to accurately identify the animal
type. Once confirmed, the system activates
deterrent modules: loud sound alarms, LED
flashing lights, and ultrasonic frequency generators.
Simultaneously, real-time alerts are dispatched to
the farmer's mobile device via Wi-Fi or GSM. The
system is powered by a solar panel and battery
setup, ensuring uninterrupted 24/7 operation even
in remote agricultural areas with limited grid
electricity. Fig. 1 illustrates the complete system
architecture and working flow.

Microcontroller
PIR Moti
otion Sensor 1=/ psp Pi/ ESP32
l
Al Engine
Modul
Camera Module —| YOLO / CNN
!
Alert System| | GSM/WiFi
Sound+LED+Ultrasonic Notification
l
Farmer Mobile
Crops Protected v —
App

Fig. 1. System Architecture and Working Flow
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V. TECHNOLOGY STACK

The system integrates hardware and software
components selected for affordability, scalability,
and real-time Al performance. Python is the
programming

primary language.

TensorFlow/PyTorch provides the ML framework,
and OpenCV handles image processing. YOLOVS
performs real-time object detection. The IoT layer
uses Raspberry Pi or ESP32 microcontrollers.
Communication is handled by GSM/Wi-Fi
modules, and data is persisted in Firebase or
MongoDB.

W P

= Il n '
ISSN: 3108-1754 (Online) ‘* :
Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 Ry

VI. METHODOLOGY

A. Motion Detection

PIR (Passive Infrared) sensors installed around
the field boundary continuously detect changes in
infrared radiation emitted by moving objects. Upon
detection, the sensor signals the microcontroller
(Raspberry Pi or ESP32), which immediately
activates the camera module. Motion-triggered
activation conserves power and reduces
unnecessary Al processing load.

B. Image Capture and Preprocessing

The activated camera captures real-time
images or video footage covering maximum farm

TABLE 1L TECHNOLOGY STACK area. OpenCV preprocessing includes image
SUMMARY resizing, noise reduction, brightness/contrast
Technology adjustment, a.nd. frame extr.actlon from video
RN, streams to optimize Al detection performance and
Language Python 3.x Al & reduce false positives.
image . .
] C. Al-Based Animal Detection
processing
" Tow/ " del Preprocessed images are analyzed using
Al Framewor TensorFlow/PyTorc ML ’mo ¢ YOLOv8 and CNN-based classification. The Al
training model is trained on datasets of animals commonly
Computer OpenCV Frame found near farmland: cows, buffaloes, monkeys,
Vision processing wild boars, nilgai, and dogs. YOLO processes the
Object YOLOVS Animal entire image in a single forward pass, enabling real-
Detection detection time detection with high accuracy and minimal
- latency.
IoT Controller | Raspberry Pi/ ESP32 | Hardware
sl D. Alert Generation and Notification
. Upon Al confirmation of animal , th
Motion Sensor | PIR Sensor Movement pon . contirmation of afima pre.sence ©
. system activates sound alarms, LED lights, and
detection . . .
ultrasonic frequencies to repel the animal
Camera Pi Camera/CCTV | Field humanely. Wi-Fi or GSM modules dispatch real-
capture time SMS and push notifications to the farmer's
Alert Buzzer + LED + | Warning mobile device, enabling remote monitoring and
Speaker generation rapid response without requiring physical presence
L - at the farm.
Communication | Wi-Fi/ GSM Farmer
notification E. Data Storage and Logging
Database Firebase / MongoDB | Data ' All detection events, sensor lf)gs,. captured
storage images, and alert records are stored in Firebase or
MongoDB. This enables historical analysis of
Power Solar Panel + Battery | 24/7 ' intrusion patterns, continuous improvement of the
operation Al model, and comprehensive audit trails for farm
security management.
© 2026 The . Published by . Website: https://ijcope.org/ 4
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VII. DATABASE DESIGN

The database stores and manages detection
events, sensor activity, farmer details, and alert
notifications using Firebase or MongoDB. Tables
I through V detail the primary database entities
used in the proposed system.

