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Abstract The growth of the city, climate change, and
inadequate drainage systems are contributing to urban
flooding as a critical issue in today’s cities. The flooded roads
cause traffic jams, delays, and safety concerns for travelers.
Existing naviga-tion systems use shortest paths or fastest
routes without consid-ering the environment, such as flood
areas, causing travelers to move across unsafe locations. This
study introduces an artificial intelligence-based integrated
solution for detecting floods and predicting safe routes for
travelers. The suggested model uses machine learning
methods to assess environmental variables such as rain
intensity, altitude, and terrain and categorizes the location as a
flood area. The random forest method is used to sort areas
into risk categories based on historical data.After identifying
the risk level of flood zones, various routes from the origin
point to the destination point will be generated and
assessed. The suggested routes will be analyzed to identify
the intersection of any route with the flood region. The
system will avoid unsafe routes and suggest alternative
routes to travellers.This approach will improve safety for
commuters, enable better decision-making in unfavorable
weather, and facilitate smart city development. The system
can be further expanded in the future through the
integration of real-time weather data, flood detection using
IoT sensors, and traffic updates to optimize the routes
dynamically.

Index Terms—Flood Detection, Machine Learning, Smart
City, Route Optimization, GIS, Artificial Intelligence

1. INTRODUCTION

One of the most serious problems facing rapidly growing
cities worldwide is urban flooding. Concrete roads,
buildings, and roads are examples of impervious surfaces
that have grown in number as a result of urbanization,
greatly reducing natural water infiltration into the soil.
Because of this, water builds up on urban surfaces during
times of heavy rainfall, causing serious flooding. These
floods threaten the safety of locals and commuters, interfere
with transportation networks, and harm infrastructure.

The effects of climate change, which have changed
rainfall patterns and increased the frequency of extreme
weather events, have made urban flooding an even
bigger problem.
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Flooding frequently occurs because many cities have no
ef-fective drainage systems that can manage high water
volumes. Flooded roads become dangerous for cars and
cyclists, result-ing in delays, collisions, and financial
losses. Additionally, it is difficult for emergency services

to reach impacted areas, which can have serious
consequences in emergencies.
Navigation systems are essential for directing

commuters when it comes to urban transportation.
However, the majority of navigation systems currently in
use are made to optimize routes according to factors like
travel time, distance, and traffic congestion. Environmental
risks like flooded roads, which can seriously impair route
safety, are not taken into account by these systems. As a
result, users might accidentally take routes that go through
flood-prone areas, which could cause problems, delays, and
even danger.

Intelligent systems that can incorporate environmental
awareness into route planning are becoming more and more
necessary to overcome this limitation. Large-scale environ-
mental data analysis and risk prediction are now possible
thanks to recent developments in artificial intelligence (Al)
and machine learning (ML). To find patterns linked to
flooding, machine learning models can analyze data like
elevation, rainfall intensity, and geographic features. By
adding flood risk assessment, these predictive capabilities
can be used to improve navigation systems.

Route optimization algorithms are essential for
determining effective routes between locations in addition
to flood predic-tion. For creating the best routes, graph-
based algorithms like Dijkstra and the following characters
are frequently employed. However, these algorithms usually
ignore safety considerations in favor of minimizing travel
time or distance. It is possible to create a system that not
only finds the shortest path but also guarantees that the

chosen route stays clear of dangerous areas by
incorporating flood prediction results into route
optimization.
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The foundation of intelligent and robust urban
transportation systems is the combination of route
optimization and Al-based flood prediction. By offering
real-time information about flood-prone areas and
recommending alternate routes, such systems can greatly
increase commuter safety. Additionally, by utilizing data-
driven technologies to improve travel in cities and disaster
management, these systems aid in the creation of smart
cities.

In order to provide safe navigation in urban settings, this
paper presents an integrated platform that combines
intelligent route planning with machine learning-based
flood detection. The suggested system assesses various
routes according to the associated risk levels and uses
environmental data to forecast flood-prone areas. Through
an interactive map interface, safer routes are suggested to
users, and routes that cross high-risk areas are identified
and avoided.

