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Abstract: Furniture is essential for daily activities and enhances the aesthetic appeal of various en-
vironments, including residences, commercial establishments, and cafes. Traditionally, furniture
retailers display their products through catalogs or brochures. However, such media often fail to
provide a comprehensive view of the furniture, hindering prospective buyers from evaluating items
from all angles or determining their suitability for a specific room. This study proposes developing
an Android application for interior layout design. It addresses these challenges by employing Aug-
mented Reality technology in conjunction with a Markerless User Defined Target technique. The
utilization of markerless user-defined targets is particularly advantageous, as it eliminates the re-
quirement for predefined physical markers. This simplifies the process for the user and offers
greater flexibility compared to conventional marker-based approaches, representing a key novelty
of this work. The resultant software features a product catalog and comprehensive product infor-
mation. It also allows users to view 3D augmented reality items, as well as scale, rotate, and manip-
ulate these objects within their environment. Two individuals verified the system's operation
through functional testing employing the Blackbox methodology. Usability testing, using the Sys-
tem Usability Scale, yielded above-average ratings, categorizing the software as "acceptable.” Fur-
ther examinations of viewing distance and angle indicated that camera quality influences aug-
mented reality range, with AR objects remaining visible at angles ranging from 90° to 40°. These
evaluations indicate that the Markerless User Defined Target method is effective and suitable for
AR-based interior furniture layout planning.
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1. Introduction

Consumer expectations toward the shopping experience continue to evolve, with in-
creasing demands for more personalized and immersive interactions. The furniture retail
industry faces significant challenges in meeting these expectations through traditional
marketing approaches, such as printed catalogs and showroom displays. The inability of
consumers to accurately visualize furniture placement within their personal spaces con-
sidering variables such as size, color, style, and alignment with existing interior design
creates a psychological barrier in the purchasing process. This uncertainty may lead to
reduced purchase confidence, lower conversion rates, and overall diminished customer
satisfaction. Consequently, a more adaptive and responsive visualization strategy is re-
quired to meet consumers’ evolving needs.
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Recent advancements in Augmented Reality (AR) technology offer a transformative
solution to the visualization challenges faced by the furniture industry[1]. By enabling the
real-time integration of virtual objects into physical environments, AR fosters significantly
enhanced interactive and immersive experiences[2], [3]. The application of AR in furniture
marketing holds substantial potential to revolutionize consumer engagement, minimize
product return rates, and increase sales volumes. The urgency of this research is driven
by shifting consumer behavior toward digital platforms, intensifying market competition,
and the underutilization of AR in the furniture retail sector. Furthermore, modern con-
sumers increasingly expect interactive and personalized shopping experiences expecta-
tions that are difficult to fulfill through conventional marketing methods[4].

Previous research has shown that AR can significantly enhance usability and user
experience in retail contexts. Studies have highlighted that AR improves perceived use-
fulness, ease of use, and overall satisfaction[5], [6]. Markerless AR, in particular, elimi-
nates the need for physical markers, allowing for more natural and flexible interaction
with virtual objects[7], which contributes to a more intuitive interface and reduces barriers
to technology adoption[8], [9]. These findings suggest that AR especially when imple-
mented with markerless tracking can streamline user interaction and increase technology
acceptance across diverse user groups[10].

In addition to usability improvements, AR with markerless tracking also plays a crit-
ical role in boosting customer engagement[11]. Research indicates that immersive AR ex-
periences enhance consumer involvement and foster more favorable attitudes toward
products and brands[12]. Markerless AR applications that allow users to simulate real-
world product placements have been shown to improve purchasing confidence and re-
duce return rates[13], [14]. Furthermore, studies reveal that AR visualization contributes
to stronger emotional connections with products, more effective product understanding,
and increased intention to purchase[15], [16]. Other scholars have noted that a seamless
AR experience can bridge the gap between online and offline retail environments, enhanc-
ing brand perception and reinforcing customer loyalty [17].

This study focuses on the development of a furniture promotion application that uti-
lizes Augmented Reality technology with a Markerless User Defined Target methodology
on the Android platform. This paper differs from prior work by explicitly leveraging a
markerless approach, which offers substantial improvements in user experience by elim-
inating the need for physical markers, thereby enhancing the flexibility of virtual object
placement and enabling more intuitive and natural interactions. This methodological in-
novation distinguishes the present study from prior research, which predominantly relied
on marker-based tracking methods. Additionally, the proposed application has the poten-
tial to integrate with existing e-commerce platforms and can be enhanced with supporting
features, such as personalized visual representations of furniture and lighting condition
simulations. This research aims to contribute meaningfully to the advancement of AR ap-
plications within the furniture industry by offering an innovative solution to visualization
and interaction challenges in contemporary marketing strategies.

