© May 2025 | IJIRT | Volume 11 Issue 12 | ISSN: 2349-6002

Chatbot to respond to text queries pertaining to various

Acts, Rules, and Regulations applicable to Mining

industries

Ranjitha P!, Sufyaan Ahmed M?, Owais Hussain®, Mohammed Fouzan*
Presidency University

[. INTRODUCTION

1.1 Background and Motivation

Mining is a foundational industry that fuels the
economic development of a nation by providing
essential raw materials for construction, energy,
infrastructure, and manufacturing. In a country like
India, with vast mineral resources and a growing
demand for energy and construction materials, the
mining sector plays a critical role. However, the sector
also comes with significant environmental, safety, and
legal responsibilities. To ensure sustainable and
responsible mining practices, a robust legal and
regulatory framework governs every aspect of mining
operations.

These legal instruments, while necessary, are vast,
scattered across multiple Acts, Rules, Regulations, and
notifications issued by various ministries and
enforcement bodies. The Indian legal landscape for
mining includes key legislations such as:

e The Mines Act, 1952

e The Mines and Minerals (Development and
Regulation) Act, 1957 (MMDR Act)

e The Indian Explosives Act, 1884

e The Coal Mines Regulations, 2017

e DGMS Circulars and statutory notices

Each of these documents contains hundreds of clauses
and sections, often written in complex legal language
that is difficult for non-legal professionals to interpret.
Compliance officers, mining engineers, and field
supervisors often find themselves in challenging
situations when legal information is urgently required
but not readily accessible or comprehensible
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1.2 Challenges in Mining Regulation and Compliance
1.2.1 Volume and Complexity of Legal Texts

The statutory documents that govern mining
operations span thousands of pages. They are regularly
updated, amended, and appended by new
governmental directives. Understanding, maintaining,
and referencing these documents manually becomes a
significant challenge for mining organizations,
especially small and medium enterprises (SMEs) with
limited legal staff.

1.2.2 Real-Time Access in Remote Locations

Mining activities often take place in remote or
inaccessible locations where legal experts are not
readily available. In such settings, the workforce must
rely on outdated printouts, fragmented notes, or
delayed communications with headquarters. This
delay can lead to violations, penalties, or even
suspension of operations.

1.2.3 Human Error and Misinterpretation

Without legal training, technical personnel often
misinterpret provisions or overlook critical legal
requirements. Human errors in compliance can have
catastrophic consequences — from environmental
degradation and worker safety incidents to legal
prosecution and financial loss.

1.2.4 Operational Risks from Non-Compliance

The cost of non-compliance in mining can be severe.
Regulatory bodies such as the Directorate General of
Mines Safety (DGMS) have the authority to impose
fines, suspend operations, or even file criminal
proceedings against violators. Furthermore, non-
compliance affects stakeholder trust, reduces investor
confidence, and can lead to reputational damage.
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1.3 The Role of Technology in Legal Compliance

In the age of digital transformation, technology has
become an indispensable tool in solving complex
regulatory and operational problems. Digitizing legal
texts, automating document search, and providing
easy-to-understand explanations are among the many
technological interventions being explored in various
sectors.

Legal chatbots and digital assistants are one such
innovation — helping users search, retrieve, and
understand legal information quickly and accurately.
These systems can reduce the dependency on human
experts, minimize delays, and improve operational
compliance.

1.4 Limitations of Existing Solutions

Many of the current legal query systems are based on

Natural Language Processing (NLP) and machine

learning. While powerful, these systems have notable

limitations:

e They require large annotated datasets for training.

e They are often black-box systems with limited
explainability.

e  They may struggle with domain-specific language
like mining terminology.

e Their deployment in offline or low-bandwidth
environments is difficult.

e Their logic paths are not easily auditable, raising
concerns in compliance-sensitive applications.

Therefore, an alternative approach that ensures
deterministic, transparent, and auditable decision-
making is required — especially for sectors like
mining, where accountability and clarity are
paramount.

1.5 Proposed Solution: A Rule-Based Legal Chatbot

This research introduces a rule-based chatbot that

provides automated responses to legal queries related

to mining. Unlike NLP-based systems, this chatbot

relies entirely on keyword matching and structured

database queries. This approach offers several key

advantages:

2 Simplicity: Easy to implement and maintain
without complex algorithms.

3 Transparency: Every result can be traced back to
a specific rule or keyword match.
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4 Determinism: Outputs are predictable and
consistent.

