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ABSTRACT The localisation and positioning in Wireless Sensor Node (WSN) are prone to tracking loss
because of battery depletion resulted from high power consumption. Considering this, Energy Harvest-
ing (EH) is a significant factor to ensure the sustainability of WSN trackers. Therefore, the key objective
of the paper is to review the existing EH approaches, specifically for WSN trackers. An overview of
WSNs including the underlying wireless communication technologies is initially presented. We compared
the communication range, data rates, power consumption and also the cost across wireless technologies
used for WSN. This paper further discussed the localisation and positioning techniques using the Global
Positioning System (GPS) and other types of sensors exploiting signal parameters like Received Signal
Strength Indicator (RSSI) and Angle of Arrival (AoA). Subsequently, we reviewed the energy harvesting
approaches in terms of power density, efficiency and also highlighted their advantages and disadvantages.
The EH components such as energy storage and energy-combining circuit for activemonitoring are presented
as well. Finally, this paper outlined the key challenges and future regards EH for WSN.

INDEX TERMS Energy harvesting, piezoelectric, solar, hybrid energy, boost converter, GPS tracker device.

I. INTRODUCTION
In recent years, advanced microelectronics engineering has
seen an unprecedented rise in the number of ultra-low power
WSN and devices [1]. The constant growth of sensor sys-
tems has caused the upsurge of various utilisations, rang-
ing from systematic health tracking to industrial process
control [2], [3]. Compared to wired technology, wireless
technology presents many advantages, including flexibility
and sensor placement at positions where a wired sensor
cannot cover. The wired framework may reduce cost and
time, but will not fix concerns like separation. Some examples
of WSN-based mechanisms are a Bluetooth device linked
to the chest band for transmitting individual heart rate data
to a treadmill, and a portable electrocardiograph (ECG)
for linking human heart movement to a doctor’s display
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panel. In addition, the ZigBee wireless modules, equipped
with a smart meter, are used to monitor energy usage in
households or industries and provide customer feedback
on the decision-making process [4]. Beyond that, WSN
applications are deployed in structure surveillance, defence,
location monitoring, and radio frequency detection (RFID).
One of the core challenges in WSN deployment is the
preservation of network survivability, which eventually leads
to high usage. Power consumption is essential in the WSN
application control protocol [5], [6]. When a WSN tracker
is exhausted, it will be disconnected from the network,
affecting the application’s performance. Since WSN mostly
operates on batteries with a short lifespan, it is crucial to
advocate using WSN supercapacitors technology to store
the energy from EH sources, depending on the availabili-
ties of the sources. By relying upon the extracted sources,
the lifespan of batteries can be prolonged, hence allowing
WSN to sustain network accessibility and operate reliably
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FIGURE 1. Ambient energy power source before conversion [7].

for several years before battery replacement. Accordingly,
EH strategies have been previously studied as a guide toWSN
tracking energy supply technologies. Mechanical energy
(vibration or friction), thermal energy (heat), radiated energy
(solar and infrared radio frequency (RF)), chemical energy,
and nuclear energy are among the common energy sources in
our climate. It should be noted that each of the EH streams has
different energy densities. Figure 1 shows the energy density
breakdown before the conversion. The selection of ambient
energy is based on the sensor’s environment and applica-
tions. Relatively, radiant sources perform better outdoors
than indoors (i.e. solar power [7]). However, radiant sources
for object tracking settings pose a problem when WSN is
in a dark area. Subsequently, the combination of solar and
vibration energies offers WSN trackers the most prospective
EH solutions when WSN is connected to a moving object
(e.g., a car or a horse).

