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Abstract—The paper introduces an intelligent logistics system
which uses machine learning together with heuristic routing
algorithms to enhance last-mile delivery efficiency. The system
uses a Random Forest regression model to predict customized
delivery time slots which it trains with distance traffic weather
and delivery priority data. The A* (A-Star) search algorithm
enables route optimization through its ability to determine the
shortest path by using heuristic distance calculations. The
system aims to reduce delivery delays while decreasing
operational expenses and increasing customer contentment
through its ability to match delivery times with current
operational conditions. The system uses FastAPI to create
backend services while React handles the frontend interface and
PostgreSQL stores data in its modular full-stack architecture.
The experiments show that our system achieves better efficiency
compared to existing systems which use fixed routing and
scheduling methods. The proposed approach highlights the
potential of combining predictive analytics with heuristic
optimization in modern logistics applications. TheYou system
uses FastAPI to create backend services while React handles the
frontend interface and PostgreSQL stores data in its modular
full-stack architecture.

Index Terms—Artificial Intelligence, Machine Learning,
Logistics Optimization, A* Algorithm, Random Forest, Delivery
Scheduling, Route Optimization, Smart Logistics, Predictive
Modeling, Web Application

I. INTRODUCTION
E-commerce platforms and digital supply chain systems

have experienced rapid expansion which creates new
challenges for logistics operators to handle their delivery
services. Consumers today want two things from delivery
services: they want their packages delivered faster but they
also want the option to select their preferred delivery times
together with the ability to track their shipments in real time.
Traditional logistics systems depend on fixed routing and
scheduling methods which do not account for changing
environmental conditions that include traffic congestion and
weather patterns and customer presence at different times of
the day. The system limitations decrease route planning
efficiency while they raise operational expenses and make
customers less satisfied with the service.

AI and machine learning (ML) advancements have brought
about transformative changes to logistics systems through
their capacity to deliver predictive analytics and decision-
making capabilities. Machine learning models, particularly
ensemble methods such as Random Forests, have
demonstrated high accuracy in predicting delivery times by
analyzing multiple influencing variables simultaneously
[1][2]. The predictive systems allow logistics providers to
enhance their scheduling processes while increasing the
dependability of their delivery operations. The combination of
deep learning with AI-based decision support systems has
improved the processing capabilities of extensive logistics
data, which results in systems that operate with greater
flexibility and efficiency [8][9].

Delivery efficiency improvement depends on predictive
modeling and route optimization as essential components for
successful delivery operations. The A* algorithm has become
popular because it allows users to find optimal paths through
its cost and heuristic function calculations [3][4][10]. A*
provides better performance than traditional shortest-path
algorithms because it needs less computation time which
makes it useful for real-time navigation systems. The
implementation of real-time data sources into logistics
systems now allows companies to achieve dynamic
scheduling and adaptive routing while improving system
performance [5][6].

The intelligent capabilities of the system require both scalable
system architectures and modern web technologies as
essential components. The system components establish direct
communication links through RESTful APIs [11], which work
together with distributed system designs to provide scalability
solutions for large-scale applications [12]. The research
presents a unified system that combines three components:
machine learning prediction technology, A*-based route
optimization, and full-stack web architecture. This system
effectively addresses the challenges that modern logistics
systems present.

II. LITERATURE SURVEY

 Machine Learning in Logistics Optimization
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Recent studies have shown that machine learning
models achieve better accuracy in delivery time
prediction through their use of extensive logistics
datasets. Wang et al. [1] demonstrated that Random
Forest models outperform traditional regression
techniques in capturing nonlinear relationships
among delivery variables. The research study
conducted by Sharma and Gupta [2] demonstrated
that ensemble learning models show better
performance than other models in logistics
prediction systems, making them ideal for
deployment in actual business operations.

 AI-Based Route Optimization Techniques
Heuristic algorithms for route optimization
assessment showed better performance through AI-
based systems according to Patel and Mehta [3]
research. Chen et al. [4] proposed an enhanced A*
algorithm for real-time navigation, which reduced
computation time while increasing path accuracy.
The research demonstrates how modern logistics
systems depend on heuristic-based routing
techniques to handle dynamic routing conditions
and large-scale operational environments.

