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Abstract - This paper presents a real-time animal detection
and collision avoidance system aimed at improving road safety
using computer vision and deep learning techniques. Animal-
vehicle collisions are a major cause of road accidents,
especially in regions where animals frequently cross
highways. The proposed system utilizes a forward-facing
camera to capture live video, which is processed using object
detection models such as YOLO and Faster R-CNN to identify
animals on the road. The system is trained on publicly
available datasets including COCO and Open Images to ensure
robustness under varying environmental conditions.

In addition to detection, the system estimates the distance
between the vehicle and the detected animal using image
processing techniques. Based on the calculated distance, the
system generates real-time alerts to warn the driver, enabling
timely action to avoid collisions. The proposed model is
capable of operating efficiently under different lighting and
traffic conditions. Experimental results show that the system
achieves an accuracy of approximately 82 percent in detecting
animals and providing timely alerts. The solution is cost-
effective and can be integrated into modern intelligent
transportation systems to enhance driver safety and reduce
accident rates.
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1. INTRODUCTION

Road safety has become a major concern worldwide due to
the increasing number of accidents caused by unexpected
obstacles on roads. One of the significant causes of such
accidents is the sudden appearance of animals on highways,
especially in rural and forest-adjacent areas. These incidents
often result in severe damage to vehicles, injury to
passengers, and loss of animal life. Despite advancements in
vehicle safety systems, there is still a lack of efficient
solutions specifically designed to detect animals and prevent
collisions in real time.

With the rapid development of computer vision and deep
learning technologies, intelligent systems can now analyze
visual data and identify objects with high accuracy. These
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technologies have been widely applied in areas such as
traffic monitoring, pedestrian detection, and autonomous
driving. However, animal detection on roads remains a
challenging task due to variations in animal size, shape,
movement, and environmental conditions such as lighting
and weather.

This research proposes a real-time animal detection and
collision avoidance system that utilizes deep learning-based
object detection techniques. The system captures live video
using a camera mounted on a vehicle and processes the
frames to detect animals on the road. Once an animal is
identified, the system estimates its distance from the vehicle
and generates alerts to assist the driver in taking timely
action. By integrating detection and alert mechanisms, the
proposed system aims to reduce the risk of animal-vehicle
collisions.

The developed solution is designed to be cost-effective,
efficient, and adaptable to real-world conditions. It can be
integrated into intelligent transportation systems to enhance
road safety and support drivers in preventing accidents
caused by unexpected animal crossings.

With the advancement of artificial intelligence and deep
learning, intelligent transportation systems are becoming
more efficient and reliable. This research focuses on
developing a smart solution to detect animals on roads and
prevent collisions using real-time processing techniques.

In recent years, road safety has become a major concern due
to the increasing number of accidents caused by unexpected
obstacles on highways. Among these, animal intrusion is a
significant issue, particularly in rural and forest areas.
Traditional warning systems are not sufficient to handle
such dynamic situations.

The use of artificial intelligence and deep learning provides a
promising solution to this problem. By integrating real-time
detection with automated alert systems, it is possible to
significantly reduce accident rates and improve overall
transportation safety.
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2. LITERATURE SURVEY

Several research works have been carried out in the field of
animal detection and road safety using computer vision and
machine learning techniques. This section highlights some of
the existing approaches and their limitations.

In one study, researchers proposed an animal detection
system using traditional image processing techniques such as
background subtraction and motion detection. Although the
method was simple, it was not effective in complex
environments where lighting conditions and background
continuously change.

Another research work focused on using feature-based
methods such as Histogram of Oriented Gradients (HOG)
combined with Support Vector Machines (SVM) for detecting
animals. While this approach showed moderate accuracy, it
struggled to handle variations in animal shapes, sizes, and
poses.

Some researchers implemented object detection using deep
learning models like Faster R-CNN. This method improved
detection accuracy significantly; however, it required high
computational power and was not suitable for real-time
applications due to slower processing speed.

In recent years, the YOLO (You Only Look Once) algorithm
has gained popularity for real-time object detection tasks.
Studies have shown that YOLO provides a good balance
between speed and accuracy, making it suitable for
applications like traffic monitoring and road safety systems.

Additionally, certain systems have been developed using
sensor-based approaches such as GPS and 10T devices to
track animal movement. However, these methods involve
higher deployment costs and are not always reliable due to
dependency on network connectivity.

From the above studies, it can be concluded that while many
techniques exist for animal detection, there is still a need fora
cost-effective, accurate, and real-time solution that can
perform efficiently in dynamic road environments. The
proposed system aims to address these challenges by
integrating deep learning-based detection with real-time
alert mechanisms.

A comparative analysis of existing methods shows that
traditional techniques lack robustness in dynamic
environments, whereas deep learning models provide better
accuracy and performance. However, many existing systems
are either costly or not optimized for real-time applications.

