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Abstract

This paper presents a multimodal intelligent dia-
logue system that seamlessly integrates document
analysis, visual media processing, and audio inter-
action within a unified web interface. The system
ensures secure user identity verification through
persistent conversational management, leveraging
textual document analysis, dynamic context inte-
gration, and cross-media interactions via video,
image, and real-time speech processing. Our
approach introduces three key innovations: (1)
context-aware document analysis through text ex-
traction, (2) a multimodal input pipeline support-
ing images, videos, and audio, and (3) persistent
chat history management for maintaining conver-
sational continuity. The system facilitates seamless
transitions between audio and text, enabling natural
interactions by processing audio input and convert-
ing text responses into speech. Additionally, the
platform provides an intuitive interface for docu-
ment uploads, camera capture, and audio recording,
while ensuring conversation context is preserved
across sessions. This implementation demonstrates
the practical integration of multimodal input in an
interactive artificial intelligence (AI) system, show-
casing its potential for enhanced user engagement
and interaction.

1 Introduction

The demand for modern Al systems capable of processing
and responding to diverse input modalities within a unified
interaction framework is rapidly increasing [Dolgikh, 2024;
Zhu et al., 2024]. While numerous dialogue systems exist,
most are constrained to single-modal interactions, typically
handling either text or images [Ni et al., 2023; Zhai and Wi-
bowo, 2023]. This limitation poses challenges for users who
need to reference documents, share visual information, in-
corporate audio inputs, or seamlessly switch between differ-
ent interaction modes [Yin et al., 2021]. Recent advance-
ments in multimodal technologies underscore the importance
of harmonizing heterogeneous data streams [Deldjoo et al.,
2021]. However, practical implementations in conversational

systems remain fragmented, limiting their usability in real-
world scenarios [Baltrusaitis et al., 2018].

Most contemporary Al dialogue systems operate via web
interfaces and offer varying levels of functionality across dif-
ferent input modalities [Lu et al., 2024]. While some sys-
tems support document analysis or visual media processing
[Hariri, 2023], there is a notable absence of an integrated so-
lution that combines all these capabilities within a single con-
versational framework. The challenges extend beyond han-
dling diverse input types to ensuring a seamless and context-
aware user experience across modalities [Liang et al., 2024].

To address these gaps, this paper presents a multimodal in-
telligent dialogue system that leverages software frameworks
and large language models to process and respond to user
queries while maintaining contextual awareness across dif-
ferent input modalities. The system enables users to upload
and reference documents, process vision-based inputs, and
engage in complex queries that build upon prior conversa-
tions. Additionally, it features persistent conversational man-
agement, allowing secure storage of user interactions and his-
torical records. This ensures that users can reference past
conversations, maintain continuity across sessions, and up-
hold secure identity verification and data privacy.

2 System Architecture

The system architecture is designed to facilitate seamless
multimodal interactions between users and the Al model by
implementing a modular framework. Each component pro-
cesses different aspects of system functionality while ensur-
ing internal integration for a cohesive user experience. The
architecture consists of four main components: User Authen-
tication System, Media Processing Pipeline, Dialogue Man-
agement System, and Data Persistence Layer, along with a
Frontend Interface for user interactions. An overview of the
system architecture is shown in Figure 1. A full demon-
stration of the system can be found at the following link:
https://youtu.be/MDSmZq-PwIO.

2.1 Media Processing Pipeline

The Media Processing Pipeline processes multiple input
modalities to enhance user interaction. Document processing
maintains the contextual relationship between uploaded doc-
uments and ongoing conversations, allowing users to refer-
ence specific document content in their queries. Visual media
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Figure 1: An Overview of System Architecture

processing supports static images and video content, ensur-
ing consistent data representation and structured storage. Au-
dio processing enables real-time speech recognition and voice
synthesis, facilitating seamless audio interactions within the
dialogue system. A screenshot of showing the ability of the
system to process image, text, and audio is shown in Fig-
ure 2. By integrating these modalities, the system ensures
that users can interact fluidly using text, images, videos, and
speech while preserving contextual continuity.

2.2 Dialogue Management System

The Dialogue Management System orchestrates interactions
between user inputs and the Al model. It employs GPT-
40 as its core reasoning engine, leveraging structured mes-
sage formats to maintain contextual awareness across mul-
tiple dialogue turns. This system integrates multimodal in-
puts, ensuring that text, visual, and audio data are processed
cohesively within the conversation context. Speech recogni-
tion and voice synthesis enable natural spoken conversations
through speech-to-text (STT) and text-to-speech (TTS) mech-
anisms, maintaining coherence across different input modal-
ities. Furthermore, conversation history is dynamically up-
dated, allowing the system to reference previous exchanges
and provide contextually relevant responses.

2.3 Data Persistence Layer

The Data Persistence Layer efficiently manages the storage
and retrieval of user data, dialogue histories, and media con-
tent. Conversation histories are stored in a structured format,
allowing for fast retrieval and continuity across multiple ses-
sions. Media file management ensures that uploaded content
remains accessible and contextually linked to the conversa-
tion. Additionally, robust data structuring and indexing tech-
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The image shows four potted plants arranged indoors on a wooden floor.

1. The three pots at the back contain basil plants with lush green leaves. Each plantisin a
brown clay pot with a matching saucer underneath to catch excess water. They are
positioned in a row, near a glass window, suggesting they are receiving natural light.

2. Inthe foreground, there is a smaller black pot holding a mint plant, also healthy with green
leaves. This pot is set inside a black plastic tray for water drainage.