 Dynamic Delivery Scheduling Systems
Dynamic scheduling has become an essential
element for logistics optimization. The AI-based
scheduling system developed by Kumar and Verma
[5] adjusts delivery plans according to current
conditions, which leads to better operational
efficiency and shorter delivery times. The research
by Nguyen and Tran [6] demonstrated that delivery
systems could achieve better performance and
customer satisfaction through the use of real-time
data sources.

 Artificial Intelligence in Logistics Systems
Zhou et al. [7] conducted a detailed examination of
AI applications in logistics which revealed current
developments in automated systems and predictive
analytics and optimization technologies. The supply
chain optimization research of Singh and Kaur [8]
showed that deep learning methods effectively
solved difficult logistics challenges. The research
shows how artificial intelligence transforms
contemporary logistics operations.

 Heuristic Optimization and Decision Support
Systems
Lee and Park [10] studied heuristic optimization
methods for intelligent routing systems because
these methods showed effective results in tackling
difficult routing challenges. Roy and Das [9]
explained how AI-based decision support systems
improve decision-making processes within
transportation and logistics operations. The methods
lead to better resource distribution, which results in
enhanced operational efficiency for systems.

 Web-Based Logistics Management Systems

The research conducted by Fielding et al. [11]
demonstrated that RESTful APIs serve as essential
components for constructing web systems which
need to handle expanding operational demands
because they enable different system parts to work
together. Dean and Ghemawat [12] dedicated their
research to studying distributed system design as the
optimal solution for managing extremely large
operational systems. The technologies serve as
essential elements for constructing contemporary
logistics platforms which need to operate with
complete real-time data processing capabilities and
infrastructure that can accommodate high traffic
loads.

III. PROPOSEDMETHODOLOGY

 System Architecture Design
The proposed system uses a complete modular
architecture that includes three separate
components: frontend and backend and database
systems. The system backend uses FastAPI [17] to
provide efficient API handling and the React [18]
framework to create its interactive user interface.
The system uses RESTful principles [11] to enable
its components to communicate with each other
while implementing design methods from
distributed systems research [12] to create scalable
system architecture.

Fig 1: Layered System Architecture Integrating Frontend,
Backend, Machine Learning, and Routing Modules

 Machine Learning-Based Time Prediction
The Random Forest regression model uses distance,
traffic conditions, weather conditions, and delivery
priority as input features to model delivery time
predictions. Recent research results show that
ensemble models work effectively for logistics
prediction tasks, which provides support for this
approach [1][2]. The model uses publicly available
datasets [14] as training data and Scikit-learn [20] as
its implementation method, which guarantees
accurate results with low resource requirements.

 A* Based Route Optimization
The system employs the A* algorithm for route
optimization which determines the most efficient
route through actual path cost and heuristic
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estimation. Recent advancements in A*
optimization have demonstrated improved
performance in real-time navigation systems
according to study [4]. A* improves scalability for
large-scale logistics applications because it
decreases computational complexity compared to
traditional algorithms according to research [3][10].

 Real-Time Data Integration
The system uses external services through Google
Maps API [15] to combine current traffic and
location data with its operational capabilities. The
system automatically modifies routes based on real-
time traffic updates while delivering better
prediction results. Research on adaptive delivery
systems highlights the importance of real-time data
integration in enhancing logistics performance and
responsiveness [6].

 User Interaction and Dashboard Design
The frontend dashboard provides users with a clear
and interactive system which enables them to
manage shipments, monitor delivery progress, and
access analytical data. React-based development
enables the system to render content dynamically
while it maintains effective control over its internal
state [18]. The interface design enables all users
including customers, administrators, and delivery
agents to interact with the system through its built-
in accessibility features.

 Database Management and Storage
The primary database for user data and shipment
details and routing information uses PostgreSQL as
its main storage solution. The system demonstrates
its capacity to handle logistics operations through its
ability to process advanced queries and maintain
operational reliability [16]. The database structure
enables consistent data maintenance while allowing
quick information access and supporting operational
needs and future system growth.

