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Abstract—Indian hospitals, especially in tier-2 and tier-3
cities, continue to rely heavily on manual front-desk
workflows for patient registration, appointment
scheduling, and information handling, leading to long
queues, administrative overload, and data entry errors.
Voice-based artificial intelligence (AI) systems have
recently emerged as a promising solution for automating
hospital reception and integrating with hospital
information systems and electronic health records
(EHRs). This paper presents VOXAI-HMS, a voice-
enabled Hospital Management System designed to
automate reception tasks such as patient registration,
appointment booking, and doctor-availability queries
through a natural language voice interface, while
supporting structured digital data storage aligned with
Indian EHR Standards 2016 and the Ayushman Bharat
Digital Mission (ABDM). The architecture, core
modules, security mechanisms, and evaluation plan are
described, with emphasis on usability, accuracy of voice
recognition, and compliance with emerging Indian
digital health regulations.

Index Terms—Voice assistant, Hospital Management
System, Electronic Health Records, Ayushman Bharat
Digital Mission, Indian healthcare, reception
automation, speech interface.

[. INTRODUCTION

Indian healthcare providers are under pressure to
improve patient access and experience while
containing administrative costs and ensuring
regulatory compliance. At many hospitals, front-desk
staff manually perform patient registration,
appointment scheduling, and information
dissemination using paper forms or basic desktop
applications, which are time-consuming, error-prone,
and difficult to scale during peak hours. These
challenges are amplified in resource-constrained
settings where limited staff must handle high patient
volumes across multiple languages and literacy
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levels.[6][9][8] In parallel, India is undertaking a
major digital health transformation through initiatives
such as the Electronic Health Records (EHR)
Standards 2016 and the Ayushman Bharat Digital
Mission (ABDM), which aim to create interoperable,
longitudinal electronic health records for every citizen.
ABDM promotes the use of Ayushman Bharat Health
Accounts (ABHA) and digital health registries to
enable secure sharing of health data across providers
and platforms. To benefit from this ecosystem,
hospital front-desk workflows must evolve from
loosely  structured, paper-based processes to
structured,  digital, and interoperable  data
capture.[2][5][10][11][8]

Voice Al technologies based on automatic speech
recognition (ASR) and natural language processing
(NLP) have recently been applied to healthcare to
automate clinical documentation, triage calls, and
front-desk interactions. In India, several commercial
solutions now act as virtual receptionists that answer
patient calls, schedule appointments, and integrate
with hospital management systems. However, many
available systems are proprietary, optimized for large
private hospitals, or tailored to call-center use cases
rather than on-premise reception desks, limiting their
suitability for academic prototyping and deployment
in small and medium hospitals.[12][3][7][9][13][1]
This paper introduces VOXAI-HMS, a prototype
voice-enabled Hospital Management System that
focuses on automating in-hospital reception
workflows with an emphasis on structured data
capture, multilingual support, and alignment with
Indian digital health guidelines. The system targets use
at the reception counter and nearby kiosks, enabling
staff or patients to interact through voice instead of
manual form filling while automatically populating the
underlying HMS database.
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II. PROBLEM DEFINITION AND MOTIVATION

A. Problem Statement

The core problem addressed by VOXAI-HMS is the
inefficiency and error-prone nature of manual patient
data handling at hospital reception counters. In many
Indian hospitals, patient registration and appointment
booking require manual entry into registers or
standalone software, often performed under time
pressure and with frequent interruptions. This process
leads to long waiting queues, inconsistent data quality,
difficulties in retrieving records, and limited ability to
generate analytics for management or regulatory
reporting.[11][6]

Furthermore, recent Indian policies require healthcare
providers to maintain legible, digital medical records
and move towards interoperable EHRs that can be
shared across facilities. Traditional manual processes
and non-standardized local systems struggle to meet
these expectations, creating gaps in continuity of care
and compliance. Elderly patients and individuals with
limited literacy can also find conventional paper forms
and text-heavy interfaces difficult to use, which
creates an accessibility barrier.[9][2][6][11]