2. Materials and Methods
2.1. Materials

The data acquisition phase involves the collection of relevant data that will be uti-
lized throughout the development and evaluation of this research. Data collection was
conducted on-site at DM Mebel, a local furniture store located in Yogyakarta, Indonesia.
The selection of this store was based on its accessibility and availability of representative
furniture items suitable for application testing.

For the purposes of this study, four distinct furniture products were selected from
the store’s catalog: a sofa, a bookshelf, a wardrobe, and a table. These items were chosen
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to represent a variety of furniture types commonly used in residential interior layouts,
allowing the application to demonstrate its capabilities in different spatial and contextual
configurations. The selected products provide a practical basis for modeling, visualiza-
tion, and interactive placement within the augmented reality environment.

The 3D models of these furniture items were created to closely resemble their real-
world counterparts, ensuring that the visualization in the AR application is both accurate
and realistic. These models were used during system implementation to simulate real-
world placement in user environments. An overview of the four selected furniture items
from DM Mebel is presented in Figure 1.
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\
=

Figure 1. Interior objects sample.

2.2, Analysis

This phase aims to identify user requirements and the functional specifications nec-
essary for the application. Data collection methods employed include:

¢ Literature Review: A comprehensive examination of previous research, scientific lit-
erature, and articles related to Augmented Reality (AR), Markerless User Defined Tar-
get (UDT) technology, interior layout planning, and user experience design.

¢ Observation: Direct observation of users engaged in real-world furniture layout plan-
ning activities, both manually and (where applicable) through the use of existing dig-
ital applications.

¢ Interviews (Optional): Semi-structured interviews conducted with potential users to
gather deeper insights into their needs, preferences, and expectations regarding the
application.

The findings from this analysis phase are documented as a set of functional and non-
functional requirements, which serve as the foundation for the application’s design.

2.3. Design

This phase encompasses the design of both the markerless tracking system architec-
ture and the Android mobile application architecture. The markerless system architecture
outlines how the application detects and tracks the environment without relying on phys-
ical markers. Architectural diagrams illustrate the following key components:

¢ User Interface (UI): The design of an intuitive and user-friendly interface to support
seamless interaction.
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* AR Module: The augmented reality module responsible for initializing AR sessions,
detecting the physical environment, and placing virtual objects accurately.

2.4. Implementation

The implementation phase begins with the creation of 3D furniture models using
Blender. Application logic—comprising user interactions, virtual object placement, and
object manipulation—is implemented using Vuforia and Unity.

Prior to testing, it is essential to verify that the AR functionality meets specific spatial
criteria. This study adopts a minimum angle visibility threshold of 40 degrees and a cam-
era-to-target distance of 2 meters to ensure proper AR object rendering and usability dur-
ing interaction.

2.5. Testing

Usability testing was conducted to evaluate the user experience of the developed ap-
plication. The evaluation utilized the System Usability Scale (SUS) questionnaire. The tar-
get respondents included potential customers of household furniture stores. Participants
completed the SUS questionnaire after interacting with the application, providing quan-
titative data for assessing perceived usability.

3. Results
3.1. 3D Modeling

The 3D modeling phase focused on constructing virtual representations of real-world
furniture products from DM Mebel Yogyakarta. The modeling process was carried out
using Blender, an open-source 3D graphics software widely used in digital content crea-
tion, animation, and game development. The objective was to replicate the geometry and
coloration of the actual products as accurately as possible to ensure visual consistency
between the physical items and their augmented reality counterparts.

The selected furniture items including a sofa, bookshelf, wardrobe, and table—were
modeled based on their real dimensions, textures, and structural features. These specific
items are considered the main products offered by the store. Color matching was also
conducted to reflect the true appearance of each product, enhancing realism during AR
visualization. To ensure proportional accuracy and computational efficiency, a modeling
scale of 1:10 was adopted. This means that real-world measurements in centimeters were
divided by 10, and the resulting values were applied as dimensions within the Blender
workspace. This scaling approach enabled effective manipulation and visualization of the
models in a virtual environment while maintaining the relative proportions of each item.