3. Thesunlight casts distinct shadows of the plants on the floor, indicating a bright and sunny
day outside. The pots and their shadows create an appealing contrast against the wooden
flooring.

Overall, the scene conveys a sense of indoor gardening, emphasizing the nurturing of herbsin a

home environment.
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Figure 2: A Screenshot of Image Description and Audio Output

niques enhance system efficiency while maintaining security
and privacy compliance.

2.4 Frontend Interface

The Frontend Interface serves as the primary user access
point, providing an intuitive and responsive platform for mul-
timodal interactions. Users can upload documents, capture
images and videos, and record audio within a single inter-
face. A screenshot of showing the multimodal file handling
interface of the system is shown in Figure 3. Dialogue his-
tory is displayed in a clear, chronological format, updating
dynamically as new inputs are processed. The interface also
incorporates adaptive UI components that adjust to different
input types, ensuring a consistent and seamless user experi-
ence across various interaction modalities.

3 Technical Implementation

The technical implementation of the multimodal dialogue
system was integrated with multiple types of technologies fo-
cusing to forge a cohesive interaction platform. This system
combines document processing, visual media processing, au-
dio processing, and Al-driven dialogue management through
a modular implementation approach.

3.1 Document and Media Processing

The document processing achieves a flexible approach han-
dling multiple file formats. For PDF documents, the system
takes advantage of PyMuPDF to extract text content, and it
maintains structural information. The system supports mul-
tiple document formats including PDF, Word (DOCX), and
plain text files. This implementation supports single and mul-
tiple uploading documents to maintain dynamic integration to
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Figure 3: A Screenshot of Multimodal File Uploading

single flow of content with conversation context. Extracted
content which is pre-processed and maintained in conversa-
tion sessions is being allowed to be accessed continuously
during the whole dialogue process.

Visual media processing implementation processes both
static and dynamic visual content with enhanced session per-
sistence. Image processing takes advantage of PIL to do
the basic image processing which transfers image to base64
format for high-efficient storage and retrieval. The system
includes automatic image analysis functionality that gener-
ates detailed descriptions when images are uploaded, utilizing
OpenAI’s GPT-40 vision capabilities. This system supports
uploading images and camera capturing through Streamlit’s
native components. The video processing includes format
verification and mechanisms of temporary storage. which en-
ables users to reference visual content during the whole dia-
logue process. All visual media is processed synchronously
with conversation flow and maintaining temporal alignment
with textual and audio interactions.

3.2 Interface Integration

The speech interface implementation combines real-time au-
dio recording with asynchronous processing and advanced
text-to-speech capabilities. By using Streamlit’s recording
component for audio input, this component generates binary
audio data. The system integrates seamless audio capture
and supports uploaded audio files in multiple formats (MP3,
WAV, M4A, OGG). This data transfers audio to text using
OpenATI’s Whisper model meanwhile maintaining high accu-
racy under different accent and speaking styles. Additionally,
the system features configurable voice synthesis with six dif-
ferent voice options using OpenAl’s TTS-1 model for gen-
erating audio responses. The audio processing system main-
tains synchronization with conversation based on text to make
sure that audio interaction maintains coherence of context.
User interface implementation takes advantage of Stream-

lit’s component system to establish an intuitive interaction
environment. The interface will dynamically update to re-
flect the current conversation state to provide user actions im-
mediate feedback. This implementation includes specialized
components of document uploading, image/video uploading,
camera capturing, and audio recording, and it contains clear
visual indicators which are used to process status and system
responses. The interface maintains responsive actions on dif-
ferent sizes of screen and input methods to ensure all types
of equipment and interaction modalities maintain consistent
usability.

3.3 Conversation Management

The conversation management system implements structural
methods to maintain dialogue context. User interactions
are stored using a comprehensive message format that cap-
tures content type, media references, and temporal informa-
tion for each exchange. The system utilizes LangChain’s
agent framework with OpenAI’'s GPT-40 as the core infer-
ence engine, supplemented by GPT-40-audio-preview for en-
hanced audio interactions. Conversation context is main-
tained through a sliding window approach that considers con-
textual relevance, while the system supports multimodal con-
text awareness by detecting image-related queries and utiliz-
ing vision capabilities when appropriate. This system main-
tains conversation history through conversation status man-
agement and persistent storage to enable users to reference
past interactions while maintaining context from different in-
put modalities.

3.4 Data Persistence Strategy

The Data Persistence Strategy implements a comprehen-
sive file-based storage system with hierarchical organiza-
tion. User authentication data was stored based on CSV for-
mat, and basic secure implementation was adopted, mean-
while conversation history records were stored based on
JSON format to achieve easy accessing and higher flexibil-
ity. This implementation includes establishing and managing
mechanisms of user-specific directories, conversation history
recording and temporary media files.

4 Conclusion

This paper presents a multimodal intelligent dialogue system
that integrates document analysis, visual media processing,
and audio interaction within a unified web interface. De-
veloped using the Streamlit framework and leveraging GPT-
4o through LangChain’s agent framework, the system show-
cases practical innovations in multimodal interaction. By ef-
ficiently combining diverse technologies, it provides a seam-
less and context-aware interaction experience applicable to
both educational and professional settings. Its modular and
persistent architecture enables secure dialogue management
and conversation history tracking while offering an intuitive
interface for document uploads, media capture, and audio in-
teractions. This work underscores the importance of mul-
timodal Al systems in enhancing real-world applications,
paving the way for more advanced and context-aware inter-
action frameworks.
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