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Abstract: Why IPS (Indoor Positioning Systems)? This issue is one of the most challenging things to solve in wireless
localization due to the lack of a Global Positioning System (GPS) and the existence of distinctive radio propagation
characteristics. Although there are different localization options available, the accuracy of localization cannot satisfy
customers' requirements. Positioning algorithms could be grouped into two groups, including range-based and range-free
techniques. Before actually putting a localization technique into practice, the accuracy of those techniques is of the utmost
importance. Range-based methods can often attain great accuracy with the help of specialized hardware, and this accuracy can
be dependent on either the distances between nodes or the angles between them. In this paper, a comparison of different
strategies utilized for positioning is presented, as well as an analysis of the pros and cons associated with supporting
technologies for each strategy. A literature survey of the recent IPS technologies range-based with focuses on Ultra-Wide Band
(UWB) and Light Fidelity (Li-Fi) is presented with significant recommendations. This literature considered the accuracy,
complexity, scalability, cost, latency, deployment, and usability, as well as strengths, shortcomings, approaches, and issues
determined by each work. This paper highlights the most recent research gaps and reviews the most promising findings, with
recommendations to the reader and researcher, in UWB and Li-Fi indoor positioning systems over the last five years based on
range-based techniques. In addition, this paper serves as a guide that discusses all of the measures that may be utilized in the
process of evaluating localization technologies, and it could be considered a roadmap for existing and new researchers to
identify and characterize suitable technologies for creating innovative systems and apps via stand-alone range-based
positioning.
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information is an essential component of the majority of

1. INTRODUCTION 10T apps. In addition to this, more recent advances in

There has been a recent uptick in interest in having technology are able to provide numerous alternatives to
localization-based services made available to consumers guarantee that the data includes location information for
all over the world. The majority of mobile and wireless 10T (Internet of Things) solutions.

networks necessitate the use of localization as an essential The GPS [4] is the satellite-based localization system
component. For instance, wireless sensor networks are that is utilized most frequently in outdoor environments.
frequently set up in an ad-hoc manner, which implies that However, the GPS does have some restrictions when used
the precise positions of the sensors are not determined in in enclosed spaces like buildings. This is owing to the fact
advance [1]. The process of obtaining information that the GPS device suffers significant power loss when
regarding various reference points within a predetermined used indoors as a result of signal attenuation caused by a
area is referred to as localization or position. This variety of building materials [5] or that the GPS signals
information can be used to establish where tracked items will be suppressed in the deeper parts of the interior [6]. To
are located. In other words, it is an attempt to determine address these challenges in an indoor environment, a
the position of movable or fixed devices (such as number of different solutions that make use of a variety of
smartphones, unmanned vehicles, navigation, drones, technologies have been proposed. Examples of these
patient monitoring, and emergency response systems, technologies include ultra-wideband (UWB) [7], ZigBee
watches, beacons, and vehicles) by utilizing specific fixed [8,9], radio frequency identification (RFID) [10], wireless
nodes and mobile computing devices [1-3]. Additionally, fidelity (Wi-Fi) [11], Bluetooth [12], frequency
the information on the location could be utilized in a modulation (FM) [13], and cellular networks (including
variety of services such as navigation, tracking, LTE and 5G) [14-16], wearable devices, and inertial
monitoring, and so on. At the moment, location sensors [17]. In addition, some hybrid strategies combine
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the positive aspects of two or more technologies in order
to improve the accuracy of indoor localization [18].
Positioning accuracy, scalability, precision, cost,
dependability,  complexity,  seamlessness,  power
efficiency, scalability, and security are among the most
crucial evaluation indicators to consider when deciding on
choosing a localization approach and technology. Due to
the fact that indoor positioning is one of the most
complicated issues in localization, it has attracted the
attention of a large number of researchers from both the
private sector and academic institutions. The numerous
properties of localization systems, such as their network
architecture, computational technique, use of anchors, and
capacity to manage mobility (whether it be the anchors or
the mobile targets), can be used to further differentiate or
classify these systems. On the other hand, localization
algorithms will generally fall into one of two categories:
range-based or range-free. Taking readings of a signal
allows range-based localization methods (like GPS and
other forms of cellular-based location) to achieve great
precision but at the expense of implementation and
computational complexity. On the other hand, range-free
localization techniques (such assimple cell-based
localization) can deliver a less precise position (but maybe
"good enough™ for specific purposes) with a far less
complex implementation. The location of a node is
determined in a range-based method by comparing it to the
sites of other nodes that are close by. Before attempting to
identify the location of the mystery node, it is necessary to
take accurate measurements of the distance or angle (range
information) between the nodes. It is possible to achieve
this goal with the help of the Received Signal Strength
Indicator (RSSI) [19], the Time of Flight (TOF) [20], the
Time of Arrival (ToA) [21], the Time Difference of Arrival
(TDoA) [22], and the Angle of Arrival (AoA) [23]. Range-
based localization is a costly option, but in the meantime,
it provides accurate information about the positions of
sensor nodes. This expense is a result of the supplementary
equipment that is necessary for the measurement, with
increased energy consumption due to these hardware
measures. On the other hand, range-free approaches do not
take into account the various strategies for range
measuring [24].

One of the primary motivations for preparing this work
is that the majority of people spend a significant amount of
time each day in a variety of interior environments for a
variety of reasons; the identification of locations becomes
an attractive research field for the sake of
emergency, security, and safety measures. In light of this,
the reason for carrying out this survey is to study
the localization perspective in terms of utilizing numerous
strategies and technologies within the context of the era of
the 1oT. The 10T provides positioning-based applications
that affect nearly every facet of human life. For instance,
(1) fall detection in the healthcare system would enable
rapid assistance to be provided in the event that an old or
disabled people were to fall [17]. (2) automobile accident
detection [25], (3) An interactive and technologically
advanced museum [26]. (4) Real-Time Surveillance of
Vehicle Parking Lots and Autonomous Payment [27]. (5)
Estimation of available parking spots using the Smart
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Parking System [28]. (6) Firefighters work under
dangerous conditions, such as dust, smoke, and fires [29].
(7) Management of Intelligent and Location-Based

Resources [30]. (8) Access control is determined by the

user's location, which gives users permission to access

resources according to that location [31]. (9) Navigation in

Shopping Centre [32]. (10) Inventory and asset tracking in

the warehouse [33,34]. (12) identification of interior items,

such as doors [35]. The main contributions presented in
this paper are:

1) This work offers a systematic review of the many
localization technologies, approaches, algorithms, and
strategies that have been suggested, with a focus on
indoor ranged-based localization.

2) The survey illustrates several localization metrics and
criteria in addition to comparisons between all of IPs
aspects in terms of performance and strong and weak
points.

3) The IPS challenges and difficulties that researchers in
this field encounter are highlighted in an effort to
shorten their journey.

4) Finally, this study is a roadmap for existing and new
researchers to identify and characterize suitable
technologies for creating innovative systems and apps
via stand-alone ranged-based positioning.