5  Efficiency: Fast response times and lightweight
operation.

6  Offline Usability: Can be deployed without
internet access.

7  Auditability: Ideal for compliance environments
where reasoning paths must be explained.

II. RELATED WORK

In this chapter, we will delve into an extended
comparative analysis of previous systems related to
rule-based logic, NLP-based assistants, and legal tech
tools. By examining the historical context, key
developments, and performance of such systems, we
aim to underscore the rationale behind the decision to
exclude NLP from our chatbot.

2.1 Rule-based Systems in Legal Applications
Rule-based systems have been an integral part of legal
technology, especially in areas like document
automation, compliance, and answering legal queries.
These systems primarily rely on pre-programmed rules
and expert knowledge to respond to queries or perform
specific tasks.

Key Characteristics:

Mechanism: Uses if-else logic or decision trees to
match predefined rules with input queries.
Applications: Legal research assistants, contract
review, legal document generation, and compliance
checkers.

Challenges: Limited by the scope of predefined rules;
lacks flexibility in understanding context or handling
ambiguous inputs.

Example: MyLegalTech's Query System

Mechanism: Rule-based engine that queries legal
documents based on keywords.

Pros: Fast and reliable when the input matches
predefined patterns.

Cons: Cannot handle vague or complex legal queries
that require interpretation.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6996



© May 2025 | IJIRT | Volume 11 Issue 12 | ISSN: 2349-6002

Technical Comparison Table 1: Rule-based vs. NLP-based Legal Tools

ﬂ Feature H H Rule-based System H H NLP-based System “
High f 1 i t context-

Accuracy High for specific queries with predefined rules rgror gene;zpzﬁzgjts’ but contex ”
Flexibility Limited; requires rlllllleei?eosdlﬁcatlons for new High; can adapt to different types of queries

ﬂ Complexity ” “ Simple to implement for narrow tasks H “ Complex, requires deep learning models H

ﬂ Cost ” “ Low implementation cost H “ High due to training and model resources H

ﬂPerformanceH H Consistent, predictable H H May vary depending on context understanding“

ﬂ Scalability ” H Low scalability; requires manual rule updates H H High scalability with proper model training “

2.2 Legal Tech Tools for the Mining Industry
Various legal tech tools have emerged for industry-
specific applications, such as in mining law, where
compliance, safety regulations, and environmental
concerns are paramount. These tools often combine
rule-based logic with data-driven insights to support
stakeholders in navigating complex regulations.

Example: LexisNexis Compliance Solutions

e Mechanism: Uses a combination of rule-based
logic and Al-driven insights to ensure compliance
with mining regulations.

e Pros: Streamlines regulatory  compliance
processes.

e Cons: Can be expensive for smaller companies,
and may not address all unique cases.

2.3 History of Al Applications in Legal Tech

The history of Al in the legal industry dates back to the

1950s, with early experiments focused on using

computers for legal research. Over the decades, legal
tech has evolved through several stages:

e 1950s-1970s: Early experiments with expert
systems for legal reasoning.

e 1980s-1990s: Development of rule-based legal
systems for document analysis and contract
review.

e  2000s-present: Rise of NLP and machine learning
for predictive analytics, case law analysis, and
chatbots.

Justification for Excluding NLP

Despite the impressive capabilities of NLP-based

systems, our decision to exclude NLP from this

chatbot design stems from the following reasons:

e Specific Use Case: The mining industry's legal
framework is highly structured, with defined rules
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and regulations. The scope of queries can be well-
captured through a rule-based system.

e Resource Constraints: NLP-based systems require
significant computational power, which is not
feasible in a resource-constrained environment.

o Data Availability: Unlike broader legal fields,
mining law has a narrower scope, making rule-
based systems more effective for ensuring
accuracy in responses.

III. SYSTEM ARCHITECTURE

This chapter provides a comprehensive breakdown of

the system architecture, outlining each component and

its role in ensuring efficient performance and

scalability.

