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The indoor positioning system (IPS) is becoming increasing important in accurately determining the locations of objects by
the utilization of micro-electro-mechanical-systems (MEMS) involving smartphone sensors, embedded sources, mapping
localizations, and wireless communication networks.
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| 1. Introduction

With the increasing improvement of the Internet of Things (loT), location-based services and localization-based computing
have attracted much attention because of their widespread applications . Hence, information on the locations of the
targets plays an important role in localization systems (. Localization systems are used to locate or track people or
devices, in developing existing systems, which can use different technologies and methods depending on the application.
For instance, the estimation of outdoor positioning, tracking and navigation have been used by satellite system with
Google Maps, which supports global coverage, such as GPS, assisted-global positioning system (AGPS), global
navigation satellite systems (GNSS), assisted-global navigation satellite systems (AGNSS). All these systems provide
their coordinates (latitude and longitude) from a satellite location parameter that estimates the desired target location
obtained from other network resources. Among them, GPS is one of the most well-known and universal technologies for
outdoor localization systems used in vehicle navigation and missile guidance.

Indoor location positioning systems can develop the service areas provided by smart homes, warehouses, museums,
healthcare centres, indoor parking lots, and shopping malls. For that reason, it is attractive to research on a low-cost
design that can provide accurate localization in the indoor surroundings. However, indoor localization has more
challenges than outdoor localization. By the consideration of extra information, the ray tracing techniques are widely used
for increasing indoor radio wave propagation in the wireless communication system . The authors described 3D smart
ray tracing approach by varying frequency values such as at 4.5, 28 and at 38 GHz. which are compared with former
methods, targeting to improve accuracy and efficiency “IBIEITIEIS],

Indeed, the pattern of signals in indoor environments is more complicated than outdoor environments due to the multipath
effect, fading, reflecting, deep shadowing effect and the deterioration of delay resulting from pervasive hindrances and
interactive interference LA Therefore, the common GPS-based localization system is difficult for indoor localization
systems because of the dependence on the line-of-sight (LoS) communication of radio signals. Additionally, indoor
localization systems need a much higher precision than the meter-level solution of outdoor localization 12, As GPS
signals are met with challenges in indoor localization systems, many researchers have proposed a variety of technologies
such as infrared, visible light, sound (audible and ultrasound) magnetic field, an inertial navigation system (INS), computer
vision-based and radio frequency to achieve indoor localization.

Among these technologies of short and medium-range communication, infrared (IR) and visible light are included in the
seven-segment of the electromagnetic spectrum. Infrared technology and visible light exist under the optical technology of
electromagnetic radiation. The tracking and positioning of the user are described based on light beams 22! in which
infrared transmitters are mounted on the room corner and the user is engaged with an infrared receiver. The drawback of
IR technology is that it cannot easily pass through the making room with strong materials for LoS environment.
Furthermore, it required hardware components to tag on the human body. In 14l the authors exploited passive infrared
indoor localization methods through thermal radiation due to the formation of motion body, instead of using a hardware tag
as a connection device. In the visible spectrum, the human eye can see the electro-magnetic waves as a white light that is
a combination of the rainbow colours. Fluorescent lamps and light-emitting diodes (LEDs) are used to transmit signals as
a visible light communication (VLC) which includes a short-range optical wireless communication of indoor appliances.
The transmission data can be obtained via light beams as the light pulses and these receiving data change with distance.
The authors in 22 performed a comprehensive survey of VLC innovation by applying LED light bulbs. VLC has been



intended to replace the usage of other radio frequency areas, as a more efficient and commercially orientated high
bandwidth transmission but requires higher hardware complexity 8. For computer vision and image processing,
adequate illumination from the light source can support the camera to detect the location of things successfully.
Consequently, the camera-based location determinations are dependent on the lighting condition.