The complete modeling process involved creating base meshes, refining the geome-
try, applying material textures, and assigning accurate surface colors. These steps ensured
that the final 3D models were both visually realistic and optimized for integration into the
Unity and Vuforia-based AR system. An illustration of the 3D modeling item, including
its rotation and the need to adjust the X, Y, Z dimensions and scales, is shown in Figure 2.
When inspecting the transform properties of these models, you can observe: Location (the
current position of the object in 3D space with X, Y, Z coordinates), Rotation (indicating if
the object has any rotation applied, e.g., 0°, 0°, 0° for no rotation), Scale (how the object
has been resized, possibly with non-uniform scaling like X=1.48, Y=1.24, Z=3.81), and Di-
mensions (the actual size of the object in Blender units, such as 2.96 x 2.48 x 7.62).
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Figure 2. 3D modeling with blender.

3.2. Analisis

The functional requirements of the markerless Augmented Reality application were
derived through a comprehensive needs analysis and direct observation of potential users
during the planning phase. These requirements define the essential capabilities that the
application must provide to ensure a meaningful and effective user experience. The im-
plemented functional specifications, which form the core features of the application, are
summarized in Table 1.

Table 1. Functional features of the AR application

Functional Requirement

Implemented Feature

Description

Display a list of available
furniture products

Select a product and dis-
play its detailed infor-
mation

Activate the AR camera
and detect user-defined
targets

Render a 3D virtual model
of the selected furniture
item

Enlarge (scale up) the 3D
model

Reduce (scale down) the
3D model

Move or reposition the 3D
model within the AR envi-
ronment

Product Catalog Display

Product Detail View

AR Camera Activation & UDT
Detection

3D Model Rendering

Object Scaling

Object Scaling

Object Repositioning

Users can browse a comprehensive list of furniture items
available for visualization.

Upon selection, users access detailed information about each
furniture item, including descriptions and specifications.

The application activates the device's camera and initiates
markerless tracking to identify a user-defined surface for vir-
tual object placement.

The chosen furniture item is rendered as a 3D model within
the real-world environment through the AR camera feed.

Users can intuitively increase the size of the 3D furniture
model to better visualize its spatial impact.

Users can decrease the size of the 3D model, allowing for flex-
ible adjustments to fit various spaces.

Users can freely move and place the 3D model within their
physical space, enabling accurate layout planning.

These core functionalities were designed to support interactive user engagement
with virtual furniture models, allowing users to explore, position, and assess each item in
a real-world spatial context. The ability to manipulate objects—by scaling and
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repositioning —offers users flexibility to visualize furniture placement more accurately
within their physical environment.

In addition to functional capabilities, the application was also specified with a set of
non-functional requirements that describe the overall system attributes and operational
conditions necessary to ensure performance, compatibility, and usability. The non-func-
tional requirements include:

¢ Platform Compatibility: Based on Vuforia Library supported version, the application
must be operable on Android devices running Android OS version 10.0 or higher,
ensuring broad accessibility for users with a range of smartphones.

¢ Camera Flexibility: The AR system must be capable of recognizing and tracking user-
defined targets from multiple viewing angles, enabling seamless interaction even
when the device is tilted or moved dynamically.

These non-functional constraints ensure that the system performs reliably under typ-
ical user conditions and contributes to an intuitive and accessible user experience.

3.3. System Design

The architecture of the developed Augmented Reality (AR) system was designed to
align with the functional and user experience requirements identified in the earlier stages
of analysis. An overview of the system architecture is illustrated in Figure 3.

The application is designed as an AR-based furniture catalog that allows users to
interactively visualize furniture items in real-world environments. The core concept is to
integrate a virtual product catalog with AR functionality to enable users to not only
browse furniture listings but also project and manipulate selected items within their actual
space using a mobile device.

Each furniture item listed in the catalog is linked to a dedicated “AR Camera” feature.
When a user selects a product from the catalog, the application transitions into AR mode,
initializing a markerless tracking session using the device’s camera. The system prompts
the user to identify a flat surface or specific object in the environment to serve as the User
Defined Target (UDT). This surface or object becomes the anchor point where the selected
3D furniture model will appear.

This approach eliminates the need for physical markers and enhances user flexibility,
as users can freely choose the placement location within their environment. The system
supports dynamic tracking, allowing the virtual object to maintain alignment with the
real-world context as the user moves their device or changes viewing angles.

