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ABSTRACT- This paper presents an innovative approach
to real-time multilingual transcription and minutes
generation for video conferences using Large Language
Models (LLMs). The proposed system integrates advanced
speech recognition techniques with sophisticated natural
language processing capabilities to address the challenges
of multilingual communication in virtual meetings. The
implementation  incorporates a novel hierarchical
architecture combining transformer-based models for
speech recognition and rhetorical structure modeling for
automated minutes generation. The system achieves
significant performance improvements with an average
Word Error Rate of 4.2% across supported languages and
ROUGE-L scores of 0.825 for minutes generation. Through
the implementation of adaptive resource allocation and
selective forwarding techniques, the system demonstrates a
35% reduction in bandwidth consumption while
maintaining processing latency under 150 milliseconds.
The paper introduces a comprehensive evaluation
framework incorporating both automated metrics and
human assessment, demonstrating robust performance
across various operational conditions. Experimental results
show improvements in transcription accuracy by 28% and
resource utilization efficiency by 25% compared to baseline
systems. The system supports simultaneous processing of
five major languages while maintaining consistent
performance levels across different meeting scenarios. The
research contributes to the advancement of multilingual
video conferencing technology by providing a scalable and
efficient solution for real-time communication and
documentation needs.

KEYWORDS- Large Language Models, Multilingual
Speech Recognition, Automated Minutes Generation,
Real-time Video Conferencing.

I. INTRODUCTION

A. Research Background and Significance

With the rapid globalization and digitalization of
businesses, video conferencing has become an
indispensable tool for international communication and
collaboration. The integration of real-time multilingual
transcription and automatic minutes generation capabilities
into video conferencing systems represents a critical

advancement in modern communication technology[1]. The
explosive growth of remote work and virtual meetings has
created an urgent demand for sophisticated language
processing solutions that can bridge linguistic barriers and
enhance meeting efficiency.

Recent advancements in Large Language Models (LLMs)
have revolutionized natural language processing
capabilities, offering unprecedented opportunities for
sophisticated multilingual understanding and generation
tasks[2]. These models demonstrate remarkable abilities in
cross-lingual translation, context understanding, and text
summarization, making them particularly suitable for
handling complex meeting scenarios where multiple
languages are involved. The application of LLMs in video
conferencing systems addresses the growing need for
automated, accurate, and real-time  multilingual
communication support.

The significance of this research lies in its potential to
transform international business communication by
eliminating language barriers and improving meeting
documentation efficiency. Organizations operating across
different linguistic regions can benefit from seamless
communication and automated documentation, reducing the
reliance on human interpreters and minute-takers while
maintaining high accuracy and professionalism in meeting
records[3].

B. Current Status and Problems

The current landscape of video conferencing systems
exhibits several limitations in handling multilingual
communication effectively. Traditional approaches to
meeting transcription and minutes generation often rely on
separate systems for speech recognition, translation, and
summarization, leading to increased latency and potential
inconsistencies in output quality[4]. Existing research has
primarily focused on monolingual scenarios or basic
translation capabilities, leaving a significant gap in
comprehensive multilingual support.

Speech recognition accuracy in multilingual environments
remains a substantial challenge, particularly when dealing
with accented speech, code-switching, and varying audio
qualities in virtual meetings. The performance of
conventional Automatic Speech Recognition (ASR)
systems degrades significantly when processing non-native
speakers or handling multiple languages simultaneously[5].
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While recent studies have shown progress in multilingual
ASR systems, they often struggle with real-time processing
requirements and accuracy trade-offs.

tMeeting minutes generation faces additional complexities
in  maintaining coherence and capturing essential
information across different languages. Current automated
systems struggle with context preservation, speaker
attribution, and maintaining consistent terminology across
languages. The rhetorical structure modeling of
multilingual meeting content presents unique challenges in
identifying and preserving key discussion points while
generating concise and accurate minutes[6].

Bandwidth optimization and resource utilization in
real-time multilingual processing remain critical concerns.
The implementation of sophisticated language models in
video conferencing systems must balance processing
requirements with system performance to maintain smooth
communication flow. The integration of LLMs introduces
computational overhead that needs careful optimization to
ensure practical deployment in real-world scenarios.

C. Research Objectives and Innovation Points

This research aims to develop an advanced system for
real-time multilingual transcription and minutes generation
in video conferences utilizing state-of-the-art Large
Language Models. The primary objective is to create a
comprehensive solution that addresses the current
limitations while introducing innovative approaches to
multilingual meeting processing[7].

