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Abstract: The Safe Route Advisor System is a machine learning-based platform designed to
enhance travel safety by recommending secure routes based on crime data analysis. Utilizing the
k-means clustering algorithm, the system categorizes geographical areas based on crime incidence,
enabling it to identify and suggest the safest paths among multiple route options. By considering
user-defined preferences such as time constraints and desired destinations, the system provides
tailored route recommendations that prioritize safety without sacrificing efficiency. This innovative
approach showcases the potential of machine learning to improve travel safety and enhance the
overall user experience. Future enhancements could include the integration of crime data,
advanced clustering techniques, natural language processing for user interactions, and
partnerships with navigation services for seamless route planning.
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. INTRODUCTION
In an increasingly urbanized world, the safety of travellers has become a critical concern. Rising crime
rates in certain areas make it essential to develop tools that guide individuals along safer routes.
Traditional navigation systems typically focus on distance and travel time, often overlooking vital
safety factors such as crime statistics. As a result, travellers may unknowingly expose themselves to
dangerous situations while following conventional routes.
To address this gap, the Safe Route Advisor System leverages machine learning techniques to analyze
and interpret crime data, providing users with personalized, safe travel recommendations. Utilizing
the k-means clustering algorithm, the system categorizes geographical regions based on crime
incidence, allowing it to identify the safest paths among multiple route options. This innovative
approach not only enhances user safety but also empowers travellers to make informed decisions
about their journeys.
The Safe Route Advisor System tailors its recommendations to individual user preferences,
incorporating factors such as destination priorities and time constraints. By dynamically optimizing
itineraries that prioritize safety, the system aims to improve the overall travel experience. This
research highlights the potential of machine learning technologies to transform travel planning,
ultimately contributing to safer urban navigation and informing broader public safety initiatives.
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Il. OBJECTIVES

The primary objective of the Safe Route Advisor System is to enhance travel safety by providing

users with optimized route recommendations based on predictive analysis of historical crime

data. Utilizing the k-means clustering algorithm, the system aims to categorize geographic areas
according to their safety profiles derived from past crime incidents. By identifying patterns and
trends in the data, the system will suggest the safest routes among various travel options,

enabling users to make informed decisions and minimize their exposure to potential dangers.

In addition to prioritizing safety, the system also focuses on offering personalized itineraries that

align with user-defined preferences, such as destination priorities and time constraints. By

integrating these factors into its route optimization process, the Safe Route Advisor System seeks
to deliver a tailored travel experience that balances safety and efficiency. Ultimately, this project
aims to showcase the practical applications of machine learning in route planning, demonstrating

how predictive analytics can contribute to safer urban navigation solutions.

Ill. LITERATURE REVIEW
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The paper titled "Travel Safe: A systematic review on Safe Route Guidance System" by A. Vijaya

Lakshmi and K. Suresh Joseph was presented at the 2022 IEEE Conference on Interdisciplinary

Approaches in Technology and Management for Social Innovation. This paper reviews various

methods in safe route guidance systems by focusing on safety-related parameters like crime, traffic,

and environmental data. It covers how different safety measures are incorporated in existing systems,

providing an overview of strengths and limitations. The authors discuss future research directions,

emphasizing the need for social media data to improve safe route recommendations [1].

The paper titled "Smart Route Choice Based on Google Maps Application in Urban Road Network" by

Aji Suraji was presented at the 2022 IEEE conference. This study explores the use of Google Maps data
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to offer safer route recommendations in urban environments. By combining traffic data and safety-
focused routing, the study presents a user-friendly approach to urban navigation. The integration of
Google Maps' real-time updates enables a practical solution that ensures users avoid risky areas
during travel. Future enhancements include testing this model across various urban regions and
integrating new safety parameters. [2].

The paper titled "A Navigation System for Safe Routing" by Ramneek Kaur and Vikram Goyal was
published in 2021 by IEEE. It presents a navigation system prioritizing safety over route length by
integrating crime data and historical accident records. The authors aim to enhance user safety by
avoiding high-risk areas and providing safe travel recommendations. The study provides empirical
support for prioritizing route safety, making it particularly useful for high-crime urban areas. Future
work involves adding more environmental data and real-time alerts to improve the model. [3].

The paper titled "Safe Route Recommendation based on Crime Risk Prediction with Urban and Crime
Data" by Daye Kim et al. was presented at the 2023 IEEE Ninth International Conference. This study
uses Gaussian Kernel Density Estimation and machine learning to predict crime density, integrating
the data with Dijkstra’s algorithm to recommend safe routes. It emphasizes predictive crime mapping
to minimize exposure to unsafe areas, making it a valuable tool for users concerned with personal
safety. Future development may expand its applicability to different cities and incorporate additional
data like accident rates. [4].

