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ABSTRACT 

Researchers often face challenges such as the time-consuming process of document review 
and the complexity of comprehending technical concepts during journal writing. Emerging 
large language models, such as ChatGPT and Poe, have proven to be valuable tools for 
streamlining the writing process. However, these models often require payment for 
extensive usage or document uploads, posing accessibility barriers. This innovation is 
motivated by the need to simplify research workflows and enhance the understanding of 
research documents while ensuring these capabilities are accessible to university users 
without incurring additional costs. The Research Paper AI Assistant is an innovative system 
designed to revolutionize how researchers interact with and synthesize information from 
academic papers. Leveraging advanced technologies such as the Large Language Model 
(LLM) - Gemma 9b, Retrieval-Augmented Generation (RAG), and the Chroma Embedding 
Multimodal Model, this innovative system features an intuitive chatbot interface. It enables 
users to upload multiple PDFs and conduct conversational interactions to extract and 
synthesize complex information. The scope of the system is specifically confined to the 
context of the uploaded documents, ensuring focused and relevant responses. The system 
features automatic diagram analysis for detailed insights and a dedicated "Future Work" tab 
that instantly identifies key problems and future research directions outlined by authors 
subsequently, promotes efficient knowledge acquisition. Its unique ability to generate notes, 
explain complex terms, and provide instant retrieval of relevant content makes it invaluable 
for young academics such as students and professionals. The system’s socio-economic 
impact extends beyond accelerating research breakthroughs and fostering innovation in 
academic insights. It also significantly benefits students by simplifying the process of 
understanding complex academic materials, aiding in literature reviews, and enhancing their 
research and learning experiences. By providing an accessible and interactive tool, students 
can efficiently extract relevant information from academic papers, develop critical thinking 
skills, and improve their academic writing. Commercially, the system holds immense 
potential for integration into academic institutions, research labs, and publishing platforms, 
supporting applications ranging from education to corporate R&D.  

Keywords: Large Language Model, Retrieval-Augmented Generation, Diagram Analysis, 
Future Work Extraction, Knowledge Accessibility. 
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1. Product Description 
The Research Paper AI Assistant revolutionizes how researchers engage with academic 
papers. Powered by advanced technologies such as the Large Language Model (LLM) - 
Gemma 9b, the Multimodal Model - InternVL2_5 4B, the Embedding Model - Nomic-Embed-
Text-v1.5, Chroma for vector storage, the system offers unparalleled functionality. Its 
intuitive chatbot interface enables users to upload multiple PDFs and engage in contextual, 
document-specific interactions. The scope is strictly confined to the context of the uploaded 
documents, ensuring accurate, hallucination-free responses. The system extracts text and 
images from PDFs, using LLM models to analyze diagrams and generate textual descriptions, 
which are displayed in a “Diagram Analysis” tab. Additionally, it identifies key issues, 
limitations, and future directions from research papers, systematically presenting them in 
the “Future Work” tab. A central vector database stores embeddings of the research content, 
enabling instant retrieval of relevant information based on user queries. By simplifying 
academic research, the system saves time, improves knowledge acquisition, and fosters 
innovation. Designed for scalability and supporting multiple documents, it suits academic 
institutions, research organizations, and corporate R&D teams. Its ability to explain terms, 
generate notes, and enhance access to technical content ensures significant value across 
domains, accelerating knowledge sharing with precision and affordability. 

 

2. System Architecture 
The Research Paper AI Assistant utilizes a Retrieval-Augmented Generation (RAG) 
architecture, combining the reliability of retrieval-based systems with the generative 
capabilities of Gemma 9b, an advanced LLM model. This design, as shown in Figure 1 
ensures that user queries are answered by producing output strictly based on the document. 
Research paper content is embedded into high-dimensional vectors and stored in a vector 
database, Chroma for quick retrieval. These vectors are then processed by the LLM, which 
generates detailed, contextually relevant responses. 

 

 
Figure 1. Diagram of Research Paper Processing and Query-Based Information Retrieval 
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Input and Pre-processing 

The workflow initiates with researchers uploading one or more research paper PDFs into 
the system. This phase begins with an intelligent pre-processing mechanism that extracts 
both textual and visual elements from the documents. For visual data, a Multimodal Large 
Language Model - InternVL2_5 4B (MLLM) is employed to generate descriptive analyses, 
offering detailed insights into graphical components such as charts, graphs, and diagrams. 
Simultaneously, the textual content undergoes segmentation, where it is divided into 
smaller, manageable chunks using a chunking technique. This step ensures that large 
documents can be handled efficiently while maintaining their logical structure and 
contextual coherence. The pre-processed outputs form the foundation for downstream 
processing, ensuring that both text and images are accessible for further embedding and 
retrieval operations. 

