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Advancements in Laser and LED-Based Optical
Wireless Power Transfer for IoT Applications:
A Comprehensive Review

Kimia Ahmadi

Abstract—Optical wireless power transfer (OWPT) has
emerged as a promising technology for efficient wireless power
transfer (WPT), offering advantages, such as directionality, suit-
ability for far-field applications, and the ability to transfer power
and data simultaneously. This comprehensive review classifies
OWPT systems into laser power transfer (LPT) and light-emitting
diodes (LED)-based OWPT. LPT uses the narrow divergence
of laser beams for high-density, long-distance energy transfer,
making it suitable for applications, such as satellites, autonomous
drones, and electric vehicle charging. In contrast, LED-based
OWPT offers a safer, more cost-effective solution for low-power
applications, especially in the Internet of Things (IoT) domain. It
offers advantages, such as lower power consumption and fewer
safety restrictions compared to LPT. Innovations in LPT, such
as high-intensity laser power beaming, distributed laser charging
(DLC), adaptive DLC, simultaneous lightwave information and
power transfer, and resonant beam charging are discussed.
Also, recent advancements in LED-OWPT, including single-lens
and double-lens systems, collimation techniques, and multi-LED
arrays, are explored for their potential in powering IoT devices,
wearable electronics, and smart infrastructure. First, we present
a radar chart comparing various WPT techniques with respect
to performance criteria. After reviewing the methods of LPT
and LED-OWPT in detail, a comparison of these techniques is
provided, evaluating their strengths, limitations, and application
suitability. A concluding radar chart offers insights for optimizing
OWPT systems tailored to specific applications. Future research
directions are identified, emphasizing the need for further
advancements in beam alignment, safety protocols, and hybrid
systems to enhance OWPT’s scalability and practicality in real-
world scenarios.

Index Terms—Internet of Things (IoT), laser power transmis-
sion (LPT), light-emitting diodes (LED), optical wireless power
transfer (OWPT), simultaneous wireless information and power
transfer (SWIPT).

I. INTRODUCTION

LL MODERN electronic devices, such as consumer
products like smartphones, computers, vehicles, drones,
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robots, and even body-implanted medical devices, depend
on electric power sources ranging from milliwatts up to
kilowatts. Traditionally, electric power is supplied to all of
these electronic devices, usually through mains electricity
or by batteries. Nowadays, however, wireless power transfer
(WPT) has emerged as a compelling alternative, particularly in
scenarios where wired connections are impractical or unsafe.
Examples include underwater equipment and implanted med-
ical devices [1], [2]. Research in the WPT field is mostly
taking place to solve such problems as long transmission
distances, limitation in the transmitters and receivers sizes,
improving safety, power transfer efficiency (PTE), the amount
of the power delivered to the load (PDL), etc. [3]. Wireless
recharging of batteries or supercapacitors holds great promise
for portable and autonomous systems but is still one of
the important scientific and engineering challenges yet to
be overcome [4]. Despite the lower PTE compared to the
wired options, rapid adoptions of WPT techniques have been
seen recently since its origination due to its adaptability and
convenience. Advances in research of high-performance WPT
systems toward increasing transmission distance and further
improving PTE remain active pursuits [5], [6].

The progression of WPT technology is mainly evolving
along two different pathways namely near-field techniques
and far-field techniques. The former is characterized by small
transmission distances in comparison to the wavelength used,
which ranges from a few millimeters to a few meters, while
the latter coverage is equal to or greater than a typical personal
area network. Near-field WPT includes capacitive power trans-
fer (CPT) [1], [71, [8], [9], [10], and inductive power transfer
(IPT) [11], [12], [13], [14], [15], including resonant inductive
WPT [16], [17], [18] and magnetic resonance coupling [19],
[20], [21], [22]. Far-field WPT consists of the radiofrequency
power transfer (RF WPT) [17], [23], [24], [25], [26], [27] and
optical WPT (OWPT) [28], [29], [30], [31], [32], [33], [34],
[35] techniques. There are other types of WPT techniques
classification in the literature which include radiative and
nonradiative or electromagnetic (EM)-based WPT and non-
EM techniques [36], [37], [38], [39], [40].

Despite their maturity in applications like consumer elec-
tronics and industrial automation, near-field WPT techniques
struggle with efficiency, misalignment, and scalability over
relatively longer transmission distances. In contrast, far-field
methods, including RF WPT [23], [24], enable power transfer
across several meters to even a few kilometers but suffer from
exponential attenuation and reduced PTE due to free-space
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Fig. 1.  Schematic graph and presentation of the applicable range and
transmission power levels of wireless power transmission [41], [42].

path loss. This has prompted increasing interest in OWPT
utilizing light as a medium for WPT, offering distinct advan-
tages, such as lower attenuation and narrow beam divergence
as a far-field solution capable of overcoming many limitations
of RF-based approaches.

Nevertheless, far-field WPT methods generally exhibit lower
PTE compared to near-field techniques [28], [29]. When it
comes to scalability, OWPT systems are versatile enough to
support diverse applications ranging from Internet of Things
(IoT) and smart cities to space exploration and healthcare,
although their operation depends on adherence to stringent
safety protocols [29].

Fig. 1 illustrates the feasible transmission power versus
transmission distance for various WPT methods, with different
colored regions representing specific applications, as shown in
the accompanying table (based on [41]). The solid black curve
represents the exponential decay of PTE as the transmission
distance increases [42], highlighting the inherent limitation
of most WPT methods. As the distance grows, the efficiency
of techniques, such as inductive coupling, magnetic resonant
coupling, and microwave significantly decreases. However,
one important conclusion that can be drawn from Fig. 1 is
that OWPT, unlike other WPT techniques, can effectively
accommodate a wide range of distances and power levels,
making it a versatile solution for various applications.

The radar chart in Fig. 2 compares various WPT meth-
ods across important criteria, such as transmission distance,
efficiency, misalignment sensitivity, safety restrictions, and
receiver complexity based on the corresponding state-of-
the-art references. The chart highlights the strengths and
weaknesses of each technique, offering an insightful way to
visualize their relative performance. While near-field WPT
techniques offer higher PTE, PDL, and benefit from mature
literature, they are limited by short transmission distances
and sensitivity to misalignment, making them unsuitable for
dynamic applications like IoT. Far-Field OWPT, represented
by the yellow chart, excels in areas, such as transmission
distance, receiver simplicity, and adaptability to dynamic IoT
environments with minimal environmental sensitivity. Despite
challenges like safety restrictions, OWPT’s unique position as
a versatile solution that balances various tradeoffs makes it a
promising candidate for overcoming the limitations of other
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WPT technologies. This comparison lays the groundwork for
exploring OWPT in detail throughout this article, highlighting
its potential as a cutting-edge WPT method.

OWPT also can harvest energy from ambient lighting for
self-powering; this feature makes them particularly suitable
for applications like biosensors, wearable devices, and certain
IoT technologies. Their straightforward electronic designs
and compatibility with simultaneous wireless information
and power transfer (SWIPT) expand their range of practical
uses [29], [61], [62]. Moreover, OWPT systems are effective
in underwater applications, where they can reliably power
autonomous underwater vehicles (AUVs), seafloor explo-
rations, and robotic systems [34], [63], [64].

Research on OWPT encompasses system con-
cepts [3], [65], [66], performance evaluation [67], [68], [69],
device-level demonstration and system experi-
ments [30], [70], [71]. One of the notable advances
includes Wi-Charge’s exploration of OWPT for consumer
electronics [72] and a laser-based smartphone charging
system developed at the University of Washington [73].
Despite its potential, OWPT technology remains in its
developmental stages, with key challenges, including beam
alignment, safety considerations, and performance limitations
under adverse conditions, such as environmental factors,
misalignment, and dynamic operational settings. Furthermore,
the dominance of traditional WPT methods and the technical
complexity of OWPT systems have affected their adoption
in many applications. However, recent advances in material
science have significantly improved photovoltaic conversion
efficiencies, while their simple electrical interface has
rejuvenated interest in OWPT as a viable and innovative
solution for next-generation wireless power delivery [3], [41].

Efficient OWPT systems demand a stable light source,
precise beam control, optimized photovoltaic (PV) cell
receivers, while considering safety restriction. Among PV
materials, silicon (Eg = 1.12 eV) and gallium arsenide (Eg
= 1.43 eV) dominate OWPT applications for their practicality
and high power conversion efficiency (PCE). While InP-
based photodetectors suit longer wavelengths, their efficiency
remains limited, restricting broader adoption. Emerging mate-
rials like perovskites show promise for achieving high PTE but
face challenges related to performance degradation and sen-
sitivity to misalignment [30]. Although research on blue and
UV wavelengths is sparse due to low solar power relevance,
Si and GaAs remain standard for OWPT systems [41].

This article provides a comprehensive review of state-
of-the-art advancements in OWPT technologies, categorizing
them based on their optical transmitter into laser power
transfer (LPT) and light-emitting diodes (LED)-based OWPT
(LED-OWPT). LPT leverages laser diodes (LDs) to achieve
precise, high-density power transfer over long distances, mak-
ing it suitable for high-power applications, such as satellite
communication and autonomous drones [31], [36] or chal-
lenging environments like highways [29]. On the other hand,
LED-OWPT provides a safer, cost-effective solution for vast
low-power applications for indoor and outdoor use, including
use in healthcare applications, for powering medical moni-
toring [36], wearable devices, and consumer electronics. It
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Fig. 2.
[571, [58], [59], [60].

is particularly advantageous due to its lower sensitivity to
alignment and the ease of meeting its safety requirements
compared to LPT [35], [74], [75]. The key contributions of
this article are as follows.

1) Comprehensive Categorization: A systematic classifi-
cation of OWPT systems into LPT and LED-based
techniques, with a detailed analysis of their strengths,
limitations, and application domains.

2) State-of-the-Art Evaluation: An evaluation of state-
of-the-art innovations in OWPT systems, including
high-efficiency collimation systems, safety mechanisms,
and performance optimizations for diverse applications,
such as IoT, healthcare, and smart cities.

3) Comparative Analysis: A quantitative and qualitative
assessment of OWPT compared to other WPT methods,
supported by visual tools and comparative tables to high-
light key metrics, advantages, and potential challenges
of each technique to create a comprehensive perspective
for the reader.