| 2. Parameter Based Positioning

This section presents measurement parameters for localization systems. Several parameters are utilized to determine the
target position for indoor localization systems. The fundamental wireless signal measuring theorems in indoor positioning
systems are RSSI, TOA, and AOA or DOA. In addition, TDOA, RTT, angle difference of arrival (ADOA), phase difference
of arrival (PDOA), POA, CSI, RSRP, and RSRQ are also used in indoor positioning and tracking environments. Figure 1
depicts the distance-based and direction-based signal measurement parameters for indoor positioning systems.
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Figure 1. Localization system parameters for distance and direction measurement.
2.1. RSSI

The received signal strength indicator (RSSI) is a comparative measurement of the RSS which has random units and is
commonly described by a single chip vendor L4, RSSI is a commonly used metric to find an estimation of the distance
between a target and the node without resorting to complicated calculations. It computes distance by power loss, the
signal strength deficiency, between two nodes. Figure 2 shows the RSSI-based trilateration method. This method can
work using only a couple of nodes to obtain a distance estimation 18, The RSSI-based algorithm only requires the
received signal strength and does not require an auxiliary hardware apparatus and time synchronization, able to achieve
higher accuracy than other methods.
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Figure 2. RSSI-based trilateration

The RSSI technique can be classified into a range-based and range-free approach. The first approach is an RSSI based
on a path loss model. The propagation model involves building a map associated with the physical regulations of the
wireless signal. The precision and flexibility of the environment are poorer in the range-based method, which can locate
the position of the object by using trilateration, min—-max, and maximum likelihood algorithms. The latter approach
generates the use of a fingerprinting database (radio map) for localization 9. A range-free method does not require angle



or distance measurements among nodes. The fingerprinting technique is higher in accuracy and can be used for various
indoor environments. However, RSSI measurement can cause an error due to environmental effects. The real indoor
environment consists of multiple obstacles that affect radio signal propagation &,

RSS! is susceptible to noise and multipath effects which significantly decreases its localization accuracy 29, In addition,
there is the LoS problem between the two nodes, which can significantly influence error. However, RSSI calculation
accuracy is increased by calibrating and analysing the radio signal propagation.

2.2. TOA

TOA is also known as TOF [2 and is described as the first period within which the signal reaches the receiver. It can
estimate the distance to the node by computing the broadcast time travel of a wireless radio signal 2223 as shown in
Figure 3. The traditional TOA schemes needs a minimum of two or three reference nodes in a LoS situation with a target,
to support a high level of position accuracy [24. The nodes can be synchronized or the miss-synchronization in TOA and
the signal must consist of the timestamp data [22. To solve these issues, the TDOA method, as well as the round trip time
of arrival (RTOA) method, also called RTOF, is implemented. RTOA ranging mechanisms are identical to TOA, but it does
not need a corporate time reference within nodes. TOA is influenced by multipath and additive noise. Additive noise
imitates the precision of the signal arrival time. This problem can be fixed by applying the TDOA instead of TOA [28],
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Figure 3. TOA-based trilateration.
2.3. TDOA

It is a technique to calculate the distance information between the two nodes. TDOA determines the variance of arriving
times (timestamps) between the anchor nodes in the same package from the target. Figure 4 illustrates its basic operation
for the TDOA-based method. This method requires at least three anchor nodes with known coordinates to find the object
position. The anchor nodes listen to transmissions from the target and compute a position estimated by comparing the
variances in the arrival times 2. This method performs by determining the change in the time between a couple of anchor
nodes.

On the other hand, the multi-signal needs two different types of signals that have varying propagation speeds to compute
its distance to another node. The accuracy of TDOA is due to complex indoor propagation such as multipath transmission
and shadowing. The radio signals reaching the receiving antenna by different paths cause multipath transmission. This
method needs extra equipment. The ultrasound or audible frequency can be used in this method using the same
algorithm 28], The achievement of the TDOA is subject to synchronization between the anchor nodes and the precision of
the taken timestamp.




