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Abstract:- The integration of Augmented Reality (AR)
and Virtual Reality (VR) into various industries has
revolutionized training, production processes, and
operational efficiency. The apparel industry faces
challenges in operator training, resulting in decreased
productivity and increased errors when frequent style
change occurs. The creation of an AR/VR system for
training purposes could serve as a valuable tool. In the
sewing and apparel industry, these technologies have
been gaining attention for their potential to streamline
processes, enhance skill development, and optimize
operator training. This study contributes to the apparel
industry by introducing innovative education and
training methods, enhancing the skills and knowledge of
professionals, and improving manufacturing efficiency
and quality and the other broader benefits these
technologies offer.
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I INTRODUCTION

Augmented Reality (AR) and Virtual Reality (VR)
technologies have transformed traditional training methods
by providing immersive, interactive, and efficient training
environments. These technologies are applied across various

industries, including manufacturing, healthcare, military,
education, and more, each tailored to specific needs and
challenges. The apparel industry is known for its intricate
processes, requiring high levels of precision, efficiency, and
craftsmanship. Operator training, machine handling, quality
control, and design development are vital components that
contribute to the overall success of apparel manufacturing.
In recent years, advancements in technology have led to the
integration of AR and VR into these processes, providing
innovative  solutions  to  long-standing  industry
challenges.AR enhances real-world environments by
overlaying digital content, while VR creates a fully
immersive, simulated environment. In the apparel sector,
these technologies are employed to streamline production,
improve operator efficiency, and provide safe, cost-effective
training environments. By fostering clearer communication
and reducing mistakes between design and manufacturing
teams, AR tools can effectively streamline the new product
development (NPD) cycle. This paper aims to explore the
application of AR and VR technologies in the apparel
manufacturing industry, focusing on their role in operator
training and related processes.

. KEY DIFFERENCES BETWEEN AR AND VR
Augmented Reality (AR) and Virtual Reality (VR)

are both immersive technologies, but they differ in how they
engage users with the digital and real-world environments:

Table 1 Augmented Reality (AR) and Virtual Reality (VR)

Aspect Augmented Reality(AR) Virtual Reality(VR)
1.Definition Augmented Reality (AR) enhances the real world by Virtual Reality (VR), on the other hand,
overlaying digital elements, such as images or information, immerses users in a fully digital environment,
onto the user's view of their physical surroundings replacing the real world entirely with a
simulated one.
2 AR integrates digital elements into the real world. AR VR immerses users in a fully artificial,

Environment

overlays computer-generated images, sounds, or other
sensory enhancements onto the real environment through
devices like smartphones, tablets, or AR glasses. Users still
see their real surroundings with additional digital content.

computer-generated environment. In VR, users

are cut off from the real world and are entirely
engaged in a virtual space, typically using
headsets like the Oculus Rift or HTC Vive.

3.Interaction

AR Enhances the real world without replacing it. Users can

It Replaces the real world. Users interact only

with Reality | interact with both real and virtual elements at the same time. with virtual objects within the simulated
environment.
4.Devices AR typically uses mobile devices, smart glasses, or tablets VR requires a VR headset or goggles, often
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Go).

(e.g., Microsoft HoloLens, Snapchat AR filters, Pokémon

paired with motion controllers for interacting
with the virtual world (e.g., Meta Quest, HTC
Vive, PlayStation VR).

5. Level of In AR lower level of immersion since users are still aware of In VR the higher level of immersion because
Immersion their real surroundings while interacting with virtual users are entirely placed within a virtual
elements. environment, often losing awareness of the real
world.
6. Use Cases AR mostly used in applications like gaming (e.g., Pokémon VR Commonly used in gaming, simulations,

world examples).

Go), retail (virtual try-on of clothes), navigation (Google
Maps AR), and education (interactive learning with real-

training (flight simulators, medical surgery),
virtual tourism, and education where complete
immersion is beneficial.

I11. AUGMENTED REALITY (AR) IN THE
SEWING INDUSTRY

A. Overview of AR

Augmented Reality overlays digital information,
graphics, or instructions onto the real-world environment,
typically viewed through a smartphone, tablet, or smart
glasses. In the sewing industry, AR can bridge the gap
between complex manual tasks and digital resources by
providing real-time guidance and feedback.

B. Applications of AR in the Sewing Industry

» Real-Time Assembly Instructions:

AR technology can provide step-by-step sewing
instructions by projecting guidelines or markers onto fabrics.
This can assist operators in complex tasks such as aligning
fabric layers, stitching patterns, or assembling garments,
thereby reducing errors and speeding up the production
process.

» Machine Operation Guidance:

For operators handling advanced sewing machines, AR
interfaces can offer on-screen guidance, such as visual cues
for thread tension adjustment, machine maintenance alerts,
or instructions for using different machine features.

