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Abstract: The changes in time have made divergences of endless possibilities in localization technology. Localization in an
indoor environment is surely a concerning matter as several shortcomings always arise when dealing with indoor localization. To
optimize localization in an indoor environment, tracking a subject’s position in real time is a certainly vital interest. Challenges in
obtaining an accurate position in precise millimeter accuracy while the subject perceives visual information rendered in real time
are somewhat always a matter in hand to address in an indoor environment. The main objective of this research is to implement a
positioning method in an indoor environment based on ultra-wideband (UWB) technology to obtain position accuracy in
millimeters by rapidly integrating with Unity three-dimensional (3D) engine, hence obtaining a detailed inertial measurement
unit (IMU) data via wireless Message Queuing Telemetry Transport (MQTT) network protocol. The key results of this research
should ensure the establishment of an indoor positioning system based on providing the finest selection of positioning and UWB
parameters. These fine selections are an important design choice impacting the system’s performance in obtaining an accurate
position within the range of 0.15 mm to 115 mm. The technological benefits involve the innovation of wireless communication
based on the internet of things (IoT) concept relevant to the Industrial Revolution 4.0 (IR 4.0), enabling participants to move
freely in an indoor environment while obtaining accurate and precise positioning coordinates. Future recommendations comprise
a real-time 2D Pozyx Creator Controller integrated with Unity 3D user graphical user interface (GUI) purposes intended for
mobile mapping navigations.
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I. INTRODUCTION
Nowadays, with the development of wireless communication
such as internet of things (IoT), Bigdata, Intelligent systems,
smart cities, machine learning, Wi-Fi, and Bluetooth, all agents of
Industrial Revolution 4.0 (IR 4.0) must be capable and compatible
with an obliged environment that the system is in. That being said,
positioning plays a huge role in determining the position of a user
in an environment. Thus, the ability to determine its pose,
position, and orientation is key for a successful IoT system.
These modernistic technologies are the real deal of infrastructure
amenities presenting a more organized and efficient way of living.

The ability of a wireless communication system such as IoT to
establish positioning and orientation based on the system it uses
and the environment that surrounds the user within a reference
point is known as localization. Localization and positioning are two
different things, although they are based on the same principle
where they refer to a reference point. Localization is a method of
navigation from point one to another while at the same time
enabling the coordination of the subject based on position and
orientation (Pose). Whereas positioning is the ability to identify the
coordinates X, Y, and Z of a subject based on the reference point.

In general, to understand the fundamental concept, two main
questions should be answered when dealing with positioning:
where is the user (start point)? and where is it going (end point)?

Based on the first question, it implies localization, and based on
the second question, it implies place recognition. Although they
seem to be simple questions, answering them is not easy when
they involve different wireless communication system and pro-
tocol that differ in characteristics and also depend on the envi-
ronment they are involved in. One wireless communication
system may have the ability to be positioned successfully in
one environment but may not be successful in another environ-
ment, and vice versa. This is due to several factors and parameters
that influence the surrounding environment, such as obstacles,
pathways, and areas of space, which will affect the system that is
being implemented.

In this research, ultra-wideband (UWB) from Pozyx [1–3] is
chosen as the wireless communication system to be applied. UWB
is a type of radio wave application that operates in close proximity
offering different options for channels and low bandwidths, hence a
more secure alternative to NFC [4]. The problem that UWB is
trying to solve is related to ranging and location accuracy and
precision, which is a very common occurrence when dealing with
an indoor environment as modern navigation technologies such as
mobile mapping are driven by global navigation satellite system
(GNSS), that is, Global Positioning System (GPS), Galileo,
BeiDou, etc.

The rest of the paper is organized as follows. Section II
presents recent studies and previous work. The methodology of
this research is presented in Section III. Section IV discusses the
results and analysis. Conclusions are drawn in Section V.
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II. LITERATURE REVIEW
In recent years, there has been a growing interest in localization and
positioning technologies. Researchers and practitioners have pro-
posed various technologies, such as using UWB [5,6], augmented
reality (AR) [7,8], and wireless IoT through cross-platform devel-
opment engine [9,10], to address the challenges of indoor locali-
zation. This paper reviews the most recent popular localization
technologies, as well as localization within UWB technology,
which address the challenges of indoor localization and navigation.

UWB is a technology that offers high-precision distance
measurements between UWB transceivers [11–14], which makes
it suitable for indoor localization and positioning applications.
Nevertheless, UWB has limitations in terms of visual rendering
in a real-world environment, which necessitates the integration of
other sensor technologies. One of the most widely used sensor
technologies is inertial measurement unit (IMU) [15], which can
estimate the user’s position based on movement and orientation
data collected from mobile devices. The combination of UWB and
IMU can enhance the accuracy and robustness of positioning
systems.

Cossette et al. [15] demonstrate the extraction of IMU infor-
mation using a single UWB transceiver, gyroscope sensor, accel-
erometer, and magnetometer. This information is then used to
generate an algorithm for determining the three-dimensional (3D)
position of two mobile robots relative to each other. The results
obtained indicate an accuracy range of approximately 1 m. Future
work should consider testing the algorithm on a mobile robot in a
real-world environment with known magnetic disturbances to
assess its performance under these conditions.

