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Abstract

The fusion of machine learning (ML) and smart textiles is revolutionizing both industrial precision
and personalized healthcare. This study explores the dual role of ML in optimizing textile
manufacturing and enhancing varicose vein therapy through intelligent compression garments. As of
2025, Al adoption in the textile sector has reached 38%, with predictive maintenance accounting for
32% of applications. In healthcare, ML algorithms like Support Vector Regression (SVR) and Random
Forests are used to forecast vascular anomalies and dynamically adjust therapeutic pressure levels.
A pilot study involving 150 Stage I-II varicose patients evaluated sensor-embedded garments guided
by real-time ML models. SVR achieved 4% RMSE in predicting venous reflux, while Random Forests
delivered 92% accuracy in control logic. Manufacturing quality was safeguarded by convolutional
neural networks (CNNs), achieving over 95% defect detection precision. The garments also improved
user compliance by 22% and reduced inter-session variability by 18%. This research illustrates how
Al-woven textiles can redefine both industrial excellence and vascular health outcomes.

Keywords: Smart Textiles, Machine Learning, Varicose Veins, Predictive Maintenance, Compression
Therapy

1. Introduction-Machine learning is rapidly transforming high-value
industries, with the textile sector projected to integrate Al into 38% of its
processes by 2025 [McKinsey, 2025|. Concurrently, chronic venous
insufficiency affects 2-73% of populations globally [WHO, 2023], calling
for precision-driven and personalized therapeutic solutions. This study
investigates Al-integrated smart textiles that adapt compression
dynamically based on real-time physiological data, offering a scalable
solution for both industrial optimization and varicose vein treatment.

2. Review of Literature-Jain et al. (2023) demonstrated that CNNs can detect up to 95% of
manufacturing defects in textile fibers, leading to better quality control and less material waste. Al-
driven maintenance systems now account for 32% of industrial Al applications in 2025, streamlining
production cycles and minimizing downtime [Textile Intelligence Report, 2025].SVR and Random
Forests have shown high efficacy in predicting blood flow anomalies and customizing compression
levels [Zhao et al., 2024; Nature Biomedical Engineering]|. Banerjee et al. (2023) highlighted wearable
textiles embedded with feedback mechanisms improve patient adherence and therapeutic precision.

3. Research Methodology- The sample that was selected for this study was 150 participants aged
30-65 who were with diagnosed Stage I-II varicose veins. The designof the product was the
compression garments embedded with pressure and temperature sensors, transmitting data via
Bluetooth.The tools applied are Support Vector Regression (SVR) for hemodynamic prediction and
Random Forest Classifier for adaptive compression control. The manufacturing Integration would be
CNNs deployed for defect detection during production of smart garments.
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4. Data Analysis
A. ML-Driven Therapeutic Impact

Parameter ‘ ‘Value| |Inte rpretation

Indicates highly precise forecasting of venous reflux,

SVR Prediction Error (RMSE) (4% . .
supporting early detection.

Demonstrates effective real-time decision-making for pressure

Random Forest Accuracy 92% .
modulation.

Reflects more consistent therapeutic interventions across

Session Variability Reduction (|18% .
usage sessions.

Defect Detection Precision ~95%, Assures superior manufacturing quality and uniform

(CNN) ° compression performance.

Participant Compliance||,,,, [|Shows greater patient adherence, likely due to real-time
22%

Improvement feedback and comfort.

Implications-SVR & Random Forest: With RMSE of 4% and 92% accuracy, these models offer
actionable and trustable control over garment functionality—enhancing both safety and efficacy.
Consistency & Quality Assurance: The 18% reduction in session variability, supported by >95%
defect detection precision, ensures that therapeutic outcomes are reliable and standardized. Patient
Compliance: A 22% wuplift in adherence marks a significant influence of embedded feedback,
fostering better health engagement.

B. AI Adoption Trends in Textile Sector (2022-2025)

Year Al Adoption in Textile (%) Predictive Maintenance Use (%)
2022 25% 20%
2023 30% 24%
2024 34% 28%
2025 38% 32%

Research shows that the trend insights are that there is a steady +13 percentage point rise over four
years shows rapid digitalization within textile manufacturing. Predictive maintenance applications
grow alongside—signalling improvements in machinery uptime, cost reduction, and sustainability.
The integrated interpretation would be the synergy between rising Al
penetration (38%) and predictive maintenance (32%) in textiles provides
fertile ground for deploying ML-optimized compression garments.
Manufacturing robustness ensured by CNNs directly translates to
insured therapeutic performance. Meanwhile, advances in medical ML
validate SVR and Random Forest models for risk prediction and
control—building confidence among clinicians. With multimillion-dollar
markets, rapidly growing smart textile spaces, and regulatory pushes
toward sustainability, your hybrid system aligns perfectly with current
industrial and healthcare needs. Real-time sensor integration and ML-
driven adaptation increase not just technical sophistication, but also
patient engagement—evidenced by the 22% rise in patients.