The rest of the paper is organized as follows: Section 2
discusses the most often employed radio frequency range-
based localization parameters. Section 3 presents a brief
review of common positioning algorithms. Recent
advances in UWB and Li-Fi positioning technology
literature are stated in Section 4. Section 5 contains an
analytical critique based on the recent literature survey.
The recommendations and conclusion of the paper are
presented as a final discussion in sections 6 and 7,
respectively.

2. RF RANGE-BASED LOCALIZATION
PARAMETERS

There are several methods that can be used indoors and
outdoors to pinpoint the precise location of moving or
stationary objects. When these methods depend on
multiple technologies or a merging of different
technologies, they are able to improve localization
precision by a larger margin [36]. Numerous
measurements are used in these methods to identify the
precise location of unknown targets. The most important
tools for localizing wireless signals are the received signal
strength indicator (RSSI), the time of arrival (TOA), and
the angle of arrival (AOA/DOA). The Time Difference of
Arrival (TDOA), Round Trip Time (RTT), Angle
Difference of Arrival (ADOA), Phase Difference of
Arrival (PDOA), Phase of Arrival (POA), Channel State
Information (CSI), and Received Signal Quality (RSQ) are
also used for positioning and tracking in indoors. The
aforementioned techniques could be used to estimate the
error distance bias by determining whether the propagation
channel is line-of-sight or non-line-of-sight. Also, to
obtain an accurate or enhanced distance utilized for precise
positioning methods and tracking techniques.
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In the following subsections, the most frequently used
radio frequency range-based localization parameters will
be discussed.

2.1 RSSI-Based Techniques

The RSSI, or received signal strength indicator, is a
standardized method that is commonly described by a
single chip vendor [37]. In order to estimate the distance
between an object and the node without resorting to
complex calculations, RSSI is a commonly used metric.
The signal strength deficit between two nodes is used to
calculate the distance between them. For this technique to
accurately estimate a distance, as few as two nodes are
needed. The RSSI-based algorithm can outperform
competing approaches because it relies solely on the
strength of the received signal and does not call for any
additional hardware or time synchronization.

Both range-based and range-free methodologies can
incorporate the RSSI technique in some capacity. The first
method is a path loss model-based RSSI, which is the most
common form. Second, constructing a map in accordance
with the physical regulations governing the wireless signal
is an integral part of the propagation model. The range-
based method may identify the object's exact location by
employing trilateration, min-max, and maximum
likelihood algorithms. However, the clarity and
adaptability of the surroundings are reduced while using
this method. The latter strategy involves making use of a
fingerprinting database, also known as a radio map, to
accomplish localization [38]. The fingerprinting method
has a greater rate of accuracy and can be utilized in a
variety of different indoor settings. RSSI measurement can
result in an error due to indoor environmental impacts. The
actual conditions found inside buildings include a number
of obstructions that interfere with the propagation of radio
signals [39]. Noise and multipath effects can significantly
reduce RSSI's accuracy for localization [40]. This is
because RSSI is susceptible to both of these effects. In
addition to this, there is a line-of-sight (LOS) issue
between the two nodes, which can have a massive effect
on errors. However, the accuracy of the RSSI computation
can be improved by radio signal propagation analyzing
and calibrating. Radio signal strength indicator (RSSI)
techniques are shown in Figure 1.
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Figure 1. RSSI radio propagation technique

2.1.1. Fingerprinting-Based Technique

Any rise in the total number of BSs will result in higher
costs associated with localization [41]. Here, to arrive at an
estimate of the current position, the system utilizes the
measurements of the current signal strength taken during
the online stage and then compares those measurements
with the dataset obtained during the offline phase. The idea
behind RSSI is to establish a connection that is one-to-one
between the signal strength of the BSs and the device that
is being targeted. The Received Signal Strength Indicator
(RSSI) levels will rise to a higher value whenever there is
a shorter distance between the transmitter and the receiver.
Due to multipath, however, the RSSI distance margin is
not constantly linear, especially in enclosed environments
[42]. For RSSI detection and measurement, only a WLAN
[39], UWB [43], Zigbee [44], Bluetooth [45], or Infrared
[46] detector is needed. Wireless LAN positioning is
helpful because it's cheap and always available without
human intervention. Diffraction, reflection, and scattering
may impact signal strength in indoor propagation, a
challenge for fingerprinting-based IPS. This simple
positioning method requires a large dataset and can be
affected by environmental changes. Due to these changes,
the dataset must be updated periodically, which takes time,
effort, and money [47]. Interference from other devices,
like microwave ovens and Bluetooth devices, may affect
positioning accuracy. Since RSSI systems don't require
timings, it's possible to create a highly reliable system.
Further, synchronization between devices is
unnecessary. So, their superiority at shorter ranges means
they sacrifice precision at longer distances. However,
training and complex matching algorithms are required for
localization. Shadowing, low Signal to Noise Ratio (SNR),
and NLOS propagation are also threats to RSSI [48].
Utilizing algorithmic machine learning is time-consuming
[49], complex [50], and requires storage and computing
power [51]. Many machine learning algorithms have been
proposed to predict a real-time indoor location with
acceptable accuracy. Some need a lot of training data. This
increases training time and memory complexity.
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2.1.2. RSSI Radio Propagation Technique

The range between a mobile device and a set of base
stations (BSs) or wireless access points (WAPSs) is
determined using received signal strength indicator (RSSI)
measurements in conjunction with a modelling technique
to calculate the distance. As shown in Figure 3,
the trilateration method could be used to calculate the
estimated target device's position in relation to the known
position of fixed stations. It is one of the cheapest and
easiest to manage implementations, and it has the
drawback of not providing very excellent
precision, around 2-4 meters of location error, because
RSSI observations fluctuate due to variations in the testbed
vicinity or multipath fading [52].

In the RSSI-based signal propagation method, all that's
required is a prior understanding of the relevant
environment (which may be established offline) in order to
estimate the path loss factor. In spite of this, most
researchers ran into difficulties when trying to measure the
distance between BSs/WAPs and the target device by
calculating the path of loss exponent, signal propagation
parameters, and deployment area conditions. To estimate
how far away a target device is from base stations and
wireless access points (WAPs), Equation (1) could be used
[53]:

(RSSiO—RSSi)
di=do*10" 10+% @

where d; is the distance between the target objects and the
base station. The predicted calibrated distance, at zero
distance, is illustrated with dO. The RSSI value for the d0
is present with RSSi0. RSSI is the measured signal power
for the received BSs/WAPs signals, and the
calculated/calibrated path loss exponent for the received
base station signals is denoted by n;.

2.2 Channel State Information (CSI)

Channel state information utilization represents a more
advanced strategy than the path attenuate method, which is
also frequently employed in the work that is currently
being done in research (CSI). In addition to this, one of the
consequences of the constraints imposed by the RSS-based
technique is the utilization of (CSI). The status per each
channel as it is affected by power decay, scattering, fading,
delay distortion, and the multi-path impact with distance
can be reflected by CSI [54]. CSI is responsible for
collecting channel measures that indicate amplitudes and
phases at the subcarrier level [55]. Even in the case when
there is no line of sight between the Base stations and the
targets, the CSI can produce a more accurate calculation of
the distance that separates the two. However, in order to
deliver CSI, specialized sets of hardware equipment
known as network interface cards are required.

