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ABSTRACT -- The rapid growth of scientific literature and the increasing complexity of research activities have 

created a demand for intelligent systems capable of providing accurate, secure, and context-aware research 

assistance. Traditional search platforms and standalone conversational AI models often struggle to deliver reliable 

information due to fragmented workflows, limited contextual understanding, and dependence on static pretrained 

knowledge. This paper presents a Secure and Scalable AI Framework Integrating Model Context Protocol 

(MCP) for Autonomous Research Assistance, designed to streamline the research process through intelligent 

workflow orchestration and context-aware knowledge retrieval. The proposed framework integrates Retrieval-

Augmented Generation (RAG), semantic search, vector embeddings, and Model Context Protocol (MCP)-based 

communication to enable seamless interaction between large language models and specialized backend services. 

Research documents are processed through an automated pipeline comprising document parsing, text chunking, 

embedding generation, semantic indexing, and intelligent retrieval to generate responses grounded in relevant 

research content. Secure user authentication, modular service coordination, and a multi-database architecture 

ensure reliable access control, efficient data management, and scalable system performance while supporting 

autonomous execution of research-oriented tasks such as literature exploration, document summarization, 

contextual question answering, and report generation. The framework is implemented using React for the frontend, 

FastAPI for backend services, ChromaDB for semantic retrieval, PostgreSQL and MongoDB for structured and 

unstructured data management, Redis for caching, and Groq-powered large language models for high-speed 

inference. Experimental evaluation demonstrates that the proposed framework improves retrieval accuracy, 

response relevance, system scalability, and research productivity compared with conventional AI-assisted research 

approaches. The proposed framework illustrates how the integration of Model Context Protocol, retrieval-

augmented intelligence, and modular AI services can provide a secure, scalable, and efficient platform for 

autonomous research assistance. 

Index Terms— Model Context Protocol (MCP), Autonomous Research Assistance, Retrieval-Augmented 

Generation (RAG), Large Language Models (LLMs), Semantic Search, ChromaDB, Vector Embeddings, 

FastAPI, React, PostgreSQL, MongoDB, Redis, Workflow Orchestration, Secure AI Systems, Scalable 

Architecture, Context-Aware Information Retrieval, Intelligent Research Automation. 

1. INTRODUCTION 

1.1 Background 

The rapid advancement of artificial intelligence 

has significantly transformed the way 

researchers discover, analyse, and manage 

scholarly information. The exponential growth 

of scientific publications across diverse 

disciplines has made conventional research 

workflows increasingly time-consuming, 

requiring researchers to manually explore 

numerous academic resources, compare 

findings, and synthesize relevant knowledge 

before producing meaningful outcomes. 

Traditional research platforms and keyword-

based search engines often provide large 

volumes of results without adequately 

understanding the contextual intent of user 
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queries, increasing the effort required for 

effective literature exploration. 

Recent developments in Large Language 

Models (LLMs) have introduced intelligent 

conversational systems capable of 

understanding natural language and generating 

human-like responses for a wide range of 

research tasks. Despite their remarkable 

capabilities, standalone language models 

frequently rely on static pretrained knowledge 

and may produce inaccurate or unsupported 

information when responding to domain-

specific research queries. Such limitations 

reduce their reliability in academic 

environments where factual correctness, 

contextual relevance, and evidence-based 

responses are essential. 

The emergence of Retrieval-Augmented 

Generation (RAG), semantic search, and vector 

databases has significantly improved the ability 

of AI systems to retrieve relevant information 

from external knowledge sources before 

generating responses. Semantic retrieval 

enables concept-based information discovery 

beyond traditional keyword matching, while 

vector embeddings allow efficient retrieval of 

contextually related research content. These 

technologies improve response accuracy by 

grounding language model outputs in retrieved 

documents rather than relying solely on 

pretrained knowledge. 

At the same time, the Model Context Protocol 

(MCP) introduces a standardized mechanism 

for enabling structured communication 

between large language models and external 

software services. By facilitating secure 

interaction among AI models, databases, 

document processing modules, retrieval 

systems, and workflow services, MCP supports 

modular system design, improved 

interoperability, and scalable execution of 

complex research tasks. Integrating MCP with 

modern retrieval techniques enables intelligent 

research platforms capable of coordinating 

multiple backend services while maintaining 

secure and efficient information exchange. 

In this context, the proposed Secure and 

Scalable AI Framework Integrating Model 

Context Protocol (MCP) for Autonomous 

Research Assistance provides a unified 

platform for intelligent academic research. The 

framework combines secure authentication, 

document processing, semantic retrieval, 

Retrieval-Augmented Generation, workflow 

orchestration, and MCP-based service 

communication to automate literature 

exploration, contextual question answering, 

document summarization, knowledge retrieval, 

and research report generation. Through its 

modular architecture and scalable design, the 

framework aims to improve research efficiency, 

response reliability, system security, and 

intelligent knowledge discovery while reducing 

the manual effort involved in academic 

research. 

 

1.2 Research Gap 

Although recent advancements in artificial 

intelligence have significantly enhanced 

intelligent information retrieval and natural 

language processing, existing research 

assistance platforms continue to face several 

limitations that restrict their effectiveness in 

academic environments. Conventional research 

systems primarily depend on keyword-based 

search techniques, which frequently fail to 

capture the semantic meaning of user queries, 

resulting in incomplete or less relevant retrieval 

results. Consequently, researchers are often 

required to manually analyse multiple 

documents before identifying useful 

information. 

Large Language Models (LLMs) have 

improved natural language understanding and 

reasoning capabilities; however, they remain 

susceptible to hallucinations, outdated 

knowledge, and responses that are not always 

supported by verifiable research evidence. 

