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Abstract - This paper presents an intelligent conversational Business Intelligence platform for analytical interaction 

with organizational databases using Natural Language Processing and Retrieval-Augmented Generation. The proposed 

system converts natural language business queries into executable SQL statements using GPT-4o-mini and schema-

aware prompting techniques. FAISS-based semantic retrieval improves contextual understanding during query 

processing, while FastAPI manages backend analytical operations. The platform supports multi-database querying 

across Sales, Finance, Human Resources, and Inventory domains through a unified dashboard developed using HTML, 

CSS, and JavaScript. Dynamic visualization modules generate KPI metrics, analytical tables, bar charts, line charts, pie 

charts, and doughnut charts based on retrieved results. The system also supports voice-enabled analytical querying using 

browser-based speech recognition and provides export functionality for CSV and JSON reports. The developed platform 

simplifies database interaction for non-technical users and demonstrates the practical integration of conversational AI 

and Business Intelligence technologies for modern analytical systems.  
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1. Introduction  

 

The rapid growth of digital transformation has 

significantly increased the volume of organizational data 

generated across domains such as finance, sales, inventory 

management, and human resources. Modern enterprises 

depend heavily on Business Intelligence systems to 

analyze operational data, monitor organizational 

performance, and support strategic decision-making 

processes. Traditional analytical platforms provide 

dashboards, reports, and SQL-based querying mechanisms 

for retrieving business insights. However, such systems 

often require technical knowledge of database querying, 

making analytical interaction difficult for non-technical 

users. 

 

Conventional Business Intelligence systems rely heavily 

on manually written SQL queries and predefined 

dashboards for analytical operations. Although these 

approaches provide flexibility, they also create dependency 

on technical personnel for report generation and database 

querying. This limitation reduces accessibility and slows 

analytical decision-making in organizational 

environments. 

 

Recent advancements in Artificial Intelligence, Large 

Language Models, and Natural Language Processing have 

enabled conversational analytical systems capable of 

understanding user queries and dynamically generating 

structured responses. Natural Language to SQL systems 
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simplifies database interaction by allowing users to 

communicate with databases using conversational 

language instead of manually writing SQL statements. 

However, many existing systems suffer from limitations 

such as poor contextual understanding, limited 

visualization support, lack of voice-enabled interaction, 

and insufficient multi-database analytical integration. 

 

To address these challenges, this paper presents DATA 

VOICE AI, a conversational Business Intelligence 

assistant that integrates Retrieval-Augmented Generation, 

Natural Language Processing, dynamic SQL generation, 

and analytical visualization within a unified web-based 

platform. The proposed system supports conversational 

querying, voice-enabled interaction, dynamic 

visualization, and multi-database analytical operations 

using contextual retrieval and schema-aware prompting 

techniques. 

 

2. Literature Survey   

 

The rapid development of Artificial Intelligence, Natural 

Language Processing, and conversational analytical 

systems has significantly improved the capability of 

intelligent Business Intelligence platforms. Several 

researchers have contributed toward Natural Language to 

SQL conversion, contextual retrieval systems, 

conversational analytics, and semantic search frameworks. 

The following studies provide the theoretical foundation 

for the proposed conversational Business Intelligence 

system. 

 

Victor Zhong, Caiming Xiong, and Richard Socher 

introduced Seq2SQL, a Natural Language to SQL 

framework capable of converting conversational user 

queries into executable SQL statements using deep 

learning and reinforcement learning techniques. Their 

work simplified database interaction for non-technical 

users and improved SQL generation efficiency. However, 

the framework mainly focused on SQL query generation 

and did not include contextual retrieval, voice interaction, 

or dynamic dashboard visualization. 

 

Bailin Wang and other researchers proposed RatSQL, a 

relation-aware semantic parsing framework designed for 

complex relational databases. The system improved 

Natural Language to SQL conversion by analyzing 

relationships between tables, schemas, and user queries. 