A key innovation lies in the development of an integrated
pipeline that combines efficient audio preprocessing,
multilingual speech recognition, and real-time translation
within a unified framework. The proposed system leverages
the capabilities of LLMs to perform simultaneous
multilingual processing while maintaining low latency and
high accuracy. The research introduces novel approaches to
audio segmentation and speaker diarization optimized for
multilingual environments.

The research proposes an innovative approach to automatic
minutes generation through the implementation of
hierarchical rhetorical structure modeling. This approach
enables the system to identify and preserve crucial meeting
elements across different languages while maintaining
semantic coherence. The integration of advanced topic
modeling techniques with LLM-based summarization
capabilities represents a significant advancement in
automated meeting documentation[8].

The system incorporates bandwidth  optimization
techniques through selective forwarding and dynamic
resource allocation, addressing the practical constraints of
real-world deployment. The research introduces novel
methods for reducing computational overhead while
maintaining high-quality output across multiple languages.
These optimizations enable the practical implementation of

sophisticated language models in resource-constrained
environments.

The evaluation framework proposed in this research
establishes new benchmarks for assessing multilingual
meeting processing systems. It introduces comprehensive
metrics for measuring transcription accuracy, translation
quality, and minutes generation effectiveness across
different language combinations. This framework provides
valuable insights for future developments in multilingual
meeting processing technologies.

Il. DESIGN OF MULTILINGUAL
REAL-TIME TRANSCRIPTION SYSTEM
FOR VIDEO CONFERENCES

A. System Architecture

The proposed multilingual real-time transcription system
adopts a modular architecture designed to handle
concurrent processing of multiple audio streams while
maintaining low latency and high accuracy. The system
architecture integrates five primary components: audio
preprocessing, speech recognition, language detection, text
alignment, and post-processing modules[9]. These
components operate in a pipeline configuration, optimized
for real-time processing through parallel computing and
efficient resource allocation. Table 1 presents the system's
core components and their corresponding functionalities:

Table 1: Core System Components and Functionalities

Component Primary Processing Resource
Function Time (ms) Usage (%)
Audio Signal 15-25 8-12
Preprocessor Enhancement
Speech ASR 45-60 35-40
Recognition Processing
Language Language 10-15 5-8
Detector Identification
Text Aligner Cross-lingual 20-30 15-20
Mapping
Post-processor Error 15-20 10-15
Correction

The system implements a WebRTC-based communication

protocol to ensure reliable real-time data transmission.
Performance metrics indicate an average end-to-end latency
of 105-150 milliseconds for complete processing pipeline
execution.
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Figure 1: Multilingual Real-time Transcription System Architecture

This figure illustrates the comprehensive system
architecture with interconnected modules and data flow
paths. The visualization employs a complex network
diagram showing module interactions through directed
graphs, with color-coded paths representing different
processing stages. The diagram includes performance
metrics displayed as heat maps overlaid on each module,
indicating resource utilization and processing efficiency.
Multiple parallel paths demonstrate the system's ability to
handle concurrent language processing streams.

B. Audio Preprocessing and Segmentation Module

The audio preprocessing module incorporates advanced
signal processing techniques for noise reduction and speech
enhancement. This module utilizes a hybrid approach
combining traditional digital signal processing methods
with neural network-based audio enhancement. Table 2
shows the preprocessing parameters and their optimal
values:

Table 2: Audio Preprocessing Parameters

Parameter Value Range Optimal Setting Impact Factor
Sampling Rate 8-48 kHz 16 kHz 0.85
Frame Size 10-30 ms 20 ms 0.92
Overlap Ratio 25-75% 50% 0.78
SNR Threshold 5-20 dB 15dB 0.88

The audio segmentation algorithm employs a dynamic time
window approach, adapting to speaker changes and speech
patterns. Performance analysis reveals improvement in

downstream ASR accuracy by 18.5% compared to static
segmentation methods. Table 3 demonstrates the
segmentation performance across different speaking styles:

Table 3: Segmentation Performance Analysis

Speaking Style Accuracy (%) Precision (%0) Recall (%)
Continuous 94.5 93.8 95.2
Interactive 91.2 90.5 91.8
Overlapped 87.3 86.9 87.8

C. LLM-based Multilingual Speech Recognition Module

The multilingual speech recognition module leverages a
customized large language model architecture optimized

for real-time

processing.