4) Application-Focused Insights: An exploration of
OWPT’s potential across various domains, emphasizing
the practicality and scalability of LED-based OWPT for
low-power applications for the IoT era.

5) Future Directions: Identification of current challenges
and research gaps, proposing pathways for advancing
OWPT, such as hybrid systems, intelligent reflecting
surfaces (IRS), and dynamic beam alignment.

The remainder of this article is organized as follows. Section II
delves into LPT techniques, discussing their principles,
advancements, and applications, including high-intensity laser
power beaming (HILPB), distributed laser charging (DLC),
adaptive DLC (ADLC), simultaneous lightwave information
and power transfer (SLIPT), and resonant beam charging

Near-field IPT
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Radar chart comparison of WPT technologies [30], [36], [37], [38], [43], [44], [45], [46], [47], [48], [49], [50], [51], [52], [53], [54], [55], [56],

(RBC). Section III focuses on LED-OWPT, analyzing its prac-
tical implementations and potential for IoT. Finally, Section IV
concludes this article by explaining the key findings and
discussing opportunities for future research.

II. LASER POWER TRANSFER

LPT consisting of a laser diode, a gain medium, and a
PV cell receiver is a promising long-range WPT technology
for powering UAVs, satellites, and mobile devices [65], [76],
[771, [78], [79]. While LPT faces challenges with low PTE,
minimizing laser dispersion and optimizing heat dissipation in
LDs can enhance their output power and range [80]. Advances
in semiconductor lasers have increased their conversion effi-
ciency to 70% at wavelengths around 0.9 um, while vertical
cavity surface emitting lasers (VCSELs), with efficiencies up
to 60% in the 0.8-1.1 um range, align well with the peak
responsivity of Si and GaAs solar cells, supporting efficient
energy conversion [41]. Yet, optimizing PV cells for uniform
illumination remains difficult due to the Gaussian beam profile
of lasers.

Efficiency improvements in LDs focus on structural design
and driver adjustments, with continuous wave (CW) or
pulse mode operation tailored to specific application require-
ments [43]. High-power LDs are more efficient, compact, and
cost-effective than diode-pumped solid-state lasers (DPSSLs)
but are currently limited to short-range applications. For more
on methods to improve the Efficiency of the LD and LD
drivers, the interested reader is referred to [43].

Semiconductor lasers excel in OWPT for generating col-
limated light. VCSELs, favored for their scalability and 2-D
array output over external cavity emitting lasers, achieve 40%-—
60% efficiency and power outputs up to 1 kW. However,
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Fig. 3. Demonstration of OWPT using VCSELs. (a) 2.5 m transmission
distance. (b) 5 m transmission distance (picture adopted from [41], with

permission).
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Fig. 4. Overview of discussed LPT methods, and their key features (in green)
and challenges (in red).

challenges in heat dissipation and cooling above a few hundred
watts highlight the need for further research and innova-
tion [81], [82].

In [41], the feasibility and challenges of using VCSELs in
OWPT are explored. By connecting VCSELs in series, PTE
can be enhanced. The system shown in Fig. 3 features a high-
power VCSEL array (975 nm) paired with a high-efficiency
single-crystal Si solar cell. Results indicate VCSEL and solar
cell outputs of 18.7 and 6.38 W, respectively, with 34.1%
conversion efficiency and an overall PTE of 6.32%.

Also in [64], a VCSEL resonator was developed for
laser wireless charging. By optimizing optical elements, the
study demonstrated stable laser oscillation over distances
beyond 400 cm, suitable for indoor applications. This research
achieved a 200 cm air cavity laser, reported a first of its kind,
with a maximum output power of 86.3 mW, a Gaussian beam
profile, and a low divergence angle of 6.87°. This extended
cavity design enhances alignment between the laser beam and
the charging terminal, making it ideal for wireless charging
applications.

In the rest of this section, we systematically investigate the
different LPT techniques presented in the literature. Fig. 4
provides an overview of the discussed LPT methods in this
section, highlighting their key features and challenges. These
methods are arranged from left to right, from long-range power
transmission, suitable for satellites, to short-to-medium-range
applications tailored for IoT devices.

A. High-Intensity Laser Power Beaming

HILPB technology enables energy transmission to distant
mobile devices, such as electric vehicles [29], [83], UAVs,
robots, and orbiting satellites [83], [84], [85], [86]. It also

IEEE INTERNET OF THINGS JOURNAL, VOL. 12, NO. 12, 15 JUNE 2025

Fig. 5.

Block diagram of an HILPB system [3].

holds promise for connecting power plants, landing sites,
and lunar habitats. As shown in Fig. 5, HILPB relies on a
high-power LD source for its compact size, reliability, and
high PCE. The LD generates a monochromatic beam directed
toward a PV panel via a beam director. Although theoretically
capable of transmitting unlimited power over vast distances,
practical and safety constraints limit HILPB PTE and PDL [3].

Currently, the practical transmission distance of HILPB
systems is restricted by the output power of LDs. However,
with much better efficiency, the combination of LDs with
GaAs PV cells is a favorable structure for HILPB systems [43].
Despite improvements, the overall efficiency has stayed around
10%-20%, which has obstructed its commercialization [43].

The versatility of HILPB systems makes them attractive for
different applications, particularly in environments with high
voltage, RF, EMI, or magnetic fields [43]. Research into
HILPB gained momentum in the 2000s following advance-
ments in LPT projects [3]. Future developments in OWPT
technologies are expected to enhance power handling and
conversion efficiencies, further advancing the feasibility of
HILPB systems, but safety restrictions still remain.

B. Distributed Laser Charging

DLC’s self-aligning capability allows for the seamless
powering of IoT devices without special positioning as long
as a Line-of-Sight (LOS) path exists. Compact DLC receivers
can be embedded into sensors, smartphones, or similar devices,
while transmitters can be installed on walls or ceilings to
charge multiple devices simultaneously. Unlike traditional
systems, DLC employs PV cells instead of bulky collecting
lenses, offering a lightweight, cost-effective solution [3].

The performance of DLC systems depends on factors, such
as laser wavelength, PV cell characteristics, and optoelectrical
conversion efficiency. While DLC offers advantages like a
compact design and extended transmission range, it also faces
challenges, including propagation attenuation, PCE concerns,
laser safety hazards, LOS dependence, and transmission dis-
tance limitations due to path-loss constraints [3].

To enhance DLC’s practicality, experiments have com-
bined DLC with diverging angular dispersion [87]. The block
diagram in Fig. 6 demonstrates how angular dispersion and
DLC resonance improve WPT while reducing hazards. The
transmitter features a gain medium for power amplification, a
diffraction grating for angular dispersion, and a telescope for
a wide Field-of-View (FOV). Two perpendicular diffraction
gratings enable spatially distributed resonance, directing laser
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energy across a 2-D FOV to the receivers [88], [89]. The
receiver employs retroreflectors and beam splitters to establish
resonant cavities that efficiently reflect the beam back to
the transmitter, optimizing power transfer. Safety mechanisms
are integrated to stop resonance if LOS is disrupted, but
the system is constrained by International Electrotechnical
Commission (IEC) maximum permissible exposure (MPE)
guidelines, which limit high-power radiation [90].

C. Adaptive Distributed Laser Charging

Effective power control to prevent undercharging or over-
charging in DLC systems using batteries is crucial for safety
and optimal performance. One approach to address these
issues is ADLC, also known as adaptive RBC (ARBC).
In ADLC, adaptive power transmission occurs based on
feedback from the ADLC receiver, significantly improving
energy utilization. According to [91], using adaptive DLC will
cause up to 61% power savings in battery charging. For battery
charging performance and PTE optimization, Zhang et al. [92]
demonstrated ARBC system and its fundamental block dia-
gram is presented in Fig. 7, showcasing a power supply
and gain medium at the transmitter side, and a PV cell,
a battery, and a DC-to-DC converter at the receiver. The
feedback system involves a power controller and a power
monitor. The PV cell output power and battery charging
profile determine the laser power requirements. The trans-
mitter’s power controller oversees the feedback information.
Also, Infra-communication (enabling data transfer through
infrared technology), Bluetooth, or Wi-Fi can be utilized
in the feedback information system. Future investigations in
ADLC must address various challenges, including the system’s
susceptibility to temperature fluctuations and the impact of
resonating laser beam propagation loss [92].

D. Simultaneous Wireless Information and Power Transfer

SWIPT has emerged as a pivotal technology driving the
IoT era [93], [94]. Building on this, SLIPT integrate commu-
nication and networking modules into DLC transceivers [95].
SLIPT enables the use of visible or other parts of the
light spectrum for data transfer alongside DLC implemen-
tation [96], [97]. By combining WPT and control signaling
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within a unified resonating beam, SLIPT eliminates the need
for radio communication dependencies, such as Bluetooth or
Wi-Fi, paving the way for robust wireless networks [98].
Additionally, optical sources, such as indoor lighting, can
facilitate concurrent data and energy transfer [99].

This approach supports applications like wireless battery
recharging in IoT, Intelligent IoT, and Internet of Underwater
Things (IoUT) [100], [101]. SLIPT has recently gained attrac-
tion as a cost-effective solution for powering remote sensors
and self-sustaining devices [3], offering a crucial tradeoff
between data rates and energy harvesting [102], [103]. For
example, experiments in [104] demonstrated an 1 Gb/s data
rate using a VCSEL and GaAs PV cell, highlighting its
potential for next-generation backhaul connectivity.

Intelligent Reflecting Surface technology [105] has emerged
as a promising solution for optimizing channels in SWIPT
applications [106]. In [107], the integration of SLIPT within a
visible light communication (VLC) system was investigated.
By adjusting the interaction between an Optical IRS (OIRS)
and transceivers, the system maximizes harvested energy while
maintaining optimal data rates. Simulations reveal that OIRS
significantly enhances VLC system performance compared to
setups without OIRS.