II. LITERATURE REVIEW

The use of machine learning algorithms in flood
prediction in urban environments has been researched and
analyzed by many scholars. Rainfall, elevation, and soil
types are some of the environmental factors that have been
analyzed using ma-chine learning algorithms. Using the
patterns derived from the data, the accuracy of the
algorithms has been high in predicting flood-prone areas.
Geographic Information Systems (GIS) and remote sensing
techniques are some of the techniques that are widely
used in flood prediction and visualization of the affected
areas.

The recent developments in Artificial Intelligence have
greatly improved flood prediction systems, enabling real-
time data processing and accuracy. It has been proved
through many research papers that the integration of data
sources, including weather conditions, satellite imagery,
and terrain types, improves the accuracy of flood prediction
systems. loT-based flood prediction systems are also
gaining popularity, where sensors are installed to track the
water levels and envi-ronmental conditions. This system
generates alerts, enabling people to take preventive
measures before the flood conditions become critical.

Though many flood prediction systems are developed
using the recent advancements in Artificial Intelligence,
they are not integrated with navigation systems. Hence,
they are not able to provide guidance to people in choosing
the best route while commuting. Similarly, the existing
navigation systems are designed to optimize the distance
and travel time between two points, but they do not
consider environmental hazards.
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This shows the need to develop an integrated system that
combines flood prediction with route optimization
techniques.

III. PROBLEM STATEMENT

Urban flooding is a major problem in modern urban
envi-ronments, which is caused by rapid urbanization,
insufficient drainage systems, and unpredictable rainfall.
During periods of high rainfall, water accumulation on
road surfaces and in low-lying areas creates considerable
traffic congestion, delays, and hazards for commuters.
Flooded roads hinder normal flow during routine travel and
increase the risk of accidents and damage to vehicles.
Despite the availability of navigation tools, commuters
often experience difficulties in choosing appropriate routes
during travel.

Current navigation tools mainly focus on providing the
shortest or fastest path for travel, depending on traffic
condi-tions and distance. However, there is considerable
inattention to environmental hazards, including flooded
regions, which have significant impacts on the safety of
routes. Therefore, commuters may unknowingly travel in
flood-prone regions, which may cause considerable
inconvenience, delays, and hazards during travel. This is an
indication of the failure of navigation tools in integrating
environmental hazards in route optimization tools.

Currently, numerous flood prediction tools have been
de-veloped, but most of them have been developed
independently and do not provide real-time guidance in
choosing appropriate routes during travel. Most flood
prediction tools have been developed with the primary aim
of identifying flood-prone regions but do not provide any
guidance on how to avoid flood-prone regions during
travel.

Thus, there is considerable need for an effective tool
that is capable of identifying flood-prone regions during
travel and integrating this in route optimization tools.

IV. METHODOLOGY

The proposed system aims at integrating flood prediction
with route optimization using a systematic approach. The
system uses environmental data analysis in conjunction
with machine learning algorithms to detect flood-prone
areas. Route optimization is also conducted using machine
learning algo-rithms. The approach is carried out in several
stages. Data collection is followed by data preprocessing.
Route generation is also part of the approach. Each of these
stages is highly significant in order to obtain accurate
predictions and reliable routes. The system analyzes both
environmental conditions and route conditions in order to
provide users with reliable routes during bad weather.
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A. Data Collection

Data such as rainfall, elevation, and geographic features
associated with floods is retrieved from publicly available
sources. These factors are essential in defining the flood-
prone areas, as rainfall, especially in areas with lower
elevation, leads to water accumulation. The data assembled
is used to train the machine learning model, as well as to
validate the accuracy of the predictions.

B. Data Preprocessing

The data collected is then cleaned and normalized to im-
prove the accuracy of the model. This process includes the
handling of missing data, reduction of noise, and
normalization of the data to a specific range. Proper
cleaning of the data improves the accuracy of the model,
reducing any error that may occur in the process.

C. Machine Learning Model

The Random Forest algorithm is used for classification
of areas as flood-prone or safe. The algorithm is trained
with data from past experiences and learns patterns from
environmental parameters. Random Forest is used due to its
high accuracy and ability to handle large data sets. Once
trained, it predicts flood risks for input data, which can be
used to locate flood-risk areas.