Multimodal LLM and Prompt Engineering  

At this stage, the system employs a Multimodal Large Language Model (MLLM) to analyze 
and interpret visual data extracted from research papers, such as diagrams and graphs. By 
integrating prompt engineering techniques, the MLLM is guided to generate precise and 
detailed textual descriptions of these visual components. Table 1 outlines the prompt 
templates used for specific tasks, showcasing how tailored prompts enhance the MLLM’s 
performance. Prompt engineering ensures that the MLLM provides outputs tailored to the 
context of research papers, improving the accuracy and relevance of the generated insights. 
These visual descriptions complement the segmented textual content, enabling a 
comprehensive representation of the document. This multimodal approach ensures that the 
system captures and processes both textual and visual data seamlessly, providing 
researchers with a full-spectrum understanding of the content. 

Embedding Storage 

After preprocessing, the segmented text and image descriptions are transformed into high-
dimensional vector representations via an embedding model. These embeddings serve as 
mathematical abstractions that encapsulate the semantic meaning and contextual nuances 
of the content. The resulting embeddings, along with associated metadata, are stored in a 
vector database. This database functions as the primary knowledge repository, facilitating 
the efficient and precise retrieval of information. The embedding storage phase is critical to 
ensuring the system’s capacity to map user queries to the most relevant segments of the 
research papers effectively. 

User Query Handling 

Following the embedding phase, researchers interact with the system through an advanced 
chatbot assistant. This component is designed to support conversational queries, enabling 
users to pose specific questions, request clarifications on complex terms, or navigate through 
specific sections of the research papers interactively. Upon receiving a query, the system 
processes it by generating a corresponding vector representation using the same embedding 
model utilized during the storage phase. This alignment ensures the seamless retrieval of 
relevant content from the vector database, thereby enabling a responsive and contextually 
aware interaction between the user and the system. 
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Contextual Retrieval and Generation 

In the final stage, the system employs Retrieval-Augmented Generation (RAG) to combine 
retrieved embeddings from the vector database with the advanced capabilities of the LLM 
for contextual analysis and response generation. This approach ensures that responses are 
accurate, relevant, and grounded in the uploaded documents. Leveraging RAG, the system 
delivers outputs tailored to the user’s specific queries, including detailed explanations of 
scientific terms, comprehensive summaries of sections, or synthesized notes capturing key 
findings.  

The interactive design allows users to refine their queries or request additional 
clarifications, fostering a deeper engagement with the research papers. This phase is integral 
to enabling researchers to synthesize complex information, identify critical insights, and 
interact with academic content dynamically and intuitively. By incorporating RAG, the 
system enhances accuracy, improves contextual understanding, and supports a seamless 
user experience. Table 2 provides a comparison of the innovation system utilizing RAG 
architecture with methods that do not incorporate RAG, highlighting the advantages in 
accuracy, contextual relevance, and user engagement offered by RAG-based approaches. 
Meanwhile, Table 3 defined the sample input and output from the system able to be 
produced within 4 seconds. 

 

3. Novelty and Uniqueness 
Research Paper AI Assistant simplifies research with advanced AI technologies. Unlike 
traditional tools, it combines Retrieval-Augmented Generation (RAG) with an interactive 
chatbot for a seamless, user-friendly experience. Its ability to analyze diagrams and 
provide detailed descriptions in a "Diagram Analysis" tab ensures a comprehensive 
understanding of visual content. The automatic extraction of problem statements and 
"Future Work" sections, displayed in an organized tab, enhances its utility for identifying 
research gaps and opportunities. A centralized vector database enables precise, instant 
retrieval of information, transforming how researchers interact with data. The system 
explains complex terms, generates notes, and synthesizes multiple documents, fostering 
efficient and accessible knowledge acquisition. Figures and tables highlight the system’s 
features, including its user-friendly interface, advanced diagram analysis, and automatic 
extraction of key insights. Figures 2–10 illustrate the system’s innovative document 
upload, diagram extraction, and contextual output generation. The “Future Work” feature 
in Figure 10 automatically identifies and extracts limitations and suggested research 
directions. Table 4 summarizes its performance, emphasizing efficiency and 
effectiveness in supporting researchers. By combining multimodal analysis, prompt 
engineering, and automatic insight generation, the Research Paper AI Assistant enhances 
the speed and accuracy of engaging with complex documents, marking a major 
advancement in academic tools. 
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Table 1. Prompt template that has been used for specific tasks. 
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Table 2. Comparison utilizing Retrieval Augmented Generation (RAG)  Architecture 
with methods that do not use RAG. 