An OIRS-assisted SLIPT system is schematically illustrated
in Fig. 8, where sets L, K, and N represent the indices of
LEDs, users, and OIRS elements, respectively. The system
serves K users using L LEDs, with an OIRS consisting
of N reflective elements mounted on the wall to amplify
reflective channel gain. Each LED corresponds to a single
user, requiring L to be at least equal to K. Furthermore, the
positions of LEDs, users, and the OIRS are assumed to be
known beforehand [107].

Radiation exposure safety, alongside achieving accept-
able transmission distances and power capacity, remains
a major challenge in SLIPT systems [108]. SLIPT
technologies can be categorized into two main types:
1) wide-area omnidirectional and 2) narrow-beam orientation.
Wide-area approaches, such as broadcasting radio waves,
provide long-range, and omnidirectional coverage but face
energy dissipation challenges, limiting high-power transmis-
sion [109], [110], [111]. In contrast, narrow-beam orientation,
exemplified by beamforming LEDs/LDs, enables high-energy-
density transmission [112], [113].

An advancement in [114] incorporates retroreflectors, a gain
medium, and an internal modulator within a telescope to gener-
ate a resonant beam, achieving high-power and high-data-rate
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SLIPT. The Laser SWIPT (LSWIPT) [115] system emerges as
a promising technology with great potential in the field of con-
sumer electronics. Shao et al. [116] reported a pulsed current
source with a switching frequency equal to the data modulation
frequency that drives an LD to reach high efficiency at elevated
data rates. A significant challenge in LSWIPT systems stems
from the interdependence of transmitted power and data rate.
To address this, a multidegree-of-freedom data modulation
method is proposed by a combination of amplitude and pulse-
width modulation (PWM), enabling high-power enhanced data
rates in LSWIPT [115].

SLIPT systems integrate power transfer and data transmis-
sion seamlessly under dynamic variations of the surrounding
light. Using VLC or laser channels, for example, photodetec-
tors and PV cells perform simultaneous energy harvesting and
extraction of data signals. Further integration is achieved by
the use of hybrid VLC/RF settings, where the AC signal (RF)
is used for carrying data and the DC component is employed
for power, thus allowing dynamic balancing between data rate
and energy harvesting with time-switching (TS) and power-
splitting (PS) mechanisms [117], [118]. Adaptive algorithms,
such as reinforcement learning (RL), optimize parameters like
receiver alignment, and power-splitting ratios to keep opera-
tions stable in fluctuating environments—from indoor spaces
to underwater conditions [119], [120]. Innovations like Low-
High Keying enable energy-efficient coding for continuous
power and data integration in IoT applications [93].

SLIPT using LEDs has also been investigated, where
white LEDs are combined with Si PV cells [121], [122].
Furthermore, methods, such as low-directivity LEDs and
code shift keying (CSK) will also make SLIPT adaptable
in the most difficult scenarios, including underwater com-
munications facing mobility or turbidity dispersion in light
endurance [107], [123]. These developments make SLIPT
a robust solution for dependable energy and data transfer
in the face of diverse applications and changing lighting
conditions [124], [125].

E. Resonant Beam Charging

The sixth generation (6G) mobile communication systems
are expected to integrate free-space optical communi-
cation (FSO) and WPT to meet future connectivity
demands [126]. However, challenges, such as mobility and
safety in laser-based wireless power and data transfer per-
sist [127], [128], [129]. An RBC system addresses these
challenges by employing retroreflectors at both the transmitter
and receiver to enable mobility and self-alignment [130]. RBC
systems inherently prioritize safety, as any obstruction in the
direct LOS disrupts resonance and halts power transfer, allow-
ing for immediate detection of interruptions. This also ensures
that individuals outside the resonant cavity are shielded from
beam radiation. Furthermore, RBC can simultaneously charge
multiple devices wirelessly, with transmitters installed on base
stations to power devices within range. Equipped with an
RBC transceiver, a device can act as a relay to distribute
power to nearby IoT devices [58]. In biomedical applications,
RBC facilitates WPT to wearable devices while taking into
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Fig. 9. Architecture of the RBC system [58].

account safety constraints. Additionally, the resonant beam
supports SWIPT through imperceptible information modula-
tion, enabling efficient and secure communication [130].

The architecture of the RBC system is illustrated in Fig. 9.
The transmitter comprises a high-reflectivity mirror (M1), a
pump source that energizes the gain medium, and a partially
transparent mirror (M2), which together form an optical reso-
nant cavity. To achieve cavity stability, M1 and M2 must have
high reflectivity. This configuration generates an intracavity
resonant beam, part of which escapes through M2 as an
external beam. The emitted beam contains discrete optical
frequencies, determined by the EM-field variations within the
cavity and the receiver incorporates a PV panel. The energy
transfer process in RBC occurs in three phases: 1) converting
input power into stored energy; 2) transmitting the stored
energy as beam power; and 3) converting beam power into
electrical output [58].

The original RB design, introducedin [131], [132],and [133],
provides a secure wireless power supply of multiple watts
over meter-scale distances for IoT devices, quickly gaining
widespread attention. Zhang et al. [132] detailed the operational
principles, developed a numerical model, and analyzed RB
system performance. Wang et al. [58] validated the RB system
experimentally, achieving 2 W of power transfer over 2.6 m
transmission distance. Sheng et al. [134] further advanced the
technology with a long-distributed-cavity laser utilizing a cat-
eye retroreflector for alignment, a telescope to expand and
focus the laser beam, and an aspheric lens to correct intracavity
spherical aberration. Additionally, Wang et al. [58] presented
an analytical energy transmission model for the RBC system,
validated using MATLAB Simulink.

A recent study in [133] introduced a self-aligned RBC
system for long-distance power transfer in mobile applications,
inspired by optical resonators and retroreflectors. This system
employs a spatially separated laser resonator (SSLR) with
a double-retroreflector design, removing the need for com-
plex tracking controls, and incorporates focal telecentric cat’s
eye retroreflectors. Experimental results demonstrate OWPT
exceeding 5 W (yielding over 0.6 W electrical power) with
minimal diffraction loss to a receiver of a few centimeters
in size. The system supports receiver mobility within a 2 m
vertical range, a 6° FOV, and a horizontal range of =18 cm
from the transmitter. Detailed analysis, setup, and verification
are provided in [133] and illustrated in Fig. 10.

Resonant beams generated through SSLR offer advantages,
such as high power, self-aligned mobility, and inherent safety
that can address significant challenges of beam steering
and receiver positioning or tracking in SLIPT. In [135], an
asymmetric SSLR-based mobile SLIPT system is proposed,
with a detailed optimization process addressing the tradeoff
between power and data transfer. Numerical results show that
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Fig. 10. Experimental setup of charging a smartphone with RBC.
(a) Application scenario. (b) Components. (c) Receiver with the size of
16.7 cm x 6.0 cm x 3.6 cm (picture adopted from [133], with permission).

the optimized asymmetric system achieves substantially higher
power and communication rates compared to the symmetric
design from a prior study [136].

1) Adaptive Resonant Beam Charging @ The single-user
ARBC system described in [92] employs feedback control to
improve PTE, akin to link adaptation. Multiuser power control
methods introduced in [137] include: 1) alternative charging,
where users are charged sequentially, reducing efficiency and
2) a more robust TDMA-PWM approach that combines time
division multiple access (TDMA) and PWM for concurrent
charging with individual power control. This method supports
more users with greater simplicity and reliability.

While a single transmitter can serve multiple receivers,
tracking individual power needs simultaneously presents chal-
lenges. Alternative scheduling divides time into frames,
charging one receiver per frame, while another method
sequentially charges receivers at specified rates, bypass-
ing fully charged devices [92], [137]. However, frequent
power switching within frames can strain the gain medium
and require complex transmitter designs, and single-receiver
power allocation limits flexibility and capacity. Optimizing
these approaches is crucial for enhancing ARBC system
performance.

Achieving adaptive resonant beam WPT over a broad
dynamic range, including varying distances and FOV, remains
challenging without alignment-free lasers. In [138], the
researchers address dynamic range requirements and optical
aberrations as key limitations. Their alignment-free laser
demonstrates multiwatt optical output power over 1-5 m with
a receiver FOV of £30° and a transmitter FOV of +4.6°.
Using an InGaAs PV cell, the system achieves an electrical
output power exceeding 1.3 W. The study suggests further
design improvements could yield output powers of 100 W or
more, expanding the potential of RBC for IoT applications.

2) RB-SWIPT and RB-Communication: The RB-SWIPT
system, first proposed in [139], addresses key challenges
in high-data-rate, high-power, long-range, and human-safe
SWIPT [87], [136], [140], [141]. Early designs, however, faced
issues with transmission loss, beam interference, and system
performance [142].
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Fig. 11.  System structure of improved RB-SWIPT: (Green lines: 532 nm
resonant beam; Orange lines: 1064 nm resonant beam; Red line: 1064 nm
external beam) [142].

In [114], a long-range RB-SWIPT system was developed,
demonstrating near-zero diffraction loss over 20 m. It achieved
up to 9 W power transfer and a maximum spectral efficiency of
20 bit/s/Hz. To improve energy concentration, Fang et al. [143]
introduced an RB system with double aspherical cat’s-eye
retroreflectors. This design reduced spherical aberration by
modulating beam phase distribution, achieving an axial range
of 7 m—double that of a spherical resonator—with up to twice
the power at 1 m and a 3° FOV. Maximum output power and
spectral efficiency reached 4 W and 12 b/s/Hz, respectively.

An improved RB-SWIPT system is proposed in [142], as
shown in Fig. 11. The system extends transmission distance
and minimizes interference using reflectors (M1-M4), lenses
(L1-L3), a gain medium, a pump source, a telescope internal
modulator (TIM), an electro-optical modulator (EOM), and
a second harmonic generator (SHG) at the transmitter. The
receiver includes a beam splitter, a PV cell, and an avalanche
photodiode (APD). The TIM reduces beam losses, while the
SHG generates frequency-doubled beams (532 nm) to prevent
interference. M1 and M2 manage 1064 nm energy transfer,
while M2, M3, and M4 handle data transfer. Numerical
results showed 8 W power transfer and 18 bit/s/Hz spectral
efficiency over a 100 m transmission distance, with SHG
ensuring unidirectional signals and reduced interference.

