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Abstract- Modern navigation systems primarily optimize routes based on travel time and distance, often neglecting
safety related parameters such as road condition, weather, visibility, and traffic hazards. This paper proposes a real
time risk aware route optimization framework for safe and intelligent navigation systems that integrates multi source
data including GPS, weather APIs, traffic information, and user generated hazard reports. A weighted risk evaluation
model is employed to compute a composite safety score for each candidate route, and a modified Dijkstra’s algorithm
is utilized to identify the safest route rather than merely the shortest path. The system dynamically updates route
recommendations in response to changing environmental and traffic conditions, thereby enhancing adaptability and
reliability. The proposed approach aims to improve road safety, reduce accident risks, and contribute toward the
development of intelligent transportation systems.
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conditions vary considerably depending on time of
day, weather, and traffic density. For example, night
driving introduces visibility constraints, glare, and
fatigue related risks [3], [10]. Despite these
challenges, most routing systems do not adapt
recommendations based on temporal safety
conditions.

I. INTRODUCTION

Due to the rapid development of urban
infrastructure and the exponential increase in vehicle
usage, the demand for efficient navigation systems
has grown significantly in recent years [1], [2].
Modern GPS based navigation applications assist
users by providing route guidance based on factors
such as distance, travel time, and traffic congestion
[71, [13]. While these systems improve transportation

Therefore, there is a growing need for an intelligent
navigation system that simultaneously considers

efficiency, they often overlook safety related factors
that are equally important in real world driving
scenarios.

Drivers frequently encounter hazardous conditions
such as potholes, poor road surfaces, inadequate
lighting, and adverse weather, all of which can
significantly increase accident probability [8], [10].
Traditional navigation systems generally fail to
incorporate these dynamic safety parameters into
route planning, unlike recent safety oriented routing
frameworks proposed in the literature [8], [15].

Another critical limitation of current navigation
systems is the lack of temporal awareness. Driving

travel efficiency and driver safety. The proposed
framework addresses this challenge by integrating
real time traffic information, weather conditions,
road surface quality, visibility, and user generated
hazard reports into a unified risk assessment model.
A modified Dijkstra algorithm is employed to identify
the safest route based on cumulative risk rather than
minimum distance. The proposed approach aims to
improve road safety, reduce accident probability,
and support intelligent transportation systems
through adaptive and dynamic route planning.

Il. LITERATURE REVIEW

Table 1. Comparative Evaluation of Route Optimization Techniques Based on Safety and Risk Factors

| Approach || Technique Used || Advantages || Limitations || Citation |
Multi Weighted Risk Model using||Considers Multiple||Static Data H(H
Factor Risk Routing |[Traffic + Weather Parameters Dependency [15]’
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| Approach || Technique Used | Advantages ||  Limitations | Citation|
Traffic Based . . Efficient Time

Navigation GPS + Congestion Algorithms Optimization Ignores Safety [13]
Weather Based - . Useful in  Extremel, . .

Routing Environmental Data Integration \Weather Limited Scope [10]
Crovx_/d . Sourced Mobile Sensors for Potholes Real World Data Not _Integrated with [14]
Monitoring Routing

|Traditiona| Systems ||Shortest/Fastest Path Algorithms ||Wide|y Adopted

|[No Safety Awareness ||[7] |

The table compares different routing strategies
based on methods, advantages, disadvantages, and
noted research gaps. It illustrates how existing
systems, such as traffic based and conventional
navigation, often prioritize efficiency and wide
usability over safety related considerations. While
weather based and crowd sourced approaches
provide valuable information, they are not
sufficiently integrated with routing decisions. Multi
factor risk routing improves decision making by
considering a range of factors. Nevertheless, it still
lacks real time hazard detection and depends on
static data. When everything is taken into account,
the comparison shows a clear gap in the
development of a fully integrated, dynamic, and
safety conscious routing system that incorporates
real time data, adaptive navigation, and risk
assessment.

Even though intelligent transportation systems and
route optimization have advanced, current solutions
have a number of serious flaws that restrict their
usefulness in practical situations. The lack of real
time road condition monitoring is one of the main
drawbacks. The majority of systems rely on static or
sporadically updated datasets, which are inadequate
to capture abrupt changes like construction
activities, potholes, or road damage. The disregard
for visibility related hazards, especially when driving
at night, is another major gap.

