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ABSTRACT

The textile industry plays a critical role in daily life, but faces challenges such as high
levels of waste and environmental impact. This study explores the integration of
Artificial Intelligence (AI) and machine learning techniques to address these issues,
focusing on predictive modeling of fabric properties. Specifically, the study develops
and validates an Adaptive Neuro-Fuzzy Inference System (ANFIS) model using real
and synthetic data generated by Conditional Generative Adversarial Networks
(CTGAN). CTGAN augments the dataset while preserving privacy, and the Discrete
Wavelet Transform (DWT) aids in outlier detection to ensure data integrity. The
research demonstrates the efficacy of Al-driven approaches in improving fabric
property prediction accuracy, reducing waste, and enhancing production efficiency.
The findings encourage broader adoption of Al technologies in the textile industry for

sustainable and efficient manufacturing processes.

Keywords: Textile industry, Artificial Intelligence, ANFIS, CTGAN, predictive

modeling, waste management
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CHAPTER ONE: INTRODUCTION

1.1. Background of the study

The textile industry, a cornerstone of modern living, plays a pivotal role in daily life,
as clothing is an essential human need (Sikka, Sarkar, & Garg, 2022). From casual
wear to specialized garments for business, parties, and presentations, textiles
contribute significantly to societal norms and personal identity. However, this vital
industry faces numerous challenges, particularly concerning waste management and
environmental sustainability. The growing volume of textile waste is a pressing issue,
with pre-consumer and post-consumer waste contributing significantly to

environmental degradation.

Globally, textile waste statistics are alarming. Production wastes can reach up to 35%
before products even reach consumers, and pre-consumer waste also accounts for
approximately 35% (Ahmad, Miskon, Alabdan, & Tlili, 2020). Post-consumer textile
waste 1s staggering, with the United States producing 10.5 million tons annually, the
United Kingdom generating 350,000 tons, and Turkey contributing 28,700 tons.
Despite the pressing need for effective waste management, only 15% to 20% of textile
wastes are recycled, a stark contrast to higher recycling rates in other industries, such
as steel (80%), paper (65%), and plastic (30%), (Rapsikevi¢iené, Gurauskien¢, &
Juciené, 2019).

To address these challenges, various waste management strategies have been explored,
including preventive measures, reuse, recycling, energy recovery, and disposal.
Preventive strategies are the most preferred due to their potential to reduce waste
generation at the source. However, the adoption of preventive approaches is hampered
by limited technological advancements and high implementation costs. The industry
urgently needs innovative solutions to optimize production processes and minimize

waste.

One promising solution lies in the integration of Artificial Intelligence (AI) and
predictive modeling into textile manufacturing. Al has demonstrated significant
potential in various fields, offering hope for addressing long-standing challenges in
textile engineering (Wojnowska-Baryla, Bernat, & Zaborowska, 2022). Predictive

tools can help industries foresee potential waste generation and take proactive
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