Fig. 12 illustrates the Resonant Beam Communication
(RBCom) system block diagram, which integrates a modulator,
a current regulator, and a communication and energy harvest-
ing (CEH) circuit. The modulated current allows the output
laser to carry power and data simultaneously. The CEH module
separates the communication signal from the PV panel’s output
and directs the remaining energy to a DC-DC converter for
battery charging [130]. RBCom was introduced as a viable
wireless communication system in [130]. To address echo
interference during data transfer, Xiong et al. [144] proposed
a second-harmonic RBCom design. In [141], an RBCom
system demonstrated SLIPT via FSO, achieving over 40 mW
of charging power and an 1.6 Gbit/s channel capacity. Further
advancements in [145] presented an RB-SLIPT system for
mobile receivers, delivering 4 W charging power and 3 Gbit/s
data transfer within a 20° FOV over 3 m, ensuring self-
alignment without tracking.

3) Self-Protection RBS: High-power WPT systems require
safety mechanisms when power levels exceed safety
thresholds. The Auto-Protection concept employs auxiliary
retroreflectors on the transmitter and a beam splitter on the
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Fig. 12. Block diagram of an RBCom system [130].
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Fig. 13. Schematic of a self-protection RBS system [146].

receiver to generate low-energy protective beams (PBs) around
the main high-power beam. These PBs reflect back to the
transmitter, constructively interfering with the main beam
to increase receiver reflectance and reduce the pump power
needed for resonance. If a PB is blocked, the main beam halts,
ensuring only the harmless PB briefly interacts with the object.
However, maintaining constructive interference depends on
precise phase alignment, which can fail if PBs are out of phase,
reducing reflectance. To address this limitation, Xia et al. [108]
proposed using a half-wavelength phase retarder to ensure con-
sistent constructive interference, enhancing system portability
and functionality by allowing receivers to operate in varying
locations.

The self-protection RBS system introduced in [146] as
illustrated in Fig. 13, addresses similar safety challenges. This
system surrounds the main resonant beam with low-power
PBs, which halt transmission if intersected by an external
object, thereby stopping the resonant beam due to the exci-
tation threshold limit. The authors detailed the self-protection
mechanism based on EM-field propagation, self-mixing
interference, and an output power model. Numerical results
demonstrate safe power transmission of approximately 4.6 W
with a spectral efficiency of 12.8 b/s/Hz over a 2 m trans-
mission distance. This self-protection mechanism provides a
secure, nonmechanical solution for SLIPT applications.

SLIPT systems face challenges in achieving narrow
beam transmission with mobile receivers. To address this,
Liu et al. [145] proposed the simultaneous mobile information
and power transfer (SMIPT) system, which utilizes an energy-
concentrated resonant beam for self-alignment with mobile
receivers through geometric and analytical models. Fig. 14
illustrates the mobility mechanism of SMIPT. Numerical
results show the system can deliver 5 W electrical power
with a spectral efficiency of 9.5 b/s/Hz over a 40° FOV
and a 3 m distance. The study also examines the rebuild-
up time of the transmission channel after receiver movement,
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Fig. 14. SMIPT structure and energy flow [145].

providing insights into the effects of moving speed. Future
research directions suggested in [145] include: 1) sustaining
SMIPT stability under varying speeds; 2) designing systems
for long-distance transfers (hundreds of meters) and multi-
receiver setups; and 3) addressing NLoS scenarios through
technologies like IRS.

Choosing a laser for OWPT system implementation has
to follow many critical safety constraints that are related to
the application and MPE [147], [148]. Currently, most of
the works on OWPT are being carried out with laser-based
schemes. The reasons for this choice is due to the natural
advantages of lasers: high power density, great directional-
ity, low divergence, narrow spectrum, and long transmission
distance. However, lasers have significant disadvantages that
need to be taken into consideration. Generally speaking, there
are strict safety regulations surrounding laser products since
they possess a number of risks involving eye, skin and tissue
damage as well as environmental hazards, heating up, etc [3].
The Japanese safety regulations controlling the use of laser
products regulate that, considering a series of factors related
to power level, emission duration, and wavelength, lasers
shall be divided into different groups [149]. Furthermore,
detailed guidelines about installing, securing, maintaining, and
servicing lasers within optical communication systems have
been presented by the American National Standard for Safe
Use of Lasers (ANSI Z136. 1-2022) [150], [151], [152], [153].

III. OWPT USING LEDs

LED-OWPT systems provide important safety advan-
tages over laser-based OWPT systems particularly suitable
for environments where living tissue exposure is a con-
cern or include public or residential areas in IoT
applications [154], [155], [156]. Reduced temperature sensi-
tivity [157] and high emission efficiency [158] make LEDs
stand out. They also offer cost-effectiveness and a long lifes-
pan. These systems efficiently transfer energy and minimize
risks from customary power sources so they are ideal for
powering remote and mobile devices. Lens-collimated LED
arrays can achieve high PTE reaching up to 70% [159]. Output
powers of 532 mW at a 1 m transmission distance have been
shown by recent improvements using optimized LED arrays
and the energy demands of small IoT devices are met without
requiring batteries or wide-ranging wiring [155].

A recent design achieves 0.8 W output power and has a
small form factor compared to the previous designs, which
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makes it ideal for mobile IoT applications. Portability and reli-
ability in communication are improved by the modular nature
of these designs while safety is guaranteed [159]. Despite
their advantages, key challenges for optimizing performance
in real-world scenarios remain, including alignment precision
and transmission distance limitations.

Research focusing on the properties of LEDs, including
their incoherent light emission, began in 2012 and serves as
the foundation for LED-OWPT systems [160], [161], [162].
These characteristics increase safety under MPE regula-
tions [163] and they guarantee compatibility with portable
devices because of their lightweight designs. To increase LED
light intensity, engineers often enlarge the chip size or integrate
multiple chips into a single module, which increases the
emission area and irradiation size [164]. Although achieving
complete collimation (light travels in parallel beams with mini-
mal propagation spread) over long distances proves impractical
because of the spatial incoherence of LEDs [165], [166],
researchers have found that approximate collimation can be
effectively achieved for short distances [3] and this provides
a viable solution for applications that require shorter range
alignment.

A. Using Lens Configurations in LED-OWPT Systems

This section focuses on the role of lens systems in enhancing
the performance and efficiency of LED-OWPT systems. It
discusses various lens configurations, including single and
multilens setups, collimation techniques, and innovations, such
as adaptive beamforming and imaging lenses, which address
challenges related to beam alignment, power attenuation,
compact system design, and scalability. By reviewing state-of-
the-art advancements, the objective is to highlight how these
optical components enable precise energy delivery, improve
PTE, and adapt to the demands of dynamic and real-world
OWPT for IoT applications.

In LED-OWPT, diffraction requires a lens system—either
single or multilens—to adjust transmission distance while main-
taining the target’s illumination spot size [80]. Achieving high
directional precision using a single lens is difficult, leading
to beam leakage and reducing PTE. A multilens setup with
aspheric condenser and Fresnel lenses achieves the desired
divergence angle. The aspheric condenser lens minimizes the
Fresnel lens aperture to reduce optical energy leakage, while
the Fresnel lens, though not superior to a convex lens in
imaging, provides a large aperture in a compact form, ideal
for IoT-based OWPT applications [3]. In [164], the researchers
first addressed an initial single-LED OWPT system consisting
of an LED transmitter coupled with an aspheric condenser lens
and a Fresnel lens, which work together to focus the emitted
light onto a GaAs solar cell as depicted schematically in
Fig. 15. As the transmission distance increases, the divergence
of the beam also increases, which can lead to a decrease in
PTE. This setup highlights the importance of lens systems
in collimating the light and optimizing the power delivery to
the receiver, especially in applications where efficiency and
transmission distance are critical.
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Fig. 16.  Portable LED-OWPT system. (a) Lens system. (b) Implemented
prototype (picture adopted from [167], with permission).
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Fig. 17. Mirrored configuration proposed in [167].

A portable LED-OWPT system using a GaAs PV cell and
an 810 nm IR LED was developed in [167] for IoT termi-
nals. Fig. 16(a) shows the lens system includes an aspheric
condenser lens and a large-aperture, lightweight Fresnel lens
concentrating light on a small area, and (b) presents the
implemented prototype. Additional details about the lens
system are available in [167].

This system configuration generates 251.8 mW electrical
output power from the PV cell at 1 m transmission distance.
The IR LED has a £40° divergence angle and produces
approximately 1 W power. To reduce system size, Zhou and
Miyamoto [167] suggested the use of mirrors that optimize
space because a single mirror at a 30° tilt works well for lens
distances (L) under 100 mm and a two-mirror setup is better
for L over 100 mm to keep the correct distance. This mirrored
configuration which is shown in Fig. 17 not only maintains
performance but also reduces the system’s horizontal length
by about 30% [167].

Fig. 18 shows a setup in which an LED chip is positioned
at the focal point on the collimation lens’s anterior surface. An
imaging lens then focuses the collimated beam onto a distant
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Fig. 18.  Collimation method presented in [80] for a single-LED off-axis
wavefront-projection device.

light receiver. The illumination point’s position is crucial,
especially when using collimation optics with a short focal
length [80].

To concentrate the LED light and a Fresnel lens for further
focusing, providing a compact and cost-effective solution for
short-to-medium range applications. Both setups emphasize
the importance of lens systems in optimizing PTE and main-
taining precise alignment in LED-OWPT systems.

Figs. 15 and 18 illustrate different configurations of lenses
for a single-LED transmitter in LED-OWPT. The first configu-
ration, uses a collimation lens to focus the LED light, followed
by an imaging lens that will ensure the accurate directionality
of it, hence reducing beam divergence over longer transmission
distances. The second one uses an aspheric condenser lens and
a Fresnel lens for further focusing, providing a compact and
cost-effective solution for short-to-medium range applications.
Both setups emphasize the importance of lens systems in
optimizing PTE and maintaining precise alignment in LED-
OWPT systems.

Expanding the peripheral range of a collimation lens can
increase beam leakage if the lens aperture remains constant,
while a shorter focal length may widen the irradiation point,
leading to power loss. Thus, there is a tradeoff between
irradiance and focus range in collimation optics. Research
in [80] shows that using an objective lens with a constant focal
length accommodates some variation in target distances with
minimal efficiency loss. Alternatively, adjusting the imaging
lens’s focal length for different distances can help; however, as
the communication range increases, the irradiation point may
exceed the solar cell’s surface, reducing efficiency. A zoom
lens can adjust focal length flexibly. Also for LPT a liquid lens
can modulate transmission distance without changing position
by altering beam strength.