Figure 4. TDOA-based trilateration.
24.RTT

Wi-Fi-based two-way ranging approaches have been proposed for indoor positioning and tracking systems to improve the
positioning accuracy. These positioning systems are based on fine time measurement (FTM) of the RTT of a signal
between a smartphone (target) and an access point. The RTT or RTOF technique estimates the distance by the broadcast
timestamp of the FTM message and the response of its acknowledgement (28 in Figure 5. This measurement approach is
based on the TOF and develops to solve the synchronization problem subjected to the use of TOA. The RTT
measurement does not need the clock synchronization between the nodes. This means less complexity and high
reliability. In addition, the ranging error and range between a couple of devices are nearly independent when the clock
operates at the same rate on the nodes. The FTM can give a large range estimation and a large update rate compared to
the scene analysis system. However, the RTT ranging measurement has limitations with respect to its reflection, fading,
shadowing, and unstable clock speed due to phase noise as well as a different processing time delay. Moreover, the FTM
protocol has a concurrent processing capacity problem and an access point cannot concurrently reply to higher amounts
of FTM inquiries (22,
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Figure 5. RTT with a skewed clock.

One approach is the Wi-Fi RTT-based indoor positioning system in car parks B9 The proposed system used a
trilateration method and a probabilistic method to estimate the car’s location. The result of this system shows that the Wi-
Fi RTT is suitable for industrial indoor positioning in a dynamic environment. This system achieves an average accuracy
of 2.33 m and the accuracy can be improved with higher radio communication or a larger number of access points.
Another approach is a hybrid algorithm based on the RTT and RSS, which was exploited to solve the restrictions of the
Wi-Fi RTT ranging technique 22,

This approach presents the RTT estimation with a clock skew and investigates the RTT range error distribution. It also
removes the RTT ranging offset at the emitter end by using the calibration method. The proposed system achieves
scalability and accuracy in static and dynamic experiments in both the outside and inside environment. The average
location accuracy of this work is 1.435 m and an update rate is 0.19 s in a real environment. Although the RTT-based
indoor positioning system can achieve standard deviations of 1-2 m, in some applications, for example, an emergency
worker in a multi-story building, this can impact the position error due to the signal bandwidth, the delay of the signal, and
the noise gain. Therefore, the frequency diversity method was introduced for the accurate position estimation using
weighted averages of evaluations with uncorrelated errors acquired in various networks B4,

2.5. AOA and ADOA

AOA is a technique of determining the position of objects by taking the angular data of that object with respect to the
orientation of the receivers. A simple AOA calculation is to work on an antenna array on one sensor node. The angle-
based method needs a minimum of three reference nodes coordinated to determine the position of the object by using a
triangulation method as shown in Figure 6 B2 In general, the AOA method can obtain angle data using radio array
techniques and can estimate by using directional or multiple antennas. In multiple antennas, this acts by analysing the
phase or time variation between the signals at different array items that have seen locations regarding the centre element.
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Figure 6. AOA-based triangulation.

In directional antennas, it acts by computing the RSSI ratio between many directional antennas that are carefully located
to have a similarity between their major beams 3l AOA determinations with the support of exact antenna design or
hardware apparatus are utilized for inferencing the location of the receiver. The improved complexity and the hardware
necessity are the major interferences for the extensive success of AOA-based location systems 4. AOA is also disturbed
by noise, NLoS and the multipath. Moreover, the defects of LoS can be more serious than those of TDOA- or RSS-based
techniques 2, AOA needs additional space to offer spatial diversity and extra hardware that is a real waste of power, but
it does not require time synchronization between nodes 28, Both TOA and AOA parameters require reference units that
can decide the arrival time and angle of the received signal which is unattainable to common WLAN devices. Thus, the
RSSI technique is most extensively used in an indoor localization, positioning and tracking system. ADOA does not need
the information on angles as it can be ignored in the variance between two AOA values. This means that the receivers are
to be located towards a definite angle. AOA-based optical indoor positioning systems are more challenging due to the
necessity to identify the orientation of the receiver. The optical receiver is either limited to certain orientations or it must be
combined with gyroscopes and accelerometers to define its exact orientation. To solve this problem, ADOA is used for an
optical indoor positioning system 4. Hence, the ADOA does not require extra sensors like gyroscopes 28],

