International Journal of Scientific Research in Science, Engineering and Technology

A

Print ISSN - 2395-1990
1JS SET

Online ISSN : 2394-4099

Available Online at : www.ijsrset.com
doi : https://doi.org/10.32628/IJSRSET2411210

SafeRouteGuard : Accident-Aware Navigation System
Prof. Anuja Garande, Omkar Kondhalkar, Ayush Sherigar, Pranav Rathod, Manish Gadhave

Artificial Intelligence & Data Science Engineering, Zeal College of Engineering and Research, Pune, India

ARTICLEINFO ABSTRACT

Article History: SaferRouteGuard is a novel web application designed to enhance road

safety by providing real-time notifications of accident- prone zones, or
Accepted: 10 March 2024

Published: 30 March 2024

"black spots," along user-input routes. This system aims to reduce the
likelihood of accidents and enhance overall road safety. The research paper

discusses the development, methodology, data sources, and future scope of

SaferRouteGuard. In a world where transportation is a vital part of our
Publication Issue : daily lives, road safety remains a paramount concern. The alarming
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frequency of road accidents, their devastating consequences, and the
associated economic burden demand innovative solutions that can
proactively address this issue. We are proud to present a groundbreaking
project that brings together technology, data analysis, and real-world
impact in the form of the "Road Accident Navigation System and Minimal
Accident Route Recommendation.”

Keywords Security Issues, Mapbox Security, Openstreetmap
Architecture, Challenges, Automation of Road Safety Industry, Security

Zone Threats, Security Measurement Frameworks.

I. INTRODUCTION environmental elements, which contribute to
accidents.
Road accidents are a persistent global issue, causing
loss of life, injuries, and economic strain. Despite Challenges

advancements in road infrastructure and safety
regulations, accidents continue to occur, highlighting
the need for innovative approaches to accident
prevention and road safety enhancement.

Problem: The primary challenge we address is the lack
of effective predictive systems that can anticipate
accidents and guide users towards safer routes. This
problem stems from the complex interplay of factors
such as and

road conditions, driver behavior,

* Data Complexity: Accidents are influenced by diverse
and intricate factors, necessitating the integration of
multi-dimensional data to build accurate predictive
models.

* Real-Time Updates: Developing a system that can
provide real-time accident predictions and route
recommendations requires robust data processing and

efficient algorithm implementation.
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+ Balancing Efficiency and Safety: The challenge is to
strike a balance between suggesting efficient routes
and prioritizing safety, as the shortest route might not

always be the safest.

II. APPROACH

«  Data Collection: Gather historical accident data,
road network details, and relevant contextual
data.

*  Accident Prediction: Develop a machine learning
model to predict accident likelihood and severity
based on historical data and influencing variables.

*  Route Recommendation: Implement a route
optimization algorithm that considers accident
predictions and recommends routes with
minimized accident risk.

+  User Interface: Design an intuitive user interface
to input start and end locations, visualize

and receive route

accident-prone  areas,

recommendation.

Our Vision:

Our project is rooted in the vision of creating safer
roads through predictive analytics and route
optimization. By harnessing the power of data,
artificial intelligence, and geographical information

systems, we aim to revolutionize road safety strategies.

Dual Objectives:

Our project pursues two interconnected objectives:

*  Accident Prediction: We endeavor to predict
accidents before they happen. By analyzing
historical accident data alongside variables like
weather, road conditions, and time of day, we aim
to identify areas prone to accidents and their
potential severity.

*  Minimal Accident Route Recommendation: We
understand that a safe route is not solely about
reaching a destination quickly. Our system

calculates risk scores for different routes, enabling

users to make informed decisions that prioritize

their safety while on the road.

III. ARCHITECTURE EXPLANATION

The architecture of SafeRouteGuard involves various
components that work together to provide the user
with a seamless mapping experince .
Explanation of the architecture, including the
components you mentioned:

1. User Interface (UI)

The UI is what users interact with when using
SafeRouteGuard. This includes the map itself, controls,
search bar, and other elements. The UI is typically
implemented using HTML, CSS, and JavaScript.

2. Web Application:

The web application layer handles user interactions,
processes user inputs, and communicates with the
backend services. JavaScript plays a crucial role here,
as it allows for dynamic and interactive features on the
client side.

3. SafeRouteGuard JavaScript API:

The SafeRouteGuard JavaScript API is
that

a key

component enables developers to embed
SafeRouteGuard maps on their websites. It provides a
set of APIs for adding maps, markers, overlays, and
other features to the web application. The API
communicates with SafeRouteGuard's servers to fetch
map data and handle user interactions.

4. Web Server:

The web server hosts the web application and serves it
to users when they access the SafeRouteGuard website.
It handles HTTP requests from clients, processes them,
and returns the appropriate responses.

5. SafeRouteGuard Server:

This server-side component is responsible for handling
requests related to map data. It communicates with the
underlying data storage and retrieval systems to fetch
map tiles, geographic information, and other relevant
data. It processes requests from the client-side

JavaScript API.
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6. SafeRouteGuard Static Maps API:
The API

developers to embed static map images in their

SafeRouteGuard Static Maps allows
applications.