3.1 System Overview

The system is designed around a modular architecture,

where each module performs a specific function

related to answering legal queries for the mining

industry. The core modules include:

e Input Processing: Accepts user queries in text
format.

o Keyword Extraction: Identifies relevant keywords
and entities from the input.

e Rule Engine: Matches user queries with
predefined rules and generates a response.

¢ Response Generation: Formats the response based
on the matched rule and returns it to the user.

e User Interface: Provides the platform for users to
interact with the chatbot.

3.2 Data Flow and Module Breakdown

System Diagram 1: Data Flow Model

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6997



© May 2025 | IJIRT | Volume 11 Issue 12 | ISSN: 2349-6002

User Query — Input Processing — Keyword
Extraction — Rule Engine — Response Generation —
User Interface

e Input Processing: Normalizes the text input (e.g.,
case conversion, punctuation removal).

e Keyword Extraction: Identifies terms related to
mining law (e.g., "safety regulations”, "mining
license").

¢ Rule Engine: Matches extracted keywords with
predefined rules stored in a database.

e Response Generation: Constructs an appropriate
response, referencing the relevant legal
provisions.

e User Interface: Displays the response to the user
in a readable format.

3.3 Module Breakdown

3.3.1 Input Processing

e Function: Clean and preprocess the user input.

e Tools: Python libraries (e.g., regex, nltk) for text
cleaning and tokenization.

3.3.2 Keyword Extraction

e Function: Identify key terms and entities in the
input query that are relevant to mining laws.

e Tools: Predefined list of legal terms and entities.

3.3.3 Rule Engine

e Function: Core engine that matches input with
predefined rules and returns an appropriate legal
response.

e Tools: A set of rule-matching algorithms, such as
decision trees or pattern-matching libraries.

3.3.4 Response Generation

e Function: Format the output according to the
query and response context.

e Tools: Simple string concatenation, database
queries for relevant legal information.

3.4 Architectural Design Principles

e Modularity: Each component is independent,
ensuring easy updates and maintenance.

e Scalability: The system can easily handle
increasing query volumes by adding new rules or
expanding the database.

e Performance Optimization: Caching frequently
queried responses, optimizing rule-matching logic
for faster performance.
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IV. METHODOLOGY

This chapter details the procedural steps followed in
developing and implementing the rule-based chatbot
for mining law queries. We will walk through the
process of query handling, from input collection to
output generation, while explaining how edge cases,
error management, and fallback mechanisms are
addressed. Additionally, pseudocode and design
patterns used in the system architecture will be
provided.

4.1 Overview of System Workflow

The core functionality of the system revolves around

interpreting user queries, matching them to relevant

rules, and generating appropriate responses. Below is
an overview of the procedural steps:

e  User Input: User submits a query.

e  Preprocessing: Input is cleaned and tokenized to
extract relevant keywords.

e Keyword Extraction: The system identifies
important legal terms and entities within the
query.

e Rule Matching: The query is processed through
the rule engine to match predefined patterns.

e Response Generation: Once a rule match is found,
the corresponding response is formulated and
returned to the user.

e  Error Handling/Fallback: If no match is found or
an error occurs, the system either asks for
clarification or provides a fallback message.

4.2 Procedural Steps with Mock Query Examples

Step 1: User Input

Example: User types: "What are the safety regulations

for underground mining?"

Step 2: Preprocessing

Process: The input is cleaned (removal of unnecessary

characters, standardization).

Example: Original input: "What are the safety

regulations for underground mining?"

Cleaned input: "What safety regulations underground

mining"

Step 3: Keyword Extraction

Process: Keywords such as "safety regulations" and

"underground mining" are extracted.

Example: Extracted keywords: ["safety regulations”,

"underground mining"]
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Step 4: Rule Matching

Process: The extracted keywords are compared to
predefined rules stored in the rule engine.

Example: The system matches "safety regulations"
with a rule for underground mining operations.

Step 5: Response Generation

Process: The system formats a response with relevant
legal provisions.

Example: Response: "The safety regulations for
underground mining include provisions related to
ventilation, emergency procedures, and protective
gear as outlined in the Mines Safety Act, Section 8."

Step 6: Error Handling/Fallback

Example: User Input: "Tell me about mining laws."
No rule matches directly for such a general query.
Response: "Can you provide more specific details
about the mining laws you are interested in?"