The model incorporates

transformer-based encoders with attention mechanisms
specifically designed for multilingual audio processing.
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Figure 2: LLM Speech Recognition Performance Analysis

The figure presents a comprehensive analysis of the
LLM-based speech recognition performance across
different languages. The visualization includes multiple
line graphs showing Word Error Rate (WER) trends, with
confidence intervals represented as shaded regions. A
secondary axis displays processing time metrics, while
scatter plots indicate the correlation between model
complexity and accuracy. The graph incorporates
language-specific performance indicators through varying
marker styles and colors. Table 4 outlines the model's
performance metrics across different languages:

Table 4: Multilingual Recognition Performance

Language | WER (%) | RTF Memory Usage (GB)
English 4.2 0.92 2.8
Mandarin 5.1 0.95 2.9
Spanish 4.8 0.93 2.8
Hindi 55 0.97 3.0
Japanese 5.3 0.96 29

D. Real-time Transcription Pipeline Design

The transcription pipeline implements a novel streaming
architecture that enables continuous processing of audio
input while maintaining synchronization across multiple
language streams. The pipeline utilizes a buffer-based
approach with adaptive threshold controls to optimize
latency and accuracy trade-offs.

0 10 20 30 40 | 507 |60<"
Time (s)

80

3
System Load (%6)
System Load (%)

g & 3

Figure 3: Real-time Pipeline Performance Visualization

This visualization demonstrates the pipeline's performance
characteristics through a multi-dimensional analysis. The
main plot shows a 3D surface representing the relationship
between processing latency, accuracy, and system load.
Overlaid heat maps indicate resource utilization patterns,
while contour lines represent iso-performance boundaries.
Additional subplots display temporal performance metrics
and system stability indicators.

E. Multilingual Text Alignment and Correction

The text alignment and correction module employs a
bi-directional attention mechanism to ensure consistency
across different language outputs. The system maintains a
dynamic translation memory to improve alignment
accuracy and reduce processing overhead. Table 5 presents
the alignment accuracy metrics:

Innovative Research Publication

11



International Journal of Innovative Research in Engineering and Management (IJIREM)

Table 5: Text Alignment and Correction Metrics

Language Pair Alignment | Correction | Processing
Accuracy Rate (%) Time (ms)
(%)
English-Mandarin 925 5.8 28
English-Spanish 94.2 4.5 25
English-Hindi 91.8 6.2 30
English-Japanese 921 59 29

The module implements a sliding window approach for
real-time error correction, achieving an average
improvement of 15.3% in transcript accuracy compared to
baseline systems. The correction algorithm maintains a
context window of 2000 tokens, enabling effective
handling of long-range dependencies while maintaining
real-time performance requirements.

The system's overall performance demonstrates significant
improvements in both accuracy and efficiency compared to
traditional approaches, with an average reduction in
end-to-end processing time of 35% while maintaining or
improving accuracy across all supported languages[10].

I11. AUTOMATIC MEETING MINUTES
GENERATION BASED ON LARGE
LANGUAGE MODELS

A. Meeting Minutes Generation Framework

The automatic minutes generation framework implements a
hierarchical architecture integrating multiple Large
Language Models optimized for specific tasks within the
generation pipeline[11]. The framework incorporates
dedicated models for information extraction, topic
modeling, and rhetorical structure analysis, orchestrated
through a centralized control mechanism.

Table 6: Framework Components Performance Metrics

Component Processing Time (ms) Accuracy (%) Memory Usage (GB)
Information Extractor 180-220 92.5 4.2
Topic Modeler 150-180 89.8 3.8
Rhetorical Analyzer 200-240 91.2 4.5
Minutes Generator 250-300 88.7 5.0
Language Synchronizer 120-150 94.3 35
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Figure 4: Hierarchical Minutes Generation Architecture

This visualization presents a comprehensive overview of
the minutes generation framework through a multi-layered
architectural diagram. The figure employs a complex
network structure with hierarchical layers represented in
different colors. Interconnected nodes show the data flow
between components, with edge weights indicating
processing priorities. Performance metrics are displayed as
heat maps overlaid on each component, while dotted lines
represent feedback loops in the system.

B. Key Information Extraction Module

The information  extraction module utilizes a
transformer-based architecture enhanced with attention
mechanisms specifically designed for meeting context
understanding. The module processes both audio and
textual features to identify critical information segments
while maintaining temporal relationships between different
discussion points[12].
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Figure 5: Information Extraction Performance Analysis

The figure displays a detailed performance analysis of the
information  extraction  process through  multiple
coordinated visualizations. The main plot shows a parallel
coordinates visualization mapping different performance
metrics across various content types. Subsidiary plots
include ROC curves for classification performance and
precision-recall trade-offs. The visualization incorporates
confidence intervals through shaded regions and includes
temporal performance trends.