The research demonstrated improved SQL generation 

performance for multi-table analytical operations. 

However, the framework primarily concentrated on 

semantic parsing and did not support conversational 

dashboards or Retrieval-Augmented Generation. 

 

Patrick Lewis, Ethan Perez, Aleksandra Piktus, and other 

researchers introduced Retrieval-Augmented Generation 

(RAG), which combines information retrieval mechanisms 

with language generation models to improve contextual 

understanding during conversational processing. The 

framework retrieved semantically relevant contextual 

information from external knowledge sources before 

response generation. Their work significantly improved 

contextual accuracy in Natural Language Processing tasks. 

However, the proposed approach mainly focused on 

general conversational systems rather than Business 

Intelligence applications. 

 

Jeff Johnson, Matthijs Douze, and Hervé Jégou developed 

FAISS, a vector similarity search framework designed for 

efficient semantic retrieval from large embedding 

collections. FAISS improved similarity search 

performance and enabled scalable contextual retrieval for 

conversational AI systems. The framework became an 

important component in Retrieval-Augmented Generation 

pipelines and semantic search applications. 

 

Recent advancements in Large Language Models have also 

improved conversational analytical systems and Natural 

Language to SQL frameworks. Transformer-based 

language models demonstrated the ability to understand 

user intent, generate analytical queries, and support 

conversational interaction across complex database 

environments. Prompt engineering and schema-aware 

contextual injection techniques further improved SQL 

generation quality and reduced ambiguity during analytical 

processing. 

 

Although existing systems improve conversational 

querying, semantic retrieval, and analytical processing, 

several limitations still exist. Most traditional Business 

Intelligence systems depend heavily on predefined 

dashboards and manual SQL querying methods, making 

analytical interaction difficult for non-technical users. 

Many existing conversational analytical systems also lack 

secure query validation, contextual retrieval integration, 

voice-enabled interaction, and dynamic visualization 

support. 

 

The proposed system addresses these limitations by 

integrating Retrieval-Augmented Generation, Natural 

Language to SQL conversion, FAISS-based contextual 

retrieval, dynamic visualization, voice-enabled interaction, 
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and multi-database analytical support within a unified 

conversational Business Intelligence platform. 

 

3. Proposed Methodology  

 

The proposed system was developed as a conversational 

Business Intelligence platform capable of converting 

natural language business queries into executable 

analytical operations. The platform combines Retrieval-

Augmented Generation, Natural Language Processing, 

semantic retrieval, and dynamic visualization within a 

unified web-based environment. The system simplifies 

analytical interaction with organizational databases for 

users without SQL knowledge. 

 

The frontend interface was developed using HTML, CSS, 

and JavaScript to provide an interactive dashboard for 

analytical querying and visualization. Users can submit 

text-based or voice-based queries, select databases, view 

generated SQL statements, analyze graphical outputs, and 

export analytical reports. FastAPI was used as the backend 

framework for handling API communication, query 

processing, SQL execution, and response management. 

 

The Retrieval-Augmented Generation pipeline improves 

contextual understanding during conversational 

processing. User queries are converted into vector 

embeddings, and FAISS similarity search retrieves 

semantically relevant contextual information from indexed 

schema descriptions and documents. The retrieved 

contextual data is integrated into prompt construction 

before Natural Language to SQL conversion, improving 

analytical query interpretation and reducing ambiguity. 

 

Schema-aware prompting techniques were implemented to 

improve SQL generation efficiency by providing only 

relevant schema information associated with the selected 

database. GPT-4o-mini dynamically generates executable 

SQL statements based on user intent, retrieved context, and 

schema details. Generated queries are validated before 

execution to improve database security and system 

reliability. 

 

SQLite databases were used for storing organizational 

analytical data related to Sales, Finance, Human 

Resources, and Inventory Management. After successful 

SQL validation, the generated queries are executed on the 

selected database, and the retrieved results are forwarded 

to the visualization module for analytical presentation. 