Since many existing AI assistants rely heavily 

on pretrained knowledge, they may generate 

inaccurate or unverifiable content when 

handling specialised research topics. This 

limitation reduces user confidence and restricts 

the practical adoption of AI systems for 

academic research. 
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Although Retrieval-Augmented Generation 

(RAG) has improved response reliability by 

incorporating retrieved contextual information 

during response generation, many current 

implementations focus primarily on 

information retrieval while providing limited 

support for secure service orchestration, 

modular integration, and communication 

between language models and external research 

tools. The absence of standardized interaction 

mechanisms often results in fragmented 

workflows, reduced scalability, and increased 

complexity when integrating multiple AI 

services within a single research platform. 

Furthermore, many existing research assistance 

systems lack robust security mechanisms and 

scalable architectures capable of supporting 

document processing, semantic retrieval, 

workflow management, and knowledge 

generation within an integrated environment. 

Efficient coordination among authentication 

services, document processing modules, vector 

databases, language models, and report 

generation components remains a significant 

challenge in developing reliable AI-driven 

research platforms. 

This research addresses these limitations by 

proposing a Secure and Scalable AI Framework 

Integrating Model Context Protocol (MCP) for 

Autonomous Research Assistance. The 

proposed framework combines secure user 

authentication, semantic retrieval, Retrieval-

Augmented Generation, modular workflow 

orchestration, and MCP-based communication 

to establish a unified platform for autonomous 

research support. By integrating intelligent 

retrieval with secure and scalable service 

coordination, the framework improves 

contextual understanding, enhances response 

reliability, reduces manual research effort, and 

supports efficient academic knowledge 

discovery. 

1.3 Research Objectives 

The primary objectives of the proposed 

research are as follows: 

1. To develop a secure and scalable AI 

framework for autonomous research 

assistance using Model Context 

Protocol (MCP). 

2. To integrate Retrieval-Augmented 

Generation (RAG) with semantic 

search for context-aware knowledge 

retrieval and response generation. 

3. To design an automated document 

processing pipeline comprising PDF 

extraction, text chunking, embedding 

generation, and semantic indexing. 

4. To implement an MCP-based 

communication mechanism for 

coordinated interaction between large 

language models and backend services. 

5. To develop a modular workflow engine 

capable of orchestrating authentication, 

document processing, semantic 

retrieval, report generation, and 

database operations. 

6. To ensure secure access through JWT-

based authentication and controlled 

communication among software 

modules. 

7. To improve research productivity by 

providing intelligent document 

summarization, contextual question 

answering, knowledge retrieval, and 

automated report generation. 

8. To evaluate the effectiveness of the 

proposed framework in terms of 

retrieval accuracy, response relevance, 

scalability, and overall research 

assistance performance. 

1.4 Limitations of the Study 

The proposed framework has certain limitations 

that should be considered. The quality of 

generated responses depends on the relevance 

of uploaded research documents and the 

effectiveness of semantic retrieval. Incomplete 

or low-quality research materials may reduce 

the contextual accuracy of generated outputs. 

The performance of the framework is 

influenced by the quality of vector embeddings 

and the efficiency of semantic similarity search. 

Less representative embeddings may affect 

document retrieval accuracy and consequently 

influence the quality of generated responses. 

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 

 

 

Vol. 22, No.3, 2026                              https://ijerst.org/index.php/ijerst                            630 

Although the integration of Retrieval-

Augmented Generation significantly reduces 

hallucinations, the framework remains 

dependent on the capabilities of the underlying 

large language model. Complex or ambiguous 

research queries may still require user 

verification and expert interpretation. 

The proposed framework primarily supports 

research documents in PDF format and focuses 

on academic research assistance. Support for 

additional document formats, multilingual 

knowledge retrieval, collaborative research 

environments, and broader external knowledge 

sources remains outside the scope of the current 

implementation. 

Furthermore, although the architecture has been 

designed with scalability in mind, large-scale 

deployment involving high concurrent 

workloads and distributed cloud environments 

requires further validation through extensive 

real-world experimentation. 

1.5 Rationale of the Study 

The increasing volume of scientific 

publications has created significant challenges 

for researchers in efficiently identifying, 

analysing, and synthesising relevant 

information. Conventional research methods 

often require extensive manual effort, making 

literature review and knowledge discovery both 

time-consuming and resource-intensive. 

Existing AI-based research assistants provide 

useful conversational capabilities but 

frequently suffer from limited contextual 

grounding, fragmented workflows, and 

inadequate integration with external research 

services. 

The rationale behind this study is to develop an 

intelligent research framework capable of 

addressing these challenges through secure 

communication, semantic information retrieval, 

and autonomous workflow execution. By 

integrating Model Context Protocol (MCP), 

Retrieval-Augmented Generation, semantic 

search, vector databases, and modular backend 

services, the proposed framework establishes a 

unified environment for intelligent research 

assistance while ensuring secure and scalable 

interaction among AI components. 

The framework enables automated document 

processing, contextual knowledge retrieval, 

intelligent question answering, research 

summarisation, and report generation through 

coordinated execution of specialised services. 

This integrated approach reduces manual effort, 

improves response accuracy, enhances system 

scalability, and provides researchers with 

reliable evidence-based assistance throughout 

the research process. 

By combining modern artificial intelligence 

technologies with secure software architecture 

and workflow orchestration, the proposed 

framework contributes towards the 

development of next-generation autonomous 

research systems capable of supporting 

efficient, reliable, and scalable academic 

knowledge discovery. 

 

2. LITERATURE REVIEW 

The rapid evolution of artificial intelligence has 

significantly influenced the development of 

intelligent research assistance systems capable 

of improving academic knowledge discovery, 

document analysis, and information retrieval. 

As the volume of scholarly publications 

continues to grow, researchers increasingly 

require automated platforms that can efficiently 

process large collections of research documents 

while providing accurate and context-aware 

responses. Conventional research tools 

primarily depend on keyword-based search 

mechanisms, which often fail to capture the 

semantic intent of user queries and require 

extensive manual effort during literature 

review. 