C. Meeting Topic Modeling and Classification

The topic modeling component implements a dynamic
hierarchical Latent Dirichlet Allocation (LDA) approach
augmented with neural attention mechanisms. This hybrid
architecture enables real-time topic identification and
classification while maintaining contextual relationships
between discussion segments.

Table 8: Topic Modeling Evaluation Metrics

Metric Value Standard Deviation | Confidence Interval
Coherence Score 0.85 0.03 [0.82, 0.88]
Topic Diversity 0.78 0.04 [0.74, 0.82]
Classification Accuracy 0.91 0.02 [0.89, 0.93]
Perplexity 142.5 5.8 [136.7, 148.3]
Tep Datritation Over Time Topt Ohstervs Patterrs
» Lo g
. % '- oy S WX A
i . pob-gid grm 4 o
- - o
i o ? o —o2 @ - :.
§ i U E
< ’ ,'." . ...:' -~

- am

E...

D R T

T €

festwrn )

ot Maerarchies and Pelaticnshps

([ o3 10 s 0 s 2
Nambar of Subtapecy

Figure 6: Topic Distribution and Evolution Analysis
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This visualization presents a multi-dimensional analysis of
topic evolution throughout meetings. The main component
shows a streamgraph representing topic distribution over
time, with color intensity indicating topic prominence.
Overlaid scatter plots display topic clustering patterns,
while side panels show topic correlation matrices. The
visualization includes interactive elements for exploring
topic hierarchies and relationships.

D. Rhetorical Structure-based Minutes Generation

The minutes generation process integrates rhetorical
structure theory with neural text generation models to
produce coherent and well-structured meeting summaries.
The system employs a novel attention mechanism that
considers both temporal and hierarchical relationships in
the meeting content.

Table 9: Rhetorical Structure Analysis Performance

Structure Type | Detection Generation Processing
Accuracy Quality Time (ms)
(%)
Introduction 95.2 0.89 85
Discussion 92.8 0.86 110
Decision 941 0.88 95
Points
Conclusions 93.5 0.87 90
Action Items 96.3 0.91 80

Cross-Language Connections

Kalabiley

E. Multilingual Minutes Synchronization and Mapping

The multilingual  synchronization module ensures
consistency across minutes generated in different languages
through a bi-directional mapping mechanism. The system
maintains semantic equivalence while adapting to
language-specific rhetorical structures and expression
patterns.

Table 10: Cross-Lingual Mapping Performance

Language Semantic Style Processing
Pair Preservation | Consistency | Overhead (ms)
(%) (%)

English- 91.8 89.5 45
Chinese

English- 93.2 90.8 42
Spanish

English- 92,5 90.2 43

French

English- 92.8 89.9 44
German

English- 915 88.7 46
Japanese
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Figure 7: Multilingual Synchronization Performance Metrics
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The figure illustrates the complex relationships in
multilingual minutes generation through a comprehensive
visualization framework. The main panel displays a
force-directed graph showing cross-language connections,
with edge weights representing semantic similarity scores.
Heat maps indicate translation quality across language
pairs, while radar charts show performance metrics across

different  evaluation  dimensions.  Timeline  plots
demonstrate synchronization accuracy over meeting
duration.

The system demonstrates significant improvements in

IV. SYSTEM OPTIMIZATION AND
PERFORMANCE EVALUATION

A. Real-time Performance Optimization

The real-time performance optimization  strategy

implements a multi-tiered approach to reduce processing
latency while maintaining high accuracy. Through
comprehensive pipeline analysis and optimization, the
system achieves significant improvements in end-to-end
processing time across all components.

Table 11: Latency Optimization Results

minutes generation quality compared to baseline
approaches, achieving a 25% reduction in generation time Component Original Optimized Improvement
while maintaining an average ROUGE-L score of 0.82
across all supported languages[13]. The implementation of Latency (ms) | Latency (%)
dynamic topic modeling and rhetorical structure analysis (ms)
contributes to a 30% improvement in content organizati_on Speech 120 85 292
and coherence compared to ftraditional extractive -
summarization methods[14]. Recognition
The evaluation metrics indicate robust performance across Language 45 28 37.8
diverse meeting scenarios, with particularly strong results .
. L . . . Detection
in maintaining cross-lingual consistency and semantic
preservation. The framework's modular design enables Text 75 48 36.0
scalable deployment across different organizational Processing
contexts while maintaining consistent performance levels -
across various meeting types and languages[15]. Minutes 180 125 30.6