2.6. DOA

DOA-based measurements use the angle information of the received signal to estimate its position B9, The DOA
approach, also called AOA, is simpler than time-based measurements because of the estimation of the 2D position with
only two angle measurements. The DOA-based positioning system is the evaluation of the signal AOA. The accuracy of
the DOA-based localization system is highly impactful with regard to multipath effects. However, this technique depends
on accurate angle measurements. The DOA estimation can be done by using an antenna array or direction. In addition,
DOA-based systems have proposed and applied for a localization system integrating with different measurement
techniques such as RSS, TOF, TDOA, and RTOF. There are several different antenna implementations such as the
narrowband system, switch beam, phase antenna array, and UWB-based system estimate localization based on DOA
algorithms 9. The DOA-based localization systems need a suitable antenna with different requirements.

DOA-based techniques are divided into the offline and online technique based on the applications B2, In offline method,
this computes multiple times, and the average value label as the fingerprints. By using these fingerprints, the triangulation
method estimates the location. The offline systems have larger complexity and can be utilized for offline applications. In
online method, the angles are determined from the received signals and the triangulation method estimates the position.
These methods have smaller complexity and utilize real time applications. The DOA techniques have been presented for
an indoor localization system to estimate channel characteristics and focus on the multipath propagation interference
problem ¥442] Moreover, a hybrid joint direction and time difference of arrival (JDTDOA) approach has introduced the
precision of the system performance 43!,

2.7. POA and PDOA

POA ranging techniques estimate the distance by measuring the phase of the carrier signal 2. It is also called received
signal phase (RSP). There is a number of POA measurements that have been used in RFID-based localization systems.
The POA-based approach was introduced to increase accuracy and decrease disturbances due to multipath propagation
in passive RFID 2D localization system 441, The results of the estimated POA existed in an unlimited number of paths due
to the 21 uncertainty in phase estimations. By means of the frequency-stepped continuous-waveform principle, the
distance of the propagation path can compute definitely for a high bandwidth system. The POA techniques can be used
integrated with different techniques such as TOF, TDOA, and RSSI to increase their performance. However, POA-based
approaches may need LoS for high accuracy.



The ranging measurement based on PDOA uses the phase difference of the propagation path between the anchor nodes
or the reader to the tag to calculate its distance 221, It is also mostly used in RFID and wireless sensor networks (WSNSs)
system. The phase errors can be small due to the very small signal bandwidth. Unfortunately, unavoidable ambiguities
can occur during the evaluation of the true distance due to the multipath effects and a 2 Tt phase periodicity 48!,

2.8.Csl

With new technology developments in wireless communication systems, 4G long-term evolution (LTE) mobile
transmissions, and Wi-Fi systems have used orthogonal frequency division multiplexing (OFDM). OFDM converts
information on several altered subcarriers at one band. In the IEEE 802.11 standard, the receiver wants to approximate
CSl in the physical (PHY) layer for the data translation. The CSI is the channel frequency response of each subcarrier
under the OFDM system within the frequency field. Thus, CSI utilizes dozens of times more data than traditional RSSI in
the network features between the sender and the receiver 4. In the frequency field, CSl is definitely the PHY layer data
with a fine-grained characteristic value that defines the amplitude and phase of a single subcarrier 48], In the field of
narrowband transmissions, this denotes the network property of the transmission link that expresses the reduction in the
signal in the development of communication between the two nodes, containing scattering, distance and environmental
attenuation, as well as other information 2. The CSI-based method uses the physical layer channel state information of a
communication link. A corresponding CSI can be measured when a target is displayed indoors. The CSI fingerprint
matching, triangulation, and trilateration method can be used to determine the location of the target B[],

