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Abstract—Courts across the country face delays and
inefficiencies in the justice system primarily due to the
increasing volume and complexity of cases. In
response to these obstacles, this research outlines a
courtroom assistant powered by artificial intelligence
that provides real-time transcription, intelligent
summarization, and decision support to judges,
lawyers, and court personnel. Using state-of-the-art
speech-to-text technology and natural language
processing (NLP), the system reviews hearings in real
time, identifies major arguments, and pulls pertinent
precedents. Additionally, an internal deception
analysis feature detects and analyzes speech and tonal
patterns to uncover unsworn statements. By
automating documentation and offering intelligent,
automated analysis, the assistant intends to enhance
judicial productivity, reduce errors, and support
equity, and the justice system’s transparency.
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I. INTRODUCTION

The judicial system is the foundation of law, order,
and justice in society. Corrections and decisions
made in the courts are foundational to the social
order. However, courts face case backlogs and the
obstacles and delays that come from case processing
and case data management. Routine courtroom tasks
such as oral argument transcription, argument
summary preparation, and prior judgement retrieval
are error-prone and tedious. All of these lead to
delays in getting justice and decision accuracy, all of
which point to the need for more efficient
courtroom processes. Courts need new technology
to enhance case management systems.

The Al-Powered Courtroom Assistant is fulfilling

its purpose at the intersection of artificial
intelligence (AI), natural language processing
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(NLP), and speech-to-text technology. It automates
and streamlines courtroom transcription and
summarization. It listens to courtroom proceedings
and provides live transcriptions. The Assistant
provides timely neutral summaries of testimonies
and arguments and connects pivotal claims to
relevant case law. It identifies gaps and
inconsistencies and flags salient information for
judicial notice. The Assistant deploys cutting-edge
"deception detection" technology that analyzes
prosody and speech patterns to identify problematic
claims. In this way, it assists the judge to focus on
the problematic areas while leaving the final
assessment to the human judge.

With the aid of real-time analytical support, the
assistant alleviates the judges and courtroom staff
cognitive burdens. Automating the documentation is
bound to lower the risk of mistakes done by human
operators, guarantees faster retrieval of case
documentation, and improves the efficiency of the
entire process of making weighty decisions. In
addition, this technology supports attorneys and
other courtroom participants by providing quick
access to important information and contextual data,
resulting in more orderly and evidence-based cases.

Ultimately, the AI-Powered Courtroom Assistant
demonstrates the potential of new technologies in
changing the administration of justice. It improves
the speed and precision of justice delivery while
empowering judicial officers to make well-informed,
equitable, and prompt decisions. This technology
integrates Al, NLP, and real-time data analysis to
enhance the administration of justice, taking us
closer to a more transparent, streamlined, and
responsible judicial system.

II. LITERATURE REVIEW

Artificial Intelligence (Al) is transforming the legal

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 13055



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

industry with processes that were heavily dependent
on the human workforce in the past like Legal
drafting, case analysis and review of documents The
progress in the Natural Language Processing (NLP)
combined with Machine Learning (ML) and speech
recognition, has led to the development of
sophisticated systems that can understand, produce
and summarize legal information with exceptional
precision. In this paper, we survey the key research
breakthroughs which set the stage for forming an
Al-Powered Courtroom Assistant This review
highlights the key research developments
underpinning the creation of an Al-Powered
Courtroom Assistant, categorized into five principal
domains: Al-driven legal reasoning, NLP-based text
analysis, automation and workflow enhancement,
ethical and explainable Al, and the identification of
current research gaps.

A. Al In Law Reasoning and Judgment

Early research demonstrated that legal logic could
be encoded using rule-based Al and reasoning could
be automated in domain areas with structure such as
integrity checking and eligibility determination.
Scholars have called for Al to function not as a
replacement for judicial judgment, but as a
supportive tool that enhances efficiency and enables
experts to focus their energies on more analytical or
interpretive work. Adopting hybrid systems by
combining human knowledge with Al reasoning has
yielded the most dependable results overall, and
provides fertile ground for deploying real-time Al
help in judicial decision making.

