o ‘Z;R.A

87 A
U?ﬁy International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

w Volume: 09 Issue: 05 | May - 2025

Optimizing Doctor Availability and Appointment Allocating in Hospitals
Through Digital Technology and Al Integration

Bhavana A,

Assistant Professor, Presidency
University, Bangalore, Karnataka, India,
Bhavana@presidencyuniv ersity.in

Ramya Hanamanth Sataraddi,

Department of CSE, SoE, Presidency
University, Bangalore, Karnataka, India,
Ramya.20211cse0370@p

Tejeswini L,

Department of CSE, SoE, Presidency
University, Bangalore, Karnataka, India
Tejeswini.20211cse0356@

residencyuniversity.in

presidencyuniversity.in

Deekshitha M,

Department of CSE, SoE, Presidency University, Bangalore,
Karnataka, India, Deekshitha.20211cse0526
@presidencyuniversity.in

Abstract - This project aims to revolutionize hospital
appointment management by integrating digital technology
and artificial intelligence (Al) to improve doctor availability
and appointment allocation. The system consists of three core
modules: Hospital, Doctor, and Patient. Each module works
collaboratively to optimize the scheduling process, reduce
appointment wait times, and ensure efficient use of doctors'
time. The primary objective is to minimize the number of
appointments assigned to each doctor while ensuring that
each patient receives adequate consultation time. By
leveraging Al, the system dynamically allocates
appointments, balancing the workload among doctors and
reducing idle periods. Patients can access an intuitive, device-
friendly interface to search for doctors based on their
medical requirements, location, or specialization. This user-
centric approach empowers patients to make informed
decisions by providing comprehensive details about hospitals
and doctors, including their qualifications, availability, and
expertise. A standout feature of this system is its real-time
appointment tracking capability. Patients can view up- to-
date information on available slots, ensuring quick and
hassle- free booking. Once an appointment is confirmed and
approved by the selected doctor, both the patient and the
doctor receive instant email notifications. The platform
supports multi-device compatibility, ensuring users can
schedule or modify appointments from their smartphones,
tablets, or desktops. For doctors and hospitals, the system
offers a streamlined interface to manage appointments, track
availability, and update schedules, contributing to better
resource utilization and operational  efficiency. By
implementing this Al-powered
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appointment management system, the project strives to
enhance the overall healthcare experience. It aims to
improve patient-doctor communication, reduce
administrative burdens on medical staff, and ensure the
optimal allocation of healthcare resources.

Keywords: Digital Healthcare, Al-powered appointment
system, Patient-Doctor ~ Communication, Real-time
scheduling, Healthcare optimization.

l. INTRODUCTION

The existing healthcare appointment systems often lack
efficiency and fail to optimize doctor availability. Patients
frequently face challenges such as long wait times, unclear
information about doctors, and difficulty securing timely
appointments. From the doctors' perspective, inefficient
scheduling can lead to overbooking, idle periods, or
unbalanced workloads, ultimately impacting the quality of
healthcare delivery. This project addresses these pressing
issues by introducing a comprehensive digital solution
integrated with artificial intelligence (Al) to streamline the
appointment process, enhance accessibility, and ensure better
resource management [1][2].

The proposed system aims to tackle these challenges head-on
by implementing an intelligent, user-friendly platform that
benefits hospitals, doctors, and patients alike. One of the key
objectives is to minimize the number of appointments per
doctor while ensuring each patient receives timely
and
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adequate medical attention. This is achieved through Al-
driven appointment allocation, which considers factors such
as doctor availability, patient urgency, and appointment
duration. By dynamically balancing these elements, the
system prevents overloading doctors with back-to-back
consultations while avoiding underutilization of their time.
Patients will benefit from an intuitive interface that allows
them to search for doctors based on their specific medical
needs, specialization, and location. This empowers them to
make informed decisions about their healthcare providers.
Moreover, the platform presents comprehensive details about
hospitals and doctors, including credentials, availability, and
patient reviews. Such transparency fosters trust and helps
patients choose the most suitable medical professional.