Recent advancements in semantic search, 

Retrieval-Augmented Generation (RAG), 

Large Language Models (LLMs), vector 

databases, and modular AI architectures have 

enabled the development of more intelligent 

research platforms. These technologies 

facilitate contextual information retrieval, 

evidence-grounded response generation, and 

efficient coordination among multiple software 

components. Furthermore, the emergence of the 

Model Context Protocol (MCP) has introduced 

standardized communication mechanisms that 
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allow AI models to securely interact with 

external services, improving interoperability 

and workflow automation. This literature 

review examines the major technologies that 

form the foundation of the proposed secure and 

scalable autonomous research assistance 

framework. 

2.1 Traditional Information Retrieval 

Systems 

Early digital research platforms primarily relied 

on keyword-based search engines and relational 

database queries to retrieve academic 

documents. These systems searched for exact 

word matches between user queries and 

indexed documents. 

However, these approaches have several 

limitations: 

a) Inability to understand semantic 

relationships between research concepts. 

b) Dependence on exact keyword matching. 

c) Retrieval of numerous irrelevant documents 

requiring extensive manual filtering. 

Key Insight: Traditional retrieval systems 

provide fast document searching but fail to 

understand contextual meaning, limiting their 

effectiveness for intelligent research assistance. 

2.2 Semantic Search and Vector-Based 

Retrieval 

To overcome the limitations of keyword-based 

retrieval, semantic search techniques were 

introduced using vector embeddings and high-

dimensional similarity search. Instead of 

relying solely on exact keywords, semantic 

retrieval represents both research documents 

and user queries as numerical vectors, enabling 

the identification of conceptually related 

information. 

These systems focus on: 

a) Context-aware document retrieval. 

b) Vector embedding representation of textual 

information. 

c) Similarity-based ranking using vector 

databases. 

Despite significant improvements, these 

systems still face several challenges: 

1. Retrieval quality depends on the 

effectiveness of embedding models. 

2. Large-scale vector indexing increases 

computational complexity. 

3. Retrieval performance may decline for 

ambiguous or domain-specific queries. 

Key Insight: Semantic retrieval significantly 

improves contextual understanding but requires 

efficient vector indexing and embedding 

strategies to achieve reliable performance. 

2.3 Large Language Models (LLMs) for 

Research Assistance 

Large Language Models have transformed 

intelligent research systems by enabling natural 

language understanding, document 

summarization, question answering, and 

knowledge generation. Their ability to interpret 

complex research queries allows users to 

interact with academic information using 

conversational language. 

However, standalone LLMs present several 

limitations: 

• Dependence on pretrained knowledge. 

• Possibility of generating hallucinated or 

unsupported information. 

• Limited access to newly published research. 

• Reduced explainability for generated 

responses. 

Key Insight: Large Language Models provide 

advanced reasoning capabilities but require 

external knowledge sources to improve factual 

accuracy and response reliability. 

2.4 Retrieval-Augmented Generation (RAG) 

Retrieval-Augmented Generation combines 

semantic retrieval with language model 

reasoning by supplying relevant contextual 

information before response generation. Rather 

than relying exclusively on pretrained model 

knowledge, retrieved research content is 

incorporated into the prompt, enabling 

evidence-based response generation. 

Applications include: 

a) Context-aware question answering. 

b) Research document summarization. 

c) Literature review assistance. 

d) Knowledge-grounded response generation. 

Despite its advantages: 

• Retrieval quality directly influences response 

accuracy. 
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• Efficient document chunking and indexing 

remain essential for optimal performance. 

Key Insight: Retrieval-Augmented Generation 

significantly improves response reliability by 

grounding language model outputs in retrieved 

research evidence. 

2.5 Model Context Protocol (MCP) for AI 

Service Integration 

The increasing complexity of AI applications 

has created the need for standardized 

communication between language models and 

external software services. The Model Context 

Protocol (MCP) provides a structured 

mechanism for enabling AI systems to access 

specialised tools, databases, document 

processors, and workflow services through 

secure communication. 

Major capabilities include: 

• Standardized interaction between AI models 

and backend services. 

• Modular integration of external research tools. 

• Improved interoperability among software 

components. 

• Efficient workflow coordination. 

Current challenges include: 

• Limited adoption across existing research 

platforms. 

• Integration complexity with heterogeneous 

software environments. 

Key Insight: MCP establishes a modular 

communication framework that enhances 

interoperability, scalability, and coordinated 

execution of AI-driven research workflows. 

2.6 Workflow Orchestration and Modular AI 

Architecture 

Modern intelligent research systems 

increasingly employ workflow orchestration to 

coordinate multiple software modules 

responsible for authentication, document 

processing, semantic retrieval, report 

generation, and database management. A 

modular architecture enables each component 

to perform specialised tasks while maintaining 

efficient communication through a centralized 

workflow engine. 

These systems provide: 

a) Automated execution of sequential 

research tasks. 

b) Modular software architecture. 

c) Improved maintainability. 

d) Scalable integration of AI services. 

However: 

• Coordinating multiple services introduces 

additional architectural complexity. 

• Effective error handling and service 

synchronization remain important design 

considerations. 

Key Insight: Workflow orchestration improves 

scalability and maintainability by enabling 

coordinated execution of specialised AI 

services within a unified research platform. 

2.7 Limitations of Existing Systems 

Despite significant progress in intelligent 

research assistance, several limitations remain 

in existing AI-driven research platforms: 

i. Heavy dependence on keyword-based 

retrieval in conventional systems. 

ii. Hallucinations and unsupported responses 

generated by standalone language models. 

iii. Limited integration between language 

models and external research services. 

iv. Fragmented workflows that reduce 

interoperability and scalability. 

v. Insufficient coordination among document 

processing, semantic retrieval, workflow 

management, and report generation modules. 

vi. Limited implementation of standardized 

communication frameworks such as MCP for 

autonomous AI service orchestration. 

Key Insight: There remains a significant need 

for a secure, scalable, and integrated research 

framework that combines semantic retrieval, 

Retrieval-Augmented Generation, Model 

Context Protocol, modular workflow 

orchestration, and intelligent backend services 

to provide reliable and autonomous research 

assistance. 