It's useful when dynamic, interactive maps are not
necessary. The API generates an image of a map with
specified parameters (location, markers, zooms level)

and returns the image to be displayed on the website.

7. Machine Learning (ML) / Computer Vision (CV)
Models:

SafeRouteGuard may leverage ML and CV models for
various purposes. For example, it could use computer
vision to enhance Street View imagery or machine
learning for predicting traffic patterns and travel times.
These models are likely hosted on SafeRouteGuard's
cloud infrastructure and are accessed as needed.

In summary, the architecture of SafeRouteGuard is a
combination of client-side technologies (JavaScript,
Ul), backend services (SafeRouteGuard Server, Web
Server), APIs (SafeRouteGuard JavaScript API, Static
API),

learning/computer vision models. The system is

Maps and potentially machine
designed to provide a responsive and feature-rich
mapping experience to users around the world. Keep
in mind  that  SafeRouteGuard's  specific
implementation details are proprietary and may not be

publicly disclosed.

IV. METHODOLOGY/PLANNING OF WORK

The implementation of the Road Accident Prediction

System and Minimal Accident Route

Recommendation project can be divided into several
key phases, each encompassing specific tasks and
These the

development and deployment of the project:

objectives. phases guide systematic
1. Data Collection and Preparation:
Gather historical accident data, road network
information, and contextual data (weather, road

conditions).

*  Clean and preprocess the data, handle missing
values, and convert addresses to geographic

coordinates.

2. Exploratory Data Analysis (EDA):

* Analyze the collected data to identify trends,
patterns, and correlations.

*  Visualize accident clusters, severity distribution,

and other relevant insights.

3. Clustering and Accident Prediction:

+ Implement a clustering algorithm (e.g., K-Means)
to identify accident-prone areas.

*  Train a machine learning model (e.g., Random
Forest) for accident severity prediction.

+ + Validate the model's accuracy using appropriate

metrics.

4. Route Optimization and Real-Time Integration:

*  Develop a route optimization algorithm (e.g., an
algorithm) that considers accident risk.

* Integrate real-time data sources (e.g., traffic

updates) to enhance accuracy and reliability.

5. User Interface Design and Development:

*  Design an intuitive and user-friendly interface for
users to input start and end locations.

*  Implement visualization components to display
accident route and

clusters, options,

recommendations.

6. Testing and Validation:

*  Thoroughly test the system using historical data
and simulated scenarios.

+ Validate the accuracy of accident predictions,

severity estimates, and route recommendations.

7. Performance Optimization:

*  Fine-tune algorithms and models for optimal
performance and efficiency.

*  Address any bottlenecks or issues identified

during testing.
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8. Deployment and User Acceptance Testing (UAT):

Deploy the system on a server or cloud platform
to make it accessible to users.
Conduct user acceptance testing to ensure the

system meets user requirements and expectations.

9. User Training and Feedback Collection:

Provide training materials or resources for users to
understand and utilize the system effectively.
Collect feedback from users to identify areas for

improvement and user experience enhancements.

10. Continuous Monitoring and Updates:

Monitor the system's performance in real-world
scenarios and gather usage data.
Incorporate new accident data and continuously

update prediction models to improve accuracy

V. ACCIDENT CLUSTERING ALGORITHM

K-Means is an unsupervised learning algorithm
that can help identify accident-prone clusters.

By grouping
geographical proximity, you can uncover patterns

accident locations based on
and hotspots where accidents tend to occur
frequently.

Gather

accidents, including factors like location, time,

Data Collection: relevant data on
and severity.

Feature Selection: Choose key features such as
coordinates, time of day, weather conditions, and
road type.

Normalization: Standardize the features to ensure
equal weight during clustering.

K-Means Initialization: Randomly select K initial
cluster centroids.

Assignment Step: Assign each accident to the
cluster whose centroid is closest based on chosen
features.

Update Centroids: Recalculate the centroids of
each cluster based on the mean of the accidents

assigned to it.

.

Repeat Steps 5 and 6: Iterate until convergence,
where centroids no longer change significantly.
Cluster Analysis: Examine resulting clusters to
identify accident patterns and hotspots.

of the

clustering in revealing meaningful insights and

Evaluation: Assess the effectiveness

improving safety measures.

Accident Severity Prediction Algorithm:

Algorithm: Random Forest Regression

.

Data Collection: Gather a dataset containing
relevant features such as weather conditions, road
type, and time of day, along with the target
variable—accident severity.

Data Preprocessing: Handle missing values,
encode categorical variables, and split the dataset
into training and testing sets.

Feature Selection: Choose important features that
contribute to predicting accident severity
Random Forest Initialization: Create an ensemble
of decision trees, each trained on a subset of the
data with random feature subsets.

Training: Train each decision tree on the training
dataset, considering the severity as the target
variable. Prediction: Use the ensemble of trees to
predict accident severity for instances in the
testing dataset.