The motivation behind this project stems from the growing
need for a more efficient, patient-centric healthcare system.
In an era where digital solutions are transforming various
industries, healthcare must keep pace to provide better
accessibility and service delivery. By integrating Al and
digital technology, this project seeks to modernize the
appointment process, alleviate administrative burdens, and
prioritize patient convenience.

Moreover, the COVID-19 pandemic has underscored the
importance of adaptable and resilient healthcare systems. The
need for timely medical consultations, reduced hospital
crowding, and improved doctor-patient communication has
become more evident than ever. This project addresses these
evolving demands by offering a scalable, future-ready
solution that can adapt to different healthcare environments,
from small clinics to large hospitals.

Beyond optimizing scheduling, the project aims to improve
the patient experience by fostering better doctor-patient
engagement. Patients gain access to comprehensive, up-to-
date information about healthcare providers, including
qualifications, availability, and patient reviews, enabling
them to make informed decisions. This transparency helps
build trust and encourages patients to take a more active role
in managing their healthcare.

Furthermore, the system supports hospitals in resource
management by reducing administrative workloads and
promoting efficient use of medical staff. With Al-driven
insights, hospitals can anticipate peak times, allocate
resources more effectively, and prevent doctor overbooking.
This ensures a balanced, sustainable system where healthcare
professionals remain productive without facing burnout.

The long-term vision of this project is to establish a
healthcare ecosystem that seamlessly integrates technology to
prioritize patient care and operational efficiency. By
transforming traditional appointment systems into a
dynamic, Al-powered

platform, the project envisions a future where patients receive
faster, more personalized medical attention, doctors manage
their schedules with greater flexibility, and hospitals achieve
higher productivity with optimized resource utilization.

1. RESEARCH GAP OR EXISTING
METHODS

2.1 Existing System

The current healthcare infrastructure is primarily dependent
on traditional methods such as manual data entry and
telephonic communication to manage and share critical
information like hospital bed availability, blood bank stocks,
and doctor details. This manual approach is time-consuming,
error-prone, and lacks efficiency, often leading to significant
challenges in delivering timely and accurate healthcare
services. The absence of a centralized digital system limits
access to real- time data, making it difficult for patients and
healthcare providers to make informed decisions swiftly.
Moreover, the reliance on phone calls for communication can
result in miscommunication, incomplete information sharing,
and delays in response, especially during emergencies. This
fragmented approach hinders the optimal utilization of
medical resources and services, impacting both the quality of
care and overall patient satisfaction. For example, a patient in
need of urgent medical attention may face delays in locating
an available hospital bed or a suitable blood donor due to the
lack of integrated and easily accessible information.

In summary, the existing healthcare system struggles with
inefficiencies and lacks the ability to meet the increasing
demands for faster, more reliable medical service delivery.

2.2 Disadvantages of the Existing System

The limitations of the current healthcare system can be
summarized as follows:

. Dependence on manual processes: The system
relies heavily on manual data entry and phone-based
communication, which are prone to human error and
inefficiencies.

. Lack of centralized digital access: Information
regarding medical resources such as hospital beds, blood
stocks, and doctor details is not readily available in a unified
platform, causing delays and confusion.

o Inefficient and error-prone processes: The lack of
streamlined communication often results in
miscommunication, duplication of efforts, and delays in
providing appropriate patient care.

o Delays in emergency situations: The absence of
real-
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time updates and easy access to information can result in
critical delays during emergencies, potentially endangering
lives.

2.3 Proposed System

The proposed digital healthcare platform aims to address the
shortcomings of the existing system by introducing a
centralized and technology-driven solution. This innovative
platform integrates hospital, blood bank, and doctor data into
a unified system, offering real-time updates and ensuring
seamless access to critical medical information.

Key features of the proposed system include real-time
tracking of bed availability and blood inventory. Patients and
caregivers can quickly locate nearby hospitals and blood
banks, significantly reducing response times during
emergencies. Furthermore, users can access verified
recommendations and profiles of doctors, ensuring they
make informed decisions about their medical care. For
healthcare administrators, the platform provides tools to
manage data accuracy and transparency effectively. Admins
play a crucial role in vetting doctor profiles, verifying
resource availability, and onboarding new hospitals and
blood banks. This comprehensive approach ensures that
the platform remains trustworthy and reliable for all
stakeholders.