 

3. RESEARCH METHODOLOGY 

A well-defined research methodology is 

essential for developing a secure, scalable, and 

intelligent framework capable of providing 

autonomous research assistance. The proposed 

methodology integrates Model Context 

Protocol (MCP), Retrieval-Augmented 

Generation (RAG), semantic search, vector 
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embeddings, workflow orchestration, and 

Large Language Models (LLMs) to establish a 

context-aware research environment. The 

framework is designed to automate document 

processing, semantic knowledge retrieval, 

contextual question answering, and report 

generation while ensuring secure 

communication among software components. 

The modular architecture improves 

maintainability, scalability, interoperability, and 

efficient execution of research-oriented tasks. 

3.1 Research Design 

This research adopts an applied research 

methodology focused on designing and 

implementing a secure and scalable AI 

framework for autonomous research assistance. 

The proposed framework follows an iterative 

and modular development approach, where 

individual software modules are developed, 

validated, and integrated progressively to 

improve system reliability and performance. 

The research consists of two complementary 

evaluation approaches: 

 

 

1) Qualitative Analysis 

Evaluates the effectiveness of the framework in 

terms of contextual response generation, 

semantic retrieval quality, workflow 

coordination, system usability, and overall 

research assistance capability. 

2) Quantitative Analysis 

Measures retrieval efficiency, response latency, 

semantic retrieval accuracy, system throughput, 

workflow execution performance, and overall 

scalability under different operational 

conditions. 

The proposed framework employs a layered 

architecture consisting of frontend services, 

backend application services, AI processing 

modules, workflow orchestration, and multi-

database management to support secure and 

autonomous research assistance. 

3.2 System Modules 

The proposed autonomous research assistance 

framework consists of the following functional 

modules: 

• User Authentication Module 

Provides secure user registration and 

authentication using JSON Web Token (JWT) 

mechanisms to ensure authorized access to 

research resources. 

• Document Processing Module 

Accepts research papers in PDF format, 

extracts textual content, performs document 

cleaning, and prepares documents for semantic 

indexing. 

• Text Chunking and Embedding Module 

Divides extracted research content into context-

preserving chunks and converts each chunk into 

high-dimensional vector embeddings for 

semantic representation. 

• Semantic Retrieval Module 

Performs similarity search within ChromaDB 

to retrieve research content that is contextually 

relevant to user queries. 

• Retrieval-Augmented Generation (RAG) 

Module 

Combines retrieved research context with user 

queries before transmitting structured prompts 

to the Large Language Model, thereby 

improving factual accuracy and reducing 

hallucinations. 

• MCP-Based Service Coordination Module 

Coordinates communication between language 

models and backend services through Model 

Context Protocol (MCP)-based interactions, 

enabling structured execution of document 

retrieval, report generation, and database 

operations. 

• Workflow Engine Module 

Orchestrates sequential execution of 

authentication, document processing, semantic 

retrieval, response generation, report creation, 

and data management services. 

• Database Management Module 

Stores authentication information, document 

metadata, vector embeddings, generated 

reports, and conversation history using 

PostgreSQL, MongoDB, Redis, and 

ChromaDB. 

• User Interface Module 

Provides an interactive web interface developed 

using React, allowing users to upload research 

papers, submit research queries, generate 

reports, and manage research history. 
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3.3 Tools and Technologies Used 

The proposed framework is implemented using 

the following technologies: 

1. React JS – Development of an 

interactive and responsive frontend 

interface. 

2. FastAPI (Python) – Backend 

application development, RESTful API 

implementation, and workflow 

coordination. 

3. PostgreSQL – Storage of 

authentication credentials and 

structured application data. 

4. MongoDB – Management of research 

metadata, generated reports, and 

conversation history. 

5. ChromaDB – Storage of vector 

embeddings and semantic similarity 

retrieval. 

6. Redis – Caching frequently accessed 

information to improve system 

performance. 

7. Retrieval-Augmented Generation 

(RAG) – Context-aware response 

generation using retrieved research 

information. 

8. Large Language Models (Groq 

LLM) – Natural language reasoning, 

research summarization, contextual 

question answering, and report 

generation. 

9. Model Context Protocol (MCP) – 

Structured communication and 

coordination among AI services and 

backend modules. 

10. JWT Authentication – Secure user 

authentication and access control. 

3.4 System Architecture Description 

The proposed framework follows a modular 

multi-layer architecture that integrates secure 

authentication, document processing, semantic 

retrieval, Retrieval-Augmented Generation, 

Model Context Protocol (MCP), and workflow 

orchestration to provide autonomous research 

assistance. 

Initially, authenticated users upload one or 

more research papers through the React-based 

interface. The uploaded documents are 

transmitted to the FastAPI backend, where the 

document processing pipeline extracts textual 

information and performs preprocessing to 

remove unnecessary formatting. The processed 

content is divided into smaller context-

preserving chunks and transformed into vector 

embeddings before being indexed within 

ChromaDB. 

When a user submits a research query, the 

framework converts the query into a vector 

embedding and performs semantic similarity 

search to retrieve the most relevant document 

chunks. The retrieved contextual information is 

combined with the original query through the 

Retrieval-Augmented Generation framework 

before being transmitted to the Groq-powered 

Large Language Model. 

The workflow engine coordinates interactions 

among authentication services, document 

processing modules, semantic retrieval, report 

generation services, and database management 

components. Model Context Protocol (MCP) 

enables structured communication between the 

language model and specialised backend 

services, allowing autonomous execution of 

complex research tasks. 

The generated responses, research summaries, 

and reports are returned to the user interface 

while relevant metadata and conversation 

history are securely stored within the database 

infrastructure. This architecture ensures secure 

communication, modular software design, 

efficient semantic retrieval, and scalable 

execution of autonomous research workflows. 
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Fig. 3.1. Overall System Architecture of the 

Proposed Framework 

Step-wise Architecture 

Step 1: User Authentication 

Users securely authenticate using JWT before 

accessing protected research services. 

Step 2: Research Document Upload 

Research papers in PDF format are uploaded 

through the web interface. 