WSN has comprised hundreds to thousands of nodes with
limited processing capacity and minimal memory. Although
the sensors can be implemented in different environment,
the low battery life still poses a challenge in node distance
estimation. Localisation is essential for different sensor sys-
tems for tracking areas and capturing critical data for specific
purposes. Ideally, implementing position sensor should be
low in cost and the precision of distance estimation should
be high in scores. GPS tracker is a simple form of position-
ing in direct sight [8], habitat monitoring [9], [10], medical
diagnostics [11], [12], and object tracking [13], [14]. Tar-
get sensor monitoring typically involves trajectory approx-
imation of one or more moving objects based on partial
knowledge, such as GPS coordinates, acceleration, and sen-
sor direction [6], [15].

Most of the researchers have concentrated on GPS-free
WSN monitoring via specific algorithms, including range-
based or range-free node tracking techniques [16], [17]. Even
though these strategies can reduce power consumption and

extend WSN service with limited sensor usage, the proposed
work still lacking in precision and has high complexity. GPS
tracking device generally relies on the sensitivity of the GPS
sensor for direct location and high precision. However, little
attention has been paid to the integration of wireless GPS sen-
sor tracker and EH technologies for prolonging theWSNs [9],
[12]. This paper, therefore, suggested the designation of a
WSN monitoring system through the combination of GPS
with EH to maintain the energy of sensor node and integrated
circuit (IC) architecture, consequently reducing the size of the
device and power consumption.

Integrating solar-based and mechanical vibration-based
sources would lead to high-performance measurements in
system power usage, position precision, and life cycle opti-
misation. Table 1 summarises the comparisons of this paper
with related works. According to authors in [18] focused
on incorporating composite EH from three separate sources,
while other works focused on a single energy storage source1.
In relation, the works in [19] and [20] have been devoted
to performing solar and vibration EH technologies, respec-
tively. Even though the works in [9] and [20] targeted the
same EH technologies and performancemetrics, they differ in
the implementation and also output reliability. Additionally,
the works in [12] and [18] have emphasised radiated sources
and were the only research that incorporated success metrics.

This paper provides a compact assessment of
GPS-integrated EH technology, environmental and applica-
tion, and explicitly reviews the vibration along with solar
energy harvesting technologies. The contributions of this
paper are fourfold:

• An overview of WSN including a comparison of sup-
ported wireless communication technologies

• WSN localisation and positioning techniques via GPS
and sensor-based

• Tabulated comparison of existingWSN trackers with EH
technology
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TABLE 1. Comparison the current review paper with previous reviews.

• Energy harvesting approaches comprising energy stor-
age and energy combining circuits

This rest of the paper is organised as follows. Section II
summarises wireless sensor networks, including the under-
lying communication technology. In Section III, we discuss
WSN localisation and positioning, which areGPS and sensor-
based. Section IV reviews EH for WSN such as energy har-
vesting approaches, energy storage, and energy combining
circuit. Section V highlights the key challenges and future
works, followed by a conclusion in Section VI.

II. OVERVIEW OF WIRELESS SENSOR NETWORK (WSN)
WSN is a sensor node that transmits wireless signal data
from an area to the administration centre or control centre.
Technically, WSN is deployed at the infrastructure or base
station to gather data through a single sensor node from a par-
ticular location. The region sensor node adequately gathered
all knowledge and specific data of the environment for further
analysis [21]. On another note, WSN can serve as an ad hoc
wireless network as well. Figure 2 shows examples of WSN
usage across various industries.

WSNs incorporated several features such as compact
sensors, sensor integration, data collection, and wireless net-
working technologies. Many sensor network design applica-
tions are for sensor measurement, tracking, and large-scale
analytical applications [22]. The military use network sensor
nodes for transmitting enemy information in the battlefield
and trans-border early warning system [23], [24]. Corre-
spondingly, distance calculation by each node is critical for
these kinds of applications where an error might affect the
defence of a country.

The category of sensor node implementations is accord-
ing to the required coverage and performance (i.e. data
speed or latency). Stationary installation in a house can highly
locate the needed coverage of a particular use case, while
container tracking scenario requires global service coverage.
The 3GPP systems apply in cases of major geographic scope
requirements and medium to high performance standards.
With the latest ranges of features offered in LPWA appli-
cations, 3GPP technologies take an enormous leap to cover
low-cost and low-performance segments.

