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Abstract

In today’s data-driven world, dashboards are widely used to visualize analytical data and support decision-
making. However, understanding complex dashboards can be difficult for non-technical users because the
information is often dense and multi-dimensional. To address this challenge, this paper presents an enhanced
Voice Commentary Generation System (VCGS) that automatically converts dashboard data into simple,
human-like audio explanations in real time. The proposed system uses a modern web-based architecture with
a React and TypeScript frontend, Supabase backend services, and Al-powered Natural Language Generation
(NLG) with Text-to-Speech (TTS) technology. Unlike traditional systems that depend on manual analysis or
text summaries, the proposed approach generates meaningful insights automatically and delivers them
through voice narration. Experimental results show that the system generates accurate insights within 5—7
seconds per dashboard. It improves accessibility and helps users easily understand complex data through Al-
based voice interaction.

Keywords: VCGS, Dashboard Analytics, Data Visualization, NLG, Text-to-Speech (TTS), Artificial
Intelligence, Voice-Based Interaction, Accessibility, Human-Computer Interaction, Real-Time Data Analysis.

1. Introduction

In recent years, the rapid growth of data analytics has
led to the widespread adoption of dashboards across
industries. These dashboards are used to represent
key performance indicators (KPIs), trends, and
insights through charts, graphs, and tables. While
such visualizations are highly effective for
experienced users, they often pose significant
challenges for individuals without technical
expertise. The primary limitation of traditional
dashboards lies in their dependence on visual
interpretation. Users are required to manually analyze
patterns, identify trends, and derive conclusions,
which increases cognitive load and may lead to
incorrect interpretations. Furthermore, visually
impaired users face additional barriers in accessing
such information. The previously developed system,
as presented in the initial research work, introduced a
voice-based commentary mechanism using a Flutter
frontend and Spring Boot backend. Although
effective, the architecture lacked scalability, real-
time responsiveness, and modern web integration
capabilities. To overcome these limitations, the
proposed system introduces a redesigned architecture

using React, TypeScript, and Supabase, enabling a
more scalable, efficient, and interactive solution. The
system automatically processes dashboard data,
extracts meaningful insights, and generates human-
like voice commentary in real time. By integrating
artificial intelligence with modern web technologies,
the system bridges the gap between complex
analytical data and human understanding,
transforming dashboards into interactive and
accessible communication tools.

2. Literature Review

The development of intelligent dashboard systems
has been widely explored in the fields of data
visualization, natural language generation, and
speech synthesis. Data visualization platforms such
as Power BI, Tableau, and Google Looker Studio
have significantly improved the way users interact
with data [1], [2]. However, these systems primarily
focus on visual representation and lack integrated
mechanisms for automated explanation or narration.
Studies have shown that users often struggle to
interpret complex dashboards, especially when
dealing with large datasets [3]. Natural Language
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Generation (NLG) has been extensively studied as a
method for converting structured data into human-
readable text. Early work by Kukich [4] introduced
rule-based approaches for automated report
generation. Later, Reiter et al. [5] developed domain-
specific systems capable of generating medical
reports from structured data. More recent research
has focused on data-driven approaches using machine
learning and deep learning techniques [6], [7]. In the
domain  of speech  synthesis, significant
advancements have been made with neural network-
based models such as Tacotron 2 [8] and AdaSpeech
[9], which produce highly natural and expressive
speech. These developments have enabled the
practical integration of text-to-speech systems into
real-time applications.

3. Proposed System

The proposed Voice Commentary Generation System
(VCGY) is designed to automate the interpretation of
dashboard data and provide users with real-time,
human-like audio explanations. The system enhances
user understanding by converting complex analytical
data into simple and accessible voice commentary,
reducing the dependency on manual visual
interpretation. The system follows a modular
architecture consisting of three main layers: the
frontend, backend, and AI processing layer. This
layered design ensures scalability, flexibility, and
efficient communication between system
components. The frontend is developed using React
and TypeScript, providing a responsive and high-
performance user interface. Vite is used as the build
tool to improve development speed. The interface is
designed using Tailwind CSS and shaden/ui,
ensuring a clean and user-friendly experience. React
Router handles navigation, while the Context API
manages application state such as user sessions and
audio playback. The backend is implemented using
Supabase, which provides authentication, database
management, and API services. User authentication
is handled through Google OAuth, ensuring secure
access. Supabase’s PostgreSQL database is used to
store user data, uploaded datasets, and generated
commentary history. The AI processing layer is
responsible for analyzing dashboard data and
generating insights. Once the user uploads data, the
system performs data analysis to identify trends,
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patterns, and key metrics. These insights are then
converted into descriptive summaries using Natural
Language Generation (NLG) techniques. The
generated text is further transformed into speech
using Text-to-Speech (TTS) APIs, producing natural
and understandable voice output. The overall
workflow begins with user authentication, followed
by data input, processing, and voice generation. The
system also maintains a history of generated
commentaries, allowing users to revisit previous
outputs. The complete workflow of the system is
illustrated in Figure 1, which shows the flow from
user input to voice output generation. The proposed
system improves accessibility, reduces cognitive
load, and provides an efficient way to interact with
dashboard data through voice-based explanations.