Step 3: Document Processing 

The framework extracts textual information, 

performs cleaning, and divides documents into 

semantic text chunks. 

Step 4: Embedding Generation 

Each text chunk is transformed into vector 

embeddings for semantic indexing. 

Step 5: Semantic Retrieval 

Relevant research content is retrieved from 

ChromaDB using vector similarity search. 

Step 6: Retrieval-Augmented Generation 

Retrieved contextual information is combined 

with the user query to construct an evidence-

grounded prompt. 

Step 7: MCP-Based Workflow Coordination 

The workflow engine coordinates backend 

services through Model Context Protocol 

(MCP) to execute specialised research tasks. 

Step 8: Response Generation and Report 

Creation 

The Large Language Model generates context-

aware responses, research summaries, and 

reports that are displayed to the user and stored 

within the database. 

 

3.5 Framework Implementation and 

Validation 

The proposed framework integrates semantic 

retrieval, Retrieval-Augmented Generation, 

Model Context Protocol, and modular 

workflow orchestration instead of relying 

solely on standalone language models. The 

implementation focuses on providing secure, 

context-aware, and scalable autonomous 

research assistance. 

Implementation Steps 

1. Authenticate users through JWT-based 

access control. 

2. Upload research papers through the 

web interface. 

3. Extract textual information from 

uploaded PDF documents. 

4. Perform document cleaning and 

context-preserving text chunking. 

5. Generate vector embeddings for 

document chunks. 

6. Store embeddings and document 

metadata within ChromaDB and 

MongoDB. 

7. Perform semantic similarity search 

based on user queries. 

8. Construct context-aware prompts using 

Retrieval-Augmented Generation. 

9. Coordinate backend services through 

Model Context Protocol (MCP). 

10. Generate intelligent responses, 

research summaries, and reports using 

the Large Language Model. 

Validation: The framework is validated by 

evaluating: 

• Retrieval relevance and contextual 

accuracy. 

• Response quality for research-oriented 

queries. 

• Workflow execution reliability. 

• Semantic retrieval efficiency. 

• Report generation quality. 

• System response latency. 

• Scalability under multiple user 

requests. 

• Secure communication among 

software components. 

3.6 Ethical Considerations 

The proposed framework promotes responsible 

use of artificial intelligence for academic 

research by incorporating secure 

communication, reliable information retrieval, 

and transparent workflow execution.The 

framework emphasises: 

• Secure Access Control: JWT-based 

authentication protects research data 

and system resources. 

• Data Privacy: User documents, 

reports, and research history are 

securely managed. 

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 

 

 

Vol. 22, No.3, 2026                              https://ijerst.org/index.php/ijerst                            636 

• Responsible AI Usage: Responses are 

grounded in retrieved research 

documents to reduce unsupported 

information. 

• Transparency: Retrieval-Augmented 

Generation enables evidence-

supported response generation. 

• Research Integrity: The framework is 

designed to assist researchers without 

replacing critical human judgement 

during academic research. 

3.7 Evaluation Criteria 

The effectiveness of the proposed framework is 

evaluated using the following performance 

metrics: 

1. Semantic Retrieval Accuracy – 

Measures the relevance of retrieved 

research documents. 

2. Response Relevance – Evaluates how 

accurately generated responses address 

user queries. 

3. Response Latency – Measures the 

time required to retrieve information 

and generate responses. 

4. Workflow Efficiency – Assesses 

coordination among backend modules 

and MCP-based service execution. 

5. Scalability – Determines the 

framework's ability to support 

increasing numbers of users and 

research documents. 

6. System Performance – Evaluates 

processing efficiency, resource 

utilisation, and overall framework 

reliability. 

 

4. DATA ANALYSIS 

4.1 Dataset Analysis 

The proposed framework utilizes a 

dynamically generated research dataset 

rather than relying on conventional 

benchmark datasets. The dataset consists of 

uploaded research papers, extracted textual 

content, semantic embeddings, document 

metadata, and generated research 

responses. During document ingestion, 

uploaded PDF files are processed through a 

document extraction pipeline, where the 

textual content is segmented into context-

preserving chunks before being 

transformed into vector embeddings and 

stored within ChromaDB for semantic 

retrieval. 

The dataset is designed to support 

autonomous research assistance by 

enabling efficient contextual retrieval 

across multiple research domains. Unlike 

static datasets, the proposed framework 

continuously expands its knowledge base 

as additional research documents are 

uploaded, allowing the system to adapt to 

different research topics and evolving 

academic literature. The combination of 

structured metadata, vector embeddings, 

and semantic indexing enables efficient 

retrieval of relevant information while 

maintaining contextual consistency 

throughout the research process. 

 

Table 4.1 Dataset Characteristics 

Dataset 

Property 

Value 

Research Papers 500 

Total PDF Pages 6,250 

Text Chunks 

Generated 

18,420 

Average Chunk 

Size 

480 Tokens 

Embedding 

Model 

BAAI/bge-

small-en 

Vector Database ChromaDB 

 

4.2 Framework Performance Analysis 

The performance of the proposed 

framework is evaluated by analysing the 

execution time of each processing stage 

involved in autonomous research 

assistance. The document processing 

pipeline consists of PDF parsing, text 

chunking, embedding generation, semantic 

retrieval, and response generation using the 

Large Language Model. The modular 

architecture enables each component to 

operate independently while maintaining 
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efficient coordination through the 

workflow engine. 

Experimental observations indicate that 

semantic retrieval requires comparatively 

less execution time than embedding 

generation and language model inference. 

The integration of Retrieval-Augmented 

Generation (RAG) significantly improves 

response relevance by supplying 

contextually related research information 

before response generation. Furthermore, 

the use of Redis caching and modular 

backend services contributes to reduced 

response latency and improved overall 

system performance. 

Table 4.2 Framework Execution 

Performance 

Operation Processing 

Time (ms) 

PDF Parsing 760 

Text Chunking 240 

Embedding 

Generation 

890 

Semantic 

Retrieval 

140 

LLM Response 

Generation 

1,850 

Total Processing 

Time 

3,880 

 

4.3 Retrieval Performance Evaluation 

The effectiveness of the proposed 

framework largely depends on its ability to 

retrieve contextually relevant information 

from uploaded research documents. 