Evaluation: Assess the model's performance using
metrics like Mean Squared Error or R-squared.
WebSocket operates over a single, full-duplex
TCP connection, which reduces latency compared
to traditional HTTP polling.

VI. REAL-TIME DATA INTEGRATION
ALGORITHM

Route Optimization Algorithm:
Algorithm: An Algorithm (A Star)

Graph Representation: Represent the map or
environment as a graph where nodes represent
locations and edges represent possible paths

between locations.
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+  Define Heuristic Function: A* uses a heuristic
function (h) that estimates the cost from a given
node to the goal. This function is admissible

(never overestimates the true cost) and consistent.

Algorithm: WebSocket for Real-Time Data
WebSocket’s

between a client a server facilitating the real-time

*  Explanation: enable two-way
updates required for accident prediction and route
recommendation n. This technology ensures that

users receive the most up-to-date information.

WebSocket Basics:
+ WebSocket is initiated with a handshake process

during which a client and a server establish a
persistent connection.

*  Once the connection is established, data can be
sent in both directions without the need to reopen

the connection for each message.

Tablel. Year-2022/23 Pune City Police Commissioner,

Area Block Spot

Key Features

*  Real-time Communication: WebSocket enables
real-time communication between clients and
servers, making it suitable for applications that
require low-latency updates.

*  Bi-Directional Data Flow: Both the client and
server can send messages to each other at any
time, facilitating seamless communication.

+  Efficient Use of Resources: WebSocket minimizes
the overhead associated with opening and closing
connections for each request, resulting in more

efficient resource utilization.

Use Cases for Real-Time Data Integration:
+  Chat Applications: WebSocket is commonly used

for building real-time chat applications where
messages can be instantly delivered to all

connected users.

+ Live Updates: Applications that require live
updates, such as stock market dashboards, live

sports scores, or collaborative.
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VII. HISTORICAL ACTIONS TAKEN BY PUNE
MUNICIPAL COOPERATION AND PUNE
TRAFFIC POLICE

- In light of the frequent traffic congestion witnessed

across various locations within Pune city, a

comprehensive assessment conducted by the traffic
branch has

bottlenecks and proposed effective countermeasures to

identified the root causes of these
mitigate their impact. Following the thorough
inspection of the aforementioned areas, the pertinent
authorities have been duly instructed to implement the
prescribed measures aimed at alleviating significant
traffic congestions.

- The submitted findings underscore the imperative to
address the persistent issue of traffic jams, which not
only impede the smooth flow of vehicular movement
but also contribute to heightened commuter
frustration and economic inefficiencies. Recognizing
the gravity of the situation, proactive steps are being
taken to rectify the underlying factors exacerbating the

traffic woes in Pune city.
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Topic: Regarding taking measures in Pune city where
frequent fan jams occurs.

Corporation Office of the Chief Engineer (Projects),
Pune Municipal Corporation Income: 11630 // 20 SEP
2023

Administrator and Commissioner Pune Municipal
Corporation Guru (Q)/(43)

J.K.Poua/Wah/BlackSpot/ /2023 Additional

Police Commissioner Bahtuk Office Pune City, Dated
18/09/2023 20-9-23 References -1) Jak Appons
(WA)/45/Planning/Black Spot (Ran 2020-
2022)/2970/2023 Mumbai dated 23/08/2023 Anvaye
Per, Hon.

Commissioner, Pune Municipal Corporation, Pune
Subject-Regarding correction of black spot, City Office

Pune Municipal.

Table 2. Chief Engineer (Road) Office path/7101 PMC
Maharashtra Police

Name of | Frequent | Placestotake | Measures to
Transport | traffic place be taken
Departme | jams
nt Causes of
traffic
jams
Chaturshr | Pune Traffic Road
ingi Universit | congestion widening,
y Chowk | due to metro | pothole
work filling,
Repairing
and
asphalting
the roadway
Chaturshr | Bhale Three Mall Removal of
ingi Chowk Ramouril encroachme
Aund traffic, nt, corner to
narrow road, | widen
bridge road Removal
widening, of
bottle neck trees
obstructing
traffic

Chaturshr | Ganesh Small roads, Removal of
ingi Dutt encroachmen | road
Balewadi | t, bus stop encroachme
Phata inside the nts Road
temple widening,
immediate
removal of
bus
stops Road
widening
Chaturshr | Spicer Traffic Removal of
ingi School coming from | road and
Square Sangvi as well | footpath
as Khadki, encroachme
small roads, nts

VIII. CONCLUSION

In summary, the Road Accident Prediction System
with Route Optimization successfully integrated data
science, machine learning, and geographic information
systems to create a robust solution. Through clustering
and severity prediction, it identified accident-prone
areas and provided a real-time route optimization
algorithm to minimize risks. The interdisciplinary
collaboration, user‘friendly interface, and scalability
highlight its technical prowess. With the potential for
societal impact on safety and resource allocation, this
project exemplifies the transformative potential of
technology in addressing complex challenges in urban

transportation.
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