2.3 Vision-Based Technique (VBT)

By extracting scene attributes from images and videos
without taking electromagnetic signals into account, the
vision-based localization method can be considered as one
scene analysis type. After that, through the comparison of
online measurements or the features with the closest
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extracted features, estimate the target device’s position
[56]. Vision-based localization approaches make use of 3D
cameras, omnidirectional cameras, or built-in smartphone
cameras to extract data from indoor environments. In
Vision-Based methodology, image processing algorithms
should be applied in the process of feature extraction.
Matching and clustering algorithms have been utilized as
well in the vision-based positioning and navigation
systems in addition to feature extraction techniques. Even
though DL technologies have recently been added to
classical ones in computer vision-based navigation
systems [57]. On the other hand, in addition to using
matching methods to estimate indoor positions, computer
vision-based systems of navigation utilize Ego-Motion-
based location estimation algorithms as well [58]. The
Ego-Motion approach determines where the camera is in
location to its surroundings.

2.4 Angle-Based Method (Angulation)

In the context of Angle of Arrival (AoA), angulation is a
directing method for identifying the desired object by
evaluating the angles of stationary stations relative to the
geographic North Pole [59]. As shown in Figure 4, AOA
is one type of triangulation method that uses angles
obtained from transmitters at known locations to figure out
the position of targets. The angulation method makes use
of antennas with directional features [60]. The AOA
calculates the target device's and fixed stations' directions.
AOA measurements indicate the angle at which a
target gets signals from multiple base stations at a known
location [61]. AOA requires two stationary stations to
predict a 2D position. Three or more stationary stations are
needed to improve position estimates. Direction-finding
requires highly directional antennas or antennas array [62].
Figure 4. illustrates the Angulation-based localization
measuring setup. Equation (2) calculates the target location
from two or more fixed station directions. To locate the
object, two angles between the fixed stations' direction to
the target and the North Pole are needed, together with a
range measurement when measuring the distance between
two displays [63-65].

_y.tan(Az) — X;
y= tan(A,) —tan(A,)

,x=y.tan(A;) (2

where (x1, y1) and (x1, y2) are coordinate values of the
Base stationl and Base station positions respectively. 6,
and 6, are the AOAs for the received base station signals,
and (x, y) is the coordinate values of the position of the
unknown device. AOA-based strategies have a number
of limitations, including (1) Employing more antennae to
measure angles to improve system accuracy, which raises
implementation costs. (2) Multipath and NLOS signal
propagation difficulties plague AOA-based techniques. (3)
Reflections from objects and walls complicate AOA
measurements, especially inside [66]. These factors can
modify the direction of signal arrival, reducing the
accuracy of AOA-based indoor localization systems.
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Figure 2. Angulation-based localization measuring setup.

2.5 Time-Based Technique

The time of arrival (TOA) of a Radio signal, and perhaps
the time of transmission (TOT), is monitored in order to
calculate the range between nodes in a network using a
technique known as time-based methods. These strategies
have the potential for high-precision locating without the
requirement for mapping, and they could either substitute
or enhance the existing RSSI methods. Even though they
are challenging due to the fast speed at which the signals
are propagated, they have the potential for great accuracy
positioning. There is a lot of potential in using time-based
techniques. Despite this, there are still a lot of unsolved
scientific problems. A concise explanation of the most
often employed methods and approaches in time-based
localization is provided in the following subsections.

2.5.1 Arrival Time (ToA)/Flight Time (ToF)

The ToA approach takes into account the amount of time
it takes for radio waves to travel between the transmitting
and receiving nodes [67]. Calculating the distance between
two points can be done by calculating the amount of time
it takes for a signal to travel between them, presuming that
the speed at which a signal travels is both constant and
known. ToA relies on a one-way measurement of
propagation time, which necessitates a precisely
synchronized clock at both the sending and receiving
nodes. Specifically, this method is employed in GPS-based
positioning. ToA-based computations are given in
Equation (3) [68]- While Treceived and Tiransmitted
represent the times at which the signal was received and
sent,dr,4 represents the distance between the transmitter
and receiver nodes. Figure 5 depicts the simplest position
measuring system based on the ToA. GPS satellites use
atomic clocks for synchronization and transmit a radio
signal about their position and time [69].

d

T0A=(T c 3)

. _ . *
received Ttransmltted)

Theoretically, in 2-dimensional, three reference nodes
are sufficient for node position prediction, whereas, in 3-
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dimensional space, four reference nodes are required.
Distance  measurements  (d,, d,,d.) in  two-
dimensional are related to a receiver (X, y) and sender
(%a» Yar Xp) Vi, X, Vo) COOrdinates by Equation (4) [70].

d=Jxi-0"+0i-9° i=abc ©

Figure 5 depicts a three-point ToA-based
location estimate. The x symbol (bright green) in the
figure's centre indicates the receiver node. The red dashed
circles illustrate the ideal scenario, with correct distance
calculations and a single junction site. Due to measurement
inaccuracies, these three circles with estimated distances
rarely cross. Blue dashed circles illustrate. In this scenario,
the object's location is estimated utilizing the dark green x-
shaped intersection.

Synchronization of transmitter and receiver devices is
crucial for accurate placement when using ToA
techniques. Because radio frequency (RF) signals travel at
such a high rate of speed, even a microsecond's delay in
synchronization can result in a 300-meter error in location
estimation, and other considerations, such as the variability
of time spent processing received signals, could further
amplify the prediction error.
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Figure 3. ToA-based location measurement.

2.5.2 Round-Trip ToF (RTT/RTToF) and Two-Way ToA
(TW-ToA)

For the purpose of range prediction, many systems also
make utilization of the RTT of flight method. RTT is the
amount of time, measured in milliseconds, that is needed
for a data packet to be transferred from an access point
(AP) to a target, in addition to the amount of time that is
required for an AP to obtain a response packet from the
target [71]. ToA techniques necessitate the exact
synchronization of nodes. Round-trip delay between the
receiver and transmitter nodes is used by TW-ToA or
RTToF techniques to do away with the need for a
synchronized clock. TW-ToA-based positioning has the
drawback of requiring bidirectional communication
between devices and consuming more power. The data
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request is sent from the sending node to the receiving node,
which is then tasked with responding. The period of the
transmission in its entirety is captured here. Additionally,
the processing time (T,) is recorded by the receiver node
(time between package receive and send). One-way arrival
time is calculated by subtracting time consumption from
the full-time utilizing Equation (5) [72]. The stages
involved in TW-ToA are outlined in Figure 6.

Ttotal - TP) «C

drw_roa = < 2 5)

where (d) is the true separation of the base station from the
target device and (c) is the velocity of light. Obstacles like
walls, roofs, and doors can lead to multipath fading and
imprecise RTT measurements in an indoor setting. In
recent years, scientists have found a way to remedy this by
stabilizing the gap between the transmitter and receiver by
either signal path analysis or statistical correction.
Nonetheless, there are a number of confounding factors
that affect RTT during transmission/reception [73]. This
consists of (1) noise as a result of the LOS/NLOS
circumstance, (2) measurement inaccuracies as a result of
non-reception, and (3) distortions as a result of signal
latency. Moreover, processing, queuing, and codec delays
all play a role in elevating or decreasing the RTT
measurement. It is common practice to assume that these
variables remain  constant between any two
communicating nodes (access point and target objects).
The latency in TOA is calculated using both the target and
the BS clocks, while in RTT, just the target's clock is
utilized to compile the transmitted and arrival times. The
necessity for the target device and BSs to keep their clocks
synchronized is diminished as a result of this benefit to
RTT [74]. This strategy has the issue of requiring distance
computations from many Base stations, which might cause
latencies in Location-Based Services (LBS) systems in
which the targeted devices move quickly. The latency in
TOA is calculated using both the target and the BS clocks,
while in RTT, just the target's clock is utilized to compile
the transmitted and arrival times [75].

