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Abstract: The increasing demand for precise indoor navigation has accelerated research into advanced positioning
technologies capable of overcoming the limitations of conventional satellite-based localization systems. This
research presents an Adaptive Spatial Positioning Model for Real-Time Indoor Navigation using Ultra-Wideband
(UWB) loT systems integrated with the Unity cross-platform development environment. The proposed approach
combines high-resolution UWB ranging capabilities, loT-based spatial data communication, and Unity-driven
visualization optimization to develop an interactive and adaptive indoor positioning framework. The model focuses
on improving localization reliability through efficient anchor-tag coordination, spatial data processing, and real-
time three-dimensional environment representation. Existing UWB localization approaches demonstrate strong
accuracy potential; however, challenges related to environmental interference, computational optimization, and
seamless cross-platform deployment remain significant. The proposed framework addresses these limitations by
integrating adaptive positioning algorithms with Unity-based spatial rendering mechanisms. Experimental analysis
indicates that the architecture can enhance indoor navigation performance by improving positioning stability,
reducing latency, and supporting scalable loT applications. The study contributes a unified methodology for
intelligent indoor navigation systems applicable to smart buildings, industrial automation, augmented reality
environments, and location-aware loT services.

Keywords: Ultra-Wideband Localization, Indoor Navigation, loT Positioning System, Unity Engine, Spatial
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1. INTRODUCTION

1.1 Background These limitations have encouraged the development

of alternative localization technologies capable of

Accurate indoor positioning has become a critical achieving  high  precision  within  confined
requirement for emerging technologies such as smart environments.

infrastructure, industrial automation, augmented
reality (AR), healthcare monitoring, and intelligent
navigation systems. Unlike outdoor environments

Ultra-Wideband (UWB) technology has gained
considerable attention as an effective solution for

where satellite-based positioning  technologies indoor positioning because of its capability to provide
provide reliable geographic information, indoor accurate distance estimation through short-duration
spaces present complex challenges due to signal radio pulses. UWB-based systems utilize time-based
attenuation, multipath propagation, structural ranging mechanisms b.etween'flxed ar.1chors ar\d
obstacles, and dynamic environmental conditions. mobile tags to determine spatial coordinates with
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high resolution. The Pozyx performance analysis
demonstrates the practical capability of UWB-based
positioning  systems for real-time tracking
applications by providing accurate spatial
measurements and reliable positioning performance
in controlled environments (“Creator Performance
Report | Pozyx,” 2023). However, achieving
consistent performance in diverse indoor scenarios
requires additional optimization strategies involving
data processing, system calibration, and adaptive
positioning mechanisms.

The integration of UWB positioning with Internet of
Things (loT) architectures further expands the
potential of indoor navigation systems. loT
connectivity enables continuous communication
between positioning devices, computational
platforms, and visualization applications. Through
distributed sensor networks, real-time spatial
information can be collected, transmitted, and
processed to support intelligent navigation services.
The Pozyx Creator Controller installation framework
illustrates the importance of systematic configuration
and integration procedures for establishing reliable
UWB-based loT positioning environments
(“Installation & Setup,” 2023).

Furthermore, modern cross-platform development
engines provide opportunities to transform
positioning data into interactive spatial experiences.
Unity has emerged as a powerful platform for
developing three-dimensional visualization systems,
augmented reality applications, and digital
environments. The capability of Unity3D to support
loT-ready extended reality applications highlights its
suitability for connecting physical positioning systems
with virtual representations (Fleck et al., 2020).

1.2 Problem Statement

Although UWB-based positioning systems provide
significant improvements over traditional indoor
localization methods, several research challenges
remain unresolved. First, positioning accuracy can
degrade due to environmental variations, including
signal reflections, physical barriers, and anchor
placement limitations. Second, many existing
positioning solutions focus primarily on coordinate
estimation without providing efficient mechanisms
for real-time visualization and user interaction. Third,
integration between hardware-level positioning
systems and cross-platform software environments
requires optimized architectures capable of handling
continuous spatial data streams.
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Current indoor navigation systems often operate as
independent components, where localization
hardware, communication layers, and visualization
interfaces are developed separately. This fragmented
design reduces scalability and limits deployment in
complex loT environments. Therefore, an adaptive
framework that combines UWB positioning, loT
communication, and Unity-based spatial optimization
is required to establish a comprehensive indoor
navigation architecture.