Choi et al. [7] developed a virtual-UWB-based method that
uses virtual anchors (VAs) to localize sensor tags in challenging
indoor environments. The system comprises a location estimator
and sensor nodes. The location estimator assigns VAs to each
sensor node based on the received signals. When at least four VAs
are assigned, the angle and the general coordinates can be obtained
by applying multilateration methods, which are commonly used in
indoor positioning. The sensor node can then provide sensing data
for further analysis.

However, the authors argue that the current methods have
limitations, especially when they need to be combined for
enhanced quality services in challenging indoor conditions. For
instance, anchor management can be complicated in 3D space, as
the variation in the z-axis movement is much lower than in the
x-axis and y-axis. Therefore, these studies should further investi-
gate the possibility of integrating AR and UWB with IMU for real-
time indoor localization.

Nur et al. [16] have built a 3D visualization design for a real-
time position tracker based on a UWB device. The research
intended to build a 3D map application named Peta 3D being
able to facilitate and monitor the whereabouts and status of assets in
a company. UWB components track every asset movement by
placing anchors in every corner of the building and installing them
on the assets, and information on the tracker movement data will be
visualized in real-time 3D. The realization of this application is
accomplished by Autodesk Maya as the design platform integrated
with Unity 3D as the engine platform. However, currently, the
application is not mobile and does not support different platform.

In 2020, Mimoune et al. [17] evaluated and proposed
improved localization algorithms based on the UWB Pozyx sys-
tem. The paper proposed improved localization accuracy and
performance of the Pozyx system using a multilateration algorithm

combined with strategically choosing the number of anchors, hence
selecting three anchors instead of four. Localization accuracy was
achieved at 10 cm accuracy in a line-of-sight (LOS) environment
by controlling the number of anchors. The biggest challenge is
choosing the finest triplets to achieve good localization perfor-
mance. Nonetheless, millimeter accuracy can be achieved if four
anchors are used instead of three, since four anchors are tailored
toward a 3D environment and three anchors are more toward a 2D
environment setting. Future improvements in the algorithm of the
third anchor are said to be done by using the distance information of
the fourth anchor which will lead to 40% better mean error results
compared to the Pozyx algorithm. In a non-line-of-sight (NLOS)
environment containing multiple paths due to obstacles, accuracy is
not obtainable and errors in positioning reach several meters.

In 2019, as stated by Barral et al. [18] accuracy is significantly
degraded under NLOS propagation conditions. Therefore, the
author focused their research on NLOS classification based on
received signal strength (RSS) and ranging statistics obtained from
low-cost UWB devices. NLOS environment conditions are signifi-
cantly important to diagnose first to alleviate error inaccuracies.
Machine learning techniques were analyzed to test the viability
when implemented in LOS and NLOS conditions using low-cost
UWB devices. The result shows that joint classification between
LOS and NLOS is feasibly successful taking into consideration the
mean of RSS and range. Unfortunately, only the RSS and the range
have been considered, since they are the only parameters available
from low-cost UWB hardware. The deficiency of RSS is that it is
the combination of all power that is reflected and not only forms the
desired LOS from the UWB itself.

Similarly, Dabove et al. [19] discuss that the usage of UWB in
indoor positioning environments ventures two-way time of flight
(ToF) to quantify range measurements and the multilateration
method to evaluate the position of Pozyx tags. Based on the test
conducted, an accuracy result obtained for a normal 3D environ-
ment is average in the range 100 ± 25 mm.Whereas, for a 3D harsh
environment, where the test was conducted in a narrow corridor,
the average accuracy resulted in around 87.4 mm with a ranging
error of ±225 mm. In future testing, several configurations will be
considered such as number as an anchor used as a reference point to
enable more accuracy and robustness of the test. Be that as it may,
these enterprise systems require vast network installation in order
to acquire robust, accurate positioning which results in limitations
in terms of cost, time, and infrastructure requirements.

Among the most favorable localization technologies other than
UWB, wireless networks such as Wi-Fi [20–23], ZigBee [24],
Bluetooth low energy (BLE) [25,26] andMessage Queuing Telem-
etry Transport (MQTT) [15] are currently being used as they are
easily accessible in most environments and are common in any
modern hardware. These methods rely on RSS values from nearby
Wi-Fi, ZigBee, and BLE that are measured by the mobile device at
a specific location estimator, which then, through several steps,
sends information to the second location estimator to determine the
final location. A study conducted by Gharghan et al. [24] imple-
ments two methods of log-normal shadowing model (LNSM) and
neural fuzzy inference system (ANFIS) for indoor and outdoor
velodromes. These methods are based on the ZigBee’s RSS
indicator anchor nodes. The results showed that, compared to
the approximate estimate by the LNSM approach, the distance
estimation accuracy was increased by 84% and 99% for indoor and
outdoor velodromes after applying the ANFIS optimization.