3. LITERATURE REVIEW

Several research works have been carried out in the field of
object detection and road safety systems, focusing on
reducing accidents caused by unexpected obstacles. Early

approaches for animal detection mainly relied on traditional
image processing techniques such as background subtraction
and motion detection. These methods were effective in
controlled environments but failed to perform reliably in
real-world conditions due to dynamic backgrounds and
varying lighting conditions.

Some researchers proposed face detection-based techniques
to identify animals. However, these methods require the
animal to face the camera, which is not practical in real-time
road scenarios. Other approaches used threshold
segmentation and feature-based techniques such as Scale-
Invariant Feature Transform (SIFT) for detecting objects.
Although these methods showed moderate success, they
were limited by high computational complexity and
sensitivity to noise and background variations.

With the advancement of machine learning, more robust
methods were introduced using classifiers and feature
extraction techniques such as Histogram of Oriented
Gradients (HOG) combined with cascade classifiers. These
approaches improved detection accuracy but still faced
challenges in handling multiple objects and complex road
environments.

Recent developments in deep learning have significantly
enhanced object detection performance. Models such as
Faster R-CNN, Single Shot Detector (SSD), and You Only Look
Once (YOLO) have demonstrated high accuracy and real-time
detection capabilities. YOLO, in particular, is widely used due
to its speed and efficiency, as it processes the entire image in
a single pass. These models are trained on large-scale
datasets such as COCO, enabling them to detect multiple
object classes under diverse conditions.

Some studies have also explored systems that use GPS and
communication technologies to track animal movement and
alert drivers. However, these systems are often expensive and
difficult to implement on a large scale. Therefore, there is a
need for a cost-effective and real-time solution that can
accurately detect animals and provide timely alerts to
drivers.

The proposed system builds upon these advancements by
integrating deep learning-based object detection with
distance estimation and real-time alert mechanisms, aiming
to overcome the limitations of existing approaches.

4. OBJECTIVE

» To develop a real-time animal detection system
using computer vision techniques.

» Todesignand develop an intelligent system capable
of detecting animals on highways in real time using
advanced computer vision and deep learning
techniques.
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» To minimize road accidents caused by animal-
vehicle collisions by providing early warnings to
drivers.

» To implement an efficient object detection model
(such as YOLO-based architecture) for accurate
identification of animals under different
environmental conditions.

» To estimate the distance between the detected
animal and the moving vehicle in order to assess the
level of risk.

» To create a smart alert mechanism that notifies the
driver through visual and/or audio signals based on
the proximity of the animal.

» To ensure the system operates with high accuracy
and low latency for real-time performance.

5. PROBLEM STATEMENT

Road accidents caused by unexpected animal intrusion on
highways have become a significant safety concern, especially
in countries like India where animals frequently roam on
roads. Drivers often fail to notice animals in time due to poor
visibility, high vehicle speed, low lighting conditions, or lack
of alertsystems, leading to severe collisions, injuries, and loss
of life.

Existing road safety systems mainly focus on vehicle-to-
vehicle or pedestrian detection and do not effectively address
the challenge of animal detection. Traditional approaches
either rely on manual monitoring or outdated image
processing techniques, which are not reliable in real-world
dynamic environments. These methods often suffer from low
accuracy, delayed response, and inability to handle variations
in animal size, shape, movement, and environmental
conditions.

Moreover, there is a lack of an efficient, real-time, and cost-
effective solution that can detect animals on highways and
provide timely alerts to drivers to prevent accidents. Without
such intelligent systems, the risk of animal-vehicle collisions
continues to increase, posing a threat to both human lives
and wildlife.

Therefore, there is a need to develop an advanced system that
can accurately detect animals in real time, estimate their
distance from the vehicle, and provide immediate alerts to
drivers, ensuring safer transportation and reduced accident
rates.

6. METHODOLOGY

The system is developed to identify animals on roadways in
real time and provide timely alerts to drivers in order to
reduce the risk of collisions. The approach involves several
key stages such as data acquisition, image preprocessing,
model training, object detection, and alert notification.

6.1 Data Collection

A comprehensive dataset comprising images of different
animal categories such as dogs, cows, and horses is gathered
from widely recognized open-source platforms, including
COCO and Open Images. These datasets provide annotated
images, which are essential for effectively training and
validating the object detection model.

6.2 Data Preprocessing

The acquired dataset undergoes several preprocessing steps
to enhance image quality and maintain uniformity. This
process involves resizing images to a standard dimension,
reducing noise, and normalizing pixel intensity values.
Additionally, annotation is carried out by marking bounding
boxes around the target animals to facilitate accurate model
learning.