1.3 Research Relevance

The development of adaptive indoor positioning
models is increasingly important for applications
requiring precise spatial awareness. In industrial
environments, accurate localization can support
automated equipment tracking, worker safety
monitoring, and intelligent manufacturing
operations. In healthcare facilities, indoor navigation
systems can assist patient monitoring and resource
management. Similarly, AR-based applications
require precise spatial alignment between physical
and virtual environments.

Research on UWB localization improvement
demonstrates the importance of combining advanced
computational methods with positioning
technologies. Adamkiewicz et al. (2021) investigated

sparse fingerprinting and transfer learning
approaches to improve UWB indoor localization
accuracy, indicating that intelligent processing
methods can compensate for environmental
positioning uncertainties. This research extends such
concepts by incorporating adaptive spatial
optimization with loT connectivity and Unity
visualization.

1.4 Objectives

The primary objectives of this research are:

1. To develop an adaptive spatial positioning
model integrating UWB loT systems with Unity cross-
platform development.

2. To design a real-time indoor navigation
architecture capable of processing and visualizing
spatial information efficiently.

3. To analyze the role of loT communication and
adaptive positioning strategies in improving
localization performance.

4. To evaluate the practical implications and
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limitations of UWB-based navigation systems for
intelligent indoor applications.

1.5 Scope and Significance

This research focuses on designing a conceptual and
technical framework for real-time indoor navigation
using UWB positioning and Unity optimization. The
proposed model considers hardware communication,
spatial computation, and visualization integration as
interconnected components rather than independent
systems.

The significance of this work lies in providing a
scalable architecture for future smart environments.
By combining accurate UWB positioning with
interactive Unity-based visualization, the proposed
approach supports applications requiring both spatial
precision and user-oriented interaction.

2. LITERATURE REVIEW
2.1 UWB-Based Indoor Positioning Development

UWB technology has become a prominent approach
for indoor localization due to its ability to provide
fine-grained distance measurements. The Pozyx
register  overview describes the technical
organization of UWB tag data and configuration
parameters required for effective positioning system
operation (“Pozyx register overview,” 2022). Such
hardware-level control enables developers to
optimize communication between anchors and
mobile devices.

The practical performance evaluation of Pozyx-based
positioning systems demonstrates that UWB
technology can achieve reliable tracking performance
when appropriate calibration and environmental
configuration are applied (“Creator Performance
Report | Pozyx,” 2023). However, the effectiveness of
these systems depends strongly on deployment
conditions, anchor arrangement, and computational
strategies.

Adamkiewicz et al. (2021) addressed localization
accuracy challenges by introducing sparse
fingerprinting and transfer learning approaches. Their
research indicates that machine-learning-assisted
techniques can improve UWB positioning by learning
environmental  characteristics and  reducing
localization errors. However, the approach primarily
focuses on accuracy improvement rather than
complete navigation system integration.
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2.2 Integration of loT and Spatial Computing

loT integration has transformed positioning systems
from isolated measurement devices into
interconnected intelligent platforms. Caiza et al.
(2020) explored augmented reality-based robot
control within loT environments, demonstrating how
spatial information can support interactive industrial
applications. Their findings highlight the importance
of combining sensing technologies with visualization
interfaces.

The integration of loT-ready XR applications using
Unity3D further demonstrates the capability of game-
engine-based platforms for managing spatial data
and creating immersive environments (Fleck et al.,
2020). Unity provides advantages including cross-
platform deployment, real-time rendering, and
flexible interface development. However, challenges
remain in maintaining synchronization between
physical positioning data and virtual representations.

2.3 Adaptive Positioning and Virtual
Representation

Spatial

Indoor environments often contain dynamic factors
that influence localization reliability. Choi et al. (2020)
investigated virtual anchor selection techniques for
AR-assisted sensor positioning under harsh indoor
conditions. Their research emphasizes the
importance of adaptive positioning mechanisms
capable of selecting optimal spatial references.

Similarly, DeStefano et al. (2019) demonstrated the
effectiveness of local positioning systems for tracking
two-dimensional motion. Although their study
focused on motion tracking applications, it provides
foundational understanding regarding the
importance of continuous position estimation.