D. Route Generation

Multiple routing options are generated through
algorithms such as Dijkstra’s algorithm or A*. These
algorithms provide possible paths between a specified
source and destination within road networks. The
generation of multiple routes en-sures alternative pathways
in case some of the routes are passing through flood-prone
areas.

E. Risk Analysis

For each route, there is evaluation in terms of anticipated
flood zones in order to determine its safety level. The
process involves checking if any part of the route crosses
flood-prone areas. A risk score is allocated to each route
depending on the number of high-risk areas it covers.

F. Safe Route Recommendation

The system determines the safest route by assessing
flood risk and minimizing it. Routes passing through high-
risk flood zones are marked as unsafe routes, whereas safer
routes are indicated for the user. The determined routes
are displayed in an interactive map format. This is helpful
in making appropriate travel decisions.
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V. PROPOSED SYSTEM

This proposed system is a form of Al-based integrated
system, designed to identify flood-prone regions and
provide safe route recommendations for the user. The
system combines machine learning techniques and route
optimization algorithms to increase the safety of travel,
especially in harsh weather conditions. The system
architecture of this proposed system consists of three
primary layers, namely the frontend layer, backend layer,
and Al layer.

A. Frontend Layer

The frontend layer provides an interactive user interface
that enables users to enter their location of origin and their
destination. It also provides maps, routes, and flood-prone
areas in a clear manner. The user interface is created using
technologies that include React.js and Leaflet. This layer
enables users to understand the state of routes.

B. Backend Layer

The backend layer is in charge of data processing, API
integration, and the integration of various system
components. It receives user data, generates the route
with the help of the routing services, and controls the data
flow between the frontend and the machine learning model.
FastAPI is used for developing the backend services. This layer
acts as the processing unit of the system.

C. Al Layer

The artificial intelligence layer is responsible for the
predic-tion of the flood-prone region. This is done with the
help of the machine learning model. The Random Forest
algorithm is used in this context. The environmental factors
such as precipitation and topography are taken into
consideration. The safety of the route is determined with
the help of this prediction.

D. System Workflow

The process starts with the acceptance of user input con-
taining the source and destination. The system then
proceeds to generate various possible routes. The Al
system uses environmental data to predict flood-prone
areas. The system then checks all the routes and
determines if they cross any of the predicted flood-prone
areas. The route that enters the flood area is marked as an
unsafe route, and the safe route is highlighted.
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E. Key Features

The proposed system includes several important features
such as route visualization in real time, identification of
flood risks, and route recommendations. The system helps
commuters avoid risky areas and provides an interface to
make it easy to interact with the system. The system is
scalable and has the possibility of expansion to
accommodate multiple cities and real-time data integration.

VI

The proposed system integrates flood prediction and
route optimization using a mathematical framework. The
model consists of two main components: flood risk
estimation and route safety evaluation.

A. Flood Risk Prediction Model

Let the input feature vector be defined as:

MATHEMATICAL MODEL

X =1{R EG,D} (1)
where:
R = Rainfall intensity
E = Elevation level
G = Geographical features
D = Drainage capacity

The flood prediction model is defined as:
Y =f(X) (2)

Y =1 — Flood-prone area
Y =0 — Safe area

The Random Forest classifier is used to approximate
func-tion f(X):

N

=

1
rx) = N T,(X) 3)

=1

where T; represents individual decision trees and N is
the total number of trees.

B. Flood Risk Score
Each location is assigned a flood risk score:

Frisk = WiR + w2E + w3G + waD  (4)

where wi, ws, ws, wa are weights representing the
impor-tance of each parameter.

C. Route Representation
A route is defined as a sequence of nodes:
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Route = {n1, nz, ns, ..., nk}  (5)
Each node corresponds to a geographical location.

D. Route Risk Evaluation
The total risk of a route is calculated as:

=k
Riotar = Frisi(n;)
=1

(©)

E. Optimal Route Selection

The safest route is selected by minimizing the total
risk:

R* = arg min(Rtotat)

)

Thus, the system recommends the route with the lowest
flood risk.