By combining interactive product browsing, real-time AR visualization, and intuitive
object placement, the system design addresses key usability goals: enabling users to assess
the suitability of furniture within their space and make more confident purchasing deci-
sions.
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Figure 3. AR User-Defined Markerless system architecture.

3.4. Implementation

The implementation stage focused on integrating the system components and realiz-
ing the interactive Augmented Reality (AR) experience as outlined in the design phase.
The 3D models of furniture products—comprising a sofa, bookshelf, wardrobe, and ta-
ble—were constructed at a 1:10 scale, ensuring proportional consistency and rendering
efficiency for use in mobile AR environments. These models were optimized for real-time
visualization and interaction using Unity and Vuforia, ensuring compatibility with An-
droid platforms.

In the application interface, the 3D furniture models were organized into a catalog-
style layout (as shown in Figure 2) that allows users to browse and select products easily.
Each item in the catalog is visually represented with high-fidelity previews, enabling us-
ers to make informed choices before engaging with the AR component.

Upon selecting a furniture item, the application activates the AR Camera and initiates
a markerless tracking session. Users are prompted to designate a flat surface or real-world
object—such as a floor, table, or wall—as a User Defined Target (UDT) to serve as the
placement anchor. Once the target is detected, the corresponding 3D furniture object is
rendered in real time at the specified location.

Figure 4 illustrates a successful placement scenario, in which a 3D table model is pro-
jected onto a real floor surface chosen by the user. The system maintains object stability
and alignment as the user moves around the scene, allowing for continued inspection
from multiple angles. This interaction simulates a realistic spatial context for evaluating
the furniture’s appearance, fit, and compatibility with the existing environment.

The markerless implementation, powered by UDT, enhances user flexibility by re-
moving the need for printed markers or fiducial codes, making the experience more intu-
itive and accessible. This phase demonstrates the system’s capability to bridge the gap
between digital product catalogs and physical space through immersive visualization.
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Figure 4. User-Defined Markerless interface.

4. Discussion
4.1. Angle-based testing

To evaluate the robustness and adaptability of the markerless AR system, angle-
based testing was conducted using three different smartphones with varying camera spec-
ifications. The objective of this test was to determine the system’s ability to accurately
detect user-defined targets and render 3D furniture objects at various camera viewing an-
gles. The testing procedure involved measuring performance across six predefined angles
between the smartphone camera and the designated surface: 90°, 80°, 60°, 50°, 40°, and
30°. Vuforia Ground Plane Debug Visuals is used to measure the degree between camera
and surface. The camera rotation my wrap around 0 - 360°, to get a normalized pitch angle
between -90° to +90° we use £loat pitch = arCamera.transform.eulerAngles.x; if

(pitch > 180) pitch -= 360; codes. Vuforia Ground Plane Debug live Visuals while
detecting surface show in Figure 5.
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Figure 5. Live Vuforia Ground Plane Debug Visuals

The results of this evaluation are presented in Table 2, which summarizes the sys-
tem’s ability to display 3D objects under each angular condition for all three devices.

Table 2. Results of angle-based testing.

Device Sudut
90 80 70 60 50 40 30
12 MP camera \ \/ \ \/ J J -
13 MP camera \ \/ J J N v -
16 MP camera \ \/ J J N v -

As shown in Table 2, the system demonstrated consistent performance across most
tested angles, from a direct overhead view (90°) down to a moderately tilted angle (40°).
All three smartphones, regardless of their specific camera megapixel count, successfully
rendered the 3D virtual furniture models within this range. This consistency suggests that
the markerless tracking algorithm, supported by Vuforia’s AR engine, effectively main-
tains environmental awareness and spatial coherence even under various viewing per-
spectives.

However, a notable and consistent limitation was observed at the 30° angle, where
none of the devices were able to reliably display the 3D object. This indicates a critical
threshold in the system’s detection capability at more extreme angles, likely due to factors
such as reduced surface visibility, insufficient environmental features for tracking, or a
fundamental constraint of the underlying AR framework. These findings highlight the
importance of maintaining an adequate viewing angle when interacting with AR content,
particularly in markerless systems that rely heavily on robust surface recognition and spa-
tial mapping. While the variation in camera specifications among the devices did not sig-
nificantly impact performance at the more optimal angles, the uniform failure at 30° sug-
gests a shared limitation across the tested hardware when operating under such challeng-
ing conditions.