Fig 2: Proposed Methodology Illustrating Machine Learning-
Based Time Prediction and A* Route Optimization

IV. RESULTS AND DISCUSSION

The researchers successfully created and evaluated their AI-
based delivery optimization system through testing it in
different simulated logistics scenarios. The combination of
machine learning for delivery time prediction and A*
algorithm for route optimization brought better results than
conventional methods. The system delivered precise delivery
time predictions under different traffic and weather and
priority conditions while calculating the best delivery routes
with minimum travel expenses. The dashboard interface
enabled users to track shipment progress and view
performance indicators in real time. The system achieved
higher resource efficiency because it decreased operational
interruptions and enhanced their ability to make choices
throughout the logistics process.

The proposed system delivers better logistical management
through its ability to dynamically route deliveries while its
advanced scheduling system drives operational efficiency.
The conventional methods of operation experience failures
when they encounter unpredictable environmental factors
which include traffic congestion and weather disruptions.
The use of machine learning together with A* algorithm
provides predictive delivery time analysis and uses heuristic-
based search methods for efficient pathfinding. The system
combination results in operational efficiency improvements
because it decreases computing demands and increases
customer satisfaction rates. The modular system design
enables organizations to expand their operations while
connecting with actual business application programming
interfaces which are found in their operational environment.

The system shows better performance results when it handles
various delivery situations because its predictive analytics
and heuristic-based routing system work together. The
system demonstrates its capability to function in practical
applications for advanced logistics operations.

 The Random Forest model demonstrated high
accuracy result for delivery time predictions across
different testing environments because it effectively
handled nonlinear feature relationships which
included traffic and weather and delivery priority.
The system provides reliable time estimation which
improves delivery planning and scheduling in actual
operational contexts.

 The A* algorithm implementation brought about
shorter route calculation times when compared to
standard algorithms because its heuristic search
method enables more effective route determination.
The system works well for immediate usage because
it needs fast choices which are essential for big
delivery network operations.

 The system allowed users to track their shipments
and evaluate performance data while making
decisions through the integrated frontend dashboard
and backend service connection. The statement
demonstrates how modern software systems require
both technical efficiency and usability to achieve
their operational goals.

The results confirm that the proposed system effectively
improves delivery efficiency because it uses intelligent
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prediction and optimization techniques to enhance
decision-making. The system delivers a practical
solution to contemporary logistics problems through its
combination of machine learning and A* algorithm,
which enables future system development and real-world
implementation.

V. COMPARATIVE ANALYSIS OF EXISTING SYSTEMS

A. Comparison Criteria
 Adaptability to Real-Time Conditions

Traditional logistics systems rely on static
scheduling methods which fail to adapt to
actual traffic conditions and weather
changes and unexpected delivery
restrictions. Recent research demonstrates
the need for real-time data stream
integration into delivery systems because it
enhances system responsiveness and
decision-making capabilities [6]. The
proposed system uses adaptive
mechanisms which modify delivery
schedules according to present conditions
to enhance both reliability and operational
performance. The system adapts to
changing situations which allows it to
minimize delivery failures and delays
during dynamic operational periods.

 Route Optimization Efficiency
The standard routing methods depend on
Dijkstra's algorithm which provides
optimal pathfinding yet needs more
processing power for big systems [3]. The
recent research demonstrates that A*
heuristic-based algorithms achieve high
efficiency because they use heuristic
estimations for their search space reduction
[4][10]. The system uses A* for its route
optimization process which enables
quicker calculations and better delivery
results in actual delivery environments.
The solution leads to shorter travel
durations and decreased fuel usage while
increasing system efficiency within
intricate logistics distribution networks.

 Prediction Accuracy
Current delivery systems depend on basic
statistical models which cannot model the
complex relationships between their
various influencing factors. Recent
machine learning advancements show that
Random Forest models achieve better
accuracy because they can successfully
handle nonlinear patterns in data [1][2].
The developed system implements a
logistics training dataset-based machine
learning approach to predict delivery times
with high accuracy [14]. The system
reduces prediction errors which leads to
improved scheduling and results in greater

customer satisfaction and more efficient
resource management.

