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Abstract. With the advancement of new technologies, industries are
developing rapidly. Among them, the fashion industry is a vast area
that involves the production of raw materials, the production of fash-
ion goods by designers, and retail sales. One of the most contributed
technologies used in industry is Augmented reality. The use of new tech-
nologies can address the limitations of traditional fashion experience and
enhance user experience. Undertaking a comparative thematic analysis
of AR research in the fashion industry, this paper considers how AR ap-
plications evolve to enhance designer skills and knowledge throughout
the past decades and the customization of clothes by users themselves to
make a satisfactory and comfortable product. Secondly, the paper consid-
ers the enhancement of customer experience by analyzing how clothing
retail has progressed with the adoption of AR applications.Finally, we
have concluded the review paper by addressing the future research ideas.
The results of the review show that possible improvements can be done
for fashion designing and enhancing customer experience using AR and
hybrid technologies.

Keywords: Augmented Reality, Machine Learning, fashion design, cus-
tomer shopping experience, self customization.

1 Introduction

Dress is a powerful tool of influence since most of us accept the fact that in
most cases, the way we dress reflects our first impression, a reflection of our
character, and an insight into our likes and dislikes [1]. The fashion industry
is a vast area that involves the production of raw materials, the production of
fashion goods by designers, and retail sales [2]. Therefore, the fashion industry
contributes a lot to the global economy [1]. However, several considerations in
the traditional fashion industry such as customers may have to spend a lot of
time for fit-on, skin diseases, and privacy concerns inside trial rooms have led the
industry toward digitalization [3]. On the other hand, online shopping becomes
massively accelerating with the closure of online retail shops during the Covid-19
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pandemic [4], due to the restricted social life during the pandemic, and people
tend to satisfy their needs and wants through online platforms [5]. However, with
online shopping customers are unable to verify whether the item does fit or suit
them, which raises the need for AR and ML [6].

The fashion industry acquires novel technologies such as AR and ML in order
to enhance the customer experience in both online and offline shopping. AR can
enhance the consumers’ sensory perceptions [7], by blending the virtual world
with the real world [8] and enabling interaction with the virtual garment items
to encourage buying intentions [9]. The advancement of smartphones, tablets,
cameras, and wearables (headsets) has made significant growth in the area of AR
applications [10] and encouraged retailers to create immersive customer experi-
ences. In recent years deep learning and machine learning have also come forward
to make the best contribution to the fashion industry [11]. Object detection [12],
data set training for predicting customer’s tastes, and fashion designs [13] are
some of the main applications that are used with the help of deep learning in
this industry.

The rapid development of AR and ML in the fashion industry attracted
growing academic research interest for past years [14]. The most notable re-
search areas in the fashion industry with these technologies are virtual mirrors
[15,16], virtual 3D images [17,18], virtual fashion shows [19], and custom design-
ing systems [20 - 23].

This paper, therefore, seeks to contribute to our understanding of how AR
and ML applications influence the customer experience and designer behavior of
the fashion industry.

2 Literature Review

The literature review covers the contribution of Augmented Reality in fashion
design, apparel self-customization, and enhancing the customer shopping expe-
rience. These three areas are discussed separately under the review. The fash-
ion designing section consists of AR applications that would enhance designers’
skills and knowledge. The apparel self-customization section covers the AR ap-
plications that allow users to themselves customize products in colors, styles or
patterns, etc. cater to their preferences. The last section - enhancing customer
experience includes the applications such as virtual mirror and virtual fashion
shows, etc. where it removes the barriers in the traditional shopping experience.

2.1 Fashion Design

The fashion industry lies mainly in the design of clothes. Enhancing designers’
creativity is what values the product design [24]. Throughout the past decades,
many researchers have been carried out to enhance the design skills of fashion
designers in various ways using Augmented Reality.

Ta et al. [25] proposed a solution for eFashion designers to create virtual
interactive garment prototypes using augmented reality. From this application,
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designers can quickly build, refine and test on-the-body interactions without the
need to connect or program electronics. Simple paper tags with reflective mark-
ers and RFID tags that attach to the user’s body with tapes or safety pins were
used as in fig 1. When the user is in front of the mirror, each wearable tag is
rendered on top of the designer’s body. Unity, Kinect v2, and phidget RFIDs
were used for initial implementation. The initial component tag set includes a
button, accelerometer, simulated tweet events, LEDs, sound effects, and virtual
cloth. Designers must combine three types of tags to form an input, connector,
and output statement. As eFashion designers rarely work in isolation, Bod-IDE
design can act as boundary objects facilitating communication between eFash-
ion designers, engineers, and clients. The researchers have mentioned that the
current implementation of this framework still cannot explore how real-world
materials and fabrics would interact with virtual components such as light.