Similarly, Al-Bawri et al. [27] address the issue of indoor
localization through the RSS of Wi-Fi at a 2.4 GHz frequency. The
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system only uses fixed base stations with simple non-reconfigur-
able antennas. Through several conditions, such as direct LOS and
first order, wall reflection is used to estimate signal strength, which
offers simplicity with the wireless communication system.

MQTT is a publish-and-subscribe protocol that provides effi-
cient and secure data communication among devices [28]. MQTT
can facilitate indoor navigation by enabling devices to share
information such as sensor data, user information, and location
estimates [29–32]. Jiang et al. [33] adopt three major frameworks
in their indoor location-based augmented reality framework
(ILARF), which implements AR visualization, indoor localization
unit (ILU), and context-aware message exchange through the
utilization of MQTT protocol containing servers for clients to
subscribe and publish IMU data. The localization system is in-
tended for an indoor gym application known as Gym Augmented
Reality (GAR), where users can interact virtually and at the same
time know each other’s whereabouts within the application.

As the GAR app is still in prototype phase, it has some
limitations, such as being implemented in a room instead of a
real gym environment and having incomplete functions from the
ILARF system. The authors suggested future work will enhance the
functionality, interaction, and information of GAR, such as adding
path planning and 3D views of exercise moves.

Although these wireless technologies offer easy accessibility
and are more extensive, in most cases, the RSS will composite the
strength of all reflections rather than just the power of the desired
LOS, which makes it very challenging to connect the RSS value to
the actual distance. It is also susceptible to interference from other
devices and requires a significant amount of infrastructure to be set
up [25].

In summary, the methods that have been applied in previous
works do not fully exploit the UWB technology’s own parameter in
relation to other technologies. Therefore, the position accuracy
obtained varies from meters to centimeters.

This study aims to achieve millimeter accuracy in positioning
using Pozyx UWB. This is done by utilizing the onboard parame-
ters in the Pozyx UWB device itself, without requiring an addi-
tional wireless network system or an external bulky sensor. The
significance of this research lies in obtaining a precise position,

while the subject receives real-time visual information and detailed
IMU data. The system proposed integrates UWB technology Unity
3D cross-platform development engine through IoT to access
onboard IMU data from the tags and anchors in order to achieve
high accuracy and robust indoor positioning. This study also
contributes to developing accurate and cost-effective indoor posi-
tioning and navigation systems.

III. METHODOLOGY
A. SYSTEM ARCHITECTURE

This research paper focuses on using UWB radio wave technology
from the Pozyx device. It uses multilateration for a 3D indoor
environment with the UWB_ONLY algorithm as a standard posi-
tioning algorithm provided by Pozyx. Two-way ranging (TWR)
wireless network is the protocol for positioning techniques in
which the wireless network protocol measures ToF UWB radio
waves between the initiator master tag and the responder anchors.
Figure 1 shows the overview flow chart for Pozyx UWB.

In this paper, the accuracy and range of UWB radio waves for
Pozyx were tested in an indoor LOS environment as shown in Fig. 2.
The NLOS environment was not taken into consideration as previ-
ous works have proven that although UWB is capable of obtaining
positions in NLOS, due to obstacles and occlusions such as brick
walls and metal barriers, it will greatly contribute to position
accuracy, and measurement errors obtained will vary widely.

The constant parameter for the environment was set to four
anchors and two tags (master tag and slave tag). Each floor plan was
first tested with the default parameter set by Pozyx for positioning
setting and UWB setting. Changes in setting parameters were made
and are compared with the conventional method which is discussed
in the result and discussion.

Real-time rendering of the indoor floor plan goes through the
Pozyx Creator Controller where UWB lines are visible and real-
time locations of the master tag, slave tag, and anchors are
accessible. For the purpose of this research, the master tag known
as the server tag was connected to the main server laptop and
rendered in a red color icon in the Pozyx Creator Controller.

Fig. 1. Pozyx UWB overview flow chart.
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The slave tags were renamed as person tags P1, P2, P3, P4, and
P5 as indicated in Fig. 2 enabling location tracking and range
accuracy of a person.

The anchors are positioned in accordance with the lowest ID,
first at the top right corner of the floor plan, which also acts as the
origin position, and later followed by other anchors’ ID in ascend-
ing order shaped like an inverted “N” alphabet. The configuration
was to allow the ease of tracking of UWB range later in the
research.

B. LOS DEFAULT SETTING

Default positioning settings were first set and tested as shown in
Table I. The default setting was first chosen as it was set by the
manufacturer as a standard guide. As stated by the manufacturer
datasheet [4], the default setting parameter would suffice for other
setups, but not every installation is the same to achieve the best
results, parameter setting adjustments are required.

UWB setting parameters were set up in Table II. The fast-
ranging protocol was used on UWB channel 5, with a preamble
length of 1024, a PRF of 64 MHz, and a bit rate of 110 kbps. Tests
were conducted within a floor area ranging from 6750 mm to
3080 mm. In total, 50 range measurements were collected and 10
measurements for each point were taken to distinguish the
accuracy and range correlating to Pozyx’s claim for LOS indoor
environment considering several little obstacles in the
environment.