 User Interaction Capabilities
The existing systems allow users to interact
with them only through basic controls
which do not provide instantaneous
information and do not support user-
friendly design. Modern logistics platforms
require interactive dashboards and real-
time tracking to provide users with better
operational efficiency according to
research findings shown in reference [7].
The system provides users with a web-
based interface which uses current frontend
development tools to enable shipment
creation delivery tracking and performance
assessment. The improved interaction
system delivers better transparency to users
while increasing their active participation
and making the system easier to operate.

 System Scalability
Modern logistics systems require
scalability as their essential requirement
because current demands and data volumes
continue to rise. The monolithic design of
legacy systems prevents them from
managing operations at large scale. Recent
research demonstrates that organizations
need to implement scalable system design
together with distributed architectural
systems to manage their heavy operational
demands [12]. The proposed system adopts
a modular architecture supported by
RESTful APIs [11], which enables both
scalability and system maintenance. The
design enables the system to grow through
new service integration while meeting
evolving requirements.

B. Comparative Discussion
Current delivery systems are operational but they
fail to meet contemporary standards of efficiency
and flexibility and system expansion. The traditional
methods depend on fixed time tables and simple
pathfinding methods which are unable to manage
actual dynamic situations. Recent studies
demonstrate that delivery efficiency improves when
real-time data gets combined with adaptive
scheduling systems [5][6]. The system overcomes
this constraint by implementing flexible scheduling
systems together with instantaneous operational
capabilities.

The Dijkstra method requires high computational
power for routing efficiency assessment in large
networks. According to research the A* algorithm
combined with heuristic methods demonstrates
performance improvements through its capacity to
eliminate unneeded calculations [4][10]. The system
develops its route optimization process through A*
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implementation which provides speed
improvements and scalability benefits when
compared to conventional approaches.

The existing systems fail to meet the essential
requirement of achieving accurate prediction
results. The Random Forest model in machine
learning demonstrates better delivery time
prediction accuracy because it can identify complex
data patterns according to research studies [1][2].
The proposed system uses these technological
advancements to enhance the accuracy of its
prediction results.

The current logistics systems of today focus on
creating user-centered systems which can expand
their operations. The implementation of interactive
dashboards together with modular system designs
improves both user interactions and system
operational capacity [7][11][12]. The new system
demonstrates superior performance compared to
existing methods through its combination of
advanced artificial intelligence technologies,
effective routing solutions, and scalable system
architecture which makes it suitable for upcoming
logistics industry applications.

VI. CHALLENGES AND LIMITATIONS

 Data Availability and Quality
The effectiveness of the machine learning model
depends on the availability of high-quality training
data. The process of obtaining accurate and
comprehensive datasets becomes difficult in actual
situations because of privacy issues and different
methods of data collection and the presence of
missing information. The delivery scheduling
process will face negative consequences because
poor-quality data results in incorrect predictions.
The data preprocessing process together with data
cleaning and data validation procedures must be
executed because these steps provide essential
support to achieve dependable model performance
and system operational success.

 Scalability Issues in Large Networks
The delivery network system shows increasing
computational demands for its routing algorithms
when the number of delivery nodes expands. A*
provides better efficiency than standard algorithms,
yet it struggles to maintain performance in networks
that exceed its design limits. The process of
managing delivery points numbering in the
thousands demands both specialized data structures
and possible use of distributed computing methods.
The system needs proper optimization because its
performance will suffer without it, which will lead
to slower response times and degraded user
experience.

 Real-Time Data Integration

Real-time data integration needs active external API
connections to access traffic conditions and weather
data. The APIs create system performance problems
because they introduce latency issues and impose
rate limits and they handle reliability issues. The
system needs effective data processing systems to
manage real-time updates because they need
immediate response times. The system loses both
adaptability and accuracy when it fails to integrate
real-time data. The system needs real-time data
integration to maintain its operational flexibility and
accurate performance. The system needs real-time
data integration to maintain its operational
flexibility and accurate performance. The system
needs real-time data integration to maintain its
operational flexibility and accurate performance.