VII. EXPERIMENTAL SETUP
The system is developed using:

*  React.js and Leaflet for frontend

*  Python and FastAPI for backend

*  Random Forest algorithm for prediction
*  OpenStreetMap and OSRM for routing

VIII. SYSTEM IMPLEMENTATION

The proposed system is implemented using a
combination of modern web and machine learning
technologies. The frontend is developed using React.js and
Leaflet, which provides an interactive map-based interface
for users to enter source and destination locations and
visualize routes.

The backend is developed using FastAPI, which handles
API requests, data processing, and communication between
system components. The machine learning model is imple-
mented using the Random Forest algorithm from the Scikit-
learn library. The model is trained using environmental
data such as rainfall, elevation, and geographical features.

Routing is performed using OpenStreetMap data and
OSRM, which generates multiple possible routes between
locations. Each route is evaluated based on predicted flood
risk. The system integrates these components to provide
real-time-like safe route recommendations.

The implementation is modular and scalable, allowing
easy integration of real-time APIs and loT-based sensors in
the future.

IX. RESULTS AND ANALYSIS

The proposed system has also been tested using
represen-tative data sets and simulated flood scenarios.
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The accuracy of the Random Forest model in predicting
flood-prone regions is found to be around 85 Perecent. The
results show that the proposed system is effective in
classifying regions based on environmental parameters
such as rainfall and elevation.

Multiple routes are generated between the source and
destination points, and the system checks each of them for
flood risk. The system is effective in identifying unsafe
routes that pass through flood-prone regions and provides
alternative routes. Compared to traditional navigation
systems, the pro-posed system is highly effective in
ensuring safe routes and reducing travel risks.

Graphical analysis of the results shows that the proposed
system is more effective compared to traditional routing
sys-tems based on environmental intelligence, which is
achieved by integrating machine learning with routing
optimization.

Updatinginputs Model
New Scenarios | Improvement
Flood Prediction] ~ Model
Flood Warning | Deployment S
Error Matrices Model
e, Flscore,SS | Evaluation
Transformer

Train/Test data MO& Descriptive Statistics
Hyperparameter | Training Exploratory Data Analysis | -Features Distribution

Flood Prediction Workflow using
Machine Learning Techniques

Evaluator

Geographic Features
Data Collection § -sydraulic Features
Landcover Features

Estimator

Imputation

Feature Engineering
Normalization/standardization
-Data Transformation

Fig. 1. Proposed Workflow of Flood Prediction using Machine
Learning

IX. CONCLUSION

This paper discusses an Al-based integrated platform for
flood detection and safe route prediction in an urban
environ-ment. In this context, the proposed system
incorporates ma-chine learning techniques with route
optimization algorithms to overcome the limitations of
existing navigation systems. In addition, it can analyze
various environmental conditions such as precipitation,
elevation, and geographical conditions to detect flood
areas. Therefore, it can provide an efficient solution for
safe routes during such conditions.

The proposed system also exhibits the capabilities of
Arti-ficial Intelligence in enhancing safety and efficiency in
urban areas. In other words, it can provide an efficient
solution for safe routes by generating alternative routes and
analyzing them based on flood conditions. In addition, it
can provide an efficient user experience through an
interactive map interface.
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Therefore, it can delineate safe and unsafe areas through
this platform. In this context, it can mitigate risks during
travel and also contribute to developing smart cities.

In conclusion, it is evident that the proposed
platform can provide an efficient solution for safe routes in
an urban environment. In addition, it can also provide
potential for further extensions in terms of real-time data
integration, IoT-based monitoring systems, and large-scale
deployments in smart cities.

X. FUTURE SCOPE

The system needs to get better at predicting floods. To
do this it should use real-time weather data and information
from flood sensors that use Internet of Things technology.
This will help the system predict floods accurately in the
future.

The system should also use real-time traffic data to find
the routes.

In the future the system should be turned into an
application that gives users real-time information. The
flood prediction system could be improved by working
with government agen-cies that deal with disasters.

The system could also use learning algorithms to make
its predictions more accurate. The flood prediction system
will be better if it uses these algorithms. The flood
prediction system needs to use real-time data to make
predictions.
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