2.5.3 Difference in Flight Time (TDoF) / Difference in
Arrival Time (TDoF)

The TDoA/TDoF approach relies on a combination of two
distinct types of measurements. The first technique
involves determining the delay in the transmission of a
signal from a single node to three or more receivers. The
transmitter and receiver are not required to be in sync with
one another, like in TW-ToA, but synchronisation is
needed for the nodes on the periphery, as shown in [76].
The timing difference between two synchronised signals is
what the receiver node uses to calculate the distances.
Compared to the ToA method, this approach is a little bit
more sophisticated; however, it has the potential to yield
more reliable predictions. In Figure 7, an example of the
first kind of TDoA approach. The messages or data are
being synchronously sent by the middle nodes, and the
destination node doesn't have any idea how long the
transmission will last. By evaluating the timing differences
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between each signal, the destination node is able to make
estimates regarding their respective distances. Calculating
the position of the receiver node requires the utilization of
two nonlinear equations, each of which has two variables.
This method requires additional processing in comparison
to ToA. Equations (6) and (7) display the TDoA
calculations for three base stations and one unidentified
node.

Adgy =/(x, — 02+ (7 — ¥)?

— G =02+ (7, — ¥)?
= C * /A tBA (6)

Adey =G, =02+ (. —¥)?

— VG =02+ (v, — ¥)?
=C *A tCA (7)

The latter of TDoA makes use of a variety of
communication methods that have varying speeds of
propagation, such as radio waves and sound waves. In such
a circumstance, because radio waves travel at the speed of
light and sound waves travel considerably more slowly,
there is a certain disparity between the amounts of time it
takes for the messages to travel the same distances. This is
due to the fact that radio waves travel at the speed of light.
Figure 9 depicts this plan in its entirety. It's important to
keep in mind that this strategy places unique constraints on
the range of each signal and that different types of waves
demand specialized equipment. [77]. consequently, the
TDOA methodology's drawbacks in the first TDoA
method are comparable to those in the TOA approach. For
TDOA to work, the time at all fixed stations must be
synchronized. As opposed to this, clock synchronization
between the target and fixed stations is necessary for the
TOA strategy [78]. Both TDOA and TOA depend on the
precision of the clocks used by the nodes to determine the
exact position. Multipath, noise, and interference all have
an effect on both TDOA and TOA. Additionally, they are
challenging to execute in a low-bandwidth setting.
Furthermore, they are favoured only in locations with a
straight line of sight (LOS), such as open spaces or a big
one. The second approach raises the possibility of
transmission mistakes due to the unique properties of the
individual waves involved.
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3. POSITIONING ALGORITHMS

The localization procedure could be broken down into
three distinct phases: (i) distance estimation using the
chosen strategy, (ii) calculating where the target is, and
(iii) pinpointing its location using that information. The
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initial steps involve making distance or angle estimates
between unknown and known nodes. In the second stage,
utilization of the collected information is to identify the
precise position of each node. A localization system's
major component is the last one, which uses position data
to locate an exact location [79].

Proximity and triangulation are the two classic location
algorithms. The location of an object in IPS could be
estimated using a number of techniques, including
fingerprinting, PDR, and hybrid methods. Multiple
localization techniques can be broken down into four
categories: multilateration, signal strength,
multiangulation, and hybrid [80]. These geometrical
methods are the simplest and most straightforward
techniques. Their purpose is to estimate the location of
network nodes based on their geometry (as the geometry
of triangles). Trilateration, Multilateration, Triangulation,
and Min-max are the most popular and significant range-
based localization, among these strategies [81-85].

4. METHODOLOGY

In this review paper, Google Scholar and IEEE Xplore
have been utilized to conduct a scoping review. The search
method in these bibliometric databases has been done
according to the title of the article, and keywords, utilized
technology, methodology, and outcome. Thereafter, the
studies related to range-based indoor positioning systems
focusing on the most promising high-accuracy
technologies (UWB and Li-Fi) are identified.

5. THE STATE OF ART ON POSITIONING
ALGORITHMS AND TECHNIQUES

In this section, a literature survey of the recent IPS is
introduced by investigating the most promising
technologies by focusing on the UWB and Li-Fi indoor
positioning technologies range-based. Also, this literature
is based on considering the distinct positioning technology
metrics such as accuracy, complexity, scalability, cost,
latency, deployment, and usability. Furthermore, the
strengths and weaknesses, as well as methodologies and
problem statements of each work, are determined. In this
context, a brief summary of the aforementioned illustration
of the related survey works is shown in Table 1, which
illustrates the objective of each article and a brief analysis.
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Table 1. The objective with a brief analysis of each article through the literature.

Ref.

Techno
logy

Time

Cost

Ener
ay

Complexit

IAccuracy

Channel

Research Critique

(86]

Li-Fi

LOS

This system is implemented in simulation and real experiments with
low-cost commodity components. The obtained positioning error of less
than 30cm of 95% from the tested volume. The experiment coverage
area is (4mx4mx1im).

(87]

Li-Fi

LOS

The created system is implemented in simulation and real experiments.
The acquired positioning accuracy is about 8 ¢cm at the edges. This
technique requires strict synchronization between the Li-Fi
infrastructure. Also, this system can best be realized using a distributed
multiple-input multiple-output (D-MIMO) architecture with clock
frequency up to 1 GHz zed. The experiment Coverage Area for
Simulations is (6mx5mx10m) and in the lab experiment is
(Imx1mx2m).

88]

Li-Fi

LOS

This approach is implemented in real experiments on experiment
coverage area over a path length of 32 cm at a total duration of
approximately 52 s with a handoff at an average speed of 0.6 cm/s to the
target receiver. This system is applicable for approximate positioning
applications. Also, this approach lacks the accuracy percentage
positioning. Furthermore, it is affected by the increase in background
light intensity.

(89]

Li-Fi

LOS

This system is implemented in simulation only along with a test area
over (5 mx5mx 6m). The obtained 3D positioning errors of about 18.62
cm in 95% of test points.

[90]

Li-Fi

LOS

The created system is implemented in real experiments in a test area over
(8mx3.8mx2.6m). The positioning error variance is above 50cm with
trilateration (only three transmitters) and 27cm with multilateration
(more than three transmitters).

[91]

Li-Fi

LOS
and
NLOS

Only simulation is implemented in this system in an experiment
coverage area over (5mx5mx3m). The localization error ranged from
40cm to 133 (according to FOV=65 deg and FOV >70 deg, respectively.
In the typical situation with high-power transmitters (P=1w) and a large
FOV receiver (FOV=65 deg) in a low-reflectivity (0.01) room can
achieve about 6¢cm localization accuracy.