C. LOS FINE-TUNE SETTING

With the intention of getting the optimum outcome of the technol-
ogy, fine-tuning was done in the positioning settings. Fine-tune is
based on UWB radio wave that suited the criteria and condition of
the environment floor plan, that is , obstacles, barriers, moving
objects, and metal density in the environment itself. Based on the
criteria and conditions recorded, we concluded to fine-tune
the parameter as shown in Tables III and IV. The result of whether
the fine-tune setting affected the accuracy, range, and rendering
in the Creator Controller is further discussed in Section IV.

D. RANGE AND ACCURACY ERROR

To compare the accuracy of true distance versus measured distance,
each actual coordinate of the X-axis and Y-axis for P1, P2, P3, P4,
and P5 is first defined using PozyxUWB. Based on the coordinates,
true distance and measured distance can be obtained using Equa-
tions (1) and (2):

dtþ1 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xt

2 þ Yt
2

q
(1)

dmþ1 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xm

2 þ Ym
2

q
(2)

where dt, Xt, and Yt are the true distance and coordinates of X-axis
and Y-axis. Whereas dm, Xm, and Ym are the measured distance and

Fig. 2. LOS floor plan.

Table I. LOS default positioning setting

Positioning parameters Default positioning setting

• Off-board Set to off

• Algorithm UWB only

• Dimension 3D

• Height 0

• Ranging protocol Fast

• Filter type Moving average

• Filter strength 5

• Sensor data Coordinates and orientation

Table II. LOS default UWB setting

UWB parameters Default UWB setting

• Channel 5

• Data bit rate 110 kbits/s

• Pulse repetition frequency (PRF) 64 MHz

• Preamble length 1024

• Tx gain 11.5 dB

Table III. LOS fine-tune positioning setting

Positioning parameters Default positioning setting

• Off-board Set to off

• Algorithm UWB only

• Dimension 3D

• Height 0

• Ranging protocol Precision

• Filter type Average

• Filter Strength 5

• Sensor data Coordinates only

Table IV. LOS fine-tune UWB setting

UWB parameters Default UWB setting

• Channel 2

• Data bit rate 6.81 kbits/s

• Pulse repetition frequency (PRF) 64 MHz

• Preamble length 512

• Tx gain 15.5 dB
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measured coordinates. With the distance obtained, using the Pozyx
UWB static measurements were taken to acquire 10 positions for
each point P1, P2, P3, P4, and P5. This was to distinguish which
parameter setting best suited the floor plan and interpret which had
the least accuracy error. Using Equation (3), accuracy is best
represented using relative error:

er =
�
dm − dt

dt

�
× 100 (3)

In the interest of comparing different parameter settings to procure
the best UWB accuracy, relative error, er, is defined as a value that
should not be more or less than ±0.5% estimated to be within
100 mm claimed accuracy.

E. MQTT CONNECTION

MQ Telemetry Transport, or MQTT, is known as an IoT protocol.
It is used as a medium of communication between the Pozyx
Creator Controller and Unity cross-platform development engine to
extrude tag and anchor sensory IMU data such as coordinates,
orientation, and acceleration.

This is done by using the publish or subscribe method.
M2Mqtt library was used for MQTT functionality in Unity 3D.
Using the JSON.Net Unity asset, MQTT tag data is transferred as a
JSON array. The tag’s data come in as an array of individual tag
packets. By subscribing, users will be able to get the newest
position of tag as soon as they are available. C# code is used to
keep track of the tag’s ID that is respawned when a new position is
available when connected via the Pozyx Creator Controller.

IV. RESULTS AND DISCUSSION
The research has been carried out in an indoor room containing
several pieces of furniture located inside as obstacles. To portray a
3D hyperboloid multilateration positioning system, four anchors
are placed in every corner of the room allowing accurate tag
position. The anchors acted as reference points for the tags to
localize which initially estimated the position of the tag. Radio
waves are transmitted to the tags by anchors using the ToF
technique. In this research, enabling master tag connection through
a laptop permits the prescription of packets from the server tag to
the anchor calculating each distance in between a roundtrip, in
other terms known as TWR.

In this case, comparing the range for each point P1, P2, P3, P4,
and P5 was carried out first with the default setting parameter to
analyze the outcome. For the initial setup, the default parameter
was set for both the UWB setting and positioning setting. Channel
5 setting was chosen because it is accepted in most countries
without any limitation [2].

Real-time rendering of the tags for P1, P2, P3, P4, and P5 for
the default setting at first required several trials to obtain a fast
constant update rate and the accurate position marked at point “X”;
hence, 10 coordinate measurements were taken for each point.
Next, the research was repeated using the same procedure but with
a change in the parameter setting. All points were set to fine-tune
settings as shown in Tables III and IV. While rendering through the
Creator Controller, it shows more accurate positioning toward
points marked “X.” To prove the theory that the fine-tune setting
has more range and accuracy compared to the default setting, line
graphs were plotted consisting of true position, default setting
parameter, and fine-tune parameter [2].