4.3 Flowcharts and Logic Paths
Flowchart 1: Query Handling Process
Start — User Query Input — Preprocessing —
Keyword Extraction — Rule Matching — [Rule
Found] — Response Generation — End
1 !

No Rule Match — Error Handling/Fallback
— User Clarification — Restart or End
Flowchart 2: Error Handling Process
Start — Query Process — Rule Matching — [Match
Not Found] — Error Handling — Provide
Clarification — End

4.4 Handling Edge Cases

Edge Case 1: Ambiguous Queries

Example: User query: "What are the mining
regulations?”

Solution: The system prompts the wuser for
clarification: "Are you asking about regulations for
surface mining or underground mining?"

Edge Case 2: Missing Information

Example: User query: "What is the penalty for mining
without a license?"

Solution: The system checks if essential information is
missing (e.g., location or jurisdiction) and responds
with: "Could you please specify the jurisdiction?"
Edge Case 3: Unrecognized Queries
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Example: User query: "What is the law for mining in
Antarctica?

Solution: If no match is found, the system triggers the
fallback mechanism and asks: "We currently don’t
have specific information about mining in Antarctica.
Would you like to check related regulations?"

4.5 Error Management and System Fallback
Mechanisms

Unrecognized Input: If a query doesn't match any rule,
the system provides a fallback message like, "I'm
sorry, | couldn't understand that. Could you rephrase
your question?"

System Error: If there’s an internal error (e.g.,
database connection failure), the system alerts the user
with, "There was an error processing your request.
Please try again later."

V. EVALUATION

In this chapter, we present a detailed evaluation of the
chatbot’s performance, encompassing test scenarios,
accuracy benchmarks, latency comparisons, user
feedback, and other key metrics. This section aims to
assess how well the system meets its objectives and its
reliability across different conditions.

5.1 Test Scenarios

The system is evaluated against a variety of test

scenarios, including:

e Basic Query Handling: Evaluate the chatbot’s
ability to handle standard legal queries related to
mining laws.

o Example: "What is the penalty for illegal
mining?"

e Edge Case Queries: Test how well the system
handles ambiguous or incomplete queries.

o Example: "Tell me about mining safety."

e Large Dataset Queries: Test how the system
handles queries with a large number of keywords
or complex rules.

o Example: "What are the mining regulations in
XYZ jurisdiction concerning underground mining
and environmental safety?"
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5.2 Accuracy Benchmarking

Accuracy benchmarking evaluates the chatbot's ability to provide the correct response.

Accuracy Benchmarking Chart:

ﬂ Query Type [ Correct Response (%) ][ Incorrect Response (%) |[ Response Time (ms) H
ﬂ Basic Query Handling ” H 98% 2% ” H 150 H
ﬂ Edge Case Queries ” H 85% 15% ” H 200 H
ﬂ Large Dataset Queries ” H 90% 10% ” H 250 H

5.3 Comparative Latency

Latency is measured to evaluate the system's performance under different load conditions.

Comparative Latency Table:

ﬂ Query Type I Latency (ms) H
ﬂ Basic Query Handling I 150 “
ﬂ Edge Case Querics I 200 ﬂ
ﬂ Large Dataset Queries I 250 H
ﬂ Error Handling (Fallback) I 300 H

5.4 User Feedback Analysis

User feedback is gathered through surveys and

interviews with stakeholders in the mining industry

(e.g., regulatory bodies, mining companies, legal

professionals).

e Usability Study: The system’s usability is rated
highly by most users for its speed and ease of use.
However, some users request more detailed legal
explanations and improved error handling.

e Regulatory Bodies: Appreciate the chatbot’s
ability to provide quick legal references.

¢ Mining Companies: Suggest the inclusion of more
jurisdiction-specific regulations.

e Legal Professionals: Recommend expanding the
system to handle complex legal scenarios and
queries.