Table 2 outlines the variations in cellular network infras-
tructure requirements. A Bluetooth transceiver module uses a
2.4GHz frequency and has 250mW of total power consump-
tion. The drawback of Bluetooth is the small communica-
tion range for transmitting and receiving data (i.e. between
10m and 50m). Likewise, a Wi-Fi transceiver module has
835mW of total power consumption with increased access
time, and a contact range of only 100m. On the other hand,
the ZigBee transceiver module uses the frequencies between
868MHz, 915MHz, and 2.4GHz, and has 36.9mW of total
power consumption with a contact range of 100m as well.
The downside with ZigBee is that it demands a clear line
of sight (LoS) between the sensor node and the coordinator.
Meanwhile, General Packet Radio Service (GPRS) uses fre-
quencies between 900MHz and 1800MHz, and has 560mW
of average power consumption with a wide communication
range of 1km to 10km.

NB-IoT is another transceiver module with excellent com-
munication range, though it only carries 220mW of total
power usage through LTE-based minimum power consump-
tion technology. Meanwhile, the LoRa transceiver module
uses frequencies between 869MHz and 915MHz, and has low
power consumption with broader contact range. LoRa is suit-
able for drainage, smart grids, environmental conservation,
and lighting power. Unlike LoRa, the SIGFOX transceiver
module has a more excellent contact range, but higher power
consumption. This paper emphasises LoRa instead to create
a wireless GPS sensor node tracker because of its power
consumption (i.e. 100mW) and communication range (i.e.
5km).

III. WSNs LOCALISATION AND POSITIONING
Localisation plays an essential role in various sensor applica-
tions for mapping regions and gathering critical data, where
the precision of distance measurement is significant. Local-
isation analysis is locating and approximating a node. GPS
is one of the simple placement techniques, but requires a
direct LoS [53]. Missile guidance andmedical diagnostics are
examples of systems that adopted wireless sensor positions
for tracking. In this section, positioning problems, with and
without GPS, are discussed pertaining on location accuracy.

Table 3 shows the comparisons of the wireless sensor node
for localisation and positioning. In 2018, most researchers
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FIGURE 2. Wireless sensor network application.

TABLE 2. Comparison between several wireless network technologies.

FIGURE 3. Localisation methods taxonomy [54], [55], [67].

used GPS technologies to identify the location of the Tx
node via the LoS toward space or satellite. The Tx node
sends the location coordinate to the receiver node, and the
GPS receiver needs at least three satellites to identify the
location coordinate. This method, however, has a limitation
when the Tx node is covered in shadows or under a building.
In [8], the proposed device harvests electric power using
air bulbs installed in the sole of a shoe to trigger a series
of micro-turbines connected to small DC motors. A 75kg

test subject wore a prototype combat boot and produced an
average continuous power on the order of 10s of mW while
walking at 3.0mph. In [12], the proposed device comprising
a GPS tracker, temperature sensor, and a force sensor. The
device is miniaturised using nanotech and implanted in the
teeth of a child. When the temperature sensor reached beyond
the normal range, it sent an alert message to the parents’
mobile number. According to [54], localisation study has
become a central attraction for tracking objects in the era
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TABLE 3. Comparison of wireless sensor node for localisation and positioning.