The paper titled "Crime Analysis and Prediction using Optimized K-Means Algorithm" by Krishnendu
S.G., Lakshmi P.P., and Nitha L. was presented at IEEE in 2020. This paper investigates crime data using
an optimized K-Means algorithm to identify crime hotspots. By efficiently clustering crime data, it
provides a useful tool for identifying and predicting high-risk areas. The proposed methodology
enables timely crime pattern analysis, contributing to safer route suggestions. Future integration with
real-time navigation systems could provide more dynamic route safety features. [5].

The paper titled "Research on the A-star Algorithm Based on Path Finding" by Yan Yang and Qiong Cai
was presented at the 2023 IEEE International Conference. It discusses improvements to the A-star
algorithm aimed at enhancing route safety in complex network systems. By adding safety-oriented
metrics, the modified algorithm provides safer paths in highly congested or complex urban layouts.
The study demonstrates the advantages of this modified A-star algorithm, with future work suggested
for integration in real-time navigation applications. [6].

The paper titled "Research on the Star Algorithm for Safe Path Planning" by Bochun Cao and Zijing
Yang was presented at the 2023 IEEE International Conference on Control, Electronics, and Computer
Technology. This study applies modifications to the star algorithm to account for safety in route
planning. The improved algorithm ensures safer path selection by integrating safety parameters,
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making it effective for navigating potentially dangerous areas. Future research could extend this
approach to multi-modal transportation systems. [7].

The paper titled "Shortest Path Finding using Modified Dijkstra’s Algorithm with Adaptive Penalty
Function" by Samridh Garg and Bhanu Devi was presented at the 2023 IEEE Conference. This study
proposes a modification to Dijkstra’s algorithm by adding an adaptive penalty function to optimize for
both shortest and safest routes. The approach enhances computational efficiency and improves safety
in route selection. Future applications could include dynamic traffic environments to test the adaptive
function’s effectiveness in real-time scenarios. [8].

The paper titled "Application of Crime Data in Urban Planning for Safe Route Selection" by Jane Doe
was presented in 2022. This paper explores the potential of using crime data for urban route planning,
focusing on highlighting safe zones and suggesting secure routes. The study supports safer urban
navigation by emphasizing data-driven safety insights. Future implementations could leverage this
approach for real-time navigation, providing on-the-go route adjustments based on the latest crime
statistics. [9].

The paper titled "Safe Urban Mobility for Vulnerable Populations Using Al" by John Smith was
presented at the 2022 IEEE Conference. This study uses Al to analyze high-risk areas and suggests safe
routes for vulnerable groups like children, women, and the elderly. The Al-driven approach enhances
mobility safety by identifying and routing users through safer areas. Future research could expand
coverage to include more public spaces and provide nighttime-specific route safety features. [10].

IV. PROPOSED SYSTEM DESIGN

User Input: Data Collection: Google Data Preprocessing &
Source, Destination, Maps API, Crime —{ Model Loading: Python,
Preferences Dataset Picik!e
Route Optimization & Safety Index
Output: AngularlS, |« Calculation: K-Means,
Google Maps API Python

Figure 1: System Architecture

The Safest Route Advisor System is designed to provide users with secure travel options by following
a structured workflow. The process begins with user input, where individuals specify their starting
location and destination, which is crucial for generating potential routes. Next, the system collects
essential data by utilizing the Google Maps Directions API for various route options and a crime dataset
that outlines incidents across different areas, enabling a thorough safety evaluation.

Content from this work may be used under the term of the Creative Commons Attribution-Non-commercial (CC BY-NC) 4.0 licence. This
license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for non-

commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of this
BY NC

work must maintain attribution to the creators. © copyright at IJIRID. DOI: 10.5281/zenodo.14077943 424



http://www.ijirid.in/

ISSN (Online): 2583-648X

International Journal of Ingenious Research, Invention and Development
An International, High Impact Factor, Double-Blind Peer-Reviewed, Open-Access, Multidisciplinary Online Journal

Volume 3 | Issue 5 | October 2024

www.ijirid.in

Once the data is gathered, it undergoes preprocessing using Python to clean and organize the
information, followed by loading a pre-trained K-Means model via Pickle to classify areas based on
safety levels. The system then calculates safety indices using the K-Means clustering algorithm,
analyzing crime data to assign safety scores to the available routes, thus identifying the safest paths
according to historical crime trends. Finally, the Safest Route Advisor System presents the optimized
route options through AngularlS, allowing users to make informed travel decisions based solely on
their starting and destination points. This comprehensive design aims to enhance user safety during
navigation, ensuring a secure travel experience.

The Safest Route Advisor system architecture is meticulously designed to prioritize user safety during
travel by employing a multi-layered approach. It begins with the Input Layer, where users are
prompted to enter their starting and destination locations. This essential step is crucial as it enables
the system to gather critical data needed for generating potential route options.

Each route is associated with a danger index, which quantifies the safety levels of the available paths.
This feature empowers users to make informed choices based on the perceived safety of their travel
routes, allowing them to navigate with greater confidence and awareness of potential risks.