6.3 Model Training

For the detection task, advanced deep learning algorithms
such as YOLO (You Only Look Once) and the TensorFlow
Object Detection framework are employed. The dataset is
split into training and testing subsets to evaluate
performance. During training, the model learns to recognize
animals by extracting and analyzing relevant visual features
from the input images.

6.4 Real-Time Detection

In the real-time phase, a camera installed on the vehicle
continuously captures video footage. This video stream is
segmented into individual frames, which are processed by
the trained model. The system identifies animals within each
frame by drawing bounding boxes and assigning confidence
scores to indicate detection accuracy.

6.5 Distance Estimation

Once an animal is detected, the system calculates the
approximate distance between the vehicle and the detected
object using computer vision techniques. This estimation
helps in assessing the level of potential risk based on
proximity.

6.6 Alert Generation

Based on the calculated distance, the system generates
appropriate warning signals for the driver. Alerts are
categorized into different levels such as “near,” “moderate,”
and “safe.” These warnings are delivered through visual
indicators or audio notifications, enabling the driver to take
timely preventive actions.
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The overall methodology ensures that the system operates
efficiently in real-time scenarios by integrating detection,
distance estimation, and alert mechanisms into a single
pipeline.

The methodology ensures seamless integration of all system
components, enabling efficient processing from data input to
alert generation. Each module is optimized to reduce latency
and improve detection accuracy in real-time scenarios.

7.SYSTEM ARCHITECTURE

The proposed system is designed as a real-time animal
detection and collision avoidance framework that integrates
computer vision and deep learning techniques. The overall
architecture consists of multiple interconnected modules
that work together to detect animals and alert the driver
effectively.

The system begins with a camera module mounted on the
front side of the vehicle. This camera continuously captures
live video of the road environment. The captured video is
then divided into individual frames, which are sent to the
processing unit for further analysis.

In the next stage, the preprocessing module enhances the
quality of the frames by resizing, noise reduction, and
normalization. This step ensures that the input data is
consistent and suitable for accurate detection.

The processed frames are then passed to the object detection
module, where a trained deep learning model such as YOLO
is used to identify animals present in the scene. The model
generates bounding boxes around detected animals along
with confidence scores.

Once an animal is detected, the distance estimation module
calculates the approximate distance between the vehicle and
the detected object using image processing techniques. This
helps in determining the level of risk based on proximity.
Finally, the alert generation module produces warning
signals for the driver. Depending on the calculated distance,
the system provides different alert levels such as safe,
moderate, and danger. These alerts are delivered through
visual displays or audio notifications to ensure timely driver
response.

Architecture Flow:
Camera — Frame Extraction — Preprocessing — Object
Detection (YOLO) — Distance Estimation — Alert System

8. IMPLEMENTATION

The implementation of the proposed system is carried out
using Python along with various libraries such as OpenCV
and TensorFlow. The system is developed in an environment
that supports real-time video processing and deep learning
model execution.

Initially, the trained YOLO model is loaded into the system
for performing object detection. A camera is used as the
input device to capture live video of the surroundings. The

video stream is continuously processed frame by frame to
detect the presence of animals.

Each frame is passed through the detection model, which
identifies objects and generates bounding boxes along with
confidence scores. The detected animals are then analyzed
further to estimate their distance from the vehicle.

The system also integrates an alert mechanism, which is
activated when an animal is detected within a critical
distance range. The alert is displayed on the screen in the
form of warning messages and can also be extended to audio
signals.

The implementation results demonstrate that the system is
capable of performing real-time detection with acceptable
accuracy and speed, making it suitable for practical
applications.

9. TOOLS AND TECHNOLOGIES

The implementation of the proposed animal detection and
collision prevention system utilizes a combination of
programming languages, software libraries, machine
learning frameworks, and hardware resources. These
technologies collectively support data handling, model
development, and real-time execution of the system.

9.1 Programming Language

e Python: Python serves as the core programming
language for system development due to its ease of
use, versatility, and strong ecosystem of libraries for
machine learning and computer vision applications.

9.2 Libraries and Frameworks

e OpenCV: OpenCV is employed for image processing
and real-time video stream handling. It enables
frame extraction, object detection operations, and
assists in distance estimation tasks.

e TensorFlow: TensorFlow is used as a deep learning
framework for designing, training, and deploying
object detection models.

e NumPy: NumPy facilitates efficient numerical
computations and supports operations on large
multi-dimensional arrays.

e Pandas: Pandas is utilized for organizing, cleaning,
and preprocessing the dataset to prepare it for
model training.

e Matplotlib: Matplotlib is applied for graphical
representation and visualization of data, helping in
analysis and performance evaluation.