In essence, the proposed system aims to revolutionize
healthcare management by improving transparency,
accessibility, and operational efficiency. It bridges the
communication gaps present in the current system, making it
easier for both patients and healthcare providers to
collaborate effectively.

2.4 Advantages of the Proposed System

The proposed system offers several significant advantages
that enhance the healthcare experience for all stakeholders:

o Centralized information management: The
platform consolidates hospital, blood bank, and doctor data
into a single system, eliminating the need for manual data
entry and scattered communication channels.

) Real-time updates: Users can access up-to-date
information on bed availability, blood stocks, and medical
professionals, enabling quicker and more informed decision-
making.

o Enhanced user accessibility: Patients and
caregivers can easily locate nearby medical facilities and
view verified doctor recommendations, reducing stress and
confusion during emergencies.

o Improved administrative oversight: Admins can
ensure data accuracy, vet doctor profiles, and onboard new
entities, creating a transparent and reliable ecosystem for
healthcare delivery.

. Efficiency in resource utilization: By providing
real-time data, the system ensures optimal utilization of
medical resources, minimizing waste and delays.

Overall, the proposed system not only addresses the
inefficiencies of the existing system but also lays the
groundwork for a more modern, accessible, and efficient
healthcare infrastructure. By integrating advanced
technologies and real-time data, this platform empowers both
patients and healthcare providers, ultimately leading to better
health outcomes and higher satisfaction levels.

1. PROPOSED METHODOLOGY

3.1 Function and Non-Functional Requirements
Requirements analysis is a crucial process that determines the
success of a system or software project. Requirements are
generally categorized into two types: functional and non-
functional requirements.

Functional Requirements: These are the features and
capabilities that the end user specifically requests for the
system to perform. Functional requirements describe the
system's intended behaviour, including the inputs, the
operations performed, and the outputs produced. These are
the tangible requirements visible in the final product and
must be included as part of the project deliverables.
Examples of functional requirements:

1. User authentication whenever a user logs into the
system.
2. Automatic system shutdown in the event of a

cyber- attack.

Non-Functional Requirements:

These requirements refer to the quality attributes and
performance standards the system must meet. Unlike
functional requirements and non-functional requirements
define how the system operates rather than what it does. They
include constraints such as reliability, security, and
scalability, and their priority may vary depending on the
project.

Key aspects addressed in non-functional requirements
include:

. Portability

. Security

. Maintainability
. Reliability

. Scalability

. Performance

. Reusability
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Examples of non-functional requirements:

1.

Emails must be delivered with a latency of no

more than 12 hours after a triggering event.

2.
3.

The website must load within 3 seconds even

when the number of simultaneous users exceeds 10,000.

3

.2 Hardware Requirements

Processor - 13/Intel Processor

Hard Disk - 160GB

Key Board - Standard Windows Keyboard
Mouse - Two or Three Button Mouse
Monitor - SVGA

RAM - 8GB

3.3 Software Requirements

) Operating System : Windows 7/8/10

) Programming Language : Spring boot and React
o IDE/Workbench . IntelliJ and Visual
Studio Code

o Database : MySQL Workbench

3.4 Project Overflow
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Figure 1. Project flow

Each request must be processed within 10 seconds.

3.5 Architecture
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Figure 2. Architecture Design
3.6 Feasibility Study

The feasibility of the project is analyzed in this phase and
business proposal is put forth with a very general plan for the
project and some cost estimates. During system analysis the
feasibility study of the proposed system is to be carried out.
This is to ensure that the proposed system is not a burden to
the company. For feasibility analysis, some understanding of
the major requirements for the system is essential. Three key
considerations involved in the feasibility analysis are

. Economic feasibility
. Technical feasibility
. Social feasibility

3.6.1 Economic Feasibility

This study is carried out to check the economic impact that
the system will have on the organization. The amount of fund
that the company can pour into the research and development
of the system is limited. The expenditures must be justified.
Thus the developed system as well within the budget and this
was achieved because most of the technologies used are
freely available. Only the customized products had to be
purchased.