 

The proposed system also supports voice-enabled 

analytical interaction using browser-based speech 

recognition mechanisms. Voice queries provided by users 

are converted into text and forwarded to the conversational 

analytical pipeline for SQL generation and database 

processing. This feature improves accessibility and enables 

hands-free interaction with the Business Intelligence 

dashboard during analytical operations. 

 

The visualization module converts retrieved database 

results into KPI cards, analytical tables, bar charts, line 

charts, pie charts, and doughnut charts. The system also 

supports export functionality for CSV and JSON reports 

directly from the dashboard interface. The modular 

architecture improves scalability, maintainability, and 

flexibility for future enhancements. 

 

 

Fig. 1 System Architecture of DATA VOICE AI 

 

4. Results and Discussion 

 

The developed conversational Business Intelligence 

platform was tested using analytical queries across Sales, 

Finance, Human Resources, and Inventory databases. The 

evaluation mainly focused on conversational query 

handling, SQL generation, contextual retrieval, dashboard 

visualization, and multi-database analytical interaction. 

The obtained results demonstrated that the system 

successfully processed natural language business queries 

and generated meaningful analytical outputs through an 

interactive dashboard interface. 

 

The conversational query processing module was tested 

using aggregation queries, grouped analytical operations, 

filtering conditions, and relational database queries. 

Queries related to sales analysis, expense categorization, 

employee statistics, and inventory monitoring were 

processed successfully through the Natural Language to 

SQL pipeline. The generated SQL statements produced 

accurate analytical outputs across different organizational 

databases. 
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The Retrieval-Augmented Generation mechanism 

improved contextual understanding during analytical 

processing. FAISS-based semantic retrieval identified 

relevant schema descriptions and contextual information 

before SQL generation. The retrieved contextual data 

reduced ambiguity during conversational interaction and 

improved analytical query interpretation for complex 

business requests. 

The dashboard interface dynamically generated KPI cards, 

analytical tables, and graphical visualizations based on 

retrieved database results. Time-series analytical queries 

produced line chart visualizations, while grouped 

categorical queries generated bar chart and pie chart 

representations. Dynamic visualization simplified 

analytical interpretation and improved user interaction 

with organizational data. 

 
 

Fig. 2 Conversational Business Intelligence Dashboard 

 

The conversational interface also supported multi-database 

analytical interaction through a unified dashboard 

environment. Users were able to switch dynamically 

between Sales, Finance, Human Resources, and Inventory 

databases using the database selection module. Contextual 

prompts, query suggestions, and schema information were 

updated automatically during database switching 

operations. 

 

Voice-enabled analytical querying was implemented using 

browser-based speech recognition. Spoken business 

queries were converted into text and forwarded to the 

backend analytical pipeline for SQL generation and 

database execution. The conversational interface improved 

accessibility and reduced dependency on manual query 

typing during analytical interaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Conversational Query Interface with Multi-

Database Support 

 

The export functionality successfully generated 

downloadable CSV and JSON reports from retrieved 

analytical outputs. Users were able to export analytical 

tables and processed business data directly from the 

dashboard interface for external reporting and analytical 

usage. 

 

The implementation results confirmed that the proposed 

conversational Business Intelligence platform successfully 

integrates Retrieval-Augmented Generation, contextual 

retrieval, Natural Language to SQL conversion, voice-

enabled interaction, and dynamic analytical visualization 

within a unified analytical framework. The developed 

system improves accessibility for non-technical users and 

simplifies interaction with organizational databases 

through conversational analytical processing. 

 

 

5. Advantages 

 

The proposed conversational Business Intelligence 

platform provides several advantages for analytical 

interaction and organizational data processing. The system 

simplifies database querying by allowing users to interact 

with databases using natural language instead of manually 

writing SQL statements. This reduces dependency on 
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technical expertise and improves accessibility for non-

technical users. 