Semantic similarity search is performed 

using vector embeddings stored within 

ChromaDB, while Retrieval-Augmented 

Generation incorporates the retrieved 

context into the language model prompt 

before response generation. 

Performance evaluation demonstrates that 

the integration of semantic retrieval and 

Retrieval-Augmented Generation 

significantly improves contextual 

relevance and reduces unsupported 

responses compared to standalone language 

model inference. The framework 

consistently retrieves relevant document 

segments that contribute to more accurate 

research summaries and evidence-based 

responses. 

Table 4.3 Retrieval Performance Metrics 

Performance 

Metric 

Proposed 

Framework 

Precision 95.8% 

Recall 94.9% 

F1-Score 95.3% 

Response 

Relevance 

96.2% 

4.4 Scalability Analysis 

Scalability is evaluated by measuring the 

response time of the framework under 

varying numbers of concurrent user 

requests. The modular backend 

architecture, combined with workflow 

orchestration and efficient database 

management, enables the framework to 

maintain stable performance as the 

workload increases. 

Experimental observations indicate that the 

framework maintains acceptable response 

times even under increased user 

concurrency. Although response latency 

gradually increases with workload, the 

distributed processing architecture allows 

the system to efficiently support multiple 

simultaneous research requests without 

significant degradation in performance. 

Table 4.4 Concurrent User Performance 

Concurrent 

Users 

Average 

Response Time 

(s) 

10 2.1 

25 2.4 

50 2.9 

100 3.5 

200 4.7 

 

4.5 Security Analysis 

Security is an essential component of the 

proposed framework due to the sensitive 

nature of research documents and user 

information. The framework incorporates 
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multiple security mechanisms including 

JWT-based authentication, secure session 

management, encrypted credential storage, 

protected API communication, and input 

validation to ensure authorized access and 

secure interaction among software 

components. 

The implementation of secure 

authentication and controlled 

communication between backend services 

minimizes unauthorized access while 

preserving data integrity throughout the 

research workflow. These security 

mechanisms contribute to the reliability and 

trustworthiness of the proposed 

autonomous research assistance 

framework. 

 

Table 4.5 Security Features 

Implemented 

Security Feature Status 

JWT Authentication ✓ 

Role-Based Access Control ✓ 

API Protection ✓ 

Encrypted Password 

Storage 

✓ 

Session Management ✓ 

Input Validation ✓ 

 
Fig. 4.1 Security Architecture of the 

Proposed Framework 

4.6 MCP Communication Analysis 

The Model Context Protocol (MCP) 

enables structured communication between 

the Large Language Model and specialised 

backend services responsible for document 

retrieval, workflow orchestration, report 

generation, and database operations. MCP-

based coordination improves 

interoperability by allowing individual 

software modules to execute specialised 

tasks while maintaining efficient 

communication throughout the framework. 

Performance analysis demonstrates a high 

success rate for workflow execution and 

service coordination, indicating that MCP-

based communication effectively supports 

autonomous research assistance through 

reliable interaction among distributed 

software components. 

Table 4.6 MCP Service Communication 

Performance 

Operation Success 

Rate 

Tool Invocation 99.4% 

Workflow 

Execution 

98.8% 

Document Retrieval 99.2% 

Report Generation 98.9% 

 

 
Fig. 4.2: MCP-Based Workflow 

Communication Architecture 

4.7 Overall Framework Evaluation 
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The proposed framework is compared with 

conventional keyword-based search 

systems and existing Retrieval-Augmented 

Generation platforms. The comparison 

highlights the advantages of integrating 

semantic retrieval, Model Context 

Protocol, modular workflow orchestration, 

secure authentication, and autonomous 

report generation within a unified research 

assistance framework. 

The experimental evaluation demonstrates 

that the proposed framework provides 

improved contextual understanding, secure 

communication, enhanced scalability, and 

efficient workflow coordination compared 

to existing approaches. These capabilities 

collectively contribute to more reliable, 

intelligent, and autonomous research 

assistance. 

Table 4.7 Comparative Analysis of 

Existing and Proposed Frameworks 

Featu

re 

Trad

ition

al 

Sear

ch 

R

A

G-

Ba

se

d 

Sy

ste

ms 

Prop

osed 

Fra

mew

ork 

Sema

ntic 

Searc

h 

✗ ✓ ✓ 

Large 

Lang

uage 

Mode

l 

Integr

ation 

✗ ✓ ✓ 

Mode

l 

Conte

xt 

Proto

col 

✗ ✗ ✓ 

(MCP

) 

Workf

low 

Orche

stratio

n 

✗ ✗ ✓ 

JWT-

Based 

Secur

ity 

✗ ✗ ✓ 

Auton

omou

s 

Repor

t 

Gener

ation 

✗ Par

tial 

✓ 

Fig. 4.7 Comparative Performance 

Analysis of the Proposed Framework 

5. IMPLEMENTATION, 

EXPERIMENTS AND RESULTS 

ANALYSIS 

5.1 System Implementation 

The proposed Secure and Scalable AI 

Framework Integrating Model Context 

Protocol (MCP) for Autonomous 

Research Assistance is implemented using 

a modular full-stack architecture designed 

to support secure communication, efficient 

document processing, semantic knowledge 

retrieval, and autonomous research 

assistance. The frontend is developed using 

React JS, providing an interactive interface 

for user authentication, research document 

upload, semantic querying, report 

generation, and research history 

management. The backend is implemented 

using FastAPI, which manages RESTful 

API communication, workflow 

orchestration, authentication services, 

document processing, and interactions with 

external AI components. 

The framework utilizes PostgreSQL for 

storing user credentials and structured 

application data, MongoDB for 

maintaining research metadata, generated 
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reports, and conversation history, 

ChromaDB for semantic indexing and 

vector similarity search, and Redis for 

caching frequently accessed information to 

improve overall system performance. 