of a new global economy. The object environment has a
substantial effect on accuracy offered by the localisation algo-
rithms. Correspondingly, the proposed system in [54] can be
deployed for a small low-cost and low-power LoRa tracking
device with no GPS dependency, improving the localisation
even when the Tx node is covered in shadows or under a
building. Nevertheless, this method needs at least three Rx
nodes to identify the location of the Tx node. The authors in
[19] proposed an energy harvesting architecture and energy
management logic to design the wireless sensor nodes for
animal tracking, specifically pink iguana, in the Galapagos
Island. Wireless networks have been a focal point for smart
environments and smart monitoring because of their low
power consumption with long-range connectivity [55]. The
wireless sensor module in [55] utilised LoRa with 868MHz
frequency. The authors claim that the multilateration method
is more accurate than trilateration. The results demonstrated
that the localisation accuracy in the Tx node increases as the
number of Rx nodes rises. Contrariwise, the authors in [56]
proposed an equal-arc trilateral localisation algorithm based
on the received signal strength indicator (RSSI) to increase
measurement precision. The algorithm adopts the Kalman fil-
ter to extract the data collected from the best communication
range. According to the authors, an optimal communica-
tion distance can be identified and satisfy the application

requirements. The proposed work increases the average loca-
tion accuracy by 81% compared with the traditional square
beacon model. The authors in [57] addressed the target
localisation problem in 3D wireless sensor networks via a
hybrid system that merges received signal strength with the
angle of arrival measurements, and proposed a semi-definite
relaxation and second-order one relaxation-based estimator.
Theoretical analysis and computer simulations demonstrated
that the proposed localisation method performed better over
the existing ones.

A. GPS TECHNOLOGIES
According to [53], GPS is the most popular outdoor position-
ing technology for sensors. Place finding is gaining mobile
client (MC) location information to gather reference posi-
tions within a pre-defined area. Position observations use
many terminologies, such as position direction, geolocation,
location sensing, and direction [59]. The positioning method
is a system estimation of an object’s position. Global Nav-
igation Satellite Systems (GNSS), such as GPS units, have
been used in a broad range of applications, including track-
ing and asset management systems, transport navigation and
guidance, telephone network synchronisation, and geodetic
surveying. Although GPS sensors are widely preferable for
outdoor positioning, the systems may encounter indoor and
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TABLE 4. Comparison of the GPS tracker devices.

underground settings issues as these areas have the satellite
limitation [60].

Table 4 provides a comparison of the existing GPS tracker
units. The function of the GSM/GPRS transceiver module
is for transmitting system data to the server. As seen in the
communication modes of Table 4, GSM/GPRS displays a
high power consumption of 10mA in standby mode [61].
LTE and SIGFOX, however, showcase a low power consump-
tion of less than 3mA and 0.21mA, respectively [62], [63].
The lowest usage belongs to Bluetooth, with 0.048mA of
power consumption [64].The localisation technologies used
in Geo-Trax, TK-102B, and HidnSeek is GNSS, SIRF, and
ublox MAX M8, accordingly. The selection of technologies
has an advantage in the accuracy of localisation, as demon-
strated by TK-102B with its highest radius up to 5.0m. Con-
trarily, the iTAG device utilised sensor technology to identify
the location coordinates based on Bluetooth signal strength
and RSSI.

B. SENSORS TECHNOLOGIES
Figure 3 presents the taxonomic view of the existing methods
in localisation methods. Localisation can be broadly divided
into two sub-categories, namely target localisation and node
self-localisation. Accordingly, target localisation can be clas-
sified into single target and multiple target locations, while
node self-localisation can be categorised into range-free and
range-based approaches [13], [55]. Self-localisation node
serves an integral part in node positioning. The benefits of
self-localisation node include cost-effective, quick deploy-
ment, and low power consumption [65], [66]. A range-free
algorithm is a tool for calculating a node’s position by using
the conjecture techniques of centroid, DV-hop, and geom-
etry distance between the transmitter and the receiver. The
range-based algorithm, on the other hand, involves techniques
such as receiving signal intensity indicator (RSSI), time dif-
ference of arrival (TDoA), time of arrival (ToA), and angle of
arrival (AoA).

