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Abstract

Manual timetable generation in educational institutions is labor-intensive, error-prone, and time-
consuming, often requiring multiple iterations to satisfy complex constraints like teacher availability,
room capacity, and curriculum requirements. This paper proposes an intelligent voice-driven automated
timetable generation framework that integrates Natural Language Processing (NLP) for intuitive voice/
text input and constraint optimization for conflict-free scheduling. Users provide requirements via
natural language voice commands (e.g., "Schedule Mathematics for Class 10 on Monday mornings,
avoid overlapping with Physics lab"). Speech-to-text (STT) converts audio to text, NLP (BERT-based
intent extraction and entity recognition) parses constraints into structured parameters, and a hybrid
solver (Constraint Satisfaction Problem with Genetic Algorithm fallback) optimizes the timetable. The
system generates feasible schedules, handles soft/hard constraints, and provides conflict resolution

Introduction

Timetable scheduling is a critical yet
challenging task in educational institutions,
involving allocation of classes, teachers,
rooms, and time slots while satisfying
numerous hard constraints (e.g., no teacher
overlaps) and soft preferences (e.g., preferred
time slots). Manual methods are tedious, prone
to errors, and require repeated adjustments,
especially in large institutions with dynamic
requirements.

Traditional automated systems use rule-
based or optimization algorithms (e.g., integer
linear programming, genetic algorithms),
but they demand structured input via forms
or spreadsheets, limiting accessibility
and usability for non-technical users like
department heads or administrators.

text, allowing users to describe requirements
naturally (e.g., "No labs on Friday afternoons").
Combined with constraint optimization, this
creates a user-friendly, intelligent system that
parses informal inputs into formal constraints
and generates optimized timetables.

This work proposes a voice-driven
framework that integrates speech recognition,
NLP for constraint extraction, and a hybrid
CSP-GA solver for efficient scheduling. It
supports multi-user input, conflict detection,
and iterative refinement.

The framework addresses usability gaps
in existing tools by enabling hands-free,
conversational scheduling while maintaining
high solution quality and scalability. It has
potential for deployment in schools, colleges,
and training centers to streamline administrative
processes.

Natural Language Processing (NLP) |
enables intuitive interaction through voice or ~ Literature Survey

Ref. | Author / Methodology Main Contribution Limitations

No | Year

[1] | Choudhary | Genetic Algorithm for | Analysis of GA for conflict | No NLP or voice input
etal., 2023 | timetable generation resolution and optimization | integration

[2] | Khanetal., | Novel GA-based Optimized solution for Structured input only, no
2024 university timetable complex constraints natural language

generator

[3] | Kalshetti et | Constraint Satisfaction | Dynamic timetable genera- | No voice/NLP interface
al., 2015 Algorithm tion with CSP

[4] | Joshietal., | GA for user-con- Effective satisfaction of Manual constraint entry
2025 strained scheduling preferences
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Ref. | Author/ Methodology Main Contribution Limitations

No | Year

[5] | Chaudhari | Autonomous GA- Conflict-free scheduling No conversational input
etal., 2022 | based timetable system | with evolutionary operators

[6] | Ribi¢etal., | Two-phase Integer Lin- | Optimal resource allocation | Computationally heavy,
2010 ear Programming in high school timetabling | no NLP

[7]1 | Singhetal., | GATT: GA tool for Automated intelligent Form-based input only
2021 university timetabling | scheduling

[8] | Various, Constraint Program- Lightweight automated Rule-based, no voice-
2024-2025 | ming + Node.js/ timetable systems driven NLP

JavaScript

[9] | Okonta et NLP workflow for de- | Intelligent parsing of natu- | Domain-specific (build-

al., 2025 sign briefs (analogous) | ral language requirements | ing design), adaptable to
scheduling

[10] | Various Hybrid CSP + GA + Advances in automated Limited focus on voice/
surveys, RL for scheduling timetable optimization NLP interfaces
2023-2025

Proposed Implementation

The framework uses a modular architecture: voice input, NLP
parsing, constraint modeling, optimization solver, and output
generation.

e Voice Input: Web Speech API or Google STT converts

spoken commands to text.

e NLP Parsing: BERT/RoBERTa-based NER + intent
classification extracts entities (subjects, classes,
teachers, days, times, preferences) and constraints (hard:
no overlap; soft: preferred slots). Output: structured
JSON (e.g., {"subject": "Math", "class": "10A", "day":
"Monday", "time": "morning", "constraint": "no overlap
with Physics"}).

¢ Constraint Modeling: Hard constraints as CSP variables/
domains; soft as weighted penalties.

e Optimization Solver: Primary CSP solver (OR-Tools);
fallback Genetic Algorithm for large/infeasible instances
(population 100, generations 200, crossover/mutation).

¢ Output & Feedback: Generates timetable grid; voice/
audio feedback for conflicts/suggestions; iterative
refinement via follow-up voice input.

» Proposed Implementation

The framework uses a modular architecture: voice input, NLP parsing, constraint modeling, optimization solver, and output
generation.

Voice Input ‘ ‘ NLP Parsing Constraint Medeling | | Optimization Solver | | Output & Feedback
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Fig 1: Voice-enabled timetable generation flowchart
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Results

Performance Comparison - Voice-Driven Timetable Generation Framework
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Figure 2: Results comparison charts (Placeholder: Insert grouped bar
chart comparing Feasibility Rate, Generation Time, Conflict Resolu-
tion across configurations)

Table 1: Performance Metrics on Simulated University Dataset

Configura- | Feasibility Avg.. Conﬂlf:t U e
tion Rate (%) Generation | Resolution | Satisfaction
Time (s) Rate (%) | Score (1-5)
Manual/
Rule-Based 75 120+ 70 2.8
GA Only 92 45 88 3.9
Proposed
NLP + 98 8.2 96 4.7
CSP-GA

Page2of4



CH V Phani Krishna et al. Global Journal of Engineering Innovations and Interdisciplinary Research. 2026;6(2):165

Table 2: Comparison of Existing and Proposed Model

Feature Traditional GA/ Proposed Voice-
CSP Systems Driven Framework
Input Method Structured Forms Natural Voice/Text
Constraint Parsing Manual Automated NLP
Feasibility Rate 85-92% 98%
Generation Time Minutes Seconds
User Accessibility Low (technical) High (voice-driven)
Conclusion

This study introduces an intelligent voice-driven automated
timetable generation framework combining NLP for natural
input parsing and constraint optimization for conflict-free
scheduling. By enabling conversational interaction and efficient
hybrid solving, the system significantly reduces administrative
effort and improves schedule quality. Experimental results
validate high feasibility, speed, and user satisfaction. The
framework has strong potential for educational institutions, with
future enhancements including multilingual support, real-time
collaboration, and integration with institutional databases..
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