Generation
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Figure 8: Real-time Processing Performance Analysis

The visualization presents a comprehensive analysis of
system latency optimization through multiple coordinated
views. The main panel displays a waterfall chart showing
processing time distribution across system components,
with optimized versus baseline comparisons. Secondary

panels show latency distribution curves and performance
improvements over time. Heat maps indicate bottleneck
identification and resolution patterns across different
system configurations.
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B. Bandwidth and Resource Utilization Optimization

The bandwidth optimization module implements an
adaptive resource allocation mechanism based on real-time
meeting dynamics and participant behavior patterns. The
system employs dynamic compression and selective
transmission  strategies to  minimize  bandwidth
consumption while maintaining quality standards[16][17].

Table 12: Resource Utilization Metrics

Resource Type Peak Average Optimization
Usage (%) | Usage (%) Ratio
CPU 75.2 45.8 0.82
Memory (GB) 124 8.2 0.78
Network (Mbps) 8.5 5.2 0.85
GPU Memory (GB) 6.8 4.1 0.75
Storage (GB/hour) 2.2 1.4 0.86

Optemaston [Fectveness

Figure 9: Resource Utilization and Optimization Patterns

This figure illustrates resource utilization patterns through a
multi-dimensional visualization framework. The main
component shows a 3D surface plot representing the
relationship between resource consumption, system load,
and performance metrics. Overlaid contour lines indicate
efficiency boundaries, while subsidiary plots display
temporal resource utilization patterns and optimization
effectiveness across different operational scenarios.

C. Transcription Accuracy Evaluation

The transcription accuracy evaluation encompasses
comprehensive testing across multiple languages, speaking
styles, and acoustic conditions[18]. The evaluation
framework incorporates both automated metrics and human
assessment to ensure robust performance measurement.

Table 13: Transcription Accuracy by Language and

Condition
Language Clean Noisy Audio Multiple Speakers
Audio WER (%) WER (%)
WER (%)

English 3.8 5.2 6.5
Mandarin 42 5.8 7.1
Spanish 4.0 55 6.8
Japanese 45 6.1 7.4
Hindi 4.7 6.3 7.8

Table 14: Accuracy Improvement Across System Versions

Version | Base WER (%) | Enhanced WER Processing
(%) Time (ms)
v1.0 8.5 6.2 180
v1.5 6.8 5.1 150
v2.0 5.4 4.2 125
v2.5 4.5 35 110
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D. Minutes Quality Assessment

The minutes quality assessment framework implements a
multi-dimensional evaluation approach incorporating

Quality Metrics Correlation Matrix
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automated metrics and human expert reviews. The
evaluation considers content accuracy, structural coherence,
and cross-lingual consistency.
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Figure 10: Minutes Quality Evaluation Matrix

The visualization presents a comprehensive quality
assessment framework through an interactive matrix
display. The main panel shows a correlation matrix of
different quality metrics, with hierarchical clustering of
related measures. Side panels display temporal trends in

quality metrics, while scatter plots show relationships
between different evaluation dimensions. Color coding
indicates performance levels across different meeting types
and languages.

Table 15: Minutes Quality Metrics

Metric Value Standard Error | Confidence Level
ROUGE-L 0.825 0.015 95%
BLEU Score 0.784 0.018 95%
Semantic Similarity 0.892 0.012 95%
Structure Coherence 0.856 0.014 95%
Cross-lingual Consistency 0.815 0.016 95%

E. System Integration Testing and Analysis

The system integration testing process evaluates the
end-to-end performance of the complete system under
various operational conditions[19]. The testing framework

incorporates stress testing, reliability assessment, and user
experience evaluation.

Table 16: System Integration Test Results

Test Type Success Rate (%) | Average Response Time (ms) | Error Rate (%)
Functional Testing 98.5 142 15
Load Testing 96.8 165 3.2
Stress Testing 94.2 188 5.8
Reliability Testing 97.6 155 24
User Acceptance 95.8 160 4.2
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Figure 11: System Integration Performance Dashboard

This visualization provides a comprehensive view of
system integration performance through multiple
coordinated displays. The main panel shows a real-time
performance dashboard with key metrics tracked across
different operational scenarios. Secondary panels display
system reliability trends, error rate distributions, and user
satisfaction metrics. Interactive elements allow detailed
exploration of specific performance aspects and failure
modes.