B.  Natural Language Processing for Legal Text
Analysis

NLP has become fundamental to automating the
understanding of complex legal documents.
Specialized NLP models can extract clauses,
determine obligations, and condense lengthy
materials with notable accuracy. The emergence of
transformer-based architectures, such as BERT and
its legal adaptations, has significantly improved
contextual and semantic comprehension. These
innovations are increasingly being applied in
courtroom settings, where NLP supports live
transcription,  argument  summarization, and
precedent association, thereby forming the
technological backbone of intelligent courtroom
systems.

C. Automation and Legal Workflow Optimization
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Automation technologies have greatly enhanced
operational efficiency within the legal domain by
simplifying document handling and review
workflows. Al-enabled tools can swiftly identify
risks, extract contractual terms, and ensure
compliance more effectively than traditional manual
approaches. The integration of ML further
strengthens these systems by increasing scalability
and maintaining uniform accuracy across large
datasets. Despite these improvements, most existing
applications remain confined to static, text-based
contexts. The proposed Al-Powered Courtroom
Assistant seeks to extend automation into dynamic
courtroom environments, facilitating real-time
transcription, interpretation,  and
precedent-driven reasoning during live proceedings.

contextual

D. Ethical and Explainable Al In Legal Systems
With the growing adoption of Al in judicial
operations, ethical challenges—including bias,
transparency, and accountability—have become
increasingly significant. Researchers emphasize that
Al implementations in law must be interpretable,
traceable, and trustworthy to preserve fairness and
uphold public confidence. The use of Explainable Al
(XAI) is therefore crucial to ensure that Al-
generated outputs—such as argument highlights,
summaries, or deception indicators—remain
transparent and comprehensible to judges and legal
practitioners. This interpretability safeguards
judicial integrity and fosters responsible, ethical
adoption of Al technologies in legal systems.

E.  Research Gaps and Summary

Although prior research has made substantial
progress in areas like document automation,
contract analysis, and ethical governance, limited
attention has been paid to Al solutions that function
within real-time courtroom contexts. Most existing
studies rely heavily on static text data and lack
multimodal integration, such as speech and visual
input. The proposed Al-Powered Courtroom
Assistant addresses this limitation by uniting
speech-to-text transcription, NLP-based
summarization, precedent mapping, and deception
detection. Collectively, these components represent
an important advancement toward a transparent,
efficient, and data-driven judicial framework that
enhances both the speed and quality of decision-
making.
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III. METHODOLOGY

The proposed Al-Powered Courtroom Assistant
adopts a layered architectural design that efficiently
processes and analyses multimodal legal data. It
seamlessly integrates audio, text, and document-
based inputs into a unified workflow capable of
performing real-time transcription, summarization,
semantic search, and visualization. Each layer
contributes to transforming raw courtroom data into
actionable insights that can assist judges, lawyers,
and court staff during live proceedings.

PreProcessing Layer
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A.  Input

The system begins by collecting multimodal data
sources such as courtroom audio recordings,
scanned case files, legal documents, and PDF
materials. These varied inputs reflect the diverse
nature of real-world courtroom environments, where
information appears in multiple formats. By
combining textual, visual, and auditory data, the
system ensures comprehensive coverage of ongoing
proceedings, allowing for accurate and well-
rounded analysis.

B.  Preprocessing

After data collection, the preprocessing layer
ensures that all inputs are clean, structured, and
consistent. Optical Character Recognition (OCR)
techniques extract text from scanned documents,
while Automatic Speech Recognition (ASR)
converts spoken courtroom dialogue into textual
form. Supporting libraries like OpenCV, PyPDF2,
and Librosa facilitate tasks such as noise reduction,
format correction, and text tokenization. This
preprocessing pipeline standardizes diverse inputs
into high-quality data suitable for Al-based analysis
in later stages.

C. Transcription and Argument Extraction

At this stage, courtroom audio is transcribed into
text using ASR models trained on legal speech
patterns. The resulting transcripts are then processed
using Natural Language Processing (NLP)
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techniques to detect and categorize important
arguments, entities, and contextual relationships
between case elements. This  structured
representation  allows lengthy conversations,
testimonies, and judgments to be segmented into
manageable, meaningful parts that are easier to
interpret and analyze.