The Pozyx performance report further supports the
feasibility of UWB-based real-time tracking by
demonstrating system-level positioning capabilities
(“Pozyx performance report: demo example,” 2019).
However, existing studies generally address specific
components of indoor positioning rather than
developing a unified architecture combining
localization, loT communication, and visualization
optimization.

2.4 Research Gap and Theoretical Positioning

The reviewed literature reveals three major research
gaps. First, existing UWB studies emphasize accuracy
improvement but provide limited attention to
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adaptive navigation frameworks. Second, loT-based
positioning solutions frequently lack integrated
visualization mechanisms. Third, Unity-based spatial
applications demonstrate strong visualization
capabilities but require more efficient integration
with real-time positioning hardware.

The proposed Adaptive Spatial Positioning Model
addresses these gaps by establishing a unified
architecture where UWB sensing, loT
communication, adaptive computation, and Unity
visualization operate as interconnected layers. Unlike
conventional positioning approaches, the proposed
model emphasizes continuous adaptation, scalability,
and cross-platform accessibility.

3. METHODOLOGY

3.1 Proposed Adaptive Spatial Positioning Model
Architecture

This
Positioning Model
localization, 1oT communication
adaptive spatial computation, and Unity-based
visualization into a unified indoor navigation
framework. The methodology is designed around a
layered architecture consisting of four primary
components: sensing layer, communication layer,
intelligence layer, and visualization layer.

research proposes an
that integrates

Adaptive Spatial
UWB-based
infrastructure,

The sensing layer consists of UWB anchors and mobile
tags responsible for collecting spatial measurements.
UWB anchors are deployed at predefined positions
within an indoor environment, while mobile tags
attached to users, devices, or autonomous systems
continuously transmit positioning signals. The system
calculates relative distances using time-based ranging
mechanisms, enabling accurate coordinate
estimation. The Pozyx hardware configuration
framework demonstrates that proper tag-anchor
synchronization and register-level configuration are
essential for achieving reliable positioning outcomes
(“Pozyx register overview,” 2022).

The communication layer manages data transmission
between UWB devices, loT gateways, and processing
units. This layer ensures that positioning information
is continuously transferred with minimum delay. The
Pozyx Creator Controller setup methodology
highlights the importance of structured device
configuration and communication management for
stable UWB system operation (“Installation & Setup,”
2023).
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The intelligence layer performs adaptive spatial
analysis by processing raw positioning information

and correcting environmental inconsistencies.
Instead of depending on fixed positioning
parameters, the model dynamically adjusts

localization behavior according to signal quality,
spatial conditions, and navigation requirements.

The visualization layer is implemented through Unity
cross-platform  development.  Unity receives
processed spatial coordinates and converts them into
interactive three-dimensional representations. This
enables users to visualize movement paths, object
locations, and navigation instructions in real time.

3.2 UWB-Based Spatial Data Acquisition Framework

The first stage of the proposed methodology involves
acquiring accurate spatial information through UWB
communication. The positioning mechanism follows a
tag-anchor interaction model where anchors serve as
reference points and tags act as mobile positioning
objects.

The distance between an anchor and tag can be
estimated using signal propagation time:

Distance=Signal TimexSpeed of Light

Multiple anchor measurements are combined to
determine the position of a moving object through
multilateration techniques. The system requires at
least three anchor references for two-dimensional
positioning and additional anchors for three-
dimensional spatial estimation.

However, direct distance measurement alone is
insufficient in complex indoor environments. Signal
reflections from walls, furniture, and metallic
structures can introduce measurement errors.
Therefore, the proposed framework incorporates
adaptive filtering mechanisms that evaluate
measurement reliability before generating final
coordinates.

The approach aligns with Adamkiewicz et al. (2021),
who demonstrated that intelligent processing
techniques such as sparse fingerprinting and transfer
learning can enhance UWB localization accuracy.
While their work focuses on learning-based accuracy
improvement, the proposed model extends this
concept by integrating adaptive positioning into a
complete navigation ecosystem.

3.3 loT-Based Communication and Data
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Management Layer

The loT communication layer provides continuous
connectivity between positioning hardware and
computational services. In conventional localization
systems, collected positioning data often remains
limited to individual devices. The proposed
framework transforms positioning information into a

distributed loT service by enabling real-time
communication between multiple system
components.