In [30], a perovskite-based OWPT system is presented,
where a perovskite device with a light source comprising
a pulse-operated LED is applied. Regarding misalignment,
experimental results are presented. This article theoretically
and experimentally investigates the functionality of an OWPT
setup without and with a collimating lens, showing that it is
possible to increase the PTE by about one order of magnitude.
This led to the development of a new predictive data-driven
model. The study illustrates the potential of perovskite mate-
rials for flexible OWPT in dynamic applications, while it also
points out ongoing challenges related to alignment adaptability
and device durability.

In [168], a portable LED-array OWPT system is demon-
strated, capable of remotely delivering around 400 mW of
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Fig. 19. LED-array OWPT system incorporating double-set collimation lens
configuration [168].
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electrical power at 1 m transmission distance for small IoT
devices. This study focuses on enhancing output power on the
receiver side. Using multiple LEDs with a lens system effec-
tively boosts the output power without substantially increasing
the irradiation size. Collimated rays enable precise focusing,
even with a Fresnel lens positioned close to the collimation
lens, which significantly shortens the system’s horizontal
length. However, OWPT collimation lenses generally have a
large back focal length, resulting in notable geometrical loss
from light that misses the lens.

To improve lens system efficiency in LED-array OWPT,
Zhou and Miyamoto [168] proposed an alternative setup
shown in Fig. 19 with two sequential lens sets for colli-
mation. This design positions the light source close to the
first collimation lens set and adjusts the spacing between
the lenses, reducing geometrical loss and boosting system
efficiency. However, the additional lens set increases the
transversal magnification, resulting in a slight enlargement of
the irradiation size at the target distance.

In [168], simulations and experiments were conducted
using multiple numbers of LEDs and solar cell sizes while
maintaining a 1 m transmission distance. The study examined
both single and double-lens configurations by using OSRAM
SFH-4703AS LEDs that provide 1040 mW of output power
and have a +40° divergence angle. The two-LED array system
achieved a final electrical output power of 268 mW from
the solar cell, reported as one of the highest records in
portable LED-OWPT to date. The three-LED system with a
double-lens configuration achieved a maximum power of about
1800 mW while the single-lens configuration reached around
1400 mW, which shows the effectiveness of the double-lens
setup. Fig. 20(a) shows the simulation results using Zemax
simulation software and different numbers of LEDs with
single-set configuration and double-set configuration. The
experimental setups of a three-LED system with a single-set
collimation lens and a double-set collimation lens are shown
in Fig. 20(b) and (c), respectively.

Experimental findings show that the double-lens config-
uration provides higher output power than the single-lens
setup with a small number of LEDs, though this difference
decreases or reverses as LED count increases. Additionally,
the double-lens configuration, with its larger beam size, main-
tains a smoother beam size transition over distance, allowing
greater tolerance for transmission range variations. While the
single-lens setup maintains over 50% intensity from 450 to

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.



AHMADI AND SERDIIN: ADVANCEMENTS IN LASER AND LED-BASED OPTICAL WIRELESS POWER TRANSFER

Simulation results of 1 m power

Fig. 20.  Three-LED OWPT system with a single-set and a double-set
collimation lens. (a) Simulation results using Zemax, experimental setup using
(b) single-set collimation lens and (c) double-set collimation lens (picture
adopted from [168], with permission).
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Fig. 21. LED array collimation technique from [28].

1420 mm, the double-lens configuration achieves this from
250 to 1450 mm [168].

The use of LED arrays with a collimation approach to
improve output efficiency is investigated in [28]. The optical
projection test setup shown in Fig. 21 includes an LED
array featuring three near-infrared (NIR) LEDs arranged in a
triangular configuration which effectively improves the quality
of the projections. The communication range is matched by the
imaging lens’s constant focal length and the irradiation spots
from different LEDs are overlapped by the collimation tech-
nique to create a consistent spot size and increase irradiation
energy based on the number of LEDs.

Addressing the challenge of efficient power transmission
over long distances, Bagadi and Palla [169] proposed LED-
based OWPT system optimized for IoT applications. The
system includes two high-power IR LEDs, plano-convex col-
limation, and Fresnel lenses to concentrate light onto GaAs
solar cells at the receiver side. A custom-designed three-layer
lens system, integrated with a depth camera and a liquid
lens, achieves real-time auto-focus, significantly reducing
power attenuation by optimizing the irradiation spot size. This
approach increases effective surface irradiation by eightfold
at a 3 m transmission distance, while maintaining a high
lens efficiency of 74.5%. Additionally, simulations adjust the
transmission distance and spot size, ensuring concentrated
light delivery for improved PCE. By leveraging commercially
available components, the system adheres to lenient regulatory
standards and highlights significant advancements in compact,
efficient LED-OWPT systems for IoT applications.

An enhanced PTE and minimized OWPT system size
utilizing an LED array is proposed in [159]. The study
demonstrates a four-LED array collimation scheme featuring
a collimation lens paired with an imaging lens, achieving up
to 70% lens system efficiency. A simulated setup using Zemax
simulation software, shown in Fig. 22, places the LED module
at the collimation lens’s front focal point, generating parallel
beams that are focused on the optical receiver through an
imaging lens. This setup yields 0.8 W of electrical output
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Fig. 22.  LED collimation scheme simulated configuration (picture adapted
from [159], with permission).
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(b)
Fig. 23. Efficient LED-OWPT design proposed in [159]: (a) side view and
(b) view from LED’s side (picture adopted from [149], with permission).
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Fig. 24. LED-OWPT system proposed in [159]. (a) Experimental setup.
(b) Front view of the lens system. (c) Internal view of the portable source
module (picture adopted from [159], with permission).

power from a GaAs solar cell at a 1 m transmission distance.
Zhao and Miyamoto [159] also provided a detailed analysis
of the module’s thermal performance and surface irradiance at
the receiver end.

Zhao and Miyamoto [159] also proposed a four LED array
collimation strategy to improve PTE while simplifying the
design, which is shown in Fig. 23. Although adding LEDs in
an optimal layout can increase output power, this improve-
ment requires a more complex arrangement with additional
components.

Fig. 24 shows an experimental setup of an LED-OWPT
system using only fluorescent lighting, following the simula-
tion design in Fig. 23, where all lenses have anti-reflection
coatings for NIR light. A S-series GaAs solar cell, angled
at 54 degrees and positioned 1 m from the imaging lens,
receives 2.69 W power over a 50 mm x 50 mm area,
with room light output deemed negligible. The lens system
efficiency is calculated at 72.06%, an 1.8-fold improvement
over the previous system’s 39.71% efficiency [157]. In [159],
the emitting side, including heat sink, LEDs, and lenses, is
integrated into a portable 120 mm x 114 mm x 61 mm
module weighing 407.1 g. This compact, lightweight design
enables easy transport by humans or robots for temporary
power supply. Further setup details are provided in [159].

B. Integrating Communication and Power Via LED-OWPT
for LIoT

One approach to addressing communication and sustainabil-
ity challenges with VLC technology is the Light-based IoT
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(LIoT), which uses existing lighting infrastructure to provide
both wireless connectivity and power to nodes [170]. By
using the same optical transmitters for VLC and OWPT, LIoT
eliminates the need for separate circuitry [171]. As shown
in [172], LIoT can achieve communication and energy auton-
omy through indoor energy harvesting from visible light via
PV cells. Designed to be battery-free, LIoT nodes theoretically
offer unlimited lifetimes without regular maintenance [173]. A
new LloT-based data and energy networking model, depicted
in Fig. 25(a), is proposed in [173] for mesh-type sensor
networks, such as wireless personal-area networks (WPANS),
with proof-of-concept results. Fig. 25(b) shows a typical
LIoT node block diagram, emphasizing optimized photovoltaic
energy generation to enhance overall network efficiency [173].

Techniques, such as maximum power point tracking
(MPPT) improve the efficiency of energy generation in power
management circuits within energy harvesters that are com-
posed of either PV cells or optical rectennae and a DC-DC
(boost) converter. One LIoT node could also use a combination
of broad and narrow optical transmitters using small LED
technology to cover the region around the node [173].

A conceptual framework for LIoT nodes interconnected
for data transmission and energy distribution is illustrated in
Fig. 26. Here, Nodes 2 and 4 receive energy directly from
optical access points (APs) and can share surplus energy
with other nodes in need. For instance, Node 3, which
may lack direct access due to shadows or obstructions, can
receive energy from Nodes 2 and 4. The framework also
demonstrates the use of an optical reconfigurable intelligent
surface (RIS) [174], [175]; in this example, Node 5 obtains
energy from an optical AP via a wall-mounted RIS [173].

If individuals are present in the environment, using
some light sources may cause discomfort or disruption.

IEEE INTERNET OF THINGS JOURNAL, VOL. 12, NO. 12, 15 JUNE 2025

Possible solutions include reducing light intensity or using
IR light, though both may lower data or energy trans-
mission. Alternatively, an optical AP could detect human
presence, enabling the system to balance PTE with eye
comfort. Additionally, scheduling node-to-node connections
during periods of low human presence is recommended [173].
In [176], an IR and VLC bi-directional communication system
uses identical transmission and reception circuitry and data
encoding protocols. The LIoT nodes demonstrated average
power consumption of 0.06 mW in sleep mode, 16.6 mW
during data transmission, and 42.6 mW during energy trans-
mission [173].

The integration of printed electronics technology is a
promising step toward realizing LIoT. A study in [171]
compared the performance of organic light-emitting diodes
(OLEDs) and traditional LEDs for communication and power
transfer in the uplink direction. Experimental results indicate
that printed OLEDs are effective for low-data rate VLC
applications and can support OWPT for LIoT. However, with
precise transmitter-receiver alignment, conventional LEDs out-
perform OLEDs in energy harvesting and data rates.