The measurement index for Figs. 3–5 justifies the default
measured position which is indicated in a blue color line. Whereas,
for the green color, the line indicates the true measured position,
and the orange color line indicates a fine-tuned measured position.
The figures, respectively, show the result for LOS indoor floor plan
sized 3080 mm × 6750 mm consisting of a constant variable of four
anchors and three tag setups. Considering the LOS floor plan was
not that big, and the true position was obtained by using a
conventional laser range finder.

For every point, 10 measurements were taken to find the
nearest position to the true position. For P1, the true position
was 1700 mm, P2’s true position was 3625 mm, P3’s true position
recorded was 5604 mm, P4’s true position was 5401 mm, and P5’s
true position was 6129 mm. Using X-axis and Y-axis coordinates
obtained in the Creator Controller, the measured distance is
obtained by using Equation (2). As seen in all five figures, the
line graphs plotted, fine-tune settings are more accurate that the
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Fig. 3. P1 and P2 fine-tune setting vs default setting.

5350

5400

5450

5500

1 2 3 4 5 6 7 8 9 10

Di
st

an
ce

 (m
m

)

P4 Fine-Tune vs Default

5540
5560
5580
5600
5620
5640
5660

1 2 3 4 5 6 7 8 9 10

Di
st

an
ce

 (m
m

)

P3 Fine-Tune vs Default

Fig. 4. P3 and P4 fine-tune setting vs default setting.

78 Zikrul Hakiem Ishak and Sallehuddin Mohamed Haris

JAIT Vol. 4, No. 1, 2024



orange line representing the fine-tune setting tends to approach the
actual true distance (green line) for each point.

This statement can further be proven by comparing the relative
error between fine-tune setting and a standard default setting that has
been done to all five points. Using Equation (3), the relative errors
show behavior for fine-tune settings that have errors value nearest to
zero which are −0.03%, 0.003%, 0.32%, −0.03%, and 0.87%,
making them much more accurate compared to the default settings
which are 1.32%, −1.49%, −0.21%, −1.46%, and −1.21%, hence
most ideal setting to be implemented for the LOS indoor floor plan.
The positioning error reasoning is supported by the studies that have
been done previously by Mimoune et al., 2019 [17].

In terms of accuracy, it can be seen that for all points that are
fine-tuned, measured distance accuracy is between 1.55 mm and
115 mm. Whereas, in terms of range, based on the room size of the
LOS indoor floor plan, four anchors are sufficient to cover the
distances between 4000 mm and 8000 mm.

Comparative analysis of our proposed method is done with
existing model done by Mimoune et al., 2019 [17] that shows that
our proposed method of using four anchors is able to achieve more
accurate measurement compared to using three anchors which
obtain an average accuracy of only 860 mm.

To obtain accurate positioning, fast communication between
radio waves and constant speed of update rate plays an important
role. Based on Table IV, selecting channel 2 as the fine-tuned UWB
setting enables lower channel center frequency which then pro-
duces a better range in communication. Other than that, when we
talk about fast communication, a high data bit rate of 6.81 Mbit/sec
is preferred as it permits a shorter message transmission time. Fast
communication is must for the preamble length setting. A short
preamble length of 512 is chosen as it provides shorter messages
and faster communication. Selecting the appropriate setting to
enable fast communication is vital for fast update rate and avoiding
slow jittery movement in rendering the tags in Creator Controller.
Slow jittery movement significantly affects the accuracy. This
theoretical reasoning is supported by the studies that have been
done by Pereira, 2019 [34].

The difficulty of this research lies in the fact that there will
always be some noise in the measurements and because of this
some measurements are not accurate, due to that, to circumvent this
issue, 10 measurements were proposed to get the best average
measurements for each point. In conditions and scenarios where
there are lots of noise and bad geometry, the duration time of
obtaining measurements is higher; in consequence of this, it is
recommended to propagate anchors to cover all directions and not
in one straight line, hence reducing positioning errors and decreas-
ing duration time. As a result, the error spreads are very small and
range measurements are amplified.

Another finding is that, when fine-tune setting is made, even
the smallest or minor movement of the tag will result in millimeters

precise measurement reading of the position which results can be
seen in P4 and P5. Moreover, the updated measurement obtained
for each update rate does not vary that much and has no spike
readings but rather results in smooth readings.

As observed, the first three points P1, P2, and P3 are placed in
the center nearest to the furniture (obstacles), whereas P4 and P5
are placed near to door and brick wall. The purpose of placing tags
in the center near to the furniture and near to the walls is to see the
response and reaction of UWB waves when placed near obstacles
(furniture as the obstacles) and brick wall, although there is
still LOS.

In certain cases where furniture or obstacles are set differently,
the accuracy result obtained might differ as occlusion from ob-
stacles play a big role in the LOS of UWB wave between a
transmitter and receiver. But the accuracy result might not show
a significant loss as UWB technology is able to penetrate most
objects that are made from material that conducts electromagnetic
wave which as we know UWB is made out.