B. Justification

Voice-based interaction offers a natural, hands-free
modality that can simplify data capture and reduce
cognitive load for both patients and reception staff.
Studies and industry deployments show that voice Al
agents can handle a wide range of front-desk tasks,
including appointment booking, frequently asked
questions, and report status queries, while operating
24/7. In Indian settings, voice interfaces also align well
with multilingual contexts and can be localized to
support regional
accents.[3][7][13][1][9]
Simultaneously, compliance with EHR Standards
2016 and ABDM requires hospital systems to support
structured data, interoperability, role-based access
control, and audit trails. A voice-enabled HMS that
stores data in structured formats and integrates with
digital health registries can help hospitals modernize
their front-desk operations without replacing existing
infrastructure. VOXAI-HMS is motivated by the need
to combine these technological and regulatory trends
into a practical, deployable system suitable for
academic evaluation and real-world

pilots.[4][5][8][2][6][11]

languages and
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C. Objectives

The objectives of the VOXAI-HMS project are as

follows:

1. To design and implement a voice assistant
integrated with a Hospital Management System for
automating reception tasks such as patient
registration, appointment scheduling, and doctor-
availability checks.

2. To support structured, digital storage of patient and
appointment data in line with Indian EHR and
ABDM principles of interoperability, data quality,
and secure access.[8][2][4]

3. To provide a user-friendly, hands-free interface
that can be operated by reception staff or directly
by patients, including elderly and differently abled
individuals, with support for multilingual
interaction.[6][9]

4. To incorporate authentication, role-based access
control, and basic consent mechanisms to protect
patient privacy and comply with emerging Indian
data protection requirements.[4]

5. To evaluate the system in terms of speech
recognition accuracy, task completion rate,
usability, and impact on reception workload in a
realistic hospital-like environment.

III. RELATED WORK

A. Voice Al for Hospital Front Desks

Several commercial platforms offer voice Al agents
for hospital front-desk automation and patient access.
Cabot’s healthcare-focused voice Al platform and
similar solutions handle appointment booking, FAQs,
and follow-up calls while integrating with EHR and
scheduling systems to reduce missed calls and hold
times. Voiceoc provides a virtual healthcare
receptionist that manages routine and complex
queries, automates appointment scheduling, and
supports multilingual conversations via chat and voice
channels. Products such as Dialora and HuskyVoice
focus on autonomous call handling, appointment
scheduling, and report status queries, with integrations
to hospital management systems and an emphasis on
24/7 availability.[7][13][1][3]

These solutions demonstrate the feasibility and
demand for voice-based automation at the hospital
front desk but are typically delivered as proprietary,
cloud-based services targeted at mid-to-large
healthcare providers. They offer limited transparency
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into internal architectures and are not always
optimized for on-premise kiosk-style deployments in
academic or smaller hospital settings.

B. Voice Al in Indian Healthcare

Voice Al is also being explored for -clinical
documentation, ambient listening during
consultations, and patient engagement in Indian
hospitals. Platforms such as Augnito and HealthPlix
H.A.L.O. provide speech-to-text and ambient Al
capabilities for doctors, enabling automatic
transcription and prescription generation with high
accuracy for Indian accents. International solutions
like Microsoft’s Dragon Ambient eXperience (DAX)
Copilot show how voice interfaces can reduce
physician burnout by offloading documentation tasks
from clinicians to Al assistants.[12][9]

These deployments confirm that modern ASR and
NLP models can handle Indian languages and clinical
terminology sufficiently well to support real-world
workflows. However, most work has focused on
doctor-facing documentation rather than patient-
facing reception automation within the hospital
premises, leaving a space for systems like VOXAI-
HMS.[9]

C. Digital Health Standards and ABDM

The Ministry of Health and Family Welfare (MoHFW)
in India notified the EHR Standards 2016 to guide the
structure, interoperability, and security of electronic
health records. These standards emphasize structured
data elements, use of international terminologies,
longitudinal patient records, and audit trails for access
and modification. To operationalize digital health at
the national scale, the Ayushman Bharat Digital
Mission (ABDM) was launched to create a federated
digital health ecosystem, including Ayushman Bharat
Health Accounts (ABHA), Health Professional
Registry (HPR), Health Facility Registry (HFR), and
health information
mechanisms.[14][5][10][2][11][8][4]
ABDM aims to ensure interoperability of health data
and enable citizens to access and control their health
records across providers, with multilingual portals and
assisted modes for users with limited digital literacy.
Voice-enabled hospital systems that generate
structured data and support ABHA-linked records can
act as entry points for bringing traditionally offline
hospitals into this national ecosystem.[5][10][8]

exchange
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IV.SYSTEM ARCHITECTURE

A. Overview

VOXAI-HMS follows a modular, layered architecture
comprising a voice interaction layer, an application
logic layer, and a data management layer integrated
with the Hospital Management System. At a high
level, the system accepts spoken input from users
through a microphone, processes it via an ASR engine,
interprets the intent using an NLP component,
executes the corresponding HMS operations (such as
creating a patient record or booking an appointment),
and generates synthesized speech to provide feedback
to the user.