Fig. 1. Bod-IDE with a designer standing
in front of the ‘mirror’ with tags fastened to
their body. Source: Adopted from [25].

Fig. 2. Application of AR in
pattern-making education. Source:
Adopted from [17]

Fashion design education using innovative technologies like augmented reality
is another concept, where the designers get the chance to enhance their designing
knowledge and skills [26]. The main applications in this field are 3D model
visualization [17], pattern-making education [17], and tutorials education [12].

In 2018, Kazlacheva et al. [17] have presented the innovations, which they use
in fashion design education using Augmented Reality. In one application they
have found that visualization of 3D models which the students can see on the
displays of their mobile devices. The addition of a 3D dynamic model for the
ladies figure with a dress, made it visualized in every direction and it is an easy
and successful way for the costume to form recognition and differentiation. Fig
2 shows pattern-making education, with the use of AR markers. The students
can see the result of the pattern-making process of the ladies’ skirts.

In 2021, Borisova et al. [27] reviewed on developing textbook topics using
the application of AR. They declare the opportunity that AR provides for the
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visualization of 3D models using the QR codes which are in printed textbooks
as 2D images. Additionally, created a 3D model composite of the symmetrical
with asymmetrical elements.

In another research, in 2021, Elfekey and Elbyaly [12] measured how aug-
mented reality affects the fashion designing student’s skills in the functional,
aesthetic, and creative fields. For the research, they used the methodology to ex-
amine the effectiveness of AR technology in developing students’ fashion design
skills within the application on smartphones with tutorial videos. For that, they
develop an application that can be downloaded from the Google play store and
they put the app in the design image in the book and by clicking the app they
can find different videos and tutorials that help to design the product. This app
proves that the design skills of fashion students are developed more than the
hard skills of students. Mainly this research is limited to the female category as
they have tested the application with female students only.

2.2 Apparel self-Customization

The concept of mass customization, defined as producing goods and services
to meet individual customer needs [28]. Most of the industries have tended to
practice mass customization as it is a very populated one [29]. In the field of the
fashion industry, most of the time customers struggle in finding suitable clothes
that cater to their needs [30]. Sometimes it may be colors, styles, patterns, or any
other factors that result in them feeling uncomfortable wearing dresses. Therefore
many researchers suggested a customization system for the users themselves in
which the customer himself can customize the dress.

In 2009, Bradley et al. [20] had researched cloth with realistic illumination
using augmented reality. For that, they wear a T-shirt or some clothes and from
the AR application that they developed, they have selected the images and finally
aimed the output to the shirt they were trying to see the final product output.
From the research, they were trying to build a real-time flexible augmentation
on cloth. For that, they used spare cloth tracking in video images using a new
version-based marker system with the temporal conference. From the research,
they prove that real-time 2D augmented reality on a non-grid object such as
clothes can track a new circular system and apply the correct illuminations and
shadows on the product used as in fig 3 adopted from [20]. From that, they can
customize a product to the customer by identifying the correct illuminations and
shadows. They have researched only light clothes with limited motions allowed.

In Mass customization, they produced a completely new product mode with
a combination of customization and mass production. As the customers have
various choices of brands, drapes, fabrics, and colors [21]. Here the research is
only implemented for certain garment types. Rather than customization of the
t-shirt, the researchers are trying to customize footwear with motion detectors.

In 2013, Luh et al. [22] presented a systematic framework for design cus-
tomization of footwear for children. This system consists of novel functionalities
which support customization and pattern development of shoes. Customization
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design module behaviors controlled by JavaScript. Functions of the design mod-
ule are color, texture, embroidery, carving style, and shape. Unity3D is used for
the rendering of colors and texture, and the UVW mapping technique is used
for mapping. It is important for users to quickly evaluate their design and give
feedback in any customization design system. This paper proposed a further
solution to a virtual try-on module as well as in fig 4 adopted from [22]. The
ideation was implemented by ARToolKits and resides as an add-on in Unity3D.
Kinect used for the object (foot) detection. And then this research applies the
ICP algorithm to superimpose the trimmed model on the depth data captured
by Kinect from the scene. The proposed solution encourages mass customization
product development. Having the ability for consumers to personally design a
product and interact instantly with it creates a highly desirable advantage for
product customization. The research for footwear was limited to children and on
the other hand.