 System Deployment and Maintenance
Deploying a full-stack system involves managing
multiple components, including backend services,
frontend applications, and databases. Each
component requires proper configuration,
monitoring, and maintenance. Ensuring system
uptime and performance requires skilled personnel
and infrastructure resources. Regular updates and
bug fixes are also necessary to maintain system
reliability and security over time.

 Security and Privacy Concerns
The system processes confidential user information
which contains both personal details and delivery
information. Data security measures must be
established to protect against unauthorized access
and potential security breaches. The system requires
authentication methods together with encryption
techniques and secure API implementation to
function properly. Data protection regulations must
be followed as an additional requirement. Security
weaknesses in the system would result in both user
trust loss and system security breaches.

VII. FUTURE RESEARCHDIRECTIONS

 Real-Time Traffic with AI Routing
 The proposed system can be further enhanced by

integrating real-time traffic data and external APIs
to improve delivery prediction accuracy and routing
efficiency. The system achieves better last-mile
delivery performance through its ability to adjust
routes based on current traffic patterns. Recent
research highlights that real-time traffic-aware
routing significantly improves system
responsiveness and operational efficiency in urban
logistics environments [21].

 Implementation of Deep Learning Models
Deep learning techniques which include neural
networks provide better prediction results than the
Random Forest model when they replace or add to
its existing capabilities. Deep learning models can
capture more complex patterns and relationships in
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data which makes them suitable for large-scale
logistics systems. The system will achieve better
results through improved delivery time prediction
and decision-making abilities.

 Use of IoT Devices for Tracking
The integration of IoT devices which include GPS
trackers will enable delivery services to receive real-
time location information. The system will achieve
better tracking results which will help users to
follow delivery progress more effectively. The
implementation of IoT technology enables
organizations to perform predictive maintenance
and better manage their logistics operations.

 Cloud-Based Deployment for Scalability
Deploying the system on cloud platforms can
improve scalability and reliability. Cloud
infrastructure allows dynamic resource allocation,
ensuring that the system can handle varying
workloads efficiently. It also enables easier
maintenance and global accessibility.

 VRP with Multi-Vehicle Optimization
The system will receive future enhancements
through the implementation of multi-vehicle route
optimization which will use advanced Vehicle
Routing Problem (VRP) methods. The system uses
these methods to efficiently distribute multiple
delivery agents while it handles three types of
restrictions: time window limits and vehicle
capacity restrictions and changes in demand. The
research demonstrates that current VRP model
together with smart optimization methods
constitutes a fundamental requirement for creating
effective and expandable logistics systems [22].

 Incorporation of Reinforcement Learning
Reinforcement learning can be used to continuously
improve routing and scheduling decisions based on
feedback from previous deliveries. This approach
allows the system to learn optimal strategies over
time, enhancing performance and adaptability in
dynamic environments.

VIII. CONCLUSION
The AI-based customized time slot delivery system together
with the route optimization system provides complete
solutions for the present-day difficulties encountered by
logistics and delivery operations. The system uses machine
learning together with heuristic routing methods to solve
scheduling problems and delivery estimation issues and
routing efficiency challenges. The Random Forest regression
model analyzes various delivery time factors to provide
accurate delivery time predictions while the A* algorithm
uses heuristic search methods to calculate routes.

The system achieves scalable performance through its
modular design which utilizes API-based communication to
connect with external services. The system achieves better

usability through its web-based dashboard which allows users
to interact with the system in real time while providing them
with an enhanced user experience. The proposed solution
shows better operational results than standard delivery
systems because it delivers higher efficiency ratings and
better adaptability and improved overall performance.

The system has benefits but it needs to overcome three
specific difficulties which include its need for data, its
limitations in scaling, and its requirement for receiving
current data. The existing problems can be solved through
upcoming scientific studies and developments in technology.
The proposed system brings major progress to intelligent
logistics systems while it will revolutionize the delivery
sector through its improved operational efficiency and
reliability and customer-focused approach.
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