3.6.2 Technical Feasibility

This study is carried out to check the technical feasibility,
that is, the technical requirements of the system. Any system
developed must not have a high demand on the available
technical resources. This will lead to high demands on the
available technical resources. This will lead to high
demands
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being placed on the client. The developed system must have a
modest requirement, as only minimal or null changes are
required for implementing this system.

3.6.3 Social Feasibility

The aspect of study is to check the level of acceptance of the
system by the user. This includes the process of training the
user to use the system efficiently. The user must not feel
threatened by the system, instead must accept it as a
necessity. The level of acceptance by the users solely
depends on the methods that are employed to educate the user
about the system and to make him familiar with it. His level
of confidence must be raised so that he is also able to make
some constructive criticism, which is welcomed, as he is the
final user of the system.

3.6.4 System Testing

The purpose of testing is to discover errors. Testing is the
process of trying to discover every conceivable fault or
weakness in a work product. It provides a way to check the
functionality of components, sub-assemblies, assemblies
and/or a finished product It is the process of exercising
software with the intent of ensuring that the Software system
meets its requirements and user expectations and does not
fail in an unacceptable manner. There are various types of
tests. Each test type addresses a specific testing requirement.

3.7 Types of Testing
3.7.1 Unit testing

Unit testing involves the design of test cases that validate that
the internal program logic is functioning properly, and that
program inputs produce valid outputs. All decision branches
and internal code flow should be validated. It is the testing of
individual software units of the application .it is done after
the completion of an individual unit before integration. This
is a structural testing, that relies on knowledge of its
construction and is invasive. Unit tests perform basic tests at
component level and test a specific business process,
application, and/or system configuration. Unit tests ensure
that each unique path of a business process performs
accurately to the documented specifications and contains
clearly defined inputs and expected results.

3.7.2 Integration testing

Integration tests are designed to test integrated
software

components to determine if they actually run as one program.
Testing is event driven and is more concerned with the basic
outcome of screens or fields. Integration tests demonstrate
that although the components were individually satisfaction,
as shown by successfully unit testing, the combination of
components is correct and consistent. Integration testing is
specifically aimed at exposing the problems that arise from
the combination of components.

Test Results: All the test cases mentioned above passed
successfully. No defects encountered.

3.7.3 Acceptance Testing

User Acceptance Testing is a critical phase of any project and
requires significant participation by the end user. It also
ensures that the system meets the functional requirements.

Test Results: All the test cases mentioned above passed
successfully. No defects encountered.

3.7.4 Functional testing

Functional tests provide systematic demonstrations that
functions tested are available as specified by the business and
technical requirements, system documentation, and user
manuals. Functional testing is centered on the following
items:

Valid Input: identified classes of valid input must be
accepted. Invalid Input: identified classes of invalid input
must be rejected.

Functions: identified functions must be exercised.

Output: identified classes of application outputs must be
exercised.

Systems/Procedures: interfacing systems or procedures must
be invoked.

Organization and preparation of functional tests is focused on
requirements, key functions, or special test cases. In addition,
systematic coverage pertaining to identify Business process
flows; data fields, predefined processes, and successive
processes must be considered for testing. Before functional
testing is complete, additional tests are identified and the
effective value of current tests is determined.

3.7.5 White Box Testing

White Box Testing is a testing in which in which the software
tester has knowledge of the inner workings, structure and
language of the software, or at least its purpose. It is
purpose.
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It is used to test areas that cannot be reached from a black
box level.

3.7.6  Black Box Testing

Black Box Testing is testing the software without any
knowledge of the inner workings, structure or language of the
module being tested. Black box tests, as most other kinds of
tests, must be written from a definitive source document,
such as specification or requirements document, such as
specification or requirements document. It is a testing in
which the software under test is treated, as a black box you
cannot “see” into it. The test provides inputs and responds to
outputs without considering how the software works.

Test objectives

) All field entries must work properly.
) Pages must be activated from the identified link.
. The entry screen, messages and responses must

not be delayed.