C. Advancements in LED-OWPT for Dynamic Environments

This section focuses on recent developments in LED-
OWPT, addressing critical challenges posed by dynamic
environments. The focus is on innovations, such as real-time
tracking and alignment systems, adaptive safety mechanisms,
and interference cancellation techniques caused by mobility
for high practicality and efficiency of LED-OWPT for reliable
power delivery and communication in real-world scenarios
with target movements and physical obstacles, as well as
environmental changes.

Real-time tracking of photovoltaic cells using differential
absorption imaging was proposed in [177] to enhance the effi-
ciency of the OWPT system by maintaining accurate position
and orientation estimation of the PV target. This technique
addresses a critical challenge in beam alignment, improving
precision for higher PTE. It leverages the differential absorp-
tion of light to detect and track PV targets, accounting for
factors like background light changes due to weather or diurnal
variations and misrecognition from surrounding objects. Three
tracking algorithms were evaluated, with an autoregressive
model combined with thresholds outperforming Kalman filter-
based methods in position accuracy. Experimental results
showed position estimation errors under 17 mm and attitude
estimation errors within 10 degrees, significantly improving
alignment accuracy. This work supports dynamic target track-
ing and beam alignment, advancing OWPT implementation in
dynamic environments.

Using LED-OWPT, achieving strong and efficient power
delivery in dynamic real-world environments is still regarded
as difficult due to interference and physical obstacles as well
as device mobility. Ambient light from sunlight and artificial
sources can also lower the signal-to-noise ratio for data
communication [178], [179]. Minor obstacles can obstruct and
scatter the optical beam between the transmitter and receiver
and disrupt power flow resulting in OWPT performance
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reduction. Light pathways can be dynamically adjusted to
overcome these interruptions by recent improvements, such
as adaptive beamforming and multibeam strategies [180].
Furthermore, receiver mobility adds further variability to
received power levels, therefore mobile receivers require
precise alignment between LEDs and photodetectors which
drives the development of real-time tracking and alignment
systems that change beam direction according to the receiver’s
position. These advanced methods can improve the robustness
of OWPT systems [181], [182]. Also incorporating IR-LEDs
for moving devices helps to counteract motion and ecological
effects. Innovations in VLC and light fidelity (Li-Fi) [183],
[184], [185], [186], [187] and FSO continuously expand the
capabilities of OWPT and actively address the limitations of
conventional approaches.

Laser-based OWPT systems currently offer higher PTE, but
LED-based systems are promising. Practical implementations
of LED-OWPT systems maintain high PTE over transmission
distances greater than 1 m, retain 93% efficiency at 2 m
and 65% at 3 m [188]. One study achieved 532 mW at a
1 m transmission distance—another improved PTE and PDL
by reporting 223.9 mW at the same transmission distance
with an important 77% optical efficiency [155], [164]. Recent
innovations have further increased output power; a four-LED
array system reaches 0.8 W with 70% lens efficiency at 1-m
transmission distance [159]. Additional reported studies on
LED-OWPT are presented in Table 1.

Based on the studies reviewed in this section, LED-
OWPT can effectively power IoT devices and wearable
electronics over long distances. Using high-power LEDs can
also enhance PTE due to their higher directivity. Also, a
three-layer lens system improves the irradiation spot for
better performance over long distances for different appli-
cations [169]. Improvements in LED-OWPT efficiency and
range strengthen its potential for future mobile and wearable
technologies and IoT applications as continuing research
aims to maximize transmission distance and power transfer
capabilities.

IV. DISCUSSION

The aim of this review article is to provide a compre-
hensive exploration of OWPT technologies for researchers
interested in this field. Based on the optical transmitter used,
the OWPT methods can be categorized into the two main
groups of LPT-based and LED-based OWPT. Due to the low
beam divergence and high-density power transfer capabilities,
LPT systems demonstrate remarkable potential in high-power
and long-distance applications. These capabilities make LPT
a transformative solution for high-demand applications as
space exploration and dynamic electric vehicle charging.
We reviewed the development of different state-of-the-art
laser-based techniques, such as HILPB, DLC, adaptive DLC
(ADLC), simultaneous light wave information and power
transfer (SLIPT), and RBC in this article. We also addressed
practical challenges of LPT as the alignment sensitivity, the
necessity of beam forming, safety concerns tied to the MPE
for living tissue, and finally the environmental adaptability
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Fig. 27. OWPT safety system configuration. The powering unit consists
of a laser with visible or invisible light (picture adopted from [192], with
permission).

which hinder its widespread deployment, especially in densely
populated or ecologically sensitive areas. To overcome these
problems, the use of advanced safety protocols was suggested,
including fail-safe systems that adjust power levels based
on environmental feedback, to mitigate the safety concerns
associated with the use of lasers in OWPT systems.

In comparison, LED-based OWPT systems offer a higher
degree of safety, cost-effectiveness, and compatibility with
compact devices, making them highly suitable for powering
IoT, healthcare, personal electronics, and smart infrastructure.
Furthermore, LED-OWPT can significantly enhance sustain-
ability by integrating it with ambient lighting and creating
self-powered, stationary, or mobile systems for indoor and
outdoor applications. Despite these advantages, challenges
persist in optimizing PTE and achieving consistent power
delivery over long transmission distances or mobile applica-
tions for LED-based OWPT. Innovations, such as single-lens
and double-lens systems, collimation techniques, and multi-
LED arrays have been developed to address these issues,
improving PTE and enhancing their effectiveness in real-
world applications. Table II provides an insight into the
reviewed OWPT techniques with their key advantages and
challenges, aiming to provide an applicable overview for the
reader.

An important issue in OWPT, especially in dynamic envi-
ronments with human activities, is the safety concern. In [192],
a camera-based safety system is proposed, which can dynam-
ically adjust the safety distance by using a depth camera
and object recognition algorithms based on the velocity and
proximity of the objects entering the OWPT transmission
zone, as illustrated in Fig. 27. It continuously monitors the
proximity and speed of objects relative to the light beam and
automatically adjusts or cuts off light output to stay within
MPE standards, reducing risk associated with laser or LED
emissions. The scalability of the system, whereby it easily
integrates multiple cameras, makes it especially fitting for
large indoor spaces powered by IoT. These developments
epitomize the key stride toward robust and adaptive safety
mechanisms in OWPT for guaranteed reliable operation with
no compromise on efficiency in a moving-object environment.

The integration of OWPT into intelligent systems, such
as low power wide area networks (LPWAN) enhances its
scalability and efficiency. This capability facilitates seamless
power delivery to IoT networks in healthcare, smart cities, and
remote sensing, paving the way for resilient, low-maintenance
systems.

While OWPT offers several advantages over other,
more established, WPT techniques, there are still practical

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.



18900

TABLE I
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SUMMARY OF RELATED WORKS FOR LED-OWPT

Ref.

Technique

Power
Output

Distance

Key Observations

Key Limitations

2020 - [162]

NIR-LED with Fresnel lens
and crystalline silicon (C-Si)
solar cells.

230 mW

Compact, suitable for small
IoT devices.

Beam divergence reduces ef-
ficiency over distance.
Requires precise alignment.

2021 - [168]

Lens-collimated triple-LED
array OWPT

380 mW

Achieved highest recorded
power for LED-OWPT.
Uses 17 cm? GaAs solar cell.

Increased lens alignment
sensitivity.

Higher irradiation size leads
to power loss.

2022 [156]

Double-lens system for
collimation and beam
focusing.

532 mW

Single LED configuration re-
duces the size by 46%.
LED-array system reduces
size by 56% and increases
output by 40%.

Alignment errors cause beam
displacement.
Efficiency challenges due to
LEDs’ wide-angle emission
characteristics.

2022 - [157]

NIR-LED array incorporated.
Analyzes factors affecting
output saturation in
LED-OWPT

over 1 W

Compact design suitable for
IoT applications.

Thermal features confirmed
the practical application of
the LED-OWPT system.

Serious heat issues in com-
pact system designs.
Increased number of LEDs
causes misalignment errors
in performance.

2023 - [159]

Four-LED array OWPT with
collimation system.

Modular design reduces size
by 46%.

Compact and efficient for
IoT.

Analyzes thermal
performance and effective
surface irradiance.

Efficiency not optimal; 65%
optical power lost during
transmission.

Diminishing returns beyond
four LEDs.

2023 - [188]

OWPT with robotic arm
visual tracking. Addresses
challenges in pose estimation
for 3D tracking.

N.A.

20 cm

Successful tracking of mov-
ing 2D objects was achieved.
Real-time 3D tracking feasi-
bility.
Effective in a limited 80°
range.

Refraction affects transmis-
sion efficiency.

Galvano mirror limits track-
ing distance to 20cm.

Image detection becomes
unstable beyond 80-degree
range.

2024 - [190]

NIR-based OWPT for
biological applications
(IMDs).

N.A.

N.A.

95.7 kbps data rate.

Energy harvesting from NIR
light can prolong battery life
in IMDs.

Data transmission via Gaus-
sian minimum shift keying
(GMSK) modulation.
Results indicate feasibility
for future clinical applica-
tions.

Biological tissue absorption
and scattering affect optical
signal propagation.
Non-optimized PV cells re-
duce performance.

NIR light has low intensity,
slowing energy harvesting.

2024 - [191]

OWPT for AE sensors with
808 nm laser and
silicon-based PV cells.

800 mW

N.A.

The OWPT system
efficiently powers multiple
Acoustic  Emission (AE)
Sensors.

The system uses Bluetooth
for data transfer and control

illumination
heating  limit

Non-uniform
and PV
performance.
Challenges with DC-DC
switching efficiency.

challenges that need to be addressed in future research since
OWPT is still in its early stages. The impact of environ-
mental factors, such as fog or rain, obstacles, and PV cell’s
partial shadings on the transmitted optical signals is chal-
lenging, leading to inconsistent and reduced power delivery.
Researchers have highlighted the need for further research
and technical improvements to address these challenges and
improve the feasibility of OWPT system implementation in
multiple applications. For LPT, optimizing laser wavelengths
for specific environmental conditions and developing advanced
photovoltaic materials, such as perovskite solar cells could
significantly enhance durability and efficiency. although tem-
perature control, cooling, and incorporating huge heat sinks

are crucial bottlenecks for developing portable LPT systems.
Further exploration of dynamic beam alignment and auto-
focus systems would improve transmission accuracy and
extend application ranges, especially for IoT and marine
environments.