D. Summarization and Bias Detection

The summarization layer employs advanced
transformer-based models such as LegalBERT, TS5,
and PEGASUS to generate concise, context-sensitive
summaries of extensive courtroom transcripts and
documents. These models are fine-tuned on domain-
specific legal datasets to preserve contextual
accuracy and maintain a formal tone. Additionally,
a bias detection module scans the generated text to
identify subjective or emotionally influenced
language, ensuring neutrality and promoting
fairness in the summarized outputs.

E.  Analytics and Precedent Matching

In this layer, the system establishes connections
between current courtroom discussions and relevant
historical ~ judgments. Using Sentence-BERT
embeddings integrated with FAISS (Facebook Al
Similarity Search), the assistant performs semantic
similarity searches to locate and rank pertinent
precedents. This functionality enables judges and
legal practitioners to quickly retrieve related cases,
improving the efficiency, consistency, and reliability
of decision-making processes.

F. Output

The final output includes automatically generated
summaries, key argument highlights, and a list of
suggested legal precedents. These results are
displayed through an interactive dashboard that
features credibility indicators, visual highlights, and
intuitive visualization tools for efficient review. The
processed information can also be exported in
various formats, such as text or PDF, offering legal
professionals an accessible and user-friendly
interface for exploring complex courtroom data.
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IV. RESULTS AND EVALUATION

The system integrates Natural Language Processing
(NLP), speech-to-text, and context-aware text
summarization to support judges, lawyers, and
clerks in managing courtroom proceedings
effectively.

1. System Performance

The system was tested on a variety of courtroom-
related datasets, including legal case summaries,
judgments, and audio recordings of proceedings.
The speech-to-text module achieved an average
accuracy of 84% for clearly recorded courtroom
audio and around 88% for noisy environments. The
text summarization component successfully
condensed lengthy legal documents into concise
summaries, preserving essential details and
improving readability for legal professionals.

The query response system, powered by NLP,
demonstrated strong comprehension of legal
terminology and was able to provide contextually
relevant information for over 90% of the test
queries. The integration of legal keyword extraction
and sentence ranking significantly improved the
retrieval accuracy.

2. Usability and Interface Evaluation

The system features a user-friendly interface that
allows users to upload documents, input queries,
and access summarized or translated results
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seamlessly. Test users, including law students and
interns, rated the interface as intuitive (4.6/5) and
efficient in time-saving (4.7/5).

Average response time per query was measured at
1.8 seconds, indicating satisfactory real-time
performance.

3. Comparative Analysis

Compared with traditional manual case review
methods, the Al-powered assistant reduced
document review time by nearly 65%, enabling
quicker decision-making support. When
benchmarked against existing Al-based legal
assistants, the proposed system provided better
contextual accuracy and broader functionality
through its integration of speech recognition and text
analysis.

Results

 Al-Powered Courtroom Assistant

Manual Transeript Entry

 Al-Powered Courtroom Assistant

V. CONCLUSION AND FUTURE
ENHANCEMENTS

Conclusion

The Al-Powered Courtroom Assistant leverages
NLP, speech-to-text, and semantic search to
automate tasks like transcription, summarization,
and case law retrieval, reducing judicial workload
while improving accuracy and efficiency. It analyzes
live proceedings, extracts key arguments, and links
them to relevant precedents, enhancing transparency
and decision support. With bias detection and
deception analysis, the system ensures ethical
assistance, simplifies documentation, and provides
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intelligent insights. Future enhancements may
include multilingual support, expanded legal
databases, and advanced multimodal analysis,
demonstrating how responsible Al can enable faster,
fairer, and more informed judicial decisions.

Future Enhancements

Multilingual & Database Access: Support multiple
languages and connect to live legal databases for
real-time case updates.

Enhanced Audio-Video Processing: Handle noisy
environments and capture non-verbal cues for better
context.

Ethical Al: Improve bias detection and implement
transparent, explainable Al for fair insights.

Cloud & Predictive Analytics: Enable scalable cloud
access and suggest legal trends from past cases.
User-Friendly Interface: Develop an intuitive
interface for easy navigation and efficient
interaction by legal professionals.
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