» Quality Control:

AR can assist in quality inspections by scanning the
finished product for defects, such as uneven stitches,
misplaced patterns, or fabric damage. AR-based devices can
highlight these imperfections in real-time for the operator to
address.

» Training and Skill Development:

AR applications can enhance operator training by
offering real-time feedback. Trainees can learn sewing
techniques by following the visual aids projected onto their
workspace, reducing the need for direct supervision and
allowing faster skill acquisition.

C. Advantages of AR in the Sewing Industry
» Improved Accuracy and Precision:
By overlaying digital instructions and markers onto

physical materials, AR reduces the chances of human error,
resulting in higher quality products.
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» Reduced Training Time:

Trainees can quickly learn complex sewing techniques
by following real-time visual guides, which reduces the time
needed for hands-on training.

» Remote Assistance and Troubleshooting:

Operators can receive remote assistance from experts
via AR interfaces, where professionals can guide them in
troubleshooting machine problems or addressing production
issues.

V. VIRTUAL REALITY (VR) IN
THE SEWING INDUSTRY

A. Overview of VR

Virtual Reality creates a fully immersive 3D
environment, simulating real-world scenarios or processes.
In the sewing industry, VR has been instrumental in
simulating production environments and providing risk-free
training environments where operators can practice skills
without using physical materials or machines.

B. Applications of VR in the Sewing Industry

» Operator Training Simulations:

VR can simulate the entire sewing process, from
machine setup to garment assembly. Trainees can practice
operating sewing machines, adjusting machine settings, and
performing complex sewing tasks in a virtual environment.
This allows them to gain hands-on experience without the
risk of wasting materials or damaging equipment.

» Virtual Prototyping and Pattern Design:

Designers and operators can collaborate in a virtual
space to create and refine garment designs. VR enables users
to visualize patterns, test fit, and explore different fabric
choices in a simulated environment before the physical
production begins.

> Factory Simulation for Layout Optimization:

VR can simulate sewing production lines, allowing
managers and engineers to optimize factory layouts and
workflow without physically altering the workspace. This
enables manufacturers to improve efficiency and reduce
bottlenecks in production lines.
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C. Advantages of VR in the Sewing Industry

» Safe Training Environment:

VR provides a risk-free environment where operators
can practice without damaging expensive machinery or
wasting materials. This is especially useful when training
new operators or introducing new machines.

» Accelerated Learning Curve:

VR immerses trainees in realistic scenarios, enabling
them to build confidence and competency faster than
traditional training methods.

» Cost Savings:

By reducing the need for physical materials and
machinery during training, VR helps manufacturers save
costs on resources and minimize wear and tear on
equipment.

V. AR AND VR FOR OPERATOR TRAINING

» Enhanced Learning Experience

Traditional training in the sewing industry relies
heavily on hands-on experience, often requiring long hours
and significant supervision. AR and VR technologies offer a
more interactive and engaging learning experience.
Operators can visualize processes, receive instant feedback,
and practice techniques repetitively in a virtual or
augmented environment until they master the skills.

» Remote Training and Collaboration

Both AR and VR allow for remote learning and
collaboration, which is especially beneficial for global
operations. Training modules can be designed to simulate
the actual working environment, enabling operators from
different locations to undergo the same training process
simultaneously. AR can also facilitate real-time, remote
troubleshooting, reducing downtime when machines
malfunction or operators encounter difficulties.

» Error Reduction in Early Learning Stages

With AR’s real-time guidance and VR’s immersive
simulations, new operators can make mistakes in a
controlled environment without affecting actual production.
This reduces waste and helps learners become more
confident and accurate before they work on live projects.

» Customizable Learning Modules

VR and AR platforms allow for the customization of
training modules, adapting them to the skill level of the
operator. For example, beginners can start with basic tasks
like threading machines and stitching straight seams, while
more advanced operators can focus on complex garment
assembly, pattern adjustments, and machine maintenance.

UISRT24SEP1674

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/|JISRT24SEP1674
VI. CURRENT APPLICATIONS

» Raymond’s AR-Based Garment Inspection System
(India)

Raymond, a leading textile and apparel manufacturer
in India, introduced an AR-based quality control system in
its factories. Workers equipped with AR headsets can now
inspect garments for defects like stitching errors, fabric
inconsistencies, and misalignments. The AR technology
overlays visual guidelines directly onto the garments,
allowing workers to spot errors more effectively. This
system has significantly reduced human error in inspections,
improved product quality, and shortened inspection times by
20%. As aresult, Raymond has achieved greater precision in
quality control, minimized waste, and enhanced customer
satisfaction.