The system can be deployed at the reception desk as a
desktop application with a connected microphone and
speaker, or as a kiosk or tablet-based interface that
patients can access directly under staff supervision.
The architecture is designed to allow future integration
with cloud-based ASR services or on-premise speech
models, depending on deployment constraints.

B. Voice Interaction Layer

The voice interaction layer is responsible for capturing

audio, converting speech to text, and generating

natural-sounding speech responses. It consists of:

e Audio Capture Module: Handles microphone
input, noise reduction, and voice activity detection
to segment utterances.

e Automatic Speech  Recognition  Engine:
Transcribes spoken input into text. For Indian use
cases, this component should support multiple
regional languages and be robust to accents and
background noise.[9]

o Text-to-Speech (TTS) Module: Converts textual
responses into synthesized speech for playback to
the user, providing a fully voice-based interaction
experience.

The ASR engine may be implemented using open-
source models fine-tuned on healthcare-specific
vocabulary or through APIs that offer high accuracy
for Indian languages. The system can also provide on-
screen text for confirmation, which benefits users with
hearing impairments or noisy environments.

C. Natural Language Understanding and Dialog
Management

The natural language wunderstanding (NLU)

component maps recognized text to structured intents
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and entities, such as "register new patient," "book
appointment," or "check doctor availability." An intent
classifier and entity extractor identify key slots like
patient name, age, contact number, preferred doctor,
and appointment time.

A dialog manager maintains conversation context,
handles multi-turn interactions (for example, asking
follow-up questions when information is missing), and
manages error recovery when recognition confidence
is low. The dialog flows are designed around common
reception tasks and can be configured using state
machines or rule-based policies, with the possibility of
extending to reinforcement learning-based policies in
future work.

D. Hospital Management System Integration

The application logic layer exposes a set of APIs or

service methods that the dialog manager invokes to

perform HMS operations. Core modules include:

e Patient Registration Module: Creates and updates
patient demographic profiles, assigning a unique
patient identifier that can be mapped to ABHA
where available.[10][5][8]

e Appointment Scheduling Module: Manages
appointment slots, doctor schedules, and booking
rules, ensuring that the voice assistant can reserve,
reschedule, or cancel appointments while
enforcing capacity constraints.

e Doctor and Department Directory: Provides up-to-
date information on doctors, their specializations,
and consultation timings, which the voice assistant
can query when responding to availability
questions.

All operations are logged with timestamps and user

identifiers, enabling traceability and supporting audit

trail requirements from EHR standards.[2][4]

E. Data Management, Security, and Privacy

The data management layer relies on a relational or
document-oriented database to store structured patient
and appointment data. Database schemas are designed
to align with key elements of Indian EHR Standards
2016, such as patient identifiers, demographic
attributes, encounters, and observations, while
focusing on the administrative scope of reception
workflows.[11][2]

Security mechanisms include role-based access
control for reception staff, doctors, and administrators;
authentication and authorization for modifying
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sensitive records; and encryption of data in transit and
at rest as appropriate. Basic consent flows can be
implemented by presenting a standardized consent
statement via voice and requiring explicit verbal
confirmation before linking records to ABHA IDs or
sharing data with external systems.[5][10][4]

V.IMPLEMENTATION DETAILS

A. Technology Stack

VOXAI-HMS can be implemented using a modular,
service-oriented stack. The backend HMS services can
be developed using a web framework such as Node.js
or Python, exposing RESTful or GraphQL APIs to the
voice interaction layer. The ASR and TTS components
can leverage established cloud APIs or open-source
models deployed locally, depending on latency, cost,
and privacy considerations.[9]

The front-end reception interface may be built as a
desktop or web application that displays real-time
transcription, confirmation dialogs, and minimal
forms for manual override when voice recognition
fails. A database such as PostgreSQL or MongoDB
can be used to store structured records with
appropriate indexing for quick retrieval.