Features to be tested

o Verify that the entries are of the correct format

o No duplicate entries should be allowed

o All links should take the user to the correct page.
V. OBJECTIVES

1. Develop an integrated mobile application: This
objective focuses on creating a comprehensive mobile app
designed to assist patients during medical emergencies. The
app will provide real-time data on doctor availability and
hospital bed occupancy, helping users make faster, more
informed decisions. For instance, if a patient needs urgent
care, the app can instantly show which nearby hospitals have
the required specialists and available beds. This eliminates
the need for frantic calls or physically visiting multiple
hospitals, saving valuable time that could be life-saving.
Additionally, the app can include GPS integration to guide
users to the nearest suitable hospital, ensuring quicker access
to care.

2. Implement an Al-powered chatbot: The Al-powered
chatbot serves as a virtual assistant to guide patients and their
families during emergencies. It will instantly provide details
on available doctors, hospital beds, and emergency room wait
times. Beyond basic information retrieval, the chatbot can ask
patients about their symptoms and recommend the most
suitable department or specialist. It can also simplify the
emergency admission process by collecting essential details
like the patient's name, condition,

and preferred hospital — speeding up hospital registration
upon arrival. This minimizes human error, reduces the burden
on reception staff, and ensures patients get the right care
without delay.

3. Integrate automated notifications and alerts: To keep
patients and hospital staff informed, the system will deliver
real-time alerts and notifications. Patients will receive
updates on doctor availability, waiting times, and bed
occupancy, helping them avoid overcrowded facilities. In
emergencies, the app can push urgent alerts — like sudden
bed availability, changes in doctor schedules, or hospital
diversion notifications

— ensuring patients pivot to alternative hospitals when
needed. On the hospital side, staff will receive live updates
about incoming emergency patients and bed status,
improving resource management and ensuring a faster, more
organized response. This constant flow of information keeps
both patients and medical teams one step ahead in critical

situations.

V. SYSTEM DESIGN AND
IMPLEMENTATION

5.1 Introduction to Input Design

Input Design serves as the connection between the user and
the information system. It involves creating specifications
and procedures to prepare data for processing. This data can
either be read by the computer from a written or printed
document, or it can be directly entered into the system by
users. Input design aims to minimize the amount of input,
reduce errors, avoid unnecessary delays or steps, and keep
the process simple. A well-designed input process ensures
ease of use, security, and privacy. Key considerations in input
design include:

. How should the data be arranged or encoded?

o Providing clear guidance to the operating
personnel for input entry.

. Preparing input validation methods and handling

errors when they occur.

Objectives of Input Design:

o The main goal of input design is to transform a
user- focused description of input into a computer-friendly
system. This minimizes errors and ensures that management
receives accurate information for decision-making.

. User-friendly data entry screens are created to
handle large data volumes efficiently, making data entry
seamless and error-free. The screen designs also support data
manipulations and record viewing.
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) During data entry, validation checks ensure
accuracy. User-friendly prompts and appropriate messages
help users avoid confusion.

) The ultimate objective is to create an easy-to-
follow input layout that enhances usability and accuracy.

5.1.1 Output Design

High-quality output is essential as it delivers clear, accurate,
and usable information to the end user. Outputs are the
results of processing data and can be presented immediately
or as a printed hard copy. Well-designed outputs enhance
system usability, assist users in decision-making, and
improve user satisfaction.

5.1.2 Principles of Output Design:

1. Organized Development: Outputs should be
planned systematically to meet user requirements while
ensuring the system is easy to use.

2. Information  Presentation: Selecting effective
methods for presenting the data.

3. Formats and Reports: Creating documents,
reports, or formats containing the generated information.
Objectives of Output Design:

The output design of a system must achieve the following:
) Convey information about past activities,
current statuses, or future projections.

o Highlight significant events, problems,
opportunities, or warnings.

) Initiate or confirm actions.

) Prompt users to take specific actions.

5.2 UML Diagrams

) UML stands for Unified Modeling Language.
UML is a standardized general-purpose modeling language in
the field of object-oriented software engineering. The
standard is managed, and was created by, the Object
Management Group.

o The goal is for UML to become a common
language for creating models of object-oriented computer
software. In its current form UML is comprised of two major
components: a Meta-model and a notation. In the future,
some form of method or process may also be added to; or
associated with, UML.

o The Unified Modeling Language is a standard
language for specifying, Visualization, Constructing and
documenting the artifacts of software system, as well as

for business modeling and other non-software systems.