It is good to mention that compared to LPT, LED-OWPT
is in its developing stages, attracting great attention for
incorporation into daily low-power applications. LED-based
OWPT future research should focus on refining collimation
and modular designs, particularly for wearable and compact
IoT devices. Incorporating IRS could address challenges in
non-LOS scenarios, improving PTE. One attractive idea could
be intelligent lighting using LED arrays in the implementation
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TABLE I

COMPARISON CHART OF REVIEWED OWPT METHODS

Method Section Key Advantages Potential Challenges
Can transmit power fo any point in space: suit- Practical and safety limitations reduce power
HILPB II. A - pow! yp pace; conversion efficiency to 10%-20%; hindered
able for devices like UAVs and lunar habitats. .
commercial development.
. . e Propagation attenuation, PCE concerns, and
DLC II. B Ideal for I.OT with .self—al¥gnmg capability; sup- laser safety hazards; LOS dependence; IEC MPE
ports multiple receivers simultaneously. L
restrictions.
ADLC L C Improves battery performance with up to 50% | Susceptible to temperature fluctuations and res-
’ power savings. onating laser beam loss.
Facilitates wireless recharging; cost-efficient for | Trade-offs between data rate, energy, and safety;
SLIPT II. D remote sensors; balances data rate and energy | challenges with transmission distance and mo-
harvesting. bile receiver support.
RBC II. E Self-aligning; safe; supports multiple devices; Internal losses reduce conversion efficiency.
allows data transfer via resonant beam.
. . . Cannot monitor power needs of multiple re-
Simple, robust transmitter design; accommo- . . . .
ARBC ILE. 1 ceivers simultaneously; frequent power adjust-
dates more users. .
ments required.
Limited by transmission loss, beam interference;
RB-SWIPT ILE. 2 Suitable for high-rate SLIPT. challenges in system design and performance
evaluation.
Self-Protect ILE 2 Ensures secure SLIPT without mechanical con- Requires precise power threshold adjustments.
RBS trol.
LED-OWPT I Cost-effective; safe under MPE regulations; | Beam diffraction requires lens system; beam
compact and lightweight for portable devices. leakage reduces PTE over distance.
HILPB pLC ADLC
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of an LED-OWPT system. Additionally, understanding envi-
ronmental attenuations and shadings is crucial for ensuring
reliable performance in indoor and outdoor applications, more
specifically in trending low-power scenarios.

V. CONCLUSION

OWPT technologies have emerged as a transformative solu-
tion to address the increasing demand for efficient, long-range

wireless power delivery in diverse applications, particularly
in the context of IoT applications. This article presents a
systematic and integrated overview of both LPT and LED-
OWPT, synthesizing state-of-the-art research and discussing
their respective practical applications, system-level design
considerations and safety challenges. Despite the discussed
practical challenges, OWPT is poised to redefine wireless
power delivery, offering solutions that balance efficiency and
scalability with vast potential across the IoT domain. While
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issues like alignment precision, safety concerns, and envi-
ronmental adaptability persist, continuous progress in beam
alignment, safety protocols, and advanced material devel-
opment suggests that these barriers are surmountable. Such
advancements are paving the way for OWPT to achieve its
full potential in diverse and impactful applications. As OWPT
moves toward commercialization, successful deployments in
dynamic environments, such as a scalable and energy-efficient
IoT system for ecological monitoring in smart gardens, were
enabled by OWPT.

Fig. 28 provides a comparative overview of the various
OWPT methods evaluated in this article, using the same set
of criteria as has been used for Fig. 2. These criteria include
transmission distance, PTE, safety, sensitivity to environmental
conditions, receiver complexity, and adaptability to dynamic
applications. The analyzed OWPT techniques—HIILPB, DLC,
ADLC, SLIPT, ARBC, and LED-OWPT-each demonstrate
distinct advantages and compromises.

Among these, LED-OWPT (highlighted in yellow) stands
out with its significant strengths in safety and transmis-
sion distance, making it a promising candidate for dynamic
scenarios requiring extended range and high-power delivery
specifically in the IoT era. Conversely, ARBC and SLIPT excel
in safety and robustness to misalignment, making them ideal
for environments with fluctuating conditions. While no single
technique surpasses all others across every criterion, the chart
underscores that each method excels in specific areas, empha-
sizing the importance of tailoring OWPT solutions to the
requirements of particular applications. This approach guides
future innovations because it concentrates on applications that
require safe, efficient, flexible, and long-range WPT solutions.

Overall, the chart illustrates the diversity of OWPT tech-
nologies and their varying performance levels based on
different priorities, highlighting their potential to advance
OWPT systems.

REFERENCES

[1] M. Lu, M. Bagheri, A. P. James, and T. Phung, “Wireless charging
techniques for UAVs: A review, reconceptualization, and extension,”
IEEE Access, vol. 6, pp. 29865-29884, 2018. [Online]. Available:
http://dx.doi.org/10.1109/ACCESS.2018.2841376

[2] M. Wu et al., “Development and prospect of wireless power
transfer technology used to power unmanned aerial vehicle,”
Electronics, vol. 11, no. 15, p. 2297, Jul. 2022. [Online]. Available:
http://dx.doi.org/10.3390/electronics 11152297

[3] S. A. H. Mohsan, H. Qian, and H. Amjad, “A comprehensive review
of optical wireless power transfer technology,” Front. Inf. Technol.
Electron. Eng. Electron. Eng., vol. 24, no. 6, pp. 767-800, Jun. 2023.
[Online]. Available: http://dx.doi.org/10.1631/FITEE.2100443

[4] C. G. Nuifiez, L. Manjakkal, and R. Dahiya, “Energy autonomous
electronic skin,” NPJ Flexible Electron., vol. 3, no. 1, p. 1, Jan. 2019.
[Online]. Available: http://dx.doi.org/10.1038/s41528-018-0045-x

[5] K. Sun et al, “An overview of metamaterials and their
achievements in wireless power transfer,” J. Mater. Chem.
C, vol. 6, no. 12, pp.2925-2943, 2018. [Online]. Available:

http://dx.doi.org/10.1039/C7TC03384B

[6] K. Che, J. Yu, P. Yang, M. Wei, S. Liu, and D. Li, “Limits
of electromagnetic environment for electric vehicle wireless power
transfer,” in Proc. 13th IEEE PES Asia—Pac. Power Energy
Eng. Conf. (APPEEC), Nov. 2021, pp. 1-4. [Online]. Available:
http://dx.doi.org/10.1109/APPEEC50844.2021.9687775

[7] C. Lecluyse, B. Minnaert, and M. Kleemann, “A review of the
current state of technology of capacitive wireless power transfer,”
Energies, vol. 14, no. 18, p. 5862, Sep. 2021. [Online]. Available:
http://dx.doi.org/10.3390/en14185862

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

IEEE INTERNET OF THINGS JOURNAL, VOL. 12, NO. 12, 15 JUNE 2025

T. M. Mostafa, A. Muharam, and R. Hattori, “Wireless battery
charging system for drones via capacitive power transfer,” in
Proc. IEEE PELS Workshop Emerg. Technol. Wireless Power
Transfer (WoW), May 2017, pp. 1-8. [Online]. Available:
http://dx.doi.org/10.1109/WoW.2017.7959357

M. Tamura, Y. Naka, K. Murai, and T. Nakata, “Design of
a capacitive wireless power transfer system for operation in
fresh water,” [EEE Trans. Microw. Theory Tech., vol. 66,
no. 12, pp.5873-5884, Dec. 2018. [Online]. Available:
http://dx.doi.org/10.1109/TMTT.2018.2875960

M. Z. Erel, K. C. Bayindir, M. T. Aydemir, S. K. Chaudhary,
and J. M. Guerrero, “A comprehensive review on wireless capac-
itive power transfer technology: Fundamentals and applications,”
IEEE Access, vol. 10, pp. 3116-3143, 2022. [Online]. Available:
http://dx.doi.org/10.1109/ACCESS.2021.3139761

A. Mahesh, B. Chokkalingam, and L. Mihet-Popa, “Inductive
wireless power transfer charging for electric vehicles—A review,”
IEEE Access, vol. 9, pp. 137667-137713, 2021. [Online]. Available:
http://dx.doi.org/10.1109/ACCESS.2021.3116678

L. Yang et al., “A review of underwater inductive wireless power
transfer system,” IET Power Electron., vol. 17, no. 8, pp. 894-905,
Feb. 2023. [Online]. Available: http://dx.doi.org/10.1049/pel2.12456
Y. Zhang, “Design of high-power static wireless power transfer via
magnetic induction: An overview,” CPSS Trans. Power Electron.
Appl., vol. 6, no. 4, pp. 281-297, Dec. 2021. [Online]. Available:
http://dx.doi.org/10.24295/CPSSTPEA.2021.00027

Y. Frechter and A. Kuperman, “Analysis and design of inductive wire-
less power transfer link for feedback-less power delivery to enclosed
compartment,” Appl. Energy, vol. 278, Nov. 2020, Art. no. 115743.
[Online]. Available: http://dx.doi.org/10.1016/j.apenergy.2020.115743
Y. Zhang, S. Chen, X. Li, Z. She, F. Zhang, and Y. Tang, “Coil compar-
ison and downscaling principles of inductive wireless power transfer
systems,” in Proc. IEEE PELS Workshop Emerg. Technol. Wireless
Power Transfer (WoW), vol. 3, Nov. 2020, pp. 116-122. [Online].
Available: http://dx.doi.org/10.1109/WoW47795.2020.9291295

P. Machura and Q. Li, “A critical review on wireless
charging for electric vehicles,” Renew. Sustain.  Energy
Rev., vol. 104, pp.209-234, Apr. 2019. [Online]. Available:

http://dx.doi.org/10.1016/j.rser.2019.01.027

M. Wagih, A. Komolafe, and B. Zaghari, “Dual-receiver
wearable  6.78 MHz  resonant  inductive  wireless  power
transfer  glove using embroidered textile  coils,” IEEE
Access, vol. 8, pp.24630-24642, 2020. [Online]. Available:

http://dx.doi.org/10.1109/ACCESS.2020.2971086

H. MESE and M. Anilcan, “Efficiency investigation of a 400W
resonant inductive wireless power transfer system for underwa-
ter unmanned vehicles,” in Proc. IEEE Wireless Power Transfer
Conf. (WPTC), Nov. 2020, pp. 223-226. [Online]. Available:
http://dx.doi.org/10.1109/WPTC48563.2020.9295638