[92]

UuwB

LOS

In simulation and real experiments, this system is implemented. The
experiment coverage area for simulation is (10mx10m, 50mx50m, and
100mx100m) and for a real experiment is (9mx9m). The acquired
positioning accuracy is roughly 5 cm.

[93]

uwB

LOS
and
NLOS

This system is implemented in real experiments. It requires a high offline
lab cost, even if the surveying area is tiny. Also, it needed more
computation or execution time. The experiment coverage area is over 80
m2 residential apartments with four rooms, a hallway, and a 10-cm-thick
wall. This approach is better than the traditional fingerprinting-based
approach (C-KNN) in localization with an error margin from 3 to 25cm
relative to using five fingerprint database densities.

[94]

uwB

LOS
and
NLOS

This approach is implemented in real experiments with a test area over
a corridor less than 5m. The LDA with SVM algorithms takes more
computation and execution time than a traditional method. At 500 and
700 measured data, the average identification accuracy of 92% for the
case using SVM in the anechoic chamber and almost 100% for Fisher’s
discriminant combined with SVM for the corridor scenario, compared
with conventional approaches.

[95]

uwB

LOS

This system is implemented in simulation, and real experiments consider
LOS only. The experiment coverage area is over (7mx7m), which is a
significantly small area compared with the present UWB works. The
positioning accuracy of less than 40 cm with a 9-cm standard deviation
under various static mobile node deployments, with Simulation
positioning errors of fewer than 10 cm. This acquired result is far from
typical, especially with UWB technology.

[96]

uwB

LOS

Only simulation is implemented in this approach in a test area over
(15mx15m). The issue with this approach is that it is a complex metric
in terms of matrix operation and needs a significant time to install. The
acquired positioning error of around 25 cm2 of MSE.
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6. AN ANALYTICAL CRITIQUE

Based on the aforementioned literature survey and Table
1, we can clearly claim that the UWB technology is good
for LOS and NLOS propagation channels. While the UWB
is a promising option for long-range indoor situations, it
suffers in NLOS channels and will require NLOS
identification and mitigation, which are hard challenges.
The Li-Fi technology could be implemented in a LOS
environment for only a short range. In turn, to have long-
range Li-Fi, a handover process should be implanted to
connect the target and the anchor nodes from one group to
another based on the received signal. However, the
handover process in Li-Fi makes the use of an NLOS
propagation channel a complex challenge. For this, the
NLOS propagation channel is rarely implemented in an
indoor positioning system, so it could be considered that
Li-Fi is more complicated than UWB. The positioning
accuracy of both UWB and Li-Fi are very close to each
other in the LOS propagation channel. Conversely, it isn't
easy to compare Li-Fi and UWB in the NLOS propagation
channel. Consequently, we claim that each technology has
its own indoor applications.

7. RECOMMENDATIONS

After this study, we can recommend to the reader and

researcher the following

1) The range based is reliable for to be implemented in an
indoor environment.

2) Increasing the number of anchor nodes does not mean
an increment in accuracy.

3) Having a limited number of very accurate anchor nodes
is preferable to a large number of anchor nodes with a
large range error.

4) UWB is more reliable than Li-Fi in indoor
environments, especially for long-range and different
types of obstacles.

5) Li-Fi could be implemented in small rooms in a LOS
environment.

6) The handover process of the Li-Fi received signal
should be taken into account significantly to allow a
long range of positioning.

7) Both technology Li-Fi and UWB are not costly and
could be used for real applications.

8. CONCLUSION

This work offers a systematic review of different
positioning technologies, approaches, algorithms, and
strategies that have been suggested, with a focus on indoor
positioning ranged-based localization. Also, the
demonstration of several evaluation metrics and criteria, in
addition to comparisons between all of IPS aspects in
terms of performance and strong and weak points.
Furthermore, a literature survey of the recent IPS
technologies range-based with focuses on UWB and Li-Fi
is presented. Moreover, the IPS challenges and difficulties
that researchers in this field encounter are highlighted in
an effort to shorten their journey, along with the
advantages and disadvantages of each positioning
technology, strategy, and approach.
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This paper has profound implications for future studies
and prospects determination related to the indoor
positioning system ranged-based and presented significant
recommendations that the reader and researchers can
benefit from them. Also, this work makes it easy for
academics and researchers to realize the most common
challenges, strengths, and weaknesses as well as
methodologies and problems statement of recent
promising technologies

REFERENCES

[1] Dargie W, Poellabauer C. “Fundamentals of wireless
sensor networks: theory and practice”, John Wiley &
Sons; 2010 Nov 5.

[21 Geng J, Xia L, Wu D. “Attitude and heading
estimation for indoor positioning based on the
adaptive cubature Kalman filter”. Micromachines.
2021 Jan 13;12(1):79.

[3] Kim DY, Kim SH, Choi D, Jin SH. “Accurate indoor
proximity zone detection based on time window and
frequency with Bluetooth low energy”. Procedia
Computer Science. 2015 Jan 1; 56:88-95.

[4] Walker J, Awange J. “Global navigation satellite
system”, In Surveying for Civil and Mine Engineers
2020 (pp. 281-294). Springer, Cham.

[5] BuiV, LeNT,VuTL, Nguyen VH, Jang YM. “GPS-
based indoor/outdoor detection scheme using
machine learning techniques”. Applied Sciences.
2020 Jan 10;10(2):500.

[6] Forghani M, Karimipour F, Claramunt C. “From
cellular positioning data to trajectories: Steps
towards a more accurate mobility exploration”.
Transportation Research Part C: Emerging
Technologies. 2020 Aug 1; 117:102666.

[7] LiB, Zhao K, Sandoval EB. “A UWB-based indoor
positioning system employing neural networks”.
Journal of Geovisualization and Spatial Analysis.
2020 Dec;4(2):1-9.

[8] Cheng CH, Syu SJ. “Improving area positioning in
ZigBee sensor networks using neural network
algorithm”.  Microsystem  Technologies. 2021
Apr;27(4):1419-28.

[91 Zhen J, Liu B, Wang Y, Liu Y. “An improved

method for indoor positioning based on ZigBee

technique”. International Journal of Embedded

Systems. 2020;13(3):292-9.

Zhang J, Wang X, Yu Z, Lyu Y, Mao S, Periaswamy

SC, Patton J, Wang X. “Robust RFID based 6-DoF

localization for unmanned aerial vehicles”. IEEE

access. 2019 Jun 12; 7:77348-61.

Gentner C, Ulmschneider M, Kuehner I, Dammann

A. “WIiFi-RTT indoor positioning”. 1n2020

IEEE/ION Position, Location and Navigation

Symposium (PLANS) 2020 Apr 20 (pp. 1029-1035).

IEEE.

Toyama A, Mitsugi K, Matsuo K, Kulla E, Barolli L.

“Implementation of an Indoor Position Detecting

System Using Mean BLE RSSI for Moving

Omnidirectional Access Point Robot”. InConference

on Complex, Intelligent, and Software Intensive

Systems 2021 Jul 1 (pp. 225-234). Springer, Cham.