The communication workflow includes:
1. UWSB tag data acquisition.

2. Transmission loT communication

gateways.

through

3. Spatial data processing.

4. Synchronization with Unity visualization
services.
This architecture supports scalability because

additional tags, anchors, and user interfaces can be
integrated without redesigning the complete system.

The Pozyx performance analysis indicates that UWB-
based systems can provide effective real-time
tracking when communication parameters and
hardware configurations are properly optimized
(“Creator Performance Report | Pozyx,” 2023).
Building upon this capability, the proposed
methodology emphasizes adaptive communication
management to maintain stable performance under
changing indoor conditions.

3.4 Adaptive Localization Optimization Model

A central contribution of this research is the
development of an adaptive localization optimization
mechanism. Traditional positioning models generally
rely on static calibration parameters, which may
become inefficient when environmental conditions
change. The proposed model introduces continuous
evaluation of positioning reliability.

The adaptive mechanism consists of three

computational processes:
Signal Quality Assessment

The system evaluates incoming UWB measurements
based on signal strength, ranging consistency, and
temporal stability. Measurements affected by

American Journal of Applied Science and Technology

35

interference or abnormal variations receive lower
reliability weights.

Spatial Error Correction

The model compares estimated coordinates with
previous movement patterns and environmental
constraints. Sudden unrealistic position changes are
identified and corrected through adaptive smoothing
techniques.

Dynamic Parameter Adjustment

The system modifies localization parameters
according to operational conditions. For example, in
an industrial environment with moving equipment,
the framework can increase filtering sensitivity to
minimize false position changes.

This adaptive strategy is theoretically supported by
Choi et al. (2020), who investigated virtual anchor
selection approaches for improving positioning
performance in challenging indoor environments.
Their findings demonstrate that adaptive spatial

reference selection can improve localization
reliability.
3.5 Unity-Based Cross-Platform Visualization

Framework

The Unity integration component converts numerical
positioning information into an interactive spatial
environment. Unity functions as the application layer
where real-world positioning data is represented
through digital objects, navigation paths, and user
interfaces.

The visualization workflow includes:

1. Receiving processed coordinate data from loT
services.

2. Mapping physical coordinates into Unity’s
three-dimensional coordinate system.

3. Rendering user or object movement in real
time.

4. Providing navigation feedback through visual
interfaces.

The advantage of Unity-based implementation is its
cross-platform capability, allowing deployment
across desktop systems, mobile devices, augmented
reality platforms, and industrial visualization systems.
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Fleck et al. (2020) demonstrated the potential of
Unity3D for developing loT-ready XR applications by
connecting digital environments with real-world data
sources. The proposed framework extends this
concept by specifically integrating UWB positioning
information into a navigation-oriented spatial model.

3.6 Real-Time Navigation Decision Framework

The final methodological component focuses on
generating navigation assistance based on processed
spatial information. The system continuously
compares the user’s current position with predefined
destinations and calculates optimal movement paths.

The navigation process consists of:

. Position identification.

o Destination mapping.

. Path calculation.

o Real-time route adjustment.

For example, in a large industrial facility, a worker
equipped with a UWB tag can receive dynamic
guidance toward equipment locations. Similarly, in
smart buildings, visitors can navigate complex indoor
environments without relying on external positioning
infrastructure.

The integration of augmented reality concepts is
supported by Caiza et al. (2020), who highlighted the
importance of combining spatial information with
interactive control mechanisms in loT environments.

3.7 System Evaluation Framework

The proposed model evaluation focuses on four
major performance indicators:

Positioning Accuracy

This metric evaluates the difference between
estimated coordinates and actual locations. Lower
positioning error indicates improved localization
reliability.

Response Latency

Real-time navigation requires rapid communication
between positioning hardware and visualization
systems. The framework evaluates the time required
from data acquisition to visual update.
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Scalability

The model examines its ability to support increasing
numbers of users, tags, and connected devices.

Visualization Performance

The Unity environment is evaluated based on
rendering efficiency, synchronization quality, and
user interaction capability.

The evaluation framework considers findings from
previous UWB studies while extending assessment
beyond positioning accuracy toward complete
navigation system performance.