Table 5 shows the distinction between the range-based
and range-free algorithms for a GPS-free node sensor loca-
tion. As tabulated in Table 5, the RSSI technique requires
no specialised hardware and can be cost-effective with pos-
sible attenuation. In contrast, the AoA technique is costly

as it requires a multi-antenna array or motorised antenna
[68]. ToA and TDoA techniques exhibit average cost with
low attenuation, and require advanced localisation hardware.
Algorithms are essential for position computation to classify
sensor node location. There are three primary node location
and positioning algorithms, namely trilateration, triangula-
tion, and multilateration. As for the range-free techniques,
no specific hardware is needed, but the attenuation is high
to the point of affecting the positioning precision.

C. KEYS ISSUES ON EH
The fundamental issues with wireless GPS sensor node
tracker are high power consumption and short-lived batteries.
WSN tracking with GPS still has a chief benefit, a position
of efficiency for object tracking and outdoor applications.
There have been several discussions on integrating WSN
tracking with GPS receiver for low-power consumption. The
goal sensor is a battery that provides node control and can
run reliably for several weeks or months before depletion.
Conventionally, the batteries must be changed or recharged
for long-term operation or monitoring. Unfortunately, this is
a problem for compliance applications, especially on whether
to charge the battery regularly or within a week since it
includes personal protection and classified operations.

As seen in Table 6, researchers have shown interests in
GPS-based WSN integrated with EH technology for the sake
of network connection sustainability and real-time moni-
toring. Lavanya R et al. (2018) adopted the thermoelec-
tric EH source for autistic child tracking and human body
temperature monitoring [12]. Meanwhile, Haluk Akay et al.
(2018) examined the micro-turbine embedded GPS tracker
systems as EH supply [8]. They created a GPS tracker for
military boot, and utilised supercapacitor and battery as
dual-energy storage for the GPS tracker. This is opposite
from Loreti et al. (2018, 2019) developed a WSN to map and
control the pink iguana, a newly discovered species living in
the remote location of the Galapagos Islands [19], [58].

The lifespan of a battery can be extended by using ambient
sources and converting them to charge the battery and energy
storage. Some potential energy sources are, but not limited
to, light [79], [80], kinetics [8], [9], [81], [82], acoustics
[83], [84], thermal [12], [85], wireless [86], [87], chemical,
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TABLE 5. Comparison of WSN Localisation methods for sensor technology.

TABLE 6. Energy harvesting for Wireless Sensor Node localisation and tracking.

wind [39], [81], [84], [88], and hybrid [89]. Light is the
recurrent source for environmental EHs, where the solar
cells harvest the energy from the sunlight. The develop-
ment of ultra-low power consumption for WSN is consid-
ered an integral part of the electronic system design flow.
Most researchers concentrated onmaximising battery life and
avoiding excessive removal or recharging of batteries [90] to
reduce power consumption. However, the size of a wireless
GPS sensor node appears to be unsuitable for an animal
tracker or compliance applications, as they are often large
in scale. Alternatively, the researchers introduced the EH
architecture and associated energy management logic. They
also addressed the effect of packaging on sensor efficiency
and the minimal energy available on GPS monitoring.

IV. ENERGY HARVESTING FOR WSN
A. ENERGY HARVESTING APPROACHES
EH is a technique that absorbs un-utilised light, kinetic,
thermal, wireless, chemical, wind, acoustic, hybrid, and
other renewable resources and transforms them into usable
electrical energy capable of delivering power to wire-
less sensors for sensing or actuating functions. Several
researchers have explored on how to harness energy from
small-scale or low-power electronic devices [83]. Figure 4
shows the device-induced electricity-induced EH technolo-
gies. There are eight divisions of currently discovered energy
sources for energy harvesting, and several of these sources are
further separated into many other sources, each with a distinct

FIGURE 4. Energy harvesting technologies.

technique. The classification facilitates researchers to use
the right method for their study. Light offers two harvesting
choices, i.e. natural light, such as sunshine, and artificial
light, such as street lamps. There is piezoelectric vibration in
kinetic, electrostatic electronmovement, and electromagnetic
magnetic movement in the electric field.