Previously mentioned works have used Augmented Reality, specifically for
T-shirts and footwear customization. In recent research carried out in 2021,
Feng et al. [23] proposed a full-featured clothing customization system using
Augmented Reality where it involves the implementation of the material library
for the selection of styles, patterns, colors, and fabrics for the users to choose. The
system is proposed not only in the custom designing phase, but users can also
further fit on the virtual clothes. The system uses Azure Kinect somatosensory
technology, OpenGL 3D rendering, and a somatosensory virtual fitting room.
The user is allowed to apply various designs to the cloth, once satisfied he can try
virtual fitting. The system consists of functional modules. The design sub-module
includes the selection of patterns, colors, fabrics, and styles. In the virtual fitting
sub-module, it captures the depth data stream of human bones through Azure
Kinect Somatosensory camera and realizes bone-tracking processing process and
3D clothing virtual try-on the proper position on the human body. Then as
the effect of rendering, it chooses appropriate rendering tools to render clothing
textures, lighting, etc., so that people can see virtual clothing with more realistic
effects through the display. The hand-made module is implemented and requires
hand-made by skilled professionals.

2.3 Enhancing Customer shopping experience

Use of AR in the retail industry has various touchpoints of the consumer journey
[31], one of them is the consumer shopping experience. However, shopping is a
time-consuming activity for some people, while for others a much enjoyed one.
Many approaches have been tried to simultaneously answer two fundamental
shopper concerns: “does is suit” and “does it fit”, therefore reducing guesswork
involved in shopping to enhance consumer experience [32] using AR and ML for
the past decades.

Research during 2018 [33] on marker-based AR used in a physical clothing
retail environment through AR mobile applications, which interact with the
consumer by triggering information on the product such as size, colors available,
stock, etc, and visualizing a 2D pattern of the item. The highlighted functionality
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Fig. 3. Augmentation with correct
illumination on cloth.a) Rippling
cloth; b) wrinkled cloth.Source:
Adopted from [20].

Fig. 4. Functional structure of
real-time self- customization
foot tracking.Source : Adopted
from [22].

in this application [33] was verifying the fitting of the item using a physical
mannequin. As an extended version of the above solution [33], in 2019 Ahmad
et al. proposed a solution [18] to utilize the 3D model of a t-shirt by scanning
a catalog. Unity3D and Vuforia augmented reality kits have been used for the
development of both AR applications [33, 18].

AR in fashion retailing includes virtual try-on using personalized or non-
personalized virtual models to simulate the appearance of the apparel product
combinations on a body form [34]. The survey conducted by Moroz in 2019 [35]
about the tendency of using Virtual Fitting Room (VFR) in the generation of
1981 to 1999 has results suggests that using 2D is complicated than using 3D for
sticky mapping the clothes and 3D models has a lack of consideration of facial
features and hairstyles to match the fit [35].

Furthermore, the ’Magic Mirror” concept is one of the most popular virtual
try-on solutions hence the solution can be used inside physical clothing stores.
Kim and Cheeyong’s study [15] in 2015 indicated a “Magic Mirror” using a large
screen. The screen displays various outfits for the user with prioritizing make-up
and hair simulations also. For the interaction, this solution [15] uses a touch
system. A more recent study (2019) [16] proposed a more advanced virtual trial
room using IOT mirrors to offer consumers a more realistic try-before-you-buy
shopping experience for apparel. AR has been used for skin color recognition
and apparel recommendation according to skin color for this study [16].