4.2. Distance-based testing
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In addition to angular performance, distance-based testing was conducted to assess
the system’s effectiveness in rendering 3D objects at varying distances between the
smartphone camera and the user-defined target surface. The results of this evaluation are
illustrated in Figure 6, which visualizes the system’s rendering capabilities across differ-
ent device configurations.

4 meter

meter

12 MP Dual Pixe

Figure 6. Result of distance-based testing.

The testing involved smartphones equipped with cameras of varying resolutions spe-
cifically, 12 MP and 16 MP. The results clearly indicated a significant difference in perfor-
mance based on camera specifications. Devices with 12-megapixel cameras were able to
display the 3D virtual objects reliably at a distance of up to 2 meters from the target sur-
face. Beyond this range, object stability and recognition accuracy declined significantly,
leading to tracking failure or improper object placement.

In contrast, smartphones equipped with higher-resolution 16-megapixel cameras
demonstrated superior performance, successfully detecting user-defined targets and
maintaining 3D object rendering at distances greater than 3 meters. This suggests that
camera resolution plays a critical role in the accuracy and reliability of markerless AR
systems, particularly when dealing with greater spatial separations between the device
and the target surface. Higher resolution cameras can capture more detailed environmen-
tal features, which is crucial for the underlying algorithms to establish and maintain ro-
bust tracking at extended distances. These findings underscore the direct influence of
hardware specifications —particularly camera resolution—on the usability and effective
range of markerless AR applications.

For optimal user experience, the current system is best suited for usage within a 2-3
meter range, depending on device capabilities. This insight can guide system require-
ments for real-world deployment and inform recommendations for hardware compatibil-
ity in future development phases, emphasizing the benefit of higher-resolution cameras
for more flexible use cases.

4.3. Usability testing

To assess the user experience and perceived usability of the developed AR-based fur-
niture layout application, a usability evaluation was conducted using the System Usability
Scale questionnaire. The SUS is a widely recognized and validated instrument for meas-
uring the subjective usability of interactive systems, offering a standardized approach to
quantifying user satisfaction, ease of use, and learnability.

The evaluation procedure involved a user trial, during which seven potential cus-
tomers directly interacted with the application. These participants provided direct user
feedback after performing a series of typical tasks within the app, such as selecting
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furniture items, launching the AR view, positioning 3D models, and manipulating object
properties.

Upon completing their session, respondents were required to fill out the SUS ques-
tionnaire, which consists of ten statements rated on a five-point Likert scale. These state-
ments generally cover aspects of system usability such as perceived complexity, ease of
use, need for technical support, integration of features, consistency, learning curve, and
user confidence in using the system.
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Figure 7. system usability scale interpretation guidelines.

The analysis of the SUS responses yielded a mean score of 72.1. According to stand-
ard SUS interpretation guidelines that shown in Figure 7, a score of 68 is considered the
average, implying an "acceptable" level of usability. Therefore, the obtained score of 72.1
is above this global average, indicating that the application’s usability is "Good" and falls
within the range commonly associated with favorable user experiences. This result sug-
gests that the application provides a user-friendly interface, with intuitive interactions
and minimal cognitive load required to perform key functions.

The complete usability score breakdown for each respondent is presented in Table 3.
While a score of 72.1 signifies good usability, this result indicates a robust and acceptable
level of system usability. Further refinements could build upon this strong foundation to
potentially achieve even higher user satisfaction.

Table 3. The usability evaluation results using SUS questionnaire.

Responden

Q1

Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS score

1

N OO DN

W Bk W W W s

N N = = W W

60
72.5
425
87.5

85
72.5

85

— N R R RPN
W W W W W W W
—_ N R = R =W
G = O &= W k= W
_ W R =W W W
U1 O = U1 N Q1
N DD DN = Qb

Avg SUS Score

72.1

These results support the conclusion that the AR application meets general usability
standards and is suitable for deployment among non-technical users, particularly poten-
tial customers exploring furniture options in real-world settings. The practical impact of
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this "Good" usability score is significant: it suggests that the application can be easily
adopted by its target audience without extensive training, fostering greater engagement
and satisfaction. The positive usability outcome also reinforces the appropriateness of the
Markerless User Defined Target approach, which likely contributed to the application’s
intuitive interaction model by removing the dependency on physical markers and ena-
bling more natural user engagement with virtual content.