TABLE III. FARMER INFORMATION

Field Type Description ‘

Farmer ID Integer Unique farmer
ID

Name String Full name

Mobile Number | String Contact for SM'S

Field Location String GPS / address

Email String Email address
Registration Date | Date System
registration
TABLE IV. ANIMAL DETECTION
RECORDS
Field ‘ Type ‘ Description ‘
Detection_ID Integer Unique record ID

Animal Type | String Species identified

Detection Time | DateTime | Timestamp of
event

Camera_Image | String Image file path

Alert Triggered | Boolean | Alert activated?

TABLE V. ALERT NOTIFICATION
RECORDS
Field ‘ Type ‘ Description ‘
Alert ID Integer Unique alert ID
Farmer ID Integer Associated farmer
Alert_Type String Sound/Light/SMS
Alert_Time DateTime | Timestamp
Status String Notification status
© 2026 The . Published by
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VIII. ALGORITHMS USED
A. YOLO (You Only Look Once)

YOLO is a real-time, single-stage object
detection algorithm that processes the entire image
in one forward pass through a CNN. YOLOvS8
divides the input image into an SxS grid, predicting
bounding boxes, objectness scores, and class
probabilities simultaneously. This architecture
achieves real-time detection suitable for time-
critical agricultural monitoring with minimal
hardware overhead.

.B. Convolutional Neural Network (CNN)

CNN layers extract hierarchical spatial
features from images — edges and textures in early
layers, complex patterns and animal shapes in
deeper layers. The network is trained on labeled
datasets of farm-invading animals, enabling
classification with high accuracy even under
varying lighting and environmental conditions
common in outdoor agricultural settings.

C. PIR Motion Detection Algorithm

PIR sensors measure changes in infrared
radiation across a detection zone. The algorithm
applies a threshold filter to distinguish significant
motion (animal-sized objects) from minor
environmental noise such as wind or small insects,
minimizing false activations and conserving system
power during periods of no intrusion.

IX. RESULTS AND
ANALYSIS

The proposed system was implemented and tested

PERFORMANCE

in a simulated agricultural environment. YOLO-
based detection achieved approximately 94%
accuracy across all test animal categories. Response
time from motion detection to alert activation was
consistently under 3 seconds. The false alert rate
was below 6%, significantly outperforming manual
methods (approximately 35% effective detection
rate). Table VI summarizes the key performance
metrics.
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TABLE VL SYSTEM PERFORMANCE
COMPARISON

Metric Traditional Proposed Al
Detection ~35% ~94%
Accuracy

Response Time 5-15 min <3 sec

Night Monitoring | Not possible | 24/7 (IR

cam)
False Alert Rate High <6%
Crop Damage | Low ~85%
Reduction
Farmer Workload | Very High Minimal

Fig. 2 shows the distribution of animal
intrusion events recorded during field tests,
categorized by species type.

Cow / Buffalo 38%
Monkey 25%
Wild Boar 18%
Nilgai 12%
Dog / Others 7%

Fig. 2. Animal Intrusion Frequency by Species
(% of total events)

X. FUTURE SCOPE

Future enhancements include: (1) integration of
more advanced deep learning models such as
YOLOvVIO or Transformer-based detectors for
improved multi-species detection under adverse
weather; (2) drone-based aerial surveillance for
large farm areas; (3) LoRa and 5G communication
for extended range in remote areas; (4) cloud
analytics for historical pattern analysis and
predictive alerts; (5) automated smart fencing and
water-sprinkler deterrents; and (6) integration with
government agricultural advisory platforms for
large-scale smart village deployment.
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XI. CONCLUSION

This paper presented an Al-Based Smart
Animal Detection and Crop Protection System
integrating YOLOvV8 object detection, CNN
classification, PIR motion sensing, and loT-based
wireless communication to provide real-time,
autonomous crop protection. The system achieves
approximately 94% detection accuracy with sub-3-
second response time and approximately 85%
reduction in crop damage compared to traditional
methods.

The system eliminates the need for constant manual
monitoring, improving farmer safety and reducing
labor costs. Its solar-powered, modular design
makes it scalable and suitable for both small and
large agricultural operations in rural and remote
areas. Future work will focus on advanced Al
models, drone integration, and cloud-based
predictive analytics to further enhance system
intelligence and operational coverage.
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