System Architecture — Voice Commentary Generation System (VCGS)

User / Browser

FRONTEND LAYER

React + TypeScript React Router Context API Tailwind CSS | shadcnjui

=
=

KEND LAYER (Supabase)

Goagle OAuth 2.0 PostgresOL Database Supabase REST API Role-Based Access

Al PROCESSING LAYER

Data Ingestion Data Analysis NLG Engine TTS APl
—

—
Parse imagejdata Kentify trends & KPts Natural Language Gen. Text =+ Speech Audio

History Module ,_{ [l Voice Commentary Output > User Feedback

Figure 1 System Architecture of the Voice
Commentary Generation
System (VCGS)

4. System Design and Implementation
4.1. Frontend Layer

The frontend of the system is developed using React
and TypeScript, with Vite used to improve
development speed and performance. Tailwind CSS
and shadcn/ui components are used to create a clean,
responsive, and user-friendly interface. The frontend
allows users to log in, interact with dashboards, listen
to generated audio commentary, and view previous
activity. React Router is used for smooth page
navigation, while the Context API helps manage the
application data and state efficiently [10- 15].
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4.2. Backend and Authentication
Supabase is used as the backend platform to manage
the database, authentication, and API services
without requiring a traditional server-side
framework. It is built on PostgreSQL, which helps
store and manage application data efficiently. Google
OAuth is integrated to provide secure and easy user
login functionality. Supabase also improves data
security by using encrypted communication and role-
based access control.

4.3. Al Processing Layer
The Al layer plays an important role in converting
raw dashboard data into meaningful insights. It
analyzes the data, identifies trends and unusual
patterns, and generates useful summaries using
Natural Language Generation (NLG) techniques.
These summaries are then converted into human-like
audio using Text-to-Speech (TTS) technology. The
use of Al helps the system provide accurate, clear,
and context-aware voice commentary for users.

4.4. User Interaction and History Module
The  system  stores  previously  generated
commentaries, allowing users to access and review
past analyses whenever needed. This helps users
track data and improves overall usability. The user
interface also synchronizes audio playback with
dashboard visuals, creating a more interactive and
engaging user experience [16-20].
5. Experimental  Results

Snapshots

The developed system provides a user-friendly and
interactive interface for analyzing dashboard data and
generating voice-based insights. The following
figures illustrate the key modules of the implemented
system.

and Interface

Upload a dashboard

Figure 2 Upload Module
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The Upload and Analyze module serves as the
primary interface for user interaction. As shown in
Figure 2, users can upload dashboard images in
supported formats such as PNG and JPG. The system
processes the uploaded image and extracts relevant
data for analysis. This module is designed with a
simple and intuitive interface, ensuring ease of use
for both technical and non-technical users. Once the
image is uploaded, the system initiates the Al
processing pipeline to generate insights and
corresponding voice commentary [21-25].

Figure 3 Voice Commentary Generation
Interface

Figure 3 illustrates the output generated by the system
after processing the dashboard data. The interface
displays detailed insights in textual format along with
an integrated audio playback feature. Users can listen
to the generated commentary using controls such as
play, pause, and volume adjustment. The system
ensures that the generated voice is clear, natural, and
synchronized with the displayed insights, thereby
enhancing user understanding and engagement.

History

Figure 4 History Module
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The History module, as shown in Figure 4, maintains
a record of previously analyzed dashboards. Each
entry includes a preview, timestamp, and summary of
the generated insights. This feature allows users to
revisit past analyses without re-uploading the data. It
also supports efficient tracking and comparison of
dashboard results over time, improving usability and
system effectivenessc [26].

6. Results and Discussion

The system was evaluated based on performance,
accuracy, and user experience. Experimental results
show that the system can generate voice commentary
within an average time of 5-7 seconds, making it
efficient for real-time dashboard analysis. The
generated insights were compared with manually
written summaries and achieved an accuracy of
around 93%. User feedback also showed high
satisfaction, especially regarding the clarity of the
voice commentary and the ease of using the system.
Compared to traditional dashboard tools, the
proposed system reduces manual effort by
automatically explaining dashboard insights through
voice narration Shown in Table 1.

Table 1 Performance Evaluation Metrics and
Benchmark Comparison

Metric Value | Benchmark | Status
Avg.
Processing | 5-7sec | <10 sec v Met
Time
Aln“ght 93% >85% | « Met
ccuracy
User
Satisfaction 4.6/5.0 >4.0 Vv Met
TTS V.O 1ce Natural Natural Vv Met
Quality
Image PNG,
Formats PG PNG, JPG Vv Met
Auth OAuth
Method 20 Secure Vv Met

7. Comparative Analysis

Compared to existing systems such as Power BI
Smart Narratives and Tableau Explain Data, the
proposed system offers several advantages. While
existing tools provide textual summaries, they lack
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real-time voice narration and multimodal interaction
capabilities. The proposed system integrates voice
output, Al-based insight generation, and modern web
technologies, re-sulting in a more interactive and
accessible solution. Figures should be provided
separately from the main text. Use Arabic numerals
to number all figures (e.g., Figure 1, Figure 2)
according to their sequence in the text. The figure
number must appear well outside the boundaries of
the image itself. Multipart figures should be indicated
with uppercase and bold font letters (A, B, C, etc.)
without parenthesis, both on the figure itself and in
the figure legends [27].

Conclusion

This paper presents an enhanced Voice Commentary
Generation System that integrates modern web
technologies with artificial intelligence to automate
dashboard interpretation. The system successfully
converts complex data into understandable voice
narratives, improving accessibility and user
engagement. The use of React, TypeScript, and
Supabase ensures scalability and performance, while
Al-driven NLG and TTS enable accurate and natural
communication of insights. With an insight accuracy
of 93% and an average processing time of just 5-7
seconds, the system demonstrates both efficiency and
reliability. Ultimately, this work takes a meaningful
step toward making data truly accessible to everyone
— not just those trained to read complex
visualizations, but any stakeholder who needs to
understand the story the data is telling.
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