° The UML represents a collection of best
engineering practices that have proven successful in the
modeling of large and complex systems.

° The UML is a very important part of developing
objects-oriented software and the software development
process. The UML uses mostly graphical notations to express
the design of software projects.

5.2.1 Class Diagram
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Figure 3. Class Diagram

In software engineering, a class diagram in the Unified
Modelling Language (UML) is a type of static structure
diagram that describes the structure of a system by showing
the system's classes, their attributes, operations (or methods),
and the relationships among the classes. It explains which
class contains information.

5.2.2 Sequence Diagram:
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Figure 4. Sequence Diagram
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A sequence diagram in Unified Modelling Language (UML)
is a kind of interaction diagram that shows how processes
operate with one another and in what order. It is a construct
of a Message Sequence Chart. Sequence diagrams are
sometimes called event diagrams, event scenarios, and timing
diagrams.

5.2.3 Goals:

The Primary goals in the design of the UML are as follows:

1. Provide users a ready-to-use, expressive visual
modeling Language so that they can develop and exchange
meaningful models.

2. Provide  extendibility = and  specialization
mechanisms to extend the core concepts.

3. Be independent of particular programming
languages and development process.

4. Provide a formal basis for understanding the
modeling language.

5. Support higher level development concepts such
as collaborations, frameworks, patterns and components.

6. Support higher level development concepts such

as collaborations, frameworks and components.

VI. OUTCOMES

The implementation of the proposed digital healthcare
platform is expected to yield significant outcomes that
enhance the efficiency, transparency, and accessibility of
healthcare services. The anticipated results are outlined
below:

Efficient Appointment Scheduling: Implementing smart
scheduling systems ensures that patient appointments are
organized optimally. This minimizes overlaps, prevents
double bookings, and allocates time slots based on the type of
consultation, ensuring both routine and urgent cases are
handled smoothly.

Reduced Waiting Time: By predicting patient flow and
managing schedules in real-time, waiting periods can be
significantly cut down. This not only saves time for patients
but also prevents overcrowding in waiting areas, contributing
to a more streamlined clinic or hospital environment.

Balanced Doctor Workload: An organized scheduling
system distributes appointments evenly among available
healthcare professionals. This prevents some doctors from
being overburdened while others remain underutilized,
leading to better performance and less burnout among staff.

Improved Patient Experience: Shorter wait times, smoother
check-in processes, and personalized scheduling enhance the
overall patient journey. When patients feel their time is
valued, their satisfaction and trust in the healthcare system
improve.

Better Resource Utilization: By aligning appointments with
resource availability — such as medical equipment,
diagnostic labs.

VII. CONCLUSION

This project introduces an advanced digital platform designed
to improve the management of doctor availability and
appointment scheduling in healthcare institutions. By
integrating modern technologies and artificial intelligence,
the system aims to streamline the entire process of
connecting patients with the right healthcare professionals
efficiently. The platform is developed with the goal of
reducing unnecessary delays and simplifying the scheduling
of medical appointments, which remains a significant
challenge in many hospitals today.

One of the key innovations of this system is its ability to
provide real-time updates regarding doctor availability. This
feature ensures that patients receive up-to-date information,
allowing them to make informed decisions and avoid
scheduling conflicts. Additionally, the platform is built with
intelligent algorithms that help optimize appointment slots,
thus reducing overcrowding and minimizing waiting times.
Moreover, the inclusion of Al-powered functionalities
enables the system to predict availability patterns, suggest
optimal time slots, and even adjust schedules dynamically
based on changing conditions. These capabilities contribute
to better resource utilization and ensure that both doctors and
patients benefit from a well-organized and responsive system.
This solution also encourages improved communication
between patients and healthcare providers, creating a more
transparent and connected environment. By minimizing
missed appointments and streamlining interactions, the
platform significantly enhances both the patient experience
and hospital efficiency.

In summary, this project represents a major step forward in
the digital transformation of healthcare services. It offers a
practical and innovative approach to managing hospital
appointments while addressing critical pain points in the
current system. Through smart scheduling, real-time insights,
and Al-driven decision-making, this platform is poised to
bring lasting improvements to healthcare delivery and
operational effectiveness.
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