 Using Retrieval Augmented 
Generation Architecture 

Without using Retrieval 
Augmented Generation 
Architecture 

Accuracy of 
Responses 

Provides accurate answers by 
grounding responses in 

retrieved documents that be 
able to minimize hallucination. 

May generate incorrect or 
hallucinated information, 

especially when queried on 
topics outside the pre-

trained data. 

User query example if 
the document does 

not mentioned 
MapReduce  

Query : What is the MapReduce 

 
There is no mentioned 

MapReduce in the documents 
provided . Therefore i cant 

answer the question . 

Query : What is the 
MapReduce 

 

MapReduce is a 
programming model and 

processing technique 
developed by Google for 

processing and generating 
large datasets in a 

distributed and parallel 
computing environment. 

 

 
Figure 2. User Interface of the Research Paper AI Assistant for document upload and 

analysis 
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Table 3. Sample input and output from the system that can be produced within 4 seconds. 

Input Output 

Please extract the following 
information from the given research 
paper: 

1. PROBLEM STATEMENT: 
Summarize the main problem or 
issue being addressed in the 
research paper. Ensure the 
explanation is clear and concise. 

2. OBJECTIVES: 
What are the specific objectives 
or goals of the research study? 
List or summarize the key aims 
of the study. Start output with 
"to." 

3. TECHNIQUE: 
Describe the techniques, 
methods, or approaches used in 
the research. Focus on the key 
methodologies employed. 

4. FINDINGS: 
What are the major findings or 
results of the research? Provide 
a summary of the key outcomes. 

5. REMARKS: 
Are there any important 
remarks, conclusions, or 
recommendations provided by 
the authors? Summarize any 
final reflections or notes. 

 

Here's a breakdown of the research paper based 
on the provided text: 

 

PROBLEM STATEMENT:  

The research addresses the limitations of 
traditional keyword search in information 
retrieval systems, particularly when dealing 
with vast academic paper datasets. 

 

OBJECTIVES: 

To develop a Retrieval-Augmented Generation 
(RAG) system for efficient information 
extraction from academic papers. 

To investigate effective search strategies within 
the RAG system. 

To evaluate the performance of different Large 
Language Models (LLMs) in the context of the 
RAG system. 

TECHNIQUE: 

Keyword Search: Initially, the researchers used 
keyword-based searches to evaluate the 
document retrieval component of the RAG 
system. 

 

Semantic Search: The system incorporates 
semantic search techniques to improve upon 
keyword-based limitations. 

 

Large Language Models (LLMs): The research 
utilizes various LLMs, including "gpt-3.5-turbo-
0125," to process retrieved information and 
generate responses. 
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Two-Layer Search System: A two-layer 
approach is implemented to address the token 
limitations of LLMs. The first layer identifies 
relevant papers, and the second layer extracts 
the most pertinent text excerpts from those 
papers for LLM processing. 

 

Abstract and PDF Embedding Analysis: The 
researchers analyze the similarity between 
paper abstracts and full text using cosine 
similarity scores and visualization techniques to 
assess the representativeness of abstracts. 

 

FINDINGS: 

Keyword search alone is insufficient for efficient 
information retrieval in academic paper dataset. 

 

Abstracts often provide a good representation of 
the full paper's content, but there are cases 
where significant vocabulary differences exist. 

 

The two-layer search system effectively 
addresses the token limitations of LLMs. 

 

REMARKS: The research highlights the need for 
advanced search strategies beyond keyword-
based approaches in academic information 
retrieval. The findings suggest that combining 
semantic search with LLMs and a careful 
selection of relevant text excerpts can 
significantly improve the efficiency and accuracy 
of information extraction. 

 

Sources: ['Building a Retrieval Augmented 
Generation RAG System for Academic 
Papers.pdf, page 1', 'Building a Retrieval 
Augmented Generation RAG System for 
Academic Papers.pdf, page 4', 'Building a 
Retrieval Augmented Generation RAGSystem for 
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Academic Papers.pdf, page 1', 'Building a 
Retrieval Augmented Generation RAG System 
for Academic Papers.pdf, page 3', 'Building a 
Retrieval Augmented Generation RAG System 
for Academic Papers.pdf, page 3 information 
extraction. 