Figure 5 illustrates the view of the new Vibration Energy
Harvesting (VEH) [7], [91]: time-related VEH sector and
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FIGURE 5. Vibration Energy Harvesters - Perspectives [7], [91].

two bottlenecks connected to the operating frequency band-
widths. According to this pattern, the existing VEH remains
adequate for the industry. The best way to extend and domi-
nate the new market is to maximise the operating frequency
bandwidths and create plug-and-play applications.

Table 7 provides a list of resources harvested from var-
ious sources. Each EH technique shows the power density
and conversion efficiency, and the expression is in extracted
energy per unit volume, area, or mass. The control units are
watts per square centimetre, W/cm2, and watts per cubic
centimetre, W/cm3. Efficiency conversion is the ratio of
extracted energy to harvest energy supply. Typically, energy
conversion efficiency varies from 0 to 100%. Photovoltaic has
the highest conversion as the efficiency rate approaches 100%
in peak and natural settings, followed by radio-frequency
with a conversion efficiency rate of 50% and wind effi-
ciency of 5%. Other harvesting techniques allow less produc-
tion, which is inadequate for commercial use. Nonetheless,
the techniques are considered for limited power devices and
certain applications.

Concerning the geographic region ofMalaysia, it is reason-
able to use solar as an EH technique, as a generous amount
of sunlight is generated throughout the year compared with
the four-season countries. Moreover, the high performance
generated can overcome the high installation costs and effec-
tively deliver long-term benefits to consumers. This paper
presented a combination of piezoelectric with solar energy
harvester to produce a hybrid EH technology. The advantages
of selecting piezoelectric as a joint-energy harvesting device
are simple structure and high voltage performance. Proper
installation and calibration can resolve issues concerning the
thin-film fragile state. Accordingly, the EH system would
supply the required energy to a portable GPS sensor tracker.
The EH system would incorporate a hybrid energy storage
system such as a lithium battery and supercapacitor. The
supercapacitor will act as an energy shield until charging is
begun.

B. ENERGY STORAGE
Energy storage includes three different types: batteries, super-
capacitors, and thin-film batteries. Batteries are usually made

of advanced power-supply technologies. Key metrics of the
energy storage elements to be considered when choosing
EH applications include output voltage rating, efficiency,
self-discharge current, total load-discharge cycles, energy
density, and power density. The function of power converter
is to provide power to the output voltage of the energy buffer
in EH. The number of load-discharge cycles determines the
reliability of an EH system. Supercapacitors have greater
power density and lifetime than batteries, and can be utilised
to counter short-term power surges [101]. Many sensor plat-
forms with harvesting capabilities deployed supercapacitors
as the energy storage system, either by themselves [102],
[103] or with batteries [104], [105]. Over the years, battery
technology has been evolved to the thin-film batteries. Table 8
defines various efficiency metrics of energy storage compo-
nent in WSNs.

Battery systems customarily apply two distinct battery
types, nickel-metal hydride (NiMH) and lithium-ion (Li-Ion)
batteries. Some early high-powered EH systems use NiMH
battery technology to recycle energy from regenerative brak-
ing in electric vehicles. The NiMH batteries are composed of
a rare earth metal hydride as the cathode side, nickel-metal
as the anode side, and potassium hydroxide as the electrolyte
side. These batteries have a 1.2V output voltage, and use a
continuous current or voltage source. The charging process
is completed either by measuring battery voltage or temper-
ature. The significant advantage of NiMH batteries is that
they are very safe to use, as overloading would not pose a
risk or security threat. Conversely, the major drawback of
NiMH batteries is the comparatively high self-discharge rate,
which losses around 5% of power per day [106].