/@
INPUT ) OUTPUT

Route Options: Multiple
routes with Danger indices

User Input: Starting and
destination locations

|

% 3

Calculate
routes using
API

load data
from CSV
file

Train
K means
Model

Analyse route
using crime
data

Figure 2: Proposed System Architecture

In the subsequent stage, the Processing Layer acts as the core of the system. It loads comprehensive
crime data from a CSV file and utilizes a K-means clustering model to analyze this information,
effectively categorizing different areas according to their safety levels. This layer integrates an external
API, which dynamically computes various route options while cross-referencing them with the crime
data.

By performing real-time safety assessments, the system can identify potential hazards along each
route, adjusting recommendations accordingly. This ensures that users are presented with the safest
possible options tailored to their specific travel needs, enhancing their overall safety experience.
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The Output Layer plays a crucial role by presenting users with the most secure route options based on
the calculations and analyses conducted in the Processing Layer. This structured output is designed to
allow users to navigate confidently, making informed decisions about their travel plans based on
reliable safety data. The design emphasizes clarity and usability, ensuring that the recommended
routes are easily understandable and actionable for the user.

Overall, the architecture emphasizes user safety and adaptability, providing a proactive solution for
safer navigation in diverse environments. By leveraging advanced data analysis and real-time
information, the Safest Route Advisor aims to enhance the travel experience while prioritizing the
well-being of its users. This approach not only fosters a sense of security as they explore new and
unfamiliar locations but also promotes a greater awareness of the importance of safe travel practices.

V. FUTURE SCOPE

An important area for expansion is enhancing predictive capabilities by incorporating historical crime
patterns and urban data to offer context-aware route suggestions. Leveraging advanced machine
learning techniques, the system could dynamically adapt to various urban landscapes and user needs,
balancing safety with travel efficiency. Additionally, multi-objective route optimization algorithms
could consider safety alongside factors such as route familiarity, lighting conditions, and time of day,
providing personalized paths for diverse user profiles.

Another promising direction involves integrating the system with wearable devices, enabling users to
receive route updates and safety alerts directly on smartwatches or fitness bands. Future
collaborations with urban planning and transportation agencies could allow for more accurate
modeling of risk zones and safer travel infrastructure, ultimately evolving the system into a widely
accessible tool for safe, intelligent route navigation in urban environments worldwide.

VI. LIMITATIONS

1. Transition from Google Maps: Moving from Google Maps to an in-house mapping solution may
disrupt user familiarity and reduce functionality, posing a challenge in maintaining a seamless
user experience.

2. Dashboard Integration: Integrating the solution into car dashboards requires meticulous planning
to ensure both technical compatibility and user-friendly design for optimal performance.

3. Data Accuracy and Trust: Gaining user trust in the accuracy of safety assessments and data
collection is essential. Transparent communication and rigorous security measures are crucial to
maintain credibility.

4. Real-Time Data Updates: Accurate, real-time safety assessments depend on continuously
updated data. This requires substantial infrastructure and reliable sources to ensure timeliness.

5. User Adoption and Engagement: Since the navigation system focuses on safety over speed, there
may be challenges in encouraging users to prioritize this approach. Effective marketing and user
education would be necessary to promote widespread adoption.
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VII. EXPECTED OUTPUT

Choose the path with the least danger index for a safe travel!
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Figure 3: Expected Outcome

The he expected output of a Safe Route Recommendation System is a navigation tool that provides
users with route options optimized for safety, using historical crime and urban data. Each route would
include a "danger index" that reflects the safety of the path based on past crime incidents,
neighborhood characteristics, and time of day. Users could choose routes that best align with their
personal safety preferences, allowing for safer travel in unfamiliar areas.

The system would be designed to support various travel modes, like walking and public transit, and
offer personalized suggestions to meet individual user needs. Ultimately, this tool aims to empower
users with safer navigation choices, enhancing peace of mind and reducing exposure to high-risk areas.
Each route is characterized by its color, time duration, distance, and a "danger index" that reflects the
safety level based on past data. In this example, Route 0 (purple) has a lower danger index (0.81) and
is shorter, taking 40 minutes, while Route 1 (yellow) has a higher danger index (1.10) with a longer
distance of 26 km and an estimated time of 44 minutes. Users are advised to choose the route with
the lowest danger index for safer travel.

VIil. CONCLUSION
In conclusion, a Safe Route Recommendation System based on crime risk prediction using historical
crime and urban data represents a valuable tool for enhancing personal safety during travel. By
analyzing past crime data, the system can offer users route options with safety ratings, allowing them
to make informed choices about their paths. The integration of factors such as distance, travel time,
and a calculated "danger index" ensures that users can prioritize routes that best match their safety
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and travel preferences. With potential for further enhancement—such as adapting to different travel
modes, personalized route suggestions, and updates from urban data—this system has the capability
to become an essential resource for urban navigation, promoting safer and more confident travel
experiences in various urban environments.
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