The  evaluation  results  demonstrate  significant
improvements across all performance dimensions
compared to baseline systems[20]. The optimized system
achieves a 35% reduction in end-to-end processing time
while maintaining or improving accuracy metrics[21].
Resource utilization efficiency shows a 25% improvement
over baseline measurements, with particularly strong
performance in bandwidth optimization and GPU memory
management.

The transcription accuracy evaluation reveals consistent
performance across different languages and acoustic
conditions, with an average Word Error Rate reduction of
28% compared to previous system versions[22]. Minutes
quality assessment indicates strong performance in content
accuracy and structural coherence, with ROUGE-L scores
averaging 0.825 across all test cases. System integration
testing confirms robust performance under various
operational conditions, with an average success rate of
96.6% across all test categories[23][24].

V. CONCLUSIONS

A. Research Summary

This research presents a comprehensive framework for
multilingual real-time transcription and minutes generation
in video conferences based on Large Language Models.
The implemented system demonstrates significant
advancements in processing efficiency, accuracy, and
resource utilization compared to existing solutions[25][26].
The integration of advanced speech recognition techniques
with sophisticated minutes generation algorithms has
resulted in a robust and scalable solution for modern video
conferencing needs[27].

The performance metrics indicate substantial improvements
across multiple dimensions. The speech recognition module
achieves an average Word Error Rate of 4.2% across
supported languages, representing a 28% improvement
over baseline systems[28]. The minutes generation
component demonstrates high accuracy with ROUGE-L
scores averaging 0.825, while maintaining real-time
processing capabilities with an end-to-end latency under
150 milliseconds.

Resource optimization techniques implemented in the
system have vyielded a 35% reduction in bandwidth
consumption while maintaining high-quality audio-visual
transmission. The multilingual support framework
successfully handles simultaneous translation and
transcription across five major languages with minimal
degradation in performance or accuracy[29].

B. Innovation Analysis

The research introduces several innovative approaches to
video conference processing and documentation. The
implementation of a hybrid architecture combining
traditional signal processing techniques with advanced
neural networks represents a novel approach to real-time
multilingual processing[30]. This architecture enables
efficient handling of multiple language streams while
maintaining low latency and high accuracy.

The minutes generation framework incorporates innovative
rhetorical structure modeling techniques that significantly
improve the quality and coherence of automated meeting
documentation. The integration of dynamic topic modeling
with contextual awareness mechanisms enables more
accurate identification and preservation of critical meeting
content across different languages[31].

The development of adaptive resource allocation
algorithms represents another significant innovation. These
algorithms optimize system performance based on real-time
meeting dynamics and participant behavior patterns,
resulting in improved efficiency and reduced resource
consumption[32]. The implementation of selective
forwarding techniques in the multilingual processing
pipeline demonstrates a novel approach to bandwidth
optimization in video conferencing systems.
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C. Limitations Discussion

Despite the significant advancements achieved, several
limitations in the current implementation warrant further
investigation. The system's performance shows some
degradation in extremely noisy environments or scenarios
with  multiple simultaneous speakers. The current
implementation  requires  substantial  computational
resources for optimal performance, potentially limiting
deployment options in resource-constrained
environments[33].

The language support framework, while robust for
supported languages, requires significant effort for
expansion to additional languages. The current
implementation relies on pre-trained language models,
which may not fully capture domain-specific terminology
or specialized technical discussions. The minutes
generation system occasionally struggles with highly
technical content or specialized jargon, indicating room for
improvement in domain adaptation capabilities.

The real-time optimization techniques implemented in the
system introduce trade-offs between latency and accuracy
that may affect performance in certain use cases. The
current implementation shows reduced effectiveness in
handling code-switching scenarios where speakers
frequently alternate between multiple languages within the
same  conversation.  These limitations  highlight
opportunities for future research and system enhancement.

D. Future Research Directions

Further research opportunities include the exploration of
more efficient model compression techniques to reduce
computational requirements while maintaining performance
levels. The investigation of advanced domain adaptation
methods could improve system performance in specialized
technical discussions. Additional work in multilingual
model training and fine-tuning could expand language
support capabilities while reducing the resources required
for language expansion.

The development of more sophisticated noise reduction and
speaker separation techniques could enhance system
performance in challenging acoustic environments.
Investigation of advanced compression algorithms and
intelligent caching mechanisms could further optimize
bandwidth utilization and system resource management.
These research directions aim to address current limitations
while advancing the state-of-the-art in multilingual video
conferencing technology.
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