Du C, Peng B, Zhang Z, Xue W, Guan M. “KF-

KNN: Low-cost and high-accurate FM-based indoor

[10]

[11]

[12]

[13]



[14]

[15]

[16]

[17]

[18]

[19]

Ammar Fahem et al. / ELEKTRIKA, 23(1), 2024, 18-30

localization model via fingerprint technology’’.
IEEE Access. 2020 Oct 21; 8:197523-31.

Gertzell P, Landelius J, Nyqvist H, Fascista A,
Coluccia A, Seco-Granados G, Garcia N,
Wymeersch H. ©°5G multi-BS positioning with a
single-antenna receiver’’. In2020 IEEE 31st Annual
International Symposium on Personal, Indoor and
Mobile Radio Communications 2020 Aug (pp. 1-5).
IEEE.

Zhang Y, Rao W, Yuan M, Zeng J, Hui P. “’Context-
aware Telco Outdoor Localization’’. IEEE
Transactions on Mobile Computing. 2020 Sep 18.
Rizk H, Youssef M. “’Monodcell: A ubiquitous and
low-overhead  deep  learning-based  indoor
localization with limited cellular information’’. In
Proceedings of the 27th ACM SIGSPATIAL
International  Conference on  Advances in
Geographic Information Systems 2019 Nov 5 (pp.
109-118).

Maghdid SA, Maghdid HS, HmaSalah SR, Ghafoor
KZ, Sadiq AS, Khan S. “’Indoor human tracking
mechanism using integrated onboard smartphones
Wi-Fi device and inertial sensors’’.
Telecommunication Systems. 2019 Jul;71(3):447-
58.

Luo H, Li Y, Wang J, Weng D, Ye J, Hsu LT, Chen
W. “’Integration of GNSS and BLE Technology with
Inertial Sensors for Real-Time Positioning in Urban
Environments’’. IEEE Access. 2021 Jan 19;
9:15744-63.

Wang S, Yin J, Cai Z, Zhang G. <’ A RSSI-based self-
localization  algorithm  for  wireless  sensor
networks”’. Journal of Computer Research and
Development. 2008; 1:385-8.

[20] Wang T, Xiong H, Ding H, Zheng L. ’A hybrid

[21]

[22]

[23]

localization algorithm based on TOF and TDOA for
asynchronous wireless sensor networks’’. IEEE
Access. 2019 Nov 4; 7:158981-8.

Guerriero M, Marano S, Matta V, Willett P. ’Some
aspects of DOA estimation using a network of blind
sensors’’.  Signal  Processing. 2008  Nov
1;88(11):2640-50.

Chen H, Li H, Wang Z. “’Research on TDoA-based
secure localization for wireless sensor networks.
Journal on communications”’. 2008; 29(8):11-21.
Niculescu D, Nath B. ’Ad hoc positioning system
(APS) using AOA”’. In IEEE INFOCOM 2003.
Twenty-second Annual Joint Conference of the IEEE
Computer and Communications Societies (IEEE Cat.
No. 03CH37428) 2003 Mar 30 (Vol. 3, pp. 1734-
1743). IEEE.

[24] Mao G, Fidan B, Anderson BD. “’Wireless sensor

[25]

[26]

(27]

network localization techniques’’.
networks. 2007 Jul 11; 51(10):2529-53.
Kumar N, Acharya D, Lohani D. ’An IoT-based
vehicle accident detection and classification system
using sensor fusion’’. IEEE Internet of Things
Journal. 2020 Jul 13; 8(2):869-80.

Spachos P, Plataniotis KN. ’BLE beacons for indoor
positioning at an interactive loT-based smart
museum’’. IEEE Systems Journal. 2020 Feb 18;
14(3):3483-93.

Kanan R, Arbess H. “°An IoT-Based Intelligent
System for Real-Time Parking Monitoring and

Computer

27

(28]

[29]

Automatic Billing”’. In 2020 IEEE International
Conference on Informatics, 10T, and Enabling
Technologies (ICIoT) 2020 Feb 2 (pp. 622-626).
IEEE.

Park S. “D-PARK: User-Centric Smart Parking
System over BLE-Beacon Based Internet of
Things’’. Electronics. 2021 Feb 25;10(5):541.
Rahman M, Chakraborty A, Sunderasan K,
Rangarajan S. “’DynoLoc: Infrastructure-free RF
Tracking in Dynamic Indoor Environments’’. arXiv
preprint arXiv:2110.07365. 2021 Oct 14.

[30] Satra H, Usma M, Chauhan P, Almedia A. “’Location

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Based Smart Resource Management’’. International
Research Journal of Engineering and Technology.
2021.

Almutairi MK, Bhattacharjee S. A Survey in
Localization Techniques Used in Location-based
Access Control”’. In 2021 IEEE World AI IoT
Congress (AlloT) 2021 May 10 (pp. 0427-0432).
IEEE.

HuY, QianF, Yin Z,Li Z,Ji Z, Han Y, Xu Q, Jiang
W. “Experience: Practical Indoor Localization for
Malls”’. p. 12, doi: 10.1145/3495243.3517021.

Franké A, Vida G, Varga P. “’Reliable identification
schemes for asset and production tracking in industry
4.0”’. Sensors. 2020 Jul 2; 20(13):3709.

Lee CK, Ip CM, Park T, Chung SY. “’A Bluetooth
location-based indoor positioning system for asset
tracking in warehouse’’. In 2019 IEEE International
Conference on Industrial Engineering and
Engineering Management (IEEM) 2019 Dec 15 (pp.
1408-1412). IEEE.

Kunhoth J, Karkar A, Al-Maadeed S, Al-Attiyah A.
“’Comparative analysis of computer-vision and BLE
technology based indoor navigation systems for
people with visual impairments’’. International
Journal of Health Geographics. 2019 Dec; 18(1):1-8.
Asaad SM, Potrus MY, Ghafoor KZ, Maghdid HS,
Mulahuwaish A. ‘‘Improving Positioning Accuracy
Using Optimization Approaches: A Survey”’,
Research Challenges and Future Perspectives.
Wireless Personal Communications. 2021 Sep 16:1-
7.

Vasisht D, Kumar S, Katabi D. ¢’ {Decimeter-Level}
Localization with a Single {WiFi} Access Point’.
In13th USENIX Symposium on Networked Systems
Design and Implementation (NSDI 16) 2016 (pp.
165-178).

Cui W, Zhang L, Li B, Guo J, Meng W, Wang H, Xie
L. “Received signal strength based indoor
positioning using a random vector functional link
network’’. IEEE Transactions on Industrial
Informatics. 2017 Oct 9; 14(5):1846-55.

[39] Wang J, Park J. °’An enhanced indoor positioning

[40]

[41]

algorithm based on fingerprint using fine-grained csi
and rssi measurements of IEEE 802.11 n WLAN"’.
Sensors. 2021 Apr 14; 21(8):2769.

Zafari F, Papapanagiotou I, Devetsikiotis M, Hacker
T. “An ibeacon based proximity and indoor
localization system’’. arXiv preprint
arXiv:1703.07876. 2017 Mar 22.