Based on our analysis and test results, the ability of UWB to
penetrate most objects shows that the implementation of UWB can
improve the performance of positioning and localization compar-
ing to other state-of-the-art methods as such done by Choi et al. [7].
By using VAs [7], they face problem of obtaining better quality
results in harsh indoor 3D space. This is due to the fact that the
angular diversity of Z-axis is much less compared to other axis,
hence effecting the positioning accuracy when dealt in harsh indoor
environment.

Moreover, to solve the LOS issue between anchors and tags, it
is recommended to add more anchors in the environment; concur-
rently, adjustment in UWB parameter settings is recommended.
Performing this process should impact the connectivity, range, and
update rate between devices. As a rule of thumb, after any
adjustments are made on any parameter setting, a waiting period
between 5 and 10 minutes is needed to allow the update rate to
shimmer down and stabilize.

V. CONCLUSION
In this paper, we considered setting the best parameter for Pozyx’s
UWB technology obtained the most accuracy and the least errors
for LOS environments. This research also comprised of real-time
2D Pozyx Creator Controller integrated with Unity 3D through
MQTT for user graphical user interface (GUI) purposes intended
for future work applications. Companion software or better known
as Creator Controller is an IoT software connected to the cloud and
is capable of delivering wireless onboard sensory information
either tag or anchor. It was used to render real-time position and
localization of users in the floor plan enhancing UWB POZYX
technology for third-person user experience through MQTT.

Wireless communication was feasibly cooperated with Unity
3D as a first-person GUI to share sensory information.Whereas, the
Creator Controller for this research acted as the main server for
third-person observation in an indoor environment.

Based on the entire process of this research, we concluded
several points, including:

1. Fine-tune setting for both UWB setting and positioning setting
is most preferable in LOS indoor floor plan to obtain an
accurate position within 0.15 mm to 115 mm. However, the
setting configuration might differ if the environment changed.
Thus, it is recommended to recalibrate the position of the
anchors and tags being placed in the new environment.
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Fig. 5. P5 fine-tune setting vs default setting.
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2. Fine-tune relative error percentage obtain is nearest to zero
value for all five points P1, P2, P3, P4, and P5. Whereas, the
default setting had the highest error value of 1.32%.

3. The Unity 3D application inference was applicable to be
developed as an application in android package kit format
for android users.

4. What made UWB unique compared to other wireless technol-
ogies was that it was a superior technology in terms of bringing
the ability or spatial context to IoT devices offering very
accurate, very fast, and very secure radio waves.

Some suggestions that we can summarize based on implementation
and testing are to develop software applications in other platforms
in the future, such as iOS, to enable easier access to other mobile
phone users. Other than that, for future work, some physical
parameters such as the number of anchors and tags are variables
to be considered to increase or decrease in usage and how it affects
the accuracy, range, and positioning duration.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

REFERENCES

[1] “Creator Performance Report | Pozyx.” Available: https://www.
pozyx.io/creator-system-performance. Accessed on: March 08,
2023.

[2] “Installation & Setup,” Pozyx Creator Controller. Available: https://
www.pozyx.io/documentation/pozyx-creator-controller. Accessed
on: March 04, 2023.

[3] N. V. Pozyx, “Pozyx performance report: demo example,” Editions
Spotkania, Vrijdagmarkt 10 /201 9000 Gent, Belgium, 2019.

[4] “Pozyx register overview”. Available: pozyx.io. https://www.pozyx.
io/product-info/developer-tag/datasheet-register-overview. Accessed
December 8, 2022.

[5] K. Adamkiewicz et al., “Improving UWB indoor localization accu-
racy using sparse fingerprinting and transfer learning,” in Comput.
Sci. – ICCS 2021, pp. 291–302, 2021. DOI: 10.1007/978-3-030-
77980-1_23.

[6] P. R. DeStefano, C. Siebert, and R. Widenhorn, “Using a local
positioning system to track 2D motion,” Phys. Teacher, vol. 57,
no. 7, pp. 508–509, 2019. DOI: 10.1119/1.5126843.

[7] H.-B. Choi, K.-W. Lim, and Y.-B. Ko, “Improved virtual anchor
selection for AR-assisted sensor positioning in harsh indoor condi-
tions,” in 2020 Global Internet of Things Summit (GIoTS), 2020.
DOI: 10.1109/giots49054.2020.9119679.

[8] G. Caiza, P. Bonilla-Vasconez, C. A. Garcia, and M. V. Garcia,
“Augmented reality for robot control in low-cost automation context
and IoT,” IEEE Symp. Emerg. Technol. Fact. Autom. ETFA,
vol. 2020, no. i, pp. 1461–1464, 2020.

[9] P. Fleck, D. Schmalstieg, and C. Arth, “Creating IoT-ready XR-
WebApps with Unity3D,” in Proc. – Web3D 2020 25th ACM Conf.
3D Web Technol., 2020.