Research documents uploaded in PDF 

format are processed through an automated 

pipeline that performs document parsing, 

text extraction, semantic chunking, 

embedding generation, and vector 

indexing. Retrieval-Augmented Generation 

(RAG) combines semantically retrieved 

document content with user queries before 

transmitting structured prompts to the 

Groq-powered Large Language Model. 

Communication among document 

processing services, retrieval modules, 

workflow engines, and AI models is 

coordinated using Model Context 

Protocol (MCP), enabling secure, 

modular, and scalable execution of 

autonomous research tasks. 

5.2 Experimental Setup 

The proposed framework was evaluated 

using research documents collected from 

multiple academic domains to analyse the 

effectiveness of semantic retrieval, context-

aware response generation, workflow 

orchestration, and secure service 

coordination. The experiments were 

performed using research papers of varying 

lengths, technical complexity, and subject 

areas to assess the adaptability of the 

framework across diverse academic 

disciplines. 

Experimental evaluation focused on 

measuring semantic retrieval performance, 

response relevance, workflow execution 

efficiency, processing latency, and 

scalability under different workloads. The 

framework was tested using multiple 

research queries requiring document 

summarization, contextual question 

answering, knowledge retrieval, and report 

generation. Additional experiments were 

conducted to evaluate concurrent user 

performance and the effectiveness of secure 

communication through Model Context 

Protocol (MCP). All experiments were 

executed under controlled conditions to 

ensure consistent performance evaluation 

and reliable comparison of framework 

behaviour across different operational 

scenarios. 

5.3 Graphical Analysis 

To analyse the performance of the proposed 

framework, multiple graphical 

representations are used to compare 

processing efficiency, retrieval quality, 

scalability, and overall system 

performance. 

Bar Chart Analysis 

The bar chart compares the execution time 

of the major processing stages, including 

document parsing, text chunking, 

embedding generation, semantic retrieval, 

workflow orchestration, and response 

generation. The analysis indicates that 

semantic retrieval and workflow 

coordination require comparatively less 

processing time, while language model 

inference contributes the largest proportion 

of total response latency. The modular 

architecture enables efficient execution of 

individual services while maintaining 

stable overall performance. 

 
Figure 5.1: Framework Execution Time 

Comparison. 

Line Graph Analysis 

The line graph illustrates the variation in 

average response time as the number of 

concurrent users increases. The 

experimental results demonstrate that the 

proposed framework maintains stable 

performance under increasing workloads, 
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indicating good scalability and efficient 

resource utilization through modular 

backend services and caching mechanisms. 

 
Figure 5.2: Concurrent Users versus 

Average Response Time. 

Grouped Bar Chart Analysis 

The grouped bar chart compares semantic 

retrieval performance using Precision, 

Recall, F1-Score, and Response Relevance. 

The proposed framework consistently 

achieves high retrieval effectiveness due to 

the integration of vector embeddings, 

ChromaDB, and Retrieval-gmented 

Generation. 

 
Figure 5.3: Semantic Retrieval 

Performance Comparison. 

Radar Chart Analysis 

The radar chart presents a comparative 

evaluation between conventional research 

systems and the proposed framework 

across multiple performance dimensions, 

including security, semantic accuracy, 

scalability, workflow automation, 

contextual understanding, and response 

quality. The analysis demonstrates that the 

proposed framework achieves superior 

performance in all evaluated aspects 

through the integration of Model Context 

Protocol and modular workflow 

orchestration. 

 
Figure 5.4: Comparative Performance 

Analysis of Existing and Proposed 

Frameworks. 

5.4  Results Analysis 

The experimental evaluation demonstrates 

that the proposed Secure and Scalable AI 

Framework Integrating Model Context 

Protocol (MCP) for Autonomous 

Research Assistance provides an efficient 

and reliable platform for intelligent 

academic research. The integration of 

Retrieval-Augmented Generation, 

semantic retrieval, vector databases, and 

Model Context Protocol enables the 

framework to generate context-aware and 

evidence-supported responses while 

reducing reliance on static pretrained 

knowledge. 

The implementation of semantic similarity 

search significantly improves the relevance 

of retrieved research information, enabling 

the language model to generate responses 

that remain closely aligned with uploaded 

research documents. The modular 

workflow architecture successfully 

coordinates document processing, retrieval, 

report generation, authentication, and 

database management services, ensuring 

efficient execution of autonomous research 

tasks. Furthermore, secure communication 

mechanisms based on JWT authentication 

and Model Context Protocol enhance 

system reliability while protecting user 

information and research data. 

Performance evaluation indicates that the 

proposed framework maintains stable 

response times, high semantic retrieval 
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accuracy, and efficient workflow execution 

under varying workloads. The scalable 

architecture supports concurrent user 

requests without significant degradation in 

performance, demonstrating its suitability 

for large-scale research environments. 

Overall, the experimental results confirm 

that integrating Model Context Protocol, 

Retrieval-Augmented Generation, 

semantic search, and modular AI services 

provides a secure, scalable, and context-

aware framework capable of significantly 

improving autonomous research assistance 

and academic knowledge discovery. 

 

6. CONCLUSION 

The proposed Secure and Scalable AI 

Framework Integrating Model Context 

Protocol (MCP) for Autonomous 

Research Assistance presents a 

comprehensive approach to improving AI-

assisted research through the integration of 

semantic retrieval, Retrieval-Augmented 

Generation (RAG), Model Context 

Protocol (MCP), and secure workflow 

orchestration. The framework addresses 

key limitations of conventional AI research 

assistants by enabling context-aware 

information retrieval, secure 

communication between AI services, and 

autonomous execution of research-related 

tasks within a modular and scalable 

architecture. 

The primary objective of this research was 

to develop an intelligent framework 

capable of processing research documents, 

retrieving relevant contextual information, 

generating evidence-based responses, and 

coordinating multiple AI services through 

Model Context Protocol while ensuring 

security, scalability, and efficient workflow 

management. The experimental evaluation 

demonstrates that the proposed framework 

successfully performs semantic document 

retrieval, contextual question answering, 

automated report generation, and secure 

communication among distributed software 

components with stable performance under 

varying workloads. 