The CSl-based method shows good stability and can achieve higher location accuracy than the RSSI-based method 2.
Moreover, CSl is favoured more than RSSI, since it develops the frequency diversity of Wi-Fi networks and is not coarse-
grained like RSSI. The CSl-based approach has many advantages such as the ease of arrangement given the
pervasiveness of a Wi-Fi setup 3l In addition, the CSI-based Wi-Fi localization system can achieve decimetre-level
accuracy. On the other hand, CSl-based Wi-Fi schemes need a labour-intensive site survey to calibrate the access points
(APs) location and the antenna array direction, which obstructs real-world implementation 24, Another disadvantage is
that the CSl-based fingerprinting method needs larger space and more comprehensive time due to a larger measurement
of CSI compared with RSSI, which is not appropriate for most situations 23,

2.9. RSRP and RSRQ

The RSRP and RSRQ parameters are physical layer data from the 4G cellular system that are used to reasonably
forecast the user position [28l. The RSRP computation is based on RSSI. It calculates mean obtainable strength by cell-
specific reference signals 2. Thus, it can afford greater signal strength information associated with various positions
contrasting normal RSSI. The PHY layer RSRP reduces local disturbances in the surroundings. In the office location, the
RSSI estimates from 4G towers produce a better forecast than RSSI signals from 2G towers, due to the existence of small
cells.

The RSRQ parameter that delivers the value of received signals within the object device is developed from the RSSI and
RSRP value. RSRQ is influenced by adjacent station interference and thermal noise and thus, when only RSRQ is
utilized, achieves less precision than RSRP estimates. On the other hand, the accuracy of the RSRQ-based system is
better than that by the RSRP signals when RSRQ values are used together with RSRP values 28],

| 3. Radio Signals-Based Positioning

This section describes radio and non-radio-based systems for IPS, depicted in Figure 7. A GPS that receives signals from
satellites is broadly used and very popular in outdoor localization applications, but it is ineffective for indoor localization
due to the LoS transmission problem. Therefore, various wireless technologies such as infrared, optical (LED, laser),
ultrasound, an IMU, vision, VLC, and the radio signals—including Wi-Fi, ZigBee, RFID, Bluetooth low energy (BLE), UWB,
long-range radio (LoRa), sigfox, near field communication (NFC) and cellular networks—have been used in IPS. In
addition, some of the works have been utilized in hybrid approaches for indoor positioning and tracking. This paper will
discuss only the radio signal technologies.
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Figure 7. Categorization of indoor positioning technologies.
3.1. Wi-Fi Technology

Wi-Fi, which is a wireless local area network (WLAN), is a well known technology in broadband communications,
specifically for machine-to-machine schemes and human communication 28 The Wireless Ethernet IEEE 802.11 (Wi-Fi)
devices generally transmit over 2.4 GHz, nevertheless, now 5 GHz is extensively being utilized for transmission due to
less interference, less noise, higher constant connection, and enhanced speed B2, The Wi-Fi network is available through
mobile devices such as laptops, tablets, mobile phones and others in consequence of an active saleable off-the-self
simple infrastructure for an IPS B3l wi-Fi signal is used to focus the problem of indoor positioning and tracking, due to
the ubiquitous placement of Wi-Fi access points, low cost over other indoor wireless technologies, low energy
consumption, and without additional hardware requirements (2. Several algorithms and ranging parameters have been
presented to increase Wi-Fi-based IPS; however, most of the algorithms and measurement solutions need large
computing properties and specific hardware 63, Wi-Fi localization algorithms are introduced, including an AOA-based
algorithm (triangulation) ©4, trilateration algorithm 3, RSSI-based fingerprinting algorithm €887 and CSl-based
fingerprinting algorithm (681,