The present study significantly distinguishes itself from prior work through its ex-
plicit adoption and implementation of a Markerless User Defined Target methodology for
augmented reality in furniture layout planning. Previous research and conventional AR
applications have often relied on marker-based tracking methods, which require prede-
fined physical markers to be present in the environment for virtual objects to be anchored.
While effective, marker-based systems inherently introduce limitations such as restricted
placement flexibility, the need for users to print or carry physical markers, and a less nat-
ural user experience.

Our approach, leveraging markerless UDT, overcomes these limitations by empow-
ering users to freely select any suitable flat surface or object in their real-world environ-
ment as a target for virtual furniture placement. This innovative aspect directly enhances
user experience by:

¢ Eliminating physical markers: Users are no longer burdened with the need for spe-
cific markers, making the application more accessible and convenient for on-the-go
use.

* Increasing flexibility and intuition: The ability to choose any desired surface for
placement allows for highly customized and natural visualization of furniture
within actual living or commercial spaces. This intuitive interaction contrasts
sharply with the rigid constraints of marker-based systems.

¢ Enhancing real-world applicability: By removing the dependency on markers, the
application is suitable for a broader range of environments and user scenarios, from
quick interior design previews to detailed spatial planning.

As highlighted by Brito and Stoyanova, markerless AR offers superior user experi-
ence and greater versatility compared to marker-based alternatives due to its inherent
flexibility and reduced setup complexity [7]. Our findings corroborate this, demonstrating
that the markerless UDT method significantly improves the fluidity of virtual object place-
ment and interaction. This methodological innovation represents a crucial step forward
in making AR furniture visualization truly seamless and user-centric, offering a superior
method for consumers to confidently assess product suitability within their own environ-
ments. This directly addresses the psychological barriers in furniture purchasing identi-
fied in the Introduction, providing an adaptive and responsive visualization strategy that
marker-based systems cannot fully achieve. The impact of this markerless innovation is a
more accessible, flexible, and engaging AR experience, paving the way for wider adoption
in retail and interior design applications.

5. Conclusions

This study successfully implemented the Markerless User Defined Target (UDT)
method within an Augmented Reality (AR) application for furniture layout planning on
the Android platform. The integration of the markerless UDT approach proved effective
in delivering a more intuitive and flexible user experience compared to traditional
marker-based systems, as it eliminates the dependency on physical markers and enhances
user freedom in selecting real-world anchor points for object placement.

The usability evaluation, conducted using the System Usability Scale (SUS) question-
naire, resulted in an above-average score, categorizing the application as “acceptable.”
This indicates that the system demonstrates an adequate level of usability and is accessible
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to users with varying levels of technical proficiency. Nevertheless, some respondents pro-
vided constructive feedback, highlighting opportunities for future enhancement—such as
improving application responsiveness on low-specification devices.

The distance and angle testing further revealed that the application’s performance is
influenced by the camera specifications of the mobile devices used. Variations in sensor
size and image quality across the three tested devices resulted in differing detection dis-
tances and effective viewing angles. The application was able to reliably detect AR objects
within a viewing angle range of 90° to 40°, implying that hardware-specific optimization
may be required to ensure a consistent user experience across a wider range of devices.

The primary contribution of this research lies in demonstrating the practical imple-
mentation of the markerless UDT approach in the context of mobile-based furniture lay-
out planning. The developed application offers an innovative solution to visualization and
interaction challenges in furniture marketing, enabling users to simulate the placement of
virtual furniture in their own environment in real time, prior to making purchase deci-
sions. This has a significant practical impact, as it directly addresses a key barrier in fur-
niture purchasing the inability to visualize how an item will look and fit in a personal
space thereby potentially increasing consumer confidence, reducing return rates for re-
tailers, and streamlining the purchasing process. Additionally, this study provides im-
portant insights into the factors affecting the performance of markerless AR applications
on mobile platforms particularly those related to camera hardware capabilities.

Looking to the long-term implications, this research lays foundational groundwork
for the broader adoption of AR in the retail sector, particularly for large, tangible goods.
The success of the markerless UDT method suggests a pathway toward more intuitive
and widely accessible AR experiences, moving beyond niche applications. Future research
should focus on enhancing application performance across various devices, improving
tracking accuracy and scene understanding, and incorporating advanced features such as
furniture appearance personalization, realistic lighting simulation, and seamless integra-
tion with e-commerce platforms to create a more comprehensive and commercially viable
AR solution. This evolution could fundamentally alter how consumers interact with prod-
ucts before purchase, fostering more informed decisions and a more engaging shopping
experience.
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