 

Sources: ['Building a Retrieval Augmented 
Generation RAG System for Academic 
Papers.pdf, page 1', 'Building a Retrieval 
Augmented Generation RAG System for 
Academic Papers.pdf, page 4', 'Building a 
Retrieval Augmented Generation RAGSystem for 
Academic Papers.pdf, page 1', 'Building a 
Retrieval Augmented Generation RAG System 
for Academic Papers.pdf, page 3', 'Building a 
Retrieval Augmented Generation RAG System 
for Academic Papers.pdf, page 3 

 

 
Figure 3. shows a user-friendly interface for the user to interact with the AI Assistant 
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Figure 4. Shows sample of diagram extracted from the document. 

 

 
Figure 5. illustrate output produced from the system for the diagram in Figure 4. 
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Figure 6. Shows sample of diagram extracted from the document. 

 

 
Figure 7.  illustrate output produced from the system of the diagram in Figure 6. 
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Figure 8. Shows sample of diagram extracted from the document. 

 
Figure 9. illustrate output produced from the system of the diagram in Figure 8. 

 
Figure 10. illustrates the "Future Work" feature that automatically extracts limitations and 

suggested research directions from uploaded documents. 
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Table 4. Summary of the system performance 

 Number of 
Document per 
review 

Time spent to 
embed textual 
content 

Time spent 
analyzing and 
extracting 
information 
from the 
diagram 

Time spent for 
AI Assistant to 
answer user 
query 

AI Research 
Assistant 

Up to 10 
documents 

62 seconds 

for 10 
documents (155 
pages) 

5 minutes for 50 
Diagram 

within 3 
seconds 

 

4. Benefit to mankind  
Research Paper AI Assistant revolutionizes how researchers, students, and professionals 
access and comprehend academic information. Designed to simplify the often tedious 
and time-consuming process of reviewing and synthesizing research papers, it 
empowers users by providing conversational interaction with document content. Its 
unique features, such as diagram analysis and automatic extraction of key problems and 
"Future Work," enable quicker insights into complex topics and foster innovation. By 
enhancing access to technical knowledge and reducing barriers to understanding, the 
system promotes inclusive education and global collaboration. It has a profound socio-
economic impact by accelerating research and innovation, driving advancements across 
industries, and democratizing access to high-quality academic insights. Its scalability 
ensures accessibility for individuals, academic institutions, and corporate R&D teams 
worldwide, making it a transformative tool for fostering knowledge-driven growth. 

 

5. Innovation and Entrepreneurial Impact 
Research Paper AI Assistant fosters a culture of innovation and entrepreneurship by 
bridging the gap between academic research and practical application. By streamlining 
the understanding of complex research papers, the system empowers researchers and 
entrepreneurs to identify opportunities for innovation more effectively. Its ability to 
extract future work highlights and generate insights from diagrams accelerates the 
ideation process, reducing time-to-market for new inventions and discoveries. The 
system democratizes access to academic knowledge, enabling a broader audience to 
engage with research and pursue entrepreneurial ventures. By integrating cutting-edge 
AI technology into academic workflows, the Research Paper AI Assistant exemplifies how 
innovation can drive efficiency and inspire new business models. Its scalability across 
academic, industrial, and corporate domains positions it as a catalyst for fostering 
creativity, collaboration, and entrepreneurial growth globally. 
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6. Potential commercialization     
Research Paper AI Assistant offers immense commercialization potential as a versatile 
solution for academia, research institutions, and industries. Its scalability and robust 
architecture make it ideal for integration into digital libraries, publishing platforms, and 
corporate R&D systems. Academic institutions can leverage it to enhance research 
efficiency and the student learning process. Industries can adopt it to streamline 
innovation processes. The chatbot assistant, diagram analysis, and future work 
extraction features make it attractive to a wide range of users, from individual 
researchers to global organizations. Additionally, the system's ability to save time, reduce 
cognitive load and improve access to critical insights positions it as a valuable 
subscription-based service. Partnerships with universities, publishers, and tech 
companies can drive adoption and revenue, creating a sustainable commercialization 
model. The Research Paper AI Assistant not only addresses market needs but also aligns 
with the growing demand for AI-driven solutions in education and research. 
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