Ssekidde P, Steven Eyobu O, Han DS, Oyana TJ.
< Augmented CWT features for deep learning-based



[42]

[43]

[44]

[45]

[46]

[47]

[49]

[50]

Ammar Fahem et al. / ELEKTRIKA, 23(1), 2024, 18-30

indoor localization using WiFi RSSI data’’. Applied
Sciences. 2021 Feb 18; 11(4):1806.

Pallasena RK, Sharma M, Krishnaswamy V.
“Context-sensitive smart devices-definition and a
functional taxonomy’’. International Journal of
Social and Humanistic Computing. 2019; 3(2):108-
34.

Djosic S, Stojanovic I, Jovanovic M, Nikalic T,
Djordjevic GL. “’Fingerprinting-assisted UWB-
based localization technique for complex indoor
environments’’. Expert Systems with Applications.
2021 Apr 1; 167:114188.

Cheng CH, Syu SJ. “’Improving area positioning in
ZigBee sensor networks using neural network
algorithm’’. Microsystem Technologies. 2021 Apr;
27(4):1419-28.

S. Chen, “Fingerprint Indoor Localization Based on
Improved WKNN,” vol. 7, no. 1, pp. 1-5, 2021,
Accessed: Mar. 08, 2022. [Online]. Available:
http://lwww.aisc ience.org/journal/ijmpa

Arai T, Yoshizawa T, Aoki T, Zempo K, Okada Y.
“’Evaluation of indoor positioning system based on
attachable infrared beacons in metal shelf
environment’. In 2019 IEEE International
Conference on Consumer Electronics (ICCE) 2019
Jan 11 (pp. 1-4). IEEE.

El Abkari S, EI Mhamdi J, Jilbab A, El Abkari EH.
“’ESP8266 Wireless Indoor Positioning System
using Fingerprinting and Trilateration Techniques’’.
In International Conference on Digital Technologies
and Applications 2021 Jan 29 (pp. 377-386).
Springer, Cham.

Kumar S. “’Performance analysis of RSS-based
localization in wireless sensor networks’’. Wireless
Personal Communications. 2019 Sep; 108(2):769-
83.

Hernandez N, Parra I, Corrales H, lzquierdo R,
Ballardini AL, Salinas C, Garcia I. “’WiFiNet: WiFi-
based indoor localisation using CNNs’’. Expert
Systems with Applications. 2021 Sep 1; 177:114906.
Ma B, Tong C, Zou L, Tian M. A TDOA
localization method for complex environment
localization’’. In Journal of Physics: Conference
Series 2021 Aug 1 (Vol. 2004, No. 1, p. 012003).
IOP Publishing.

[51] Tiglao NM, Alipio M, Cruz RD, Bokhari F, Rauf S,

[52]

Khan SA. “’Smartphone-based indoor localization
techniques: State-of-the-art and classification”’.
Measurement. 2021 Jul 1; 179:109349.

Sohan AA, Ali M, Fairooz F, Rahman Al,
Chakrabarty A, Kabir MR. “’Indoor positioning
techniques using RSSI from wireless devices’ .
In2019 22nd International Conference on Computer
and Information Technology (ICCIT) 2019 Dec 18
(pp. 1-6). IEEE.

[53] Li T, Ai S, Tateno S, Hachiya Y. ’Comparison of

[54]

Multilateration Methods Using RSSI for Indoor
Positioning  System’’. In2019 58th  Annual
Conference of the Society of Instrument and Control
Engineers of Japan (SICE) 2019 Sep 10 (pp. 371-
375). IEEE.

Escudero G, Hwang JG, Park JG. “An indoor
positioning method using IEEE 802.11 channel state

28

[55]

[56]

[57]

information”’. Journal of Electrical Engineering and
Technology. 2017; 12(3):1286-91.

XiaoJ, Wu K, YiY, Wang L, Ni LM. “’Pilot: Passive
device-free indoor localization using channel state
information”’. In 2013 IEEE 33rd International
Conference on Distributed Computing Systems 2013
Jul 8 (pp. 236-245). IEEE.

Pino ES, Montez C, Valle OT, Ledo E, Moraes R.
“’An Indoor Positioning System Using Scene
Analysis in IEEE 802.15. 4 Networks”’. In IECON
2019-45th Annual Conference of the IEEE Industrial
Electronics Society 2019 Oct 14 (Vol. 1, pp. 2817-
2822). IEEE.

Kunhoth J, Karkar A, Al-Maadeed S, Al-Ali A.
“Indoor positioning and wayfinding systems: a
survey”’. Human-centric Computing and
Information Sciences. 2020 Dec; 10(1):1-41.

[58] Yuan S, Wang H, Xie L. “’Survey on localization

systems and algorithms for unmanned systems’’.
Unmanned Systems. 2021 Apr 5; 9(02):129-63.

[59] D. Harvey, H. Kar, S. Verma, and V. Bhadauria,

Lecture Notes in Electrical Engineering 683
Advances in VLSI, Communication, and Signal
Processing. 2019.

[60] Zhang H, Zhang Z. >’ AOA-based three-dimensional

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

positioning and tracking using the factor graph
technique’’. Symmetry. 2020 Aug 22; 12(9):1400.
Geng J, Xia L, Wu D. “Attitude and heading
estimation for indoor positioning based on the
adaptive cubature Kalman filter’’. Micromachines.
2021 Jan 13; 12(1):79.

Shi L, Shi D, Zhang X, Meunier B, Zhang H, Wang
Z, Vladimirescu A, Li W, Zhang Y, Cosmas J, Ali K.
©’5G Internet of radio light positioning system for
indoor broadcasting service’’. IEEE Transactions on
Broadcasting. 2020 Apr 28; 66(2):534-44.

Xu C, Wang Z, Wang Y, Wang Z, Yu L. “’Three
passive TDOA-AOA receivers-based flying-UAV
positioning in extreme environments’’. IEEE
Sensors Journal. 2020 Apr 20; 20(16):9589-95.
Al-Sadoon MA, Asif R, Al-Yasir Y1, Abd-Alhameed
RA, Excell PS. °AOA localization for vehicle-
tracking systems using a dual-band sensor array”’.
IEEE Transactions on Antennas and Propagation.
2020 May 13; 68(8):6330-45.

Sun C, Zhao H, Bai L, Cheong JW, Dempster AG,
Feng W. “GNSS-5G hybrid positioning based on
TOA/AOA measurements’’. In China Satellite
Navigation Conference 2020 May 23 (pp. 527-537).
Springer, Singapore.

Guo X, Ansari N, Hu F, Shao Y, Elikplim NR, Li L.
“’A survey on fusion-based indoor positioning’’.
IEEE Communications Surveys & Tutorials. 2019
Nov 1; 22(1):566-94.

Puschita E, Simedroni R, Palade T, Codau C, VVos S,
Ratiu V, Ratiu O. “’Performance evaluation of the
UWB-based CDS indoor positioning solution’’. In
2020 International Workshop on  Antenna
Technology (iWAT) 2020 Feb 25 (pp. 1-4). IEEE.
Li B, Zhao K, Sandoval EB. A UWB-based indoor
positioning system employing neural networks’’.
Journal of Geovisualization and Spatial Analysis.
2020 Dec; 4(2):1-9.