Studies show the impact of AR on consumers’ fashion experience, satisfac-
tion, enhancement of the perception of reality, and overall a fun, pleasant, and
personalized experience to be relevant for users [36]. This was further supported
by Liu et al. (2020) [19] findings, where it emerged that AR used for virtual fit-
ting of online stores through using AR-HMD and Microsoft HoloLens (allowing
users to virtually see how the dress would fit on their life-sized personalized 3D
human avatars as in fig 5, while doing the daily activities and interacting the
avatar with the real physical world [19] ) was regarded as contributing to the
‘fun factor of shopping experience [32].
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An explosive growth occurred, using ML for the fashion industry during the
past few years. Regarding ML, more recent research [37] states that the avail-
ability of large-scale datasets such as DeepFashion has fueled recent progress in
applying deep learning to fashion tasks [38]. Amongst the latest applications,
Yu et al. [38] proposed a fashion design framework using generative adversarial
training which helps in achieving great success in synthesizing realistic images.
The specialty of the proposed system [38] is instead of suggesting existing items
from the dataset, the system [13] synthesizes images of new items that are com-
patible with a given query item. The framework [13] automatically models the
user’s fashion taste then designs an item to a given query item.

Overall, Scholz and Smith [39] (2016) stress the importance for both online
and offline retailers of adopting immersive AR, crafting experiences that generate
value for consumers, and thus the importance of focusing on consumer experience
[39].

Fig. 5. Life-size avatar for virtual try-on.
Source: Adopted from [19].

Fig. 6. Skin segmentation and
dominant tone/color extraction for
clothing color recommendation.
Source: Adopted from [16].

3 Conclusion and Future works

The review creates insights into the clothing industry including fashion, and
how those industries have acquired novel technologies such as AR, VR, Mixed
Reality, and Machine learning for their development.

AR has huge potential in transforming the fashion industry towards digi-
talization by introducing the applications such as virtual fashion shows, virtual
showrooms, virtual fitting rooms, virtual fit-or-sizing tools, digital jewelry, vir-
tual stylists, and magazine catalogs. With the latest advancement of AR in the
industry, many luxury fashion brands use their AR applications for virtual show-
rooms and market their products using AR advertisements during the Covid-19
pandemic. The AR provides a number of benefits to the designers, customers,
and retail sellers. Designers can test out ideas virtually and float them with con-
sumers before actually creating the physical pieces. Without these innovations,
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customers may face many issues considering having to spend a lot of time for
fit-on, skin diseases, and privacy concerns inside trial rooms. However, with AR
applications people are able to customize the clothes if necessary.

Most of the above-discussed research achievements are still in the develop-
ment phase and not yet applied into today’s activities fully functionally. However,
with the Covid-19 restrictions, people are eager to embrace such innovations.
Therefore, probably the future of the fashion industry will happen online, and
all the brands will have to develop their own strategies to manufacture and mar-
ket their products in the digital world. Most of the successful fashion retailers will
not only make their products available online but also will create an immersive
digital shopping experience with things like AR filters on Facebook/Instagram,
virtual sizing tools, virtual showrooms, and virtual stylists. Furthermore, re-
searchers expect that the industry will become data-driven, sustainable, digital,
and simplified in the future. The industry is becoming data-driven as the benefits
of using data in fashion bring numerous advantages such as fashion predictions.
Apart from that, the fashion industry is known as one of the biggest contrib-
utors to waste therefore in the future it needs to be sustainable by following
eco-friendly production methods by following virtual personalization and dig-
itization. The clothes will become simplified with many people working from
home and the clothing will likely be simple and comfortable. Overall, AR will
impact the fashion industry, everything from runway shows to shopping, and
set to connect physical retail with digital retail. Having AR applications will be
more important to retailers than having a website in the near future.

However, to provide an advanced AR experience to the end-user, it is essential
to consider the infrastructure requirements needed by the AR applications. The
hardware required for AR applications mainly consists of a smartphone or lap-
top, camera, and graphic card, and special devices such as smart glasses, virtual
retina displays, and head-mounted displays [27]. AR applications that are con-
nected to the cloud, require a network connection with 100mbps bandwidth and
low latency. Higher throughput of 5G will be necessary for the AR environment
that is streamed from the cloud, since in the future when the consumers access-
ing rate becomes high, the devices will need to be able to access and manage
huge data storage. AR is currently being implemented using smartphones since
they are more affordable and feasible to the general public. However, using an
augmented reality application from the mobile phone requires significant battery
power and processing power as it involves the needity to use energy-consuming
hardware such as cameras, orientation sensors, GPS, and image recognition.
Network slicing, distributed cloud, and edge computing technology may also be
required to guarantee the stable performance of the applications.

Finally, it can be concluded that the future of the fashion industry is going to
be successful with the advancement of augmented reality and machine learning.
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