Driver perception and reaction time can be greatly
impacted by dim lighting, glare, and poor visibility.
Nevertheless, these elements are not taken into
account when making decisions by the navigation
systems in use today.

Furthermore, user participation in hazard reporting
is not supported by current systems. When it comes

to spotting problems like accidents, obstacles, or
dangerous situations in real time, crowd sourced
data can be extremely helpful. The system's capacity
to react to dynamic changes in the environment is
diminished in the absence of such features.

Moreover, the majority of navigation systems lack
full adaptability. Unless there are major delays, a
route is rarely changed once it has been chosen.
Emerging risks during travel are not taken into
account by this static approach. All of these
drawbacks point to the necessity of a navigation
framework that is more intelligent, flexible, and
safety focused.

The reviewed literature indicates that most existing
navigation systems primarily focus on minimizing
travel time or distance while giving limited attention
to comprehensive road safety. Although several
studies have incorporated individual safety
parameters such as weather conditions, traffic
congestion, or crowd sourced hazard reports, very
few integrate all these factors within a unified real
time route optimization framework. Furthermore,
existing methods often rely on static datasets and
lack adaptive route recalculation capabilities. These
research gaps motivated the development of the
proposed system, which integrates multiple dynamic
data sources with a weighted risk assessment model
to provide safer and more reliable route
recommendations.

I1l. PROPOSED SYSTEM

The suggested system is a comprehensive mobile
navigation platform that integrates real time data
and makes intelligent
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decisions to improve road safety. The system
simultaneously retrieves real time information from
external APIs, including environmental conditions,
traffic congestion, and weather updates, similar to
modern intelligent transportation systems [2], [12].

The GPS module is responsible for tracking
movement and determining the user's present
location using satellite based positioning techniques
(71, [13].

The incorporation of a user driven hazard reporting
mechanism enables drivers to report potholes,
collisions, or blocked roads, following crowd sourced
monitoring approaches proposed in recent smart
navigation systems [14].

Each route's composite risk score is determined by
the risk evaluation engine after processing all
collected parameters, based on weighted multi
factor risk assessment models proposed in prior
research [10], [11].

In order to guarantee the highest level of safety
throughout the trip, the system also dynamically
updates route recommendations based on ongoing
data changes.

Sate Route

imendation

Figure 1. System architecture of the proposed risk
aware navigation system.

IV. METHODOLOGY

The approach in this study combines data collection,
risk modeling, and optimization techniques to
ensure safe route selection. The process starts with
gathering real time data from various sources,
including GPS, weather APIs, traffic systems, and user
inputs.

At the core of the system is the risk evaluation
model, which measures the safety level of each

route. The model assigns weights to different factors
based on their impact on driving safety. For instance,
poor road conditions and low visibility might receive
higher weights than moderate traffic.

The composite risk score for each candidate route is
computed using a weighted risk aggregation model
as follows:

RiskScore = w1l(Traffic) +
w3(RoadCondition) + w4(Visibility)

w2(Weather) +
M

where w1, w2, w3, and w4 denote the weighting
coefficients assigned to traffic density, weather
severity, road condition, and visibility respectively.
These weights are selected based on the relative
influence of each parameter on driving safety.

The proposed methodology follows a systematic
workflow  consisting of data  acquisition,
preprocessing, risk evaluation, route optimization,
and dynamic route updating. Initially, the user's
current location and destination are obtained
through the GPS module. Real time traffic conditions
are collected from traffic services, weather
information is obtained through weather APIs, while
road condition data are gathered from user
generated hazard reports. Each parameter is
normalized and assigned an appropriate weight
according to its impact on driving safety. The
weighted values are combined to calculate a
composite risk score for every road segment. These
risk values are then assigned as edge weights in the
road network graph. The modified Dijkstra algorithm
evaluates all possible routes and selects the path
with the minimum cumulative risk score instead of
the shortest distance. Whenever significant changes
occur in traffic, weather, or road conditions, the
system automatically recalculates the safest route to
ensure continuous navigation support.