[10] Unity Technologies. “Unity user manual”. UI Tool Kits, 2022.
Available: https://docs.unity3d.com/Manual/UnityManual.html. Ac-
cessed on: February 07, 2023.

[11] V. Barral, P. Suárez-Casal, C. J. Escudero, and J. A. García-Naya,
“Multi-sensor accurate forklift location and tracking simulation in
industrial indoor environments,” Electronics (Switzerland), vol. 8,
no. 10, Oct. 2019. DOI: 10.3390/electronics8101152.

[12] R.Martinez-Maldonado et al., “Moodoo: indoor positioning analytics
for characterising classroom teaching,” Lect. Notes Comput. Sci.,
pp. 360–373, 2020. DOI: 10.1007/978-3-030-52237-7_29.

[13] F. Bonnin-Pascual andA.Ortiz, “AnUWB-based system for localization
inside merchant vessels,” in 2019 24th IEEE Int. Conf. Emerg. Technol.
Factory Autom. (ETFA), 2019. DOI: 10.1109/etfa.2019.8869511.

[14] Universidade da Coruña, European Association for Signal Proces-
sing, IEEE Signal Processing Society, and Institute of Electrical and
Electronics Engineers, “27th EUSIPCO 2019: European Signal Pro-
cessing Conference: A Coruña,” Spain, September 2–6, 2019.

[15] C. C. Cossette, M. Shalaby, D. Saussie, J. R. Forbes, and J. L. Ny,
“Relative position estimation between Two UWB devices with
IMUs,” IEEE Robot Autom. Lett., vol. 6, no. 3, pp. 4313–4320,
Jul. 2021. DOI: 10.1109/LRA.2021.3067640.

[16] F. M. Nur and N. Z. Janah, “3D visualization design of realtime
position tracker based on ultra-wideband device,” in 2nd Int. Conf.
Appl. Eng. (ICAE), IEEE, Batam, Indonesia, 2–3 Oct. 2019, pp. 1–6.

[17] K.-M.Mimoune, I. Ahriz, and J. Guillory, “Evaluation and improvement
of localization algorithms based on UWB Pozyx system,” in Int. Conf.
Softw., Telecommun. Comput. Netw. (SoftCOM), IEEE, Split, Croatia,
19–21 Sept. 2019, pp. 1–5.

[18] V. Barral, C. J. Escudero, and J. A. Garcia-Naya, “NLOS classifica-
tion based on RSS and ranging statistics obtained from Low-Cost
UWB devices,” in 27th Eur. Signal Process. Conf. (EUSIPCO),
IEEE, A Coruna, Spain, 2–6 Sept. 2019, pp. 1–5.

[19] P. Dabove, V. Di Pietra, M. Piras, A. A. Jabbar, and S. A. Kazim,
“Indoor positioning using Ultra-Wide Band (UWB) technologies:
positioning accuracies and sensors’ performances,” 2018 IEEE/ION
Position, Location and Navigation Symposium (PLANS), Monterey,
CA, USA, 23–26 Apr. 2018, pp. 175–184, 2018. DOI: 10.1109/
PLANS.2018.8373379.

[20] H. B. Choi, K. W. Lim, and Y. B. Ko, “Poster: sensor localization
system for AR-assisted disaster relief applications,” inMobiSys 2019
– Proc. 17th Annu. Int. Conf. Mobile Syst., Appl., Serv., Association
for Computing Machinery, Inc., Jun. 2019, pp. 526–527. DOI: 10.
1145/3307334.3328607.

[21] S. Park, D. H. Kim, and C. You, “Fi-Vi: large-area indoor localization
scheme combining ML/DL-based wireless fingerprinting and visual
positioning,” IEEE Access, vol. 10, pp. 127094–127116, 2022. DOI:
10.1109/ACCESS.2022.3226816.

[22] C. Xiang et al., “Robust sub-meter level indoor localization with a
single WiFi access point-regression versus classification,” IEEE
Access, vol. 7, pp. 146309–146321, 2019. DOI: 10.1109/
ACCESS.2019.2946271.

[23] S. Y. Tan, “A shopping mall indoor navigation application using Wi-Fi
positioning system,” Int. J. Adv. Trends Comput. Sci. Eng., vol. 9, no. 4,
pp. 4483–4489, Aug. 2020. DOI: 10.30534/ijatcse/2020/42942020.

[24] S. K. Gharghan, R. Nordin, A.M. Jawad, H.M. Jawad, andM. Ismail,
“Adaptive neural fuzzy inference system for accurate localization of
wireless sensor network in outdoor and indoor cycling applications,”
IEEE Access, vol. 6, pp. 38475–38489, Jul. 2018. DOI: 10.1109/
ACCESS.2018.2853996.

[25] B. C. Huang, J. Hsu, E. T. H. Chu, and H. M.Wu, “Arbin: augmented
reality based indoor navigation system,” Sensors (Switzerland),
vol. 20, no. 20, pp. 1–20, Oct. 2020. DOI: 10.3390/s20205890.