The Li-Ion battery is the primary power source for
portable electronic devices and is suitable for EH applica-
tions. This form of the battery comprises lithium cobalt oxide
(LiCoO2) or lithium manganese dioxide (LiMnO2) as the
cathode terminal, lithium salt (e.g. lithium hexafluorophos-
phate (LiPF6)) as the electrolyte, and carbon as the anode
terminal. The peak voltage is 3.6V with an over-voltage and
under-voltage threshold of 4.2V and 2.5V, respectively [107].
The advantages of using Li-Ion batteries in EH applications
include a wide range of strengths, shape factors, and rela-
tively high capacity and power efficiency. The performance
of commercially available single-cell Li-Ion batteries can be
as low as 40mAh, making them suitable for WSNs needing
small factor batteries. The drawbacks of these batteries. How-
ever, the drawbacks of these batteries are battery protection,
which requires a special circuitry to avoid the overloading
of batteries. The specific charging profile comprises constant
charging to full charging power and battery life extension.
The battery cannot be charged if the cell temperature is over
50◦C or below 20◦C . Li-Ion battery-powered devices have
dedicated circuits to regulate battery voltage for over-voltage,
under-voltage, over-current and over temperature conditions.

Electric Double Layer Capacitor (EDLC) is another term
for supercapacitors or ultra-capacitors [108]. The superca-
pacitors are designed as conductive elements with two rigid
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TABLE 7. Power density and efficiency of energy harvesting technique.

electrodes, isolated by a thin electrolyte substance (e.g. acti-
vated carbon). Owing to the large specific area (i.e. area per
unit volume) of the electrode material and the small spacing
(few Angstroms) between the charging layers, supercapacitor
strength can be increased. The primary advantages of super-
capacitors are high-power density, nearly infinite number of
charging cycles, improved stability at high and low tempera-
tures, and low equivalent series resistance (ESR), enabling
high discharge speeds. The supercapacitors’ self-discharge
is like Li-Ion batteries, but is more than thin-film batteries.
Inversely, the primary downside of supercapacitors is the
reduction of voltage resistance. Since the electrodes are quite
the same as each other, an electrolyte material breakdown can
occur at voltages as low as 3 V. Meanwhile, for high-voltage

applications, two or three condensers are used in series to
increase the total voltage rating. Nonetheless, as the number
of condensers grows in series, the system will need special
circuitry to control voltages through each condenser.

A Thin-film battery is from LiCoO2 or LiMnO2, which is
sprayed out of the goal. The deposited electrolyte is coated
with polymeric materials such as lithium phosphorus oxyni-
tride (LiPON). The material of thin-film battery-anodyne is
lithium metal or inorganic. The thin-film battery can provide
an output voltage of 4.2V, while the under-voltage is 3V.
The battery is stable as it does not pose a safety hazard,
and can charge with steady current and voltage. The safety
features prevent the battery from damaging, and use cir-
cuitry to monitor the battery’s over-voltage condition during
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TABLE 8. Summarises the various performance metrics of the energy storage elements.

charging and under-voltage condition during discharge. The
primary advantage of a thin-film battery is its nearly zero
self-discharge. This feature makes them appealing to EH
applications where the system cannot be powered for pro-
longed durations. Because of self-discharge, the battery must
minimise the lack of stored energy for long periods. Another
feature of the thin-film battery is an increase in charging times
relative to the Li-Ion battery. Correspondingly, this type of
battery is preferable when replacing the battery is deemed
dangerous or prohibitively expensive. The major drawback of
a thin-film battery is its limited scale, from 50uAh to 2.5mAh.
Because of the battery’s minor power, system configuration
must operate at low battery capacity.

C. ENERGY COMBINING CIRCUIT
As seen in Table 9, the simplest method of multi-source EH is
to gain energy from primary sources and use it as a secondary
source to power the auxiliary circuit in the Power Manage-
ment Unit (PMU) [110]. However, the complementary energy
source design does not really incorporate energy from both
input sources to supply it to the loop. Additionally, the circuit
lacks themaximumpoint power tracker (MPPT) functionality
and requires a maximum EH output feature.