Among the algorithms, the fingerprinting algorithm and the trilateration algorithm are often employed in Wi-Fi-based indoor
localization. However, fingerprinting localization algorithms give the best performance and attract the researcher’s
attention due to easy implementation, low complexity, no need for the LoS measurements of APs and specialized
hardware 89, The average localization errors are described as 2~3 m in Wi-Fi-based positioning algorithms 4. Wireless
signals of Wi-Fi access points can protect huge areas, however, they need multipart hardware and software collaboration
with each other 9. In addition, Wi-Fi-based positioning implementation can be extremely affected by environmental
effects such as the geography of the barrier, people’s mobility or crowdedness, and weather 24, The multipath failing of
Wi-Fi signals affects the time-varying RSSI of signals that influence the precision of the Wi-Fi location. Furthermore, Wi-Fi

scanning time, around 3~4 s in common smartphones, gives the low quality of its services in the context of a refreshment
time &2,

3.2. Bluetooth Technology

Bluetooth low energy (BLE) is mostly supported by smart devices today. It is based on the Institute of Electrical and
Electronics Engineers (IEEE) 802.15 standard. The Bluetooth 4.0 protocol was distributed and it was announced in 2010
[7. BLE signal is a kind of electromagnetic signal that works in the range from 2.4 GHz to 2.4835 GHz band in Industrial
Scientific and Medical (ISM) 2, In 2013, a new iBeacon technology was presented by Apple Inc. The iBeacon technology
was created based on BLE technology that can send directly with smartphones and it is has lower power and a lower cost
than conventional Bluetooth and Wi-Fi technologies [Z3IZ4IZSI7E] |n addition, the launch of Google's EddystoneTM open
standard in 2015 produced new and better broadcast formats that have aided in the development of interest in the
widespread use and embedding of Bluetooth beacon platforms [ZZ.

BLE is designed with very short ranged wireless transmissions. Hence, the estimated errors using Wi-Fi-based systems
are normally much higher than those in BLE-based systems [Z8. The sensing length of Bluetooth is at most 10 m, with
great power cost and is only ideal for a small space [38]. Bluetooth devices are varied because of different productions,
rated voltage, and energy, and therefore, the RSS can change as much as 20 dBm 2. Moreover, in reality, Bluetooth
broadcast power takes time-varying characteristics (74,



Although the Bluetooth-based system needs further hardware devices in contrast with the Wi-Fi-based system, it can
attain accuracies in the range of 1.2 m 2, |n addition, low power Bluetooth is chosen in indoor positioning systems and
loT applications because of advantages such as low cost, low power (0.367 mW average power consumption) (3], small
size and easy deployment BABLBZIE3] |t can be as extended as much as 100 m by adjusting the broadcast power, which
creates the possibility of a wider range of indoor positioning using Bluetooth 4.0 4. The Bluetooth-based indoor location
system mainly use proximity detection, trilateration, and fingerprinting. However, the positioning accuracy will be affected
by the stability of the Bluetooth node and the indoor propagating environment. Several experiments with the Bluetooth
scheme show that accurate positioning needs additional exploration /11, Furthermore, Bluetooth technology obstructs Wi-
Fi for the reason that they share the same frequency band 2.

3.3. ZigBee Technology

The ZigBee technology is a short-range wireless communication technology, based on the IEEE 802.15.4 standard as its
medium access control (MAC) layer and physical layer (PHY) standard. It operates at the 2.4 GHz frequency with a lower
bit rate. ZigBee can be applied with a star, tree networks, and mesh networks by relating to a microcontroller BSIE8IE7]
The ZigBee design classifies three types of devices such as the ZigBee coordinator, ZigBee Router, and ZigBee End
Device that combines ZigBee radios. A ZigBee End Device is cheaper to produce than a ZigBee coordinator or ZigBee
Router [18],

ZigBee devices can control their own data and prevent some data damage by using carrier-sense multiple
access/collision avoidance (CSMA/CA). ZigBee devices are defined by aspects, for instance, of energy detection and link
characteristics that permit RSS measurements to be simply resolved. ZigBee technology has a wider range than BLE
technology, as such it is able to communicate further by using a mesh network of relay nodes to arrive at a destination 31,
The ZigBee-based localization system used to link quality indication (LQI) instead of the RSSI B8], The ZigBee standard-
based wireless technology has many advantages such as its low cost, low power (17.68 mW average power
consumption) 23], safety, reliability, robustness, and low data rates. In addition to its light weight, it has low-bandwidth and
a faster computation processing. B220191],