Flgure Al Integratlon in Textzle Manufacturing (2022-2025)

! = 5. There are 5 major findings from this study-let us
look into the Detailed Analysis with Indian Context. 1.
SVR Provided Early Diagnostic Accuracy is 4% RMSE
which technically means that A 4% RMSE indicates
that the SVR model predicts venous reflux with
minimal error, supporting high diagnostic precision.
The economic relevance in India could be SVR-based
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early detection can decrease the need for expensive clinical tests and hospital visits, helping address
the 06380billion Indian healthcare market projected for 2025.As India pursues its “Al for India
2030” agenda—with Al expected to contribute ~$500(billion to GDP—the use of ML in cost-effective
diagnostics aligns with national economic priorities.2. Real-Time Pressure Adjustments via Random
Forest is 92% Accuracy and the clinical impact provides dependable dynamic compression, which is
critical for therapy efficacy and patient safety. Looking into the Industry significance it is India’s Al
market is forecast to reach USD[8billion by 2025, growing at ~40% CAGR, indicating strong
capacity to support precision healthcare applications and the integration with Make in India and
Digital India initiatives further strengthens domestic feasibility for intelligent therapeutic textiles.

3. Adaptive Therapy Reduced Inter-Session Variability is 18% where the clinical meaning is the
consistent pressure delivery ensures uniform therapy across sessions, yielding better health
outcomes. Looking into the economic frame, India’s wearable sensors market shipped over
1.20billion units in 2024, supporting IoT-based therapy adherence and user trust. Such consistency
can enhance reputational integrity of “Made in India” medical wearables and increase adoption in
insurance-linked healthcare models.4. Manufacturing Quality Assurance via CNN (>95% Precision)
and rationale behind this is of high precision in defect detection ensures garments meet therapeutic
standards reliably. Industrial impact on this would be with Al adoption in Indian manufacturing
increasing, and textiles being the second-largest job sector employing 350 million people CNN-
enabled quality control aligns with national initiatives like MITRA parks to promote efficiency and
sustainability and Quality-verified smart textiles can fetch premium export prices—Indian textile
exports are projected at ~USD145billion by 2025.

5. Patient Compliance Increased by 22% and behavioral insight: Embedded feedback systems
improve adherence—a crucial factor in long-term therapeutic success and the Market relevance
would be India's medical aesthetic devices market (including compression-related devices) is worth
over [1141.50Ibillion ($1.7billion) and growing at ~8.9% CAGR .Increased compliance leads to
reduced treatment dropouts, which can lower overall healthcare costs and enhance ROI for device
manufacturers and health insurers.

Summary Table
Finding Value|Indian Economic/Industry Context
SVR RMSE 4% ||Reduces diagnostic costs in [16381b healthcare market

Random Forest Accuracy 92% ||Supported by USDU80b Al market and national Al initiatives

Variability Reduction 18% Aligns with wearable IoT growth; boosts “Made in India” wearable

quality
CNN Defect Detection ~95% Integrates with MITRA parks and USD14500b textile export
Precision °llmarket
Patient Compliance 29% Enhances returns in [1141.500b medical device market through
Improvement ° |better outcomes

Policy & Economic Implications- Cost-Efficiency & UHC: Early detection and compliance can
reduce long-term costs in India's ambitious universal health coverage model.

Export & Manufacturing Growth: Quality-certified, smart compression wearables can leverage India’s
textile export momentum and incentive schemes. Tech-enabled Health Innovation Ecosystem:
Increasing Al adoption (modeled>40% CAGR) and supportive frameworks position India to be a global
leader in sensor-based therapeutic wearables

6. Conclusion-Al-woven textiles represent a powerful synergy between intelligent manufacturing and
precision healthcare. The integration of machine learning into both production and therapeutic
applications leads to robust quality control, predictive diagnostics, and improved user outcomes. As
this field matures, its potential to redefine wearable healthcare and smart industry practices is
vast—offering scalable, adaptive, and personalized solutions for managing vascular conditions like
varicose veins.
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