To determine the safest route, a modified version of
Dijkstra’s shortest path algorithm is employed in
which the edge weights represent composite risk
scores rather than conventional distance or travel
time metrics. During graph traversal, the algorithm
selects the path with the minimum cumulative risk
score, thereby identifying the safest route between
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source and destination. This modification ensures
that route selection prioritizes safety over efficiency.

The system also includes a dynamic update
mechanism that continuously monitors incoming
data and recalculates routes when necessary. This
real time adaptability is essential for handling
unpredictable road conditions and keeping users
safe.

Figure 2. Flowchart of the proposed risk aware
route selection system.

V. ANALYSIS

The proposed navigation framework was evaluated
by analysing multiple routing scenarios under
varying traffic density, weather conditions, visibility,
and road surface quality. The composite risk score
generated for each road segment was used to
compare  alternative  routes. The  analysis
demonstrated that assigning higher weights to
critical safety parameters effectively reduced
exposure to hazardous road segments. The modified
Dijkstra algorithm consistently selected routes with
lower cumulative risk compared to conventional
shortest path methods. The dynamic route
recalculation  mechanism  further  improved
adaptability by responding to changes in
environmental conditions and hazard reports during
navigation. These observations indicate that

integrating  multiple real time parameters
significantly enhances route safety while maintaining
acceptable travel efficiency.

VI. RESULTS AND DISCUSSION

The proposed risk aware navigation framework was
evaluated through simulation based analysis by
comparing the generated routes with traditional
shortest path routing methods under varying traffic,
weather, and road condition scenarios.

The experimental observations indicate that the
proposed system consistently selects routes with
lower cumulative safety risk while maintaining
acceptable travel efficiency. In scenarios involving
poor weather, high congestion, and reported road
hazards, the algorithm successfully avoided unsafe
road segments and recommended alternate safer
paths.

Compared with conventional navigation approaches,
the proposed framework demonstrated significant
improvements in route safety by assigning higher
priority to safety related parameters rather than only
minimizing travel distance. The modified Dijkstra
algorithm successfully avoided road segments with
poor weather conditions, high traffic congestion, and
reported hazards. Although the selected route
occasionally resulted in a slightly longer travel
distance, the overall reduction in cumulative risk
significantly enhanced travel safety. Dynamic route
recalculation enabled the system to adapt to
changing environmental conditions in real time,
thereby improving navigation reliability and
ensuring safer route recommendations for users.
These results validate the effectiveness of integrating
multi parameter risk assessment with modified
shortest path optimization for intelligent safety
focused navigation.
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Figure 3. Risk based route comparison showing the
safest path.
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VII. CONCLUSION

This study presented a real time risk aware route
optimization framework for intelligent navigation
systems that integrates traffic conditions, weather
information, road surface quality, visibility, and user
generated hazard reports into a unified risk
assessment model. Unlike conventional navigation
systems that primarily optimize travel time or
distance, the proposed framework prioritizes user
safety through weighted risk evaluation and a
modified  Dijkstra  algorithm.  The  results
demonstrated that the proposed approach
effectively reduced exposure to hazardous road
segments while maintaining acceptable travel
efficiency through dynamic route recalculation. The
proposed  framework  contributes to the
advancement of intelligent transportation systems
by providing safer and more adaptive route
recommendations. However, the current study is
limited to simulation based evaluation and depends
on the availability of reliable real time data sources.
Future work will focus on real world implementation,
integration of artificial intelligence techniques, and
large scale validation to further improve prediction
accuracy and navigation reliability.

Future Scope

The integration of artificial intelligence and machine
learning represents a promising direction for future
enhancement of theproposed system. In order to
help with proactive risk management, loT and Al
based systems can also be used to analyse historical
data into possible accident prone areas. Real time
data from intelligent sensors integrated into road
infrastructure can be obtained through the
integration of Internet of Things (IoT) devices. This
would make it possible to identify environmental
variables and road conditions more precisely.

Working with smart cars and their safety features
would be another way to improve the system. This
would enable drivers to receive alerts automatically,
assisting them in maintaining road safety.

Future enhancements may include voice based
interfaces and augmented reality integration to
provide distraction free navigation assistance.
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