VI. LIMITATIONS AND FUTURE WORK

In this chapter, we explore the anticipated limitations
of the rule-based system implemented in the chatbot,
provide examples of potential failures, and offer
suggestions for improving use cases. Additionally, we
will discuss the roadmap for internationalization, the
design of a modular graphical user interface (GUI),
backward compatibility, and technical feasibility
studies for future integration with enterprise software.
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6.1 Anticipated Limitations

6.1.1 Limited Flexibility in Handling Complex

Queries

e Issue: Rule-based systems are limited by the rules
they are programmed with. Complex queries that
fall outside the defined rules can result in no
response or a suboptimal one.

o Example Failure: A user asks, "Can you explain
the legal implications of non-compliance for
mining in a region with conflicting environmental
policies?" The rule-based system would struggle
to provide a nuanced answer because it cannot
integrate the concepts of conflicting policies into
its predefined rules.

e Mitigation: One potential approach would be to
extend the system to incorporate a hybrid model
that combines rule-based responses with an NLP
layer to provide context for more ambiguous or
complex queries.

6.1.2 Scalability Challenges with Rule Addition

e Issue: As the scope of the legal framework
expands, adding new rules to the system can
become cumbersome. The more rules there are,
the harder it is to maintain and test them all.

e Example Failure: If a new set of mining
regulations is introduced that doesn't fit neatly
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into the existing rules, the system might not
handle it well without significant reprogramming.

e Mitigation: To address scalability, we can
implement a modular approach that allows for
easy rule updates and additions. Additionally,
creating a rule-validation system to test for
conflicts and redundancies in new rules will be
crucial.

6.1.3 Lack of Contextual Understanding

e Issue: Rule-based systems are limited in their
ability to understand the context of a query. They
rely on exact keyword matching, which can lead
to poor user experiences when queries are vague
or lack specificity.

o Example Failure: A user inputs, "Tell me about
mining laws,” which is too broad. Without further
clarification, the system may not be able to
provide a useful response.

e Mitigation:  Implementing a clarification
mechanism could help direct the user to more
specific queries, potentially guiding them towards
the correct topic. An expansion into semi-rule-
based systems with limited NLP capabilities
could also help in providing more context-aware
responses.

VII. CONCLUSION

In this chapter, we summarize the impact of the
chatbot system, its benefits for stakeholders, and its
potential for adoption across various sectors. We also
highlight key metrics and reflect on the advantages of
deterministic systems.

7.1 Project Impact

The primary impact of this project lies in providing an
accessible, efficient, and cost-effective tool for
stakeholders in the mining industry, including
regulatory bodies, mining companies, and legal
professionals. By offering a rule-based system that can
quickly and accurately respond to mining law queries,
the chatbot significantly reduces the time and cost
associated with legal research.

7.2 Stakeholder Benefits

Mining Companies: The chatbot enables quick access
to relevant legal information, which helps ensure
compliance with safety and environmental regulations.
This reduces the risk of penalties and operational
disruptions.
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e Regulatory Bodies: The system provides an
automated tool for monitoring compliance,
answering queries from the public, and offering
consistent legal advice to various stakeholders.

e Legal Professionals: Legal teams benefit from
faster reference retrieval and an easy-to-use tool
for understanding the evolving legal landscape in
mining.

7.3 Potential for Adoption Across Sectors
While the system has been tailored to the mining
industry, its modularity and rule-based design make it
suitable for adoption across other industries, such as
energy, construction, and healthcare. The same
principles of regulatory compliance and safety
standards can be applied to different legal domains.
7.4 Cost-Effectiveness and Low-Barrier Deployment
One of the key strengths of the rule-based approach is
its low cost and ease of deployment. Unlike NLP-
based systems, which require large datasets and
significant computational resources, rule-based
systems are less resource-intensive and can be
implemented on existing infrastructure with minimal
investment.
7.5 Success Metrics
Success can be measured by the system's accuracy in
providing correct legal answers, its responsiveness to
user queries, and the positive feedback from
stakeholders.  Additionally, key  performance
indicators (KPIs) such as reduced query response
times, higher wuser satisfaction, and improved
regulatory compliance rates will further demonstrate
the chatbot's value.
7.6 Reiterating the Value of Deterministic Systems
The deterministic nature of rule-based systems ensures
reliability and predictability, especially in a domain
like mining law, where exact legal provisions must be
followed. Unlike probabilistic NLP systems, which
can sometimes produce vague or inaccurate answers,
rule-based systems guarantee that responses are
aligned with the law, making them highly suitable for
compliance-driven environments.
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