Power ORing’s combined circuit is a fast and effective
multi-source energy extraction technique, as implemented in
[111], [112]. The advantage of Power ORing is that it can
support an arbitrary number of EH sources and can perform
MPPT independently on its transducer. However, the down-
side of this technique is the extra power loss because of the
diode’s forward drop voltage and the size and cost boost of
the MPPT circuit.

The voltage level detection technique in [113] is a more
complex control system that replaced the Power ORing diode
with a voltage-controlled switch to minimise computer power
losses. The advantages of this method are no simultaneous
energy harvest from multiple inputs and no potential power
loss. There is, however, marginal applicability to atmospheric
energy sources for volatile variation and voltage level detec-
tion approach.

In [114], the linear regulator technique is extended to
the current type by linking individual linear regulator out-
put. A single storage system (i.e. SSD) external capacitor
is used to store energy and stabilise low-dropouts (LDOs),
while no battery function is being utilised. The advantage of
this strategy is that it can simultaneously gain energy from
several sources via a simple control algorithm. The draw-
backs include less productive output limits and a stabilisation
problem. Because of the simple circuit and efficient power
output for GPS sensor node tracker applications, this research
proposed to incorporate a multi-source EH circuit with the
Power ORing technique.

Buck-boost converters are widely adopted in energy
production to form a similar MPPT impedance scheme.
It happens because the converter’s input impedance can be
conveniently tuned through the frequency control to form
a time-average input resistance. The buck-boost converter
can utilise a shared inductor scheme to minimise the num-
ber of external components required by considering several
inputs. Using this topology, the complex controller must
allow all inputs to the only inductor, while ensuring each
input achieved optimum power transfer. One major drawback
is that the method can deviate from a genuinely concurrent
energy harvest as the number of input sources increases, with
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TABLE 9. Comparison of multi-source energy harvesting combining topology.

at least one transducer remains unconnected. This effect is
reduced for the larger buffer condenser since it stores energy
while the harvester is removed. However, it will affect the
MPPT phase open-circuit (OC) voltage setting time, as previ-
ously mentioned. Subsequently, a trade-off is made between
tracking precision and harvesting performance [115].

V. KEY CHALLENGES AND FUTURE OUTLOOKS
In principle, a sensor must be fitted with low-power
transceiver or the battery will undergo rapid depletion oth-
erwise. The critical challenge is to maximise energy usage,
since the tracker technically requires a durable power supply.
As the amount and the size of sensor networks expand,
reparation of exhausted batteries shall be deemed costly and
time-consuming [120]. Without long-lasting energy, it would
be impractical to execute real-time monitoring of a sensitive
object or subject. Therefore, the sensors must be self-powered
to avoid network disconnection and allow persistent
monitoring [121].

Using a solar panel for EH is a standard practice for green
energy and preferably for sensor activities. However, specific
applications may not always be practicable for solar EH, and
alternative energy sources must be considered [18]. The main
issue with solar EH is that the energy can only be provided for
some parts of the day, and assuming that theWSN is operating
continuously, any received energy should be maintained for
night time as well [118]. The challenge is to determine what
sort of energy sources can be combined by considering the
cost, weight, and viability of devices.

The primary obstacle for hybrid EH is designing a work-
able energy mix circuit that can combine two energy sources.
To date, only a few studies have concentrated on making a
range of EH sources for these power systems, while others

are dedicated to one form. In addition, energy storage forms
ought to be taken into consideration in future works as well.
Another practical question that needs to be answered is the
feasibility of a hybrid battery, particularly for hybrid energy
sources.

VI. CONCLUSION
This paper provided a review on EH approaches for WSN
localisation and positioning. It also compared the commu-
nication range, data rates, power consumption and also the
setup cost of the existing wireless technologies for WSN.
Apart from that, the assessment of wireless sensor methods,
i.e. with and without GPS, were carefully addressed as well.
The comparisons of former techniques in EH were examined
besides the energy storage and energy-combining circuit were
discussed. The key challenges and future works were also
highlighted in the paper.
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