9.3 Deep Learning Models

e YOLO (You Only Look Once): YOLO is adopted for
real-time object detection because of its high

© 2026, IRJET | ImpactFactor value: 8.315

ISO 9001:2008 Certified Journal | Page527



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 04 | Apr 2026

www.irjet.net

p-ISSN: 2395-0072

processing speed and reliable accuracy in
identifying objects within images.

o Faster R-CNN / SSD: These models are used as
alternative approaches for object detection,
allowing comparison in terms of accuracy and
efficiency.

9.4 Dataset

e (COCO Dataset / Open Images Dataset: These
publicly available datasets are used for training and
testing the model. They consist of annotated images
across multiple object categories, including various
animal classes.

9.5 Development Tools

e PyCharm /Jupyter Notebook: These platforms
are used as development environments for coding,
experimentation, debugging, and training machine
learning models.

9.6 Hardware Requirements

e Processor: Intel i3 or higher
e RAM: Minimum 4 GB

10. RESULTS AND DISCUSSION

The proposed system was tested on various video inputs
containing animals such as cows, dogs, and horses under
different environmental conditions. The system
demonstrated effective detection performance with an
approximate accuracy ranging between 85% to 92%.

The YOLO-based model provided faster detection compared
to traditional methods, making it suitable for real-time
applications. The system was able to generate bounding
boxes with confidence scores, ensuring reliable identification
of animals.

Distance estimation helped in categorizing the risk level,
allowing the system to generate appropriate alerts. The alert
mechanism successfully notified the driver with minimal
delay, improving reaction time.

Table -1: Performance Comparison

Method Accurac | Speed Lim
y itati

on

HOG + SVM 70% Slow Low
Acc
urac

Faster R-CNN 88% Medium Hig
h
com
put
atio
n

YOLO 92% Fast Req
uire
s
trai
ning
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Fig -1: Real-time animal detection with alert notification

The above image shows the real-time implementation of the
proposed system where animals such as a dog and a person
are detected using a deep learning-based model. The
detected objects are highlighted using bounding boxes along
with confidence scores. A warning message is also displayed
on the screen, indicating the presence of an object in the
danger zone. This demonstrates the system'’s ability to not
only detect objects but also generate immediate alerts to
enhance driver awareness and safety.
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Fig -2: Live object detection using camera input

The above(fig.2) image represents real-time object detection
using a live camera feed. The system successfully identifies a
person and highlights the detected region using bounding
boxes with confidence values. This verifies the effectiveness
of the trained model in detecting objects under real-time
conditions. Such functionality ensures that the system can
operate continuously and respond quickly to dynamic
environments.

Fig -3: Object detection on road using deep learning model

The above image represents real-time object detection
performed on a highway scenario using a deep learning-
based model. Multiple vehicles such as cars and vans are
identified and enclosed within bounding boxes. Each
detected object is highlighted to indicate its position on the
road. This demonstrates the capability of the model to detect
multiple objects simultaneously in a dynamic environment.
Such detection plays a crucial role in intelligent
transportation systems by improving situational awareness
and assisting in decision-making processes.
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Fig -4: Real-time animal detection on road using YOLO
model

The above image illustrates the detection of animals on a
road using a deep learning-based object detection model.
The animals are accurately identified and enclosed within
bounding boxes along with confidence scores. This
indicates the effectiveness of the system in recognizing
animals in real-time conditions. Such detection is essential
for preventing accidents caused by unexpected animal
intrusion, as it enables timely alerts to drivers for taking
necessary actions.

12. CONCLUSIONS

In this research, an intelligent and effective animal detection
and collision prevention system has been developed using
computer vision and deep learning approaches. The system
can identify animals on roads in real time by analyzing video
input obtained from a camera installed on a vehicle. By
applying advanced object detection techniques such as YOLO
and TensorFlow Object Detection API, the system provides
consistent detection results under various conditions.

The proposed approach also calculates the distance between
the vehicle and the detected animal, which helps in
generating timely warnings for the driver. This improves
driver awareness and gives enough time to take necessary
actions, thereby minimizing the risk of accidents. The use of

an affordable setup makes the system practical for real-
world applications, especially in areas where stray animals
frequently appear on roads.

Overall, the system shows the capability of combining
artificial intelligence with transportation systems to improve
road safety. Future enhancements may focus on increasing
accuracy in low-light environments, integrating automatic
braking features, and improving performance for high-speed
situations.

13. FUTURE SCOPE

The proposed system can be further enhanced by
incorporating advanced features to improve its performance
and applicability. Future improvements may include
enhancing detection accuracy in low-light and nighttime
conditions using infrared cameras. Integration with
automatic braking systems can further reduce the chances of
collisions without driver intervention.

The system can also be extended using IoT technology to
share real-time alerts across vehicles and traffic systems.
Additionally, optimizing the model for high-speed scenarios
and deploying it on embedded systems can make it more
efficient and suitable for large-scale implementation in smart
transportation systems.
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