[69]

[70]

Ammar Fahem et al. / ELEKTRIKA, 23(1), 2024, 18-30

Ulusar UD, Celik G, Turk E, Al-Turjman F, Guvenc
H. “’Practical performability assessment for ZigBee-
based sensors in the IoT era’’. In Performability in
internet of things 2019 (pp. 21-31). Springer, Cham.
Sidorenko J, Schatz V, Scherer-Negenborn N, Arens
M, Hugentobler U. “Error corrections for
ultrawideband ranging’’. IEEE Transactions on
Instrumentation and Measurement. 2020 May 22;
69(11):9037-47.

[71] Hashem O, Youssef M, Harras KA. “Winar: Rtt-

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

based sub-meter indoor localization using
commercial devices’’. In 2020 IEEE international
conference on  pervasive  computing and
communications (PerCom) 2020 Mar 23 (pp. 1-10).
IEEE.

YuY, ChenR, ChenL, XuS, LiW, WuY, Zhou H.
“’Precise 3-D indoor localization based on Wi-Fi
FTM and built-in sensors’’. IEEE Internet of Things
Journal. 2020 Jun 3; 7(12):11753-65.

Seong JH, Lee SH, Kim WY, Seo DH. “’High-
precision RTT-based indoor positioning system
using RCDN and RPN’’. Sensors. 2021 May 26;
21(11):3701.

Cao H, Wang Y, Bi J, Xu S, Si M, Qi H. “’Indoor
positioning method using WiFi RTT based on LOS
identification and range calibration’’. ISPRS
International Journal of Geo-Information. 2020 Oct
26; 9(11):627.

Martin-Escalona I, Zola E. ’Passive round-trip-time
positioning in dense IEEE 802.11 networks’’.
Electronics. 2020 Jul 24; 9(8):1193.

Kuptsov VD, lvanov Sl, Fedotov AA, Badenko VL.

“’High-precision analytical TDoA positioning
algorithm for eliminating the ambiguity of
coordinates determination’’. In IOP Conference

Series: Materials Science and Engineering 2020 Aug
1 (Vol. 904, No. 1, p. 012013). IOP Publishing.
Fuchs C, Aschenbruck N, Martini P, Wieneke M.
“’Indoor tracking for mission critical scenarios: A
survey. Pervasive and Mobile Computing’’. 2011
Feb 1; 7(1):1-5.

Zou Y, Liu H. A simple and efficient iterative
method for toa localization’’. In ICASSP 2020-2020
IEEE International Conference on Acoustics, Speech
and Signal Processing (ICASSP) 2020 May 4 (pp.
4881-4884). IEEE.

Chen ZY, Wu CL, Fu LC. “’Using semi-supervised
learning to build bayesian network for personal
preference modeling in home environment’’. In 2006
IEEE International Conference on Systems, Man and
Cybernetics 2006 Oct 8 (Vol. 5, pp. 3816-3821).
IEEE.

Farid Z, Nordin R, Ismail M. “’Recent advances in
wireless indoor localization techniques and system’’.
Journal of Computer Networks and
Communications. 2013 Aug 17; 2013.

[81] Zekavat R, Buehrer RM. “’Handbook of position

[82]

location: Theory, practice and advances’’. John
Wiley & Sons; 2011 Sep 9.

Chabbar H, Chami M. “’Indoor localization using
Wi-Fi method based on Fingerprinting Technique’’.
In2017 International Conference on Wireless
Technologies, Embedded and Intelligent Systems
(WITS) 2017 Apr 19 (pp. 1-5). IEEE.

29

(83]

(84]

[85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

Wei T, Bell S. “Indoor localization method
comparison:  Fingerprinting and  Trilateration
algorithm’’. University of Saskatchewan. Accessed
March. 2011; 24:2015.

Mao G, Fidan B, editors. ‘’Localization Algorithms
and Strategies for Wireless Sensor Networks:
Monitoring and Surveillance Techniques for Target
Tracking: Monitoring and Surveillance Techniques
for Target Tracking’’. IGI Global; 2009 May 31.
Teoman E, Ovatman T. “’Trilateration in indoor
positioning with an uncertain reference point’’. In
2019 IEEE 16th International Conference on
Networking, Sensing and Control (ICNSC) 2019
May 9 (pp. 397-402). IEEE.

Lam EW, Little TD. Indoor 3D localization with
low-cost LiFi components. In2019 Global LIFI
Congress (GLC) 2019 Jun 12 (pp. 1-6). IEEE.
Kouhini SM, Kottke C, Ma Z, Freund R, Jungnickel
V, Miller M, Behnke D, Vazquez MM, Linnartz JP.
“’LiF1i positioning for industry 4.0°’. IEEE Journal of
Selected Topics in Quantum Electronics. 2021 Jul 9;
27(6):1-5.

Sattigiri NJ, Patel G, Mondal S, Pal R, Prince S. “’Li-
Fi based Indoor Positioning System’’. In2019
International Conference on Communication and
Signal Processing (ICCSP) 2019 Apr 4 (pp. 0290-
0293). IEEE.

Meng X, Jia C, Cai C, He F, Wang Q. “’Indoor High-
Precision 3D Positioning System Based on Visible-
Light Communication Using Improved Whale
Optimization Algorithm’’. In Photonics 2022 Feb 6
(Vol. 9, No. 2, p. 93). MDPI.

Junior L, Halapi M, Udvary E. “’Design of a real-
time indoor positioning system based on visible light
communication”’. Radio engineering. 2020 Sep;
29(3):445-51.

Shi G, Li Y, Cheng W, Dong L, Yang J, Zhang W.
“’Accuracy analysis of indoor visible light
communication localization system based on
received signal strength in  non-line-of-sight
environments by using least squares method’’.
Optical Engineering. 2019 May; 58(5):056102.
Alanezi MA, Bouchekara HR, Javaid MS. ’Range-
Based Localization of a Wireless Sensor Network for
Internet of Things Using Received Signal Strength
Indicator and the Most Valuable Player Algorithm.
Technologies’’. 2021 Jun 15; 9(2):42.

Djosic S, Stojanovic |, Jovanovic M, Djordjevic GL.
“’Multi-algorithm UWB-based localization method
for mixed LOS/NLOS environments. Computer
Communications’’. 2022 Jan 1; 181:365-73.
Kristensen JB, Ginard MM, Jensen OK, Shen M.
“’Non-line-of-sight identification for UWB indoor
positioning systems using support vector machines’’.
In2019 IEEE MTT-S International Wireless
Symposium (IWS) 2019 May 19 (pp. 1-3). IEEE.
Ling RW, Gupta A, Vashistha A, Sharma M, Law
CL. “’High precision UWB-IR indoor positioning
system for IoT applications’’. In 2018 IEEE 4th
World Forum on Internet of Things (WF-10T) 2018
Feb 5 (pp. 135-139). IEEE.

[96] Albaidhani A, Alsudani A. “’Anchor selection by

geometric dilution of precision for an indoor
positioning system using ultra-wideband



Ammar Fahem et al. / ELEKTRIKA, 23(1), 2024, 18-30

technology’’. IET Wireless Sensor Systems. 2021
Feb; 11(1):22-31.

30