The ZigBee technology was commonly used to measure indoor positioning and tracking previously because of its
advantages 221231 Conversely, ZigBee-based positioning impacts accuracy because of the interference and strength of
the signals /9. ZigBee positioning also has a definite constraint on positioning in real time when using RSSI, due to the
short-range and great latency shortcoming of 802.15.4 wireless technology B4l Furthermare, it requires extra hardware
and is not a trend among current 10T users. The low power features of ZigBee technology have not happened because of
its limitations in data transmissions. This network usually allows a device to succeed in its data transmission over almost
100 m despite its low powered characteristics. In the network, each node can connect directly with other nodes or through
neighbouring nodes in the network [241193],

3.4. RFID Technology

RFID is a wireless non-contact technology that obtains automatic identification by transmitting data from an RFID tag to
the reader through an electromagnetic signal. Generally, RFID technology consists of a reader, tags, and a computer 28,
RFID technologies are based on an active tag technology €2l and passive tag technology 2883, Active tags have a larger
detecting range using high power consumption and higher cost, although the passive tags are appropriate for short
distance static point location, and only applicable for a small space 9. However, RFID passive tags are more common
than active RFID tags in localization systems. Furthermore, RFID technologies achieved high improvement in the tracking
of assets, warehousing, management, logistics, car inventory, personnel location, and robot navigation. Its advantages
are a high read range, rapid read speed, low price, suitability for large-scale deployments, high security, battery-free tags,
and scalability 28, Moreover, RFID technology is widely used in industries other than in laser scanners, cameras, or
ultrasound technology 199 However, the localization approach based on RFID can easily be changed by the random
moving objects in the domain, due to the multipath effect and signal fluctuation that reduce its accuracy. Moreover, due to
diffraction, reflection, and NLoS, RFID signal transmissions are complex in an indoor environment. In addition, RFID
signals collected from the real-time environment are noisy 1941,

In many applications, the position identification of objects is also of extreme importance. Thus, the RFID technology-
based localization has been analysed extensively. The RFID-based conventional localization systems usually use the
characteristics of radio signals such as the signal strength, travel time, and direction. In RFID-based indoor localization
systems, the triangulation methods, zone or building level solutions, and LANDMARC, a location sensing prototype
methods, are usually developed to locate a target 292, For the RFID-based ultra-high frequency position scheme, the
power signals received by the readers have to be computed in the RSSI-based IPS. The RSSI based methods contain the



referenced tag-based methods and distance-based methods. The distance-based algorithms create signal propagation
models such as the free-space path-loss model, logarithmic distance model, and logarithmic normal distribution model for
the signal power reduction and the signal propagation distance 03],

Furthermore, location tracking based on the RFID system can be divided into reader tracking and tag tracking 4. In the
RFID tag tracking, the target to be located is connected with an RFID tag. The RFID reader is positioned in the
surroundings. When the target steps into the surroundings, the RFID reader stores the information. The RFID reader can
either send the information to a centralized server, which computes the location, or collaborate with each other to compute
the location by themselves. Then, the location outcome is returned to the target. In the reader tracking, each object to be
localized brings in a reader in addition to an antenna integrated with the reader. The tags are installed in the surroundings.
A reader acquires the information and estimates its position. Reader tracking decreases setup costs by using inexpensive
tags 199, The RFID reader positioning is also vital for RFID large-scale implementation. Therefore, the RFID reader
positioning was investigated to develop a higher accurate positioning and tracking system for the indoor environment, and
to improve the tracking performance that can be used for various active and passive RFID standards [£04][105]