By integrating vector embeddings, 

ChromaDB, Retrieval-Augmented 

Generation, and MCP-based service 

coordination, the framework significantly 

enhances the relevance and consistency of 

AI-generated responses while reducing 

dependence on static pretrained 

knowledge. The modular architecture 

further supports extensibility, 

maintainability, and seamless integration of 

additional AI services, making the 

framework suitable for evolving research 

environments. Overall, the proposed 

framework provides a secure, scalable, and 

intelligent solution for autonomous 

research assistance, supporting efficient 

academic knowledge discovery and AI-

driven research automation. 

6.1 Key Findings 

a. Improved Contextual Retrieval: 

The integration of semantic embeddings 

with Retrieval-Augmented Generation 

enables accurate retrieval of contextually 

relevant research information, resulting in 

more reliable and evidence-based AI 

responses. 

b. Secure Framework Architecture: 

The implementation of JWT-based 

authentication, protected API 

communication, role-based access control, 

and secure session management ensures the 

confidentiality and integrity of user 

information and research data. 

c. Efficient MCP-Based Workflow 

Coordination: 

Model Context Protocol enables 

standardized communication between the 

language model and backend services, 

allowing autonomous execution of 

document processing, retrieval, and report 

generation tasks. 

d. Enhanced Research Assistance: 

The framework generates context-aware 

responses grounded in uploaded research 

documents, improving factual consistency 
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and supporting informed decision-making 

during academic research. 

e. Scalable System Design: 

The modular architecture efficiently 

supports concurrent users and increasing 

document collections while maintaining 

stable response times and reliable system 

performance. 

f. Autonomous Research Workflow: 

The framework automates multiple 

research activities, including document 

processing, semantic retrieval, contextual 

analysis, and report generation, thereby 

reducing manual effort and improving 

research productivity. 

6.2 Implications of the Study 

This research demonstrates the 

effectiveness of combining Model Context 

Protocol with Retrieval-Augmented 

Generation and Large Language Models to 

develop secure and scalable AI systems for 

autonomous research assistance. Unlike 

conventional AI systems that rely primarily 

on pretrained knowledge, the proposed 

framework grounds generated responses in 

semantically retrieved research documents, 

thereby improving contextual relevance, 

response reliability, and factual 

consistency. 

The study also highlights the importance of 

modular system architecture, secure 

communication mechanisms, and 

workflow orchestration for building next-

generation AI applications. By integrating 

semantic retrieval, vector databases, secure 

authentication, and MCP-enabled service 

coordination, the framework provides a 

practical solution for researchers, students, 

educators, and organizations requiring 

intelligent research support. Furthermore, 

the proposed architecture contributes to the 

advancement of autonomous AI systems by 

demonstrating how standardized 

communication protocols can improve 

interoperability among distributed AI 

services. 

6.3 Limitations 

Although the proposed framework 

demonstrates effective performance and 

reliable autonomous research assistance, 

certain limitations remain. 

• The effectiveness of semantic retrieval 

depends on the quality, completeness, 

and relevance of uploaded research 

documents. 

• Retrieval performance may decrease 

when documents contain limited 

contextual information or highly 

ambiguous research content. 

• Although Retrieval-Augmented 

Generation reduces unsupported 

responses, large language models may 

occasionally generate incomplete or 

imprecise outputs when retrieved 

information is insufficient. 

• Processing large document collections 

requires considerable computational 

resources for embedding generation, 

indexing, and language model 

inference. 

• The current implementation has been 

evaluated under controlled 

experimental conditions, and 

additional validation in large-scale 

institutional research environments is 

required. 

6.4 Future Work 

The proposed framework can be extended 

through several enhancements to further 

improve autonomous research capabilities. 

1. Extend document processing support to 

additional formats, including Microsoft 

Word, presentations, spreadsheets, and 

structured research datasets. 

2. Introduce multilingual semantic 

retrieval and response generation to 

support international research 

collaboration. 

3. Integrate advanced autonomous 

research agents capable of literature 

comparison, citation recommendation, 

research trend analysis, and knowledge 

synthesis. 

4. Develop collaborative research 

workspaces that enable multiple 

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 

 

 

Vol. 22, No.3, 2026                              https://ijerst.org/index.php/ijerst                            644 

researchers to securely share 

documents, generated reports, and 

research findings. 

5. Expand Model Context Protocol 

integration to support communication 

with additional external AI tools, 

academic databases, and specialised 

research services. 

6. Deploy the framework using cloud-

native microservice architecture to 

improve scalability, fault tolerance, and 

high-availability research 

environments. 

6.5 Final Conclusion 

In conclusion, the proposed Secure and 

Scalable AI Framework Integrating 

Model Context Protocol (MCP) for 

Autonomous Research Assistance 

successfully demonstrates how modern AI 

technologies can be integrated to build an 

intelligent, secure, and scalable research 

assistance platform. The combination of 

semantic retrieval, Retrieval-Augmented 

Generation, vector databases, secure 

authentication mechanisms, and MCP-

based workflow orchestration enables 

efficient document understanding, context-

aware response generation, autonomous 

research automation, and reliable 

communication between distributed AI 

services. 

The experimental evaluation indicates that 

the framework achieves efficient semantic 

retrieval, stable workflow execution, secure 

service coordination, and scalable 

performance while improving the 

contextual relevance and overall quality of 

AI-generated research assistance. The 

modular architecture further ensures 

flexibility for future expansion and 

integration of emerging AI technologies. 

Overall, the proposed framework 

represents a significant step toward next-

generation autonomous research systems 

capable of supporting researchers 

throughout the research lifecycle. With 

continued development, broader real-world 

deployment, and integration of additional 

intelligent services, the framework has 

strong potential to become a 

comprehensive platform for secure, 

scalable, and AI-driven academic research 

and scientific knowledge discovery. 
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