[26] E. T-H Chu, S.-C. Wang, C.-C. Chang, J. W. S Liu, J. Hsu, and H.-M.
Wu, “WPIN: A waypoint-based indoor navigation system,” in IPIN
(Short Papers/Work-in-Progress Papers), CEUR Workshop Pro-
ceedings 2019, pp. 187–194.

[27] S. S. Al-Bawri et al., “RSS-based indoor localization system with
single base station,”Comput. Mater. Contin., vol. 70, no. 3, pp. 5437–
5452, 2022. DOI: 10.32604/cmc.2022.020781.

80 Zikrul Hakiem Ishak and Sallehuddin Mohamed Haris

JAIT Vol. 4, No. 1, 2024

https://www.pozyx.io/creator-system-performance
https://www.pozyx.io/creator-system-performance
https://www.pozyx.io/documentation/pozyx-creator-controller
https://www.pozyx.io/documentation/pozyx-creator-controller
pozyx.io. https://www.pozyx.io/product-info/developer-tag/datasheet-register-overview
pozyx.io. https://www.pozyx.io/product-info/developer-tag/datasheet-register-overview
https://doi.org/10.1007/978-3-030-77980-1_23
https://doi.org/10.1007/978-3-030-77980-1_23
https://doi.org/10.1119/1.5126843
https://doi.org/10.1109/giots49054.2020.9119679
https://docs.unity3d.com/Manual/UnityManual.html
https://doi.org/10.3390/electronics8101152
https://doi.org/10.1007/978-3-030-52237-7_29
https://doi.org/10.1109/etfa.2019.8869511
https://doi.org/10.1109/LRA.2021.3067640
https://doi.org/10.1109/PLANS.2018.8373379
https://doi.org/10.1109/PLANS.2018.8373379
https://doi.org/10.1145/3307334.3328607
https://doi.org/10.1145/3307334.3328607
https://doi.org/10.1109/ACCESS.2022.3226816
https://doi.org/10.1109/ACCESS.2019.2946271
https://doi.org/10.1109/ACCESS.2019.2946271
https://doi.org/10.30534/ijatcse/2020/42942020
https://doi.org/10.1109/ACCESS.2018.2853996
https://doi.org/10.1109/ACCESS.2018.2853996
https://doi.org/10.3390/s20205890
https://doi.org/10.32604/cmc.2022.020781


[28] HiveMQ, “MQTT (version A comprehensive overview of MQTT
facts and features for beginners and experts alike),” MQTT and
MQTT 5 Essentials, vol. 1, pp. 1–72, 2020. Available: https://
www.hivemq.com/download-mqtt-ebook/. Accessed on: June 18,
2023.

[29] P. Puspitaningayu et al., “A fingerprint-based indoor localization
system using IEEE 802.15.4 for staying room detection,” Int. J.
Mobile Comput. Multimed. Commun., vol. 13, no. 1, pp. 1–21, 2022.
DOI: 10.4018/ijmcmc.301275.

[30] C. D. Fernandes et al., “Hybrid indoor and outdoor localization for
elderly care applications with Lorawan,” in 2020 IEEE Int. Symp.
Med. Meas. Appl. (MeMeA), 2020. DOI:10.1109/memea49120.2020.
9137286.

[31] S. R. Misal, S. R. Prajwal, H. M. Niveditha, H. M. Vinayaka, and S.
Veena, “Indoor Positioning System (IPS) using ESP32, Mqtt and

bluetooth,” in 2020 Fourth Int. Conf. Comput. Methodol. Commun.
(ICCMC), 2020. DOI: 10.1109/iccmc48092.2020.iccmc-00015.

[32] C. A. Garcia, G. Caiza, J. E. Naranjo, A. Ortiz, andM. V. Garcia, “An
approach of training virtual environment for teaching electro-pneu-
matic systems,” IFAC-PapersOnLine, vol. 52, no. 9, pp. 318–323,
2019.

[33] J.-R. Jiang and H. Subakti, “An indoor location-based augmented
reality framework,” Sensors, vol. 23, no. 3, p. 1370, 2023. DOI: 10.
3390/s23031370.

[34] T. G. Pereira, “An indoor positioning system based on ultra-wideband
measurements for planar cable-driven robots localization during
payload analysis,” (TCC(graduação), Universidade Federal de Santa
Catarina, Centro Tecnológico, Engenharia Eletrônica), 2019. Avail-
able: https://repositorio.ufsc.br/handle/123456789/201986. Accessed
on: May 07, 2023.

Indoor Positioning System Based on UWB Rapid Integration 81

JAIT Vol. 4, No. 1, 2024

https://www.hivemq.com/download-mqtt-ebook/
https://www.hivemq.com/download-mqtt-ebook/
https://doi.org/10.4018/ijmcmc.301275
https://doi.org/10.1109/memea49120.2020.9137286
https://doi.org/10.1109/memea49120.2020.9137286
https://doi.org/10.1109/iccmc48092.2020.iccmc-00015
https://doi.org/10.3390/s23031370
https://doi.org/10.3390/s23031370
https://repositorio.ufsc.br/handle/123456789/201986