T. S. Pham et al, “Optimal frequency for magnetic reso-
nant wireless power transfer in conducting medium,” Sci. Rep.,
vol. 11, no. 1, Sep. 2021, Art. no. 18690. [Online]. Available:
http://dx.doi.org/10.1038/s41598-021-98153-y

E. M. Ali, M. Alibakhshikenari, B. S. Virdee, M. Soruri, and
E. Limiti, “Efficient wireless power transfer via magnetic res-
onance coupling using automated impedance matching circuit,”
Electronics, vol. 10, no. 22, p. 2779, Nov. 2021. [Online]. Available:
http://dx.doi.org/10.3390/electronics 10222779

L. Shi, N. Rasool, H. Zhu, K. Huang, and Y. Yang, “Design and
experiment of a reconfigurable magnetic resonance coupling wire-
less power transmission system,” IEEE Microw. Wireless Compon.
Lett., vol. 30, no. 7, pp. 705-708, Jul. 2020. [Online]. Available:
http://dx.doi.org/10.1109/LMWC.2020.2997068

M. A. Yousuf et al., “Comparison study of inductive coupling and
magnetic resonant coupling method for wireless power transmission of
electric vehicles,” in Proc. 2nd Int. Conf. Robot. Elect. Signal Process.
Techn. (ICREST), vol. 3, Jan. 2021, pp. 737-741. [Online]. Available:
http://dx.doi.org/10.1109/ICREST51555.2021.9331096

A. Lahiryy, K. N. Le, V. N. Q Bao, and V. W. Tam,
“Performance analysis of unmanned aerial vehicle enabled wireless
power transfer considering radio frequency system imperfections,”
Energy, vol. 267, Mar. 2023, Art. no. 126464. [Online]. Available:
http://dx.doi.org/10.1016/j.energy.2022.126464

M. A. Ullah, R. Keshavarz, M. Abolhasan, J. Lipman, K. P. Esselle,
and N. Shariati, “A review on antenna technologies for ambient RF
energy harvesting and wireless power transfer: Designs, challenges and
applications,” IEEE Access, vol. 10, pp. 17231-17267, 2022. [Online].
Available: http://dx.doi.org/10.1109/ACCESS.2022.3149276

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.



AHMADI AND SERDIIN: ADVANCEMENTS IN LASER AND LED-BASED OPTICAL WIRELESS POWER TRANSFER

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

N. Shinohara, “History and innovation of wireless power transfer via
microwaves,” IEEE J. Microw., vol. 1, no. 1, pp. 218-228, Jan. 2021.
[Online]. Available: http://dx.doi.org/10.1109/IMW.2020.3030896

N. Shinohara, “Trends in wireless power transfer: WPT technology
for energy harvesting, millimeter-wave/THz Rectennas, MIMO-
WPT, and advances in near-field WPT applications,” IEEE Microw.
Mag., vol. 22, no. 1, pp. 46-59, Jan. 2021. [Online]. Available:
http://dx.doi.org/10.1109/MMM.2020.3027935

J. Liu, M. Huang, and Z. Du, “Design of compact dual-band
RF rectifiers for wireless power transfer and energy harvesting,”
IEEE Access, vol. 8, pp. 184901-184908, 2020. [Online]. Available:
http://dx.doi.org/10.1109/ACCESS.2020.3029603

W. Fang, Q. Zhang, Q. Liu, J. Wu, and P. Xia, “Fair schedul-
ing in resonant beam charging for IoT devices,” IEEE Internet
Things J., vol. 6, no. 1, pp. 641-653, Feb. 2019. [Online]. Available:
http://dx.doi.org/10.1109/J10T.2018.2853546

D. H. Nguyen, “Dynamic optical wireless power transfer for electric
vehicles,” [EEE Access, vol. 11, pp. 2787-2795, 2023. [Online].
Available: http://dx.doi.org/10.1109/ACCESS.2023.3234577

D. H. Nguyen, G. Tumen-Ulzii, T. Matsushima, and C. Adachi,

“Performance analysis of a perovskite-based thing-to-thing
optical wireless power transfer system,” I[EEE Photon. J.,
vol. 14, no. 1, pp.1-8, Feb. 2022. [Online]. Available:

http://dx.doi.org/10.1109/JPHOT.2022.3146365

P. Xu, W. Zhang, and Z. He, “Light field optimization for optical wire-
less power transfer,” IEEE Photon. J., vol. 13, no. 1, pp. 1-9, Feb. 2021.
[Online]. Available: http://dx.doi.org/10.1109/JPHOT.2020.3044948

D. H. Nguyen, “Optical wireless power transfer for moving objects
as a life-support technology,” in Proc. IEEE 2nd Global Conf. Life
Sci. Technol. (LifeTech), Mar. 2020, pp. 405—408. [Online]. Available:
http://dx.doi.org/10.1109/LifeTech48969.2020.1570618863

D. H. Nguyen and K. Matsue. “Characterization of maximizers in a
non-convex geometric optimization problem with application to optical
wireless power transfer systems.” 2024, arXiv:2404.13832.

R. Takahashi et al., “Optical wireless power transmission under deep
seawater using GalnP solar cells,” Energies, vol. 17, no. 7, p. 1572,
Mar. 2024. [Online]. Available: http://dx.doi.org/10.3390/en17071572
D. H. Nguyen, “Optical wireless power transfer for implanted and
wearable devices,” Sustainability, vol. 15, no. 10, p. 8146, May 2023.
[Online]. Available: http://dx.doi.org/10.3390/sul15108146

M. M. Rahman, M. S. I. Shanto, N. Sarker, T. Rani, and L. C. Paul, “A
comprehensive review of wireless power transfer methods, applications,
and challenges,” Eng. Rep., vol. 6, no. 10, 2024, Art. no. e12951.
[Online]. Available: http://dx.doi.org/10.1002/eng2.12951

S. Ghazizadeh, S. Mekhilef, M. Seyedmahmoudian, J. Chandran,

and A. Stojcevski, “Performance evaluation of coil design
in inductive power transfer for electric vehicles,” IEEE
Access, vol. 12, pp. 108201-108223, 2024. [Online]. Available:

http://dx.doi.org/10.1109/ACCESS.2024.3439027

P. Babu Bobba, M. H. Anwar, H. Prasad Bhupathi, P. Shirisha,
and L. Hamza, “Simultaneous wireless power and data transfer in
different applications,” in Proc. E3S Web Conf., vol. 552, 2024, p. 1147.
[Online]. Available: http://dx.doi.org/10.1051/e3sconf/202455201147

A. Alabsi et al.,, “Wireless power transfer technologies, appli-
cations, and future trends: A review,” IEEE Trans. Sustain.
Comput., vol. 10, no. 1, pp. 1-17, Feb. 2025. [Online]. Available:
http://dx.doi.org/10.1109/TSUSC.2024.3380607

B. A. Rayan, U. Subramaniam, and S. Balamurugan, “Wireless power
transfer in electric vehicles: A review on compensation topologies,
coil structures, and safety aspects,” Energies, vol. 16, no. 7, p. 3084,
Mar. 2023. [Online]. Available: http://dx.doi.org/10.3390/en16073084
T. Miyamoto, “Optical wireless power transmission using VCSELS,” in
Proc. Semicond. Lasers Laser Dyn. VIII, May 2018, Art. no. 1068204.
[Online]. Available: http://dx.doi.org/10.1117/12.2309436

A. M. Jawad, R. Nordin, S. K. Gharghan, H. M. Jawad, and M. Ismail,
“Opportunities and challenges for near-field wireless power transfer:
A review,” Energies, vol. 10, no. 7, p. 1022, Jul. 2017. [Online].
Available: http://dx.doi.org/10.3390/en10071022

K. Jin and W. Zhou, “Wireless laser power transmission:
A review of recent progress,” IEEE Trans. Power Electron.,
vol. 34, no. 4, pp.3842-3859, Apr. 2019. [Online]. Available:
http://dx.doi.org/10.1109/TPEL.2018.2853156
M. J. Makhetha, E. D. Markus, and

“Integration of wireless power transfer

area networks in IoT applications—A

vol. 5, Jun. 2024, Art. no. 100284.
http://dx.doi.org/10.1016/j.sintl.2024.100284

A. M. Abu-Mahfouz,
and low power wide
review,” Sensors Int.,
[Online].  Available:

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

18903

Q. Wang, W. Che, M. Mongiardo, and G. Monti, “Wireless
power transfer system with high misalignment tolerance for bio-
medical implants,” IEEE Trans. Circuits Syst., II, Exp. Briefs,
vol. 67, no. 12, pp. 3023-3027, Dec. 2020. [Online]. Available:
http://dx.doi.org/10.1109/TCSI1.2020.2985056

Z. Liu, T. Li, S. Li, and C. C. Mi, “Advancements and chal-
lenges in wireless power transfer: A comprehensive review,” Nexus,
vol. 1, no. 2, Jun. 2024, Art. no. 100014. [Online]. Available:
http://dx.doi.org/10.1016/j.ynexs.2024.100014

S. Kim, G. A. Covic, and J. T. Boys, “Tripolar pad for induc-
tive power transfer systems for EV charging,” IEEE Trans. Power
Electron., vol. 32, no. 7, pp. 5045-5057, Jul. 2017. [Online]. Available:
http://dx.doi.org/10.1109/TPEL.2016.2606893

I. Adam, K. Kadir, S. Khan, A. Nordin, and H. Mansor, “Inductive
resonant power transfer and topology consideration,” in Proc. IEEE
3rd Int. Conf. Eng. Technol. Soc. Sci., Aug. 2017, pp. 1-6.

A. C. Bagchi, A. Kamineni, R. A. Zane, and R. Carlson, “Review and
comparative analysis of topologies and control methods in dynamic
wireless charging of