3.5. UWB Technology

UWB is an attractive technology in wireless sensor networks, which allows for very high data rates over a short distance
because of its wide bandwidth. This broad bandwidth also involves a high temporal resolution, enabling a higher accuracy,
and hence more accurate positioning of each target device in the network 198 The |IEEE 802.15.4a (UWB) wireless
communication technologies are quickly developing and they will be in the 5G technology 204, UWB transmission is
described by its capacity to communicate short pulses with low-power spectral density in a high-frequency range, from 3.1
to 10.6 GHz. UWB wireless technology is an innovative technology for greater resolution in indoor positioning and tracking
applications, such as in healthcare, medical facilities, construction sites, and sports 2981209 Moreover, due to the nature
of large bandwidth, UWB signals offer greater protection against interference. In addition, it has less impact on the human
body due to the short-transmission power 119,

Localization based on UWB concentrates on the trilateration and angulation methods LIUILI2MSIALI4] 5 the ynknown
location of a target device using three or more beacon nodes. Range-based approaches such as TOA and TDOA have
good accuracy and are most suited for localization and ranging for wireless networks because of the large bandwidth of
UWB signals 22, However, RSS is hardly utilized in UWB-based positioning systems, since distance calculation is less
accurate compared with using the TOA, TDOA, and AOA-based method 15, UWB technology has many advantages,
including the protection of multipath intrusion, large data rate, convenience, low power consumption, and suitable for
wearable networks and body-centric applications 1€, The UWB technologies are mostly focused on non-line- of-sight
(NLoS) modifications 231, |t is able to offer centimetre and sub-metre accuracy for position measurement in an indoor
localization system L7, However, an ultra-wideband-based positioning system has many challenges for high-accuracy
applications in buildings, which includes sampling rate limits, device synchronization, human-body shadowing effects,
antenna phase-axis variation, and multipath interference. There are many reasons for a millimetre or sub-millimetre
accuracy 12 To make the higher range accuracy, the UWB-based positioning technologies require complex
infrastructure and high cost (118!,

3.6. Cellular Technology

Cellular wireless signals such as 2G, 3G, 4G, and 5G (millimetre wave technology) have been used for localization
systems [LL9I[120[121)[122]123][124] * A|so, the cellular implementations aim to give effective coverage in the indoor
environment. Specifically, the new LTE signals have a large bandwidth, a structure and a synchronization frame that can
create them, which are well matched for location determinations 123, |n 4G LTE web systems, the RSRP and RSRQ
values are used to observe the signal strength. The RSRP is termed and received as a signal indicator. The RSRP and
RSRQ are defined in the 3rd Generation Partnership Project (3GPP) typical design 228, Normally, 3GPP LTE divides
between the frequency division duplexing mode and the time-division duplexing mode. The time-division duplexing mode
uses the same frequency while the frequency division duplexing mode uses two dissimilar frequency ranges for uplink and
downlink.

The LTE downlink physical layer is constructed in accordance with the OFDM modulation. The LTE signal-based
positioning systems consider a number of aspects. These signals should rather occur within the downlink with no operator
demand, thus no precise operation of the system is required, preventing further cost and system traffic. The LTE signal
would be excluded for a base position, therefore the signals from various base positions working on a similar frequency
range can be divided. Furthermore, the bandwidth of the communicated signal would be exploited in the network
bandwidth to give a frequency impulse response with better resolution 1231,



The radio signal scatterings for base stations on various radio channels change with positions. Thus, a radio channel
combination can support escape from misclassification instead of depending on one radio channel. In addition, the cellular
signals are obtained by smartphones without extra cost. Furthermore, coarse location data can be obtained from cellular
networks, although its precision is lacking for most indoor applications. Moreover, 2G cellular signals only apply averaged
RSSI that is less crude, as it consists of power associating with thermal noise, serving cells, and co-channel cells 28], The
propagation channel actually disturbs the accuracy of an LTE-based localization system, which is unsuitable for location
approximation in a distributed antenna system (DAS) 122, Moreover, the LTE commercial systems are not developed for
TDOA-based positioning system due to the non-compromise of positioning reference signals (PRS) and non-synchronized

base stations [228],
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