B. Workflow Scenarios

Typical workflows supported by VOXAI-HMS

include:

1. New Patient Registration: The patient or
receptionist initiates the interaction. The system
asks for name, age, gender, contact number, and
other required details via voice prompts. After
confirmation, a new patient record is created in the
HMS, and a unique identifier is spoken back to the
user.

2. Appointment Booking: The user specifies the
desired department or doctor, preferred date and
time, and whether the visit is new or follow-up.
The system queries the scheduling module,
proposes available slots, and confirms the
appointment via voice, updating the HMS
accordingly.

3. Doctor Availability Query: The user asks about
doctor availability or outpatient department (OPD)
timings. The system retrieves the information from
the doctor directory and answers in natural
language.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 14096



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

4. Record Lookup and Update: For returning patients,
the system can locate records by identifier or phone
number and update contact details or appointment
history, subject to access controls.

These workflows are modeled as dialog trees with

clear prompts, error-handling branches, and fallback

mechanisms if repeated voice recognition failures
occur.

C. Multilingual and Accessibility Features

Given India’s linguistic diversity, the system is
designed to support multiple languages and dialects, at
minimum English plus one or more regional languages
relevant to the deployment site. This entails selecting
ASR and TTS models that handle code-switching and
local pronunciation patterns. The interface can also
display text and simple icons on a screen to support
users with hearing difficulties, while voice prompts
reduce the barrier for users with limited reading
skills.[9]

Accessibility considerations include adjustable speech
rate, confirmation of critical fields (such as patient
name and date), and options for assisted mode where
a receptionist supervises and corrects the interaction
when necessary.

VI. EVALUATION STRATEGY

A comprehensive evaluation of VOXAI-HMS focuses
on technical performance, usability, and impact on
reception workflows. Key metrics include:

e ASR Accuracy: Word error rate (WER) and intent
recognition accuracy for typical reception
utterances in relevant languages.

e Task Completion Rate: Percentage of interactions
where the user successfully completes registration
or appointment booking without human
intervention.

e Interaction Time: Average time per task compared
to manual workflows.

e User Satisfaction: Qualitative feedback from
reception staff and patients on ease of use,
perceived speed, and trust in the system.

e Error Analysis: Categorization of errors
(recognition errors, NLU errors, HMS integration
failures) to guide iterative improvements.

Evaluation can be conducted in a controlled lab setting

that simulates a reception desk as well as in limited
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pilot deployments at partner clinics or hospitals,
subject to ethical and data protection approvals.
Special attention should be paid to performance under
noisy conditions and with diverse accents, which are
common in real-world Indian hospital
environments.[6][9]

VII. DISCUSSION

The design of VOXAI-HMS illustrates how voice Al
can be integrated into hospital reception workflows
while aligning with national digital health initiatives.
By focusing on structured data storage and
interoperability, the system can serve as a bridge
between small and medium hospitals and the broader
ABDM ecosystem, potentially enabling the automatic
linking of front-desk data with ABHA-based health
records.[14][10][8][5]

However, several challenges remain. Dependence on
reliable internet connectivity and cloud-based ASR
may be problematic in low-resource settings,
suggesting a need for hybrid or on-device models.
Ensuring privacy and informed consent in voice
interactions requires careful interface design and
possibly additional signage or staff training, especially
when patients may not fully understand how their data
will be used. There is also a risk of over-automation if
complex or sensitive cases are handled solely by Al;
therefore, clear escalation paths to human staff are
essential.[1][4][6]

VIII. CONCLUSION AND FUTURE WORK

VOXAI-HMS proposes a practical approach to
modernizing hospital reception workflows in India
through a voice-enabled Hospital Management
System that automates patient registration,
appointment booking, and information queries. By
combining ASR, NLP, and structured HMS modules
with attention to Indian EHR standards and ABDM,
the system aims to improve efficiency, reduce errors,
and enhance accessibility for diverse patient
populations.[10][8][2][5]

Future work includes implementing and deploying a
full prototype, conducting extensive user studies with
reception staff and patients, and quantitatively
measuring improvements in waiting time and
workload relative to manual processes. Additional
enhancements could incorporate deeper ABDM
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integration (for example, automated ABHA creation),

advanced

analytics  dashboards for hospital

administrators, and the extension of voice interfaces to
other hospital touchpoints such as nursing stations or
call centers.[14][6][9]
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