3.8 Methodological Contribution

The proposed methodology contributes an integrated
approach that combines hardware positioning
accuracy with software intelligence and interactive
visualization. Existing studies primarily focus on
individual challenges such as localization accuracy, AR
integration, or loT communication. In contrast, this
research introduces a complete architecture where
these components function together.

The model provides a foundation for future intelligent
indoor environments by enabling adaptive
localization, scalable loT communication, and
immersive spatial visualization. The approach is
particularly relevant for smart factories, healthcare
facilities, educational campuses, warehouses, and
autonomous robotic systems.

4. RESULTS

The proposed Adaptive Spatial Positioning Model
demonstrates the effectiveness of integrating UWB
localization, loT communication, and Unity-based
visualization into a unified indoor navigation
architecture. The findings indicate that combining
accurate spatial measurement with adaptive
computational mechanisms improves the reliability
and usability of indoor positioning systems.

The first major finding is that UWB technology
provides a strong foundation for real-time indoor
localization when supported by appropriate
calibration and data processing mechanisms. The use
of anchor-tag communication enables continuous
spatial tracking, while adaptive filtering reduces the
influence of measurement instability caused by
indoor  environmental  conditions. Previous
performance evaluations of Pozyx-based systems
confirm the practical capability of UWB technology
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for accurate positioning applications (“Creator
Performance Report | Pozyx,” 2023). The proposed
model extends this capability by incorporating
dynamic correction mechanisms rather than
depending only on static positioning configurations.

The second finding concerns the importance of loT-
based communication integration. The research
demonstrates that transforming UWB positioning
devices into connected loT components improves
system scalability  and accessibility.  The
communication layer enables multiple positioning
devices and visualization platforms to exchange
information continuously. The structured
configuration approach described in the Pozyx
Creator Controller framework supports reliable
device integration and operational consistency
(“Installation & Setup,” 2023). Therefore, effective
loT management is identified as a critical factor for
maintaining real-time navigation performance.

The third finding highlights the contribution of Unity-
based visualization in improving user interaction with
spatial information. Traditional positioning systems
generally provide numerical coordinates without
intuitive interpretation. The integration of Unity
enables these coordinates to be transformed into
meaningful three-dimensional navigation
environments. This approach supports applications
where users require immediate understanding of
their position and movement direction. The findings
are consistent with previous research demonstrating
the capability of Unity3D-based environments for l1oT-
enabled extended reality applications (Fleck et al.,
2020).

Another important observation is that adaptive
positioning improves system robustness under
changing indoor conditions. Indoor environments
frequently contain obstacles, moving objects, and
signal interference that can negatively affect
localization accuracy. By continuously evaluating
signal  reliability and adjusting positioning
parameters, the proposed framework reduces
dependency on fixed environmental assumptions.
The concept aligns with adaptive positioning
approaches where spatial references are optimized
according to environmental characteristics (Choi et
al., 2020).

The research also identifies that the integration of
UWB and Unity creates opportunities beyond
navigation applications. The framework can support
robotic guidance, augmented reality assistance, asset
tracking, and intelligent building management. Caiza
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et al. (2020) demonstrated the importance of
combining  spatial  technologies  with loT
environments for interactive automation
applications, supporting the broader applicability of
integrated positioning frameworks.

However, the findings also reveal several limitations.
UWB-based systems require careful anchor
placement and environmental calibration to achieve
optimal performance. Large-scale deployment may
increase infrastructure complexity and maintenance
requirements. Additionally, Unity-based visualization
introduces computational demands, particularly
when supporting highly detailed three-dimensional
environments. These limitations indicate that future
improvements should focus on lightweight
processing methods, automated calibration
techniques, and energy-efficient l1oT communication
strategies.

Overall, the findings demonstrate that the proposed
architecture provides a balanced approach between
localization accuracy, real-time performance, and
user interaction. The model represents a transition
from isolated positioning systems toward intelligent
spatial platforms capable of supporting future loT-
driven indoor environments.

5. DISCUSSION

The results indicate that adaptive integration
between UWB positioning technology, loT
communication, and Unity visualization provides a
more comprehensive solution for indoor navigation
compared with conventional standalone localization
approaches. The primary theoretical contribution of
this research is the development of an integrated
spatial computing perspective where positioning
accuracy, communication efficiency, and visualization
quality are treated as interconnected components.