Fig 1 Raymond’s AR-Based Garment
Inspection System (India)

» Nike’s AR in  Customization and  Footwear
Manufacturing (Global)

Nike has integrated AR technology into its footwear
manufacturing and customization processes to enhance
efficiency and reduce lead times. By overlaying 3D models
of customized shoes onto physical materials in the factory,
AR enables faster pattern cutting and provides real-time
guidance for stitching. This innovation has not only reduced
production time but also improved the precision of shoe
assembly. Additionally, AR aids in more effective worker
training during complex manufacturing tasks. As a result,
Nike has achieved faster production cycles and enhanced
quality control for custom orders.
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Fig 2 Nike’s AR in Customization and Footwear Manufacturing (Global)

» Hugo Boss and AR-Assisted Factory Floor Operations
(Germany)

Hugo Boss has integrated AR technology into its
factory operations, providing real-time guidance for fabric
cutting and garment assembly. AR devices, such as smart
glasses and projectors, display cutting patterns and stitching
instructions directly onto workstations, enabling workers to
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complete tasks with greater precision. This technology is
particularly valuable for complex garment pieces that
require high accuracy. By minimizing errors in cutting and
assembly, Hugo Boss has reduced material waste and
significantly improved operational efficiency, resulting in
enhanced accuracy and productivity on the factory floor.
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» Adidas’ Virtual Reality in Design and Manufacturing
(Germany)

Adidas has incorporated virtual reality (VR) into its
design and manufacturing processes to enhance
collaboration across its global teams. Using VR, designers
and product developers can view and interact with 3D
models of new products in a shared virtual environment,
streamlining communication and decision-making. This VR-
based collaboration has resulted in more efficient design
iterations and quicker decision-making, ultimately reducing
the time needed to bring new products to market. By
improving design communication, Adidas has minimized
the need for physical samples, leading to time and cost
savings.

» VF Corporation’s Use of AR for Onboarding and
Training (Global)

VF Corporation, the parent company of brands such as
The North Face, Vans, and Timberland, has adopted AR
technology to streamline the training of new employees in
garment assembly and machine operations. Through the
useof AR glasses, trainees receive step-by-step instructions
projected directly onto their workspace, enabling real-time
guidance without interrupting the production process. This
AR-based training method has reduced onboarding time by
40%, helping employees become proficient more quickly
and minimizing the risk of costly mistakes during training.
The result is faster, more efficient training with fewer errors
in the early stages of employment.

» Brooks Brothers’ AR-Fueled Supply Chain Management
(USA)

Brooks Brothers, one of the oldest apparel
manufacturers in the U.S., has integrated AR technology
into its supply chain to streamline logistics and reduce lead
times. Using AR devices, workers can scan items or
packaging to instantly visualize inventory levels, order
statuses, and shipping schedules, enhancing workflow
management. This application of AR has improved supply
chain transparency, reduced delays, and enabled real-time
decision-making, cutting lead times by 15%. As a result,
Brooks Brothers has achieved greater efficiency in its supply
chain operations.

» Levi Strauss & Co. AR for Quality Control and Assembly
Assistance (USA)

Levi Strauss & Co. has integrated AR systems to
enhance quality control during the assembly of denim
products. Workers utilize AR glasses that project quality
standards and guidelines directly onto the garments they are
handling, enabling real-time adjustments and minimizing the
need for rework. This implementation of AR technology has
significantly reduced assembly errors, decreased material
waste, and improved the overall quality of the products. As a
result, Levi’s has achieved greater accuracy in assembly
processes and enhanced product quality.
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» Browzwear and CLO Virtual 3D Garment Simulation
(Global)

Browzwear and CLO are leading software platforms
utilized in the apparel industry for 3D virtual garment
simulation. These tools enable designers and manufacturers
to create, visualize, and test garments within a virtual
environment, significantly decreasing the reliance on
physical samples and enhancing collaboration between
design and production teams. As a result, many
manufacturers have reported up to a 50% reduction in
sample production, shortened design-to-manufacture cycles,
and improved communication among teams. The use of this
3D garment simulation software has led to faster product
development cycles, lower sample costs, and better
alignment between design and manufacturing processes.

VII. CONCLUSION

In conclusion, the seamless integration of Augmented
Reality (AR) and Virtual Reality (VR) into the apparel
industry has the potential to revolutionize operator training,
product development, and manufacturing processes. By
embracing these cutting-edge technologies, the industry can
significantly enhance accuracy, reduce errors, and improve
overall efficiency. As the apparel industry continues to
evolve, the strategic adoption of AR and VR will be
instrumental in  driving growth, innovation, and
competitiveness, ultimately shaping the future of apparel
manufacturing.
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