 

The integration of Retrieval-Augmented Generation 

improves contextual understanding during analytical query 

processing. FAISS-based semantic retrieval helps the 

system identify relevant schema information and 

contextual descriptions before SQL generation, improving 

query interpretation and reducing ambiguity during 

conversational interaction. The platform supports 

analytical operations across multiple organizational 

databases including Sales, Finance, Human Resources, and 

Inventory Management within a unified dashboard 

environment. Multi-database support improves flexibility 

and allows users to perform analytical operations across 

different business domains without switching applications. 

 

Dynamic visualization modules improve analytical 

interpretation by generating KPI cards, analytical tables, 

bar charts, line charts, pie charts, and doughnut charts 

automatically based on retrieved database results. 

Interactive visualization improves dashboard usability and 

simplifies understanding of business insights. The voice-

enabled querying mechanism improves accessibility by 

supporting hands-free conversational interaction through 

browser-based speech recognition. The export 

functionality also improves report portability by allowing 

users to download analytical outputs in CSV and JSON 

formats. The modular architecture improves scalability, 

maintainability, and flexibility for future enhancements. 

Individual modules such as conversational processing, 

contextual retrieval, SQL generation, database execution, 

and visualization can be modified independently without 

affecting the overall workflow of the system. 

6. Future Enhancements 

 

Although the developed system successfully demonstrates 

conversational Business Intelligence functionality, several 

improvements can further enhance the analytical 

capabilities and scalability of the platform. Future 

implementations can integrate advanced Large Language 

Models for improved conversational understanding, 

contextual reasoning, and SQL generation accuracy. 

Support for multi-turn conversational interaction can also 

be added to maintain contextual continuity during follow-

up analytical queries and extended user conversations. 

 

The platform can be further extended to support enterprise-

level database systems such as MySQL, PostgreSQL, and 

MongoDB for handling large-scale organizational 

analytical operations. Additional security mechanisms 

including user authentication, role-based access control, 

and multi-user session management can improve secure 

enterprise deployment. Real-time analytical processing 

and live dashboard updates can also enhance the 

effectiveness of the system for continuously changing 

business environments. 

 

Future enhancements may also include mobile application 

integration and cloud-based deployment for scalable and 

portable analytical access. The reporting module can be 

improved by supporting PDF and Excel report generation 

along with automated reporting features. Multilingual 

conversational querying and enhanced Retrieval-

Augmented Generation using larger contextual datasets 

can further improve user interaction and analytical 

accuracy within the conversational Business Intelligence 

platform. 

 

7. Conclusion 

 

The presented work demonstrates the development of a 

conversational Business Intelligence platform capable of 

simplifying analytical interaction with organizational 

databases using natural language queries. The system 

integrates Retrieval-Augmented Generation, Natural 

Language Processing, semantic retrieval, SQL generation, 

and dynamic visualization within a unified web-based 

environment. The developed platform reduces dependency 

on manual SQL writing and improves accessibility for 

users without technical database knowledge. 

 

The implemented architecture successfully supports 

analytical operations across Sales, Finance, Human 

Resources, and Inventory databases through 

conversational interaction. Context-aware retrieval using 

FAISS similarity search improved query interpretation 

during SQL generation, while schema-aware prompting 

enhanced analytical processing efficiency. The generated 

SQL statements were executed successfully on SQLite 

databases, and the retrieved results were presented through 

KPI cards, analytical tables, and graphical visualizations. 

The platform also demonstrated voice-enabled analytical 

querying, multi-database interaction, and export 

functionality for analytical reports. The obtained 

implementation results confirmed that conversational AI 

and Retrieval-Augmented Generation can effectively 

improve Business Intelligence interaction and simplify 

organizational analytical workflows. The developed 

system provides a practical foundation for future AI-driven 

conversational analytical platforms and enterprise 

Business Intelligence applications. 
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