From a localization perspective, the research
confirms that UWB remains an effective technology
for indoor positioning because of its ability to provide
precise distance measurements. However,
positioning performance is not determined solely by
hardware capability. Environmental conditions,
anchor distribution, and computational optimization
significantly influence final accuracy. Adamkiewicz et
al. (2021) demonstrated that advanced
computational approaches can improve UWB
localization accuracy through intelligent learning
strategies. The proposed framework builds upon this
principle by introducing adaptive optimization
mechanisms that continuously respond to spatial
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variations.

The integration of loT communication introduces
additional advantages by enabling distributed
positioning services. Instead of operating as an
independent tracking device, the proposed model
treats UWB sensors as components within a larger
intelligent ecosystem. This design supports real-time
information sharing between users, devices, and
applications. The Pozyx system documentation
emphasizes the importance of proper configuration
and communication management for reliable
positioning operations (“Installation & Setup,” 2023).
Therefore, 10T architecture becomes a fundamental
requirement rather than an optional enhancement.

The Unity-based visualization component provides
another significant contribution. While many
localization systems focus primarily on numerical
accuracy, practical navigation requires -effective
human interaction. A user must understand spatial
information quickly and intuitively. Unity enables the
conversion of positioning data into visual
environments, making the system suitable for AR
navigation, industrial guidance, and smart facility
management. Fleck et al. (2020) highlighted the
potential of Unity-based loT-ready applications,
supporting the role of game-engine technologies in
spatial computing.

Despite these advantages, several trade-offs must be
considered. Increasing positioning accuracy often
requires additional anchors, greater computational
resources, and more complex calibration procedures.
Similarly, advanced visualization features improve
user experience but may increase hardware
requirements. Therefore, system designers must
balance accuracy, scalability, processing efficiency,
and deployment cost.

Another limitation involves environmental
adaptability. Although adaptive algorithms improve
robustness, highly dynamic environments may still
introduce unexpected positioning errors. For
example, industrial facilities containing moving
machinery or changing layouts may require
continuous recalibration. The virtual anchor
optimization approach investigated by Choi et al.
(2020) demonstrates the importance of adaptive
spatial reference management in challenging indoor
environments.

The proposed model also extends the application
scope of local positioning research. DeStefano et al.
(2019) demonstrated the effectiveness of local
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positioning systems for motion tracking, but modern
loT environments require more comprehensive
solutions capable of supporting visualization and
intelligent decision-making. The proposed framework
addresses this requirement by combining tracking,
analysis, and interaction within a single architecture.

In practical terms, the proposed system can support
multiple domains. Smart factories can use the
framework for worker navigation and equipment
monitoring. Healthcare institutions can apply it for
indoor asset management and patient assistance.
Educational campuses and commercial buildings can
use adaptive navigation services to improve visitor
experiences. These applications demonstrate the
broader impact of integrating UWB and Unity
technologies.

Future research should investigate artificial
intelligence-based positioning optimization,
automated anchor deployment, and cloud-edge
processing strategies. Such improvements could
enhance scalability and enable large-scale
implementation across complex indoor
environments.

6. CONCLUSION

This research introduced an Adaptive Spatial
Positioning Model for Real-Time Indoor Navigation
using Ultra-Wideband IoT systems and Unity Engine
optimization. The proposed framework integrates
UWB-based spatial measurement, loT
communication, adaptive localization processing, and
Unity-based visualization into a unified architecture.

The study demonstrates that effective indoor
navigation requires more than accurate positioning
hardware. A successful system must combine reliable
sensing, intelligent data processing, scalable
communication, and intuitive visualization. The
proposed model addresses these requirements by
creating a layered architecture capable of adapting to
environmental changes while providing real-time
spatial interaction.

The research contributes to indoor positioning
studies by extending existing UWB approaches
toward complete navigation ecosystems. By
integrating adaptive optimization with Unity-based
cross-platform  development, the framework
supports emerging applications in smart buildings,
industrial automation, augmented reality, and
intelligent loT environments.
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Although challenges remain regarding deployment
complexity, computational requirements, and
environmental calibration, the proposed architecture
provides a strong foundation for future indoor spatial
intelligence systems. Future work can explore
machine-learning-driven localization improvement,
autonomous calibration techniques, and large-scale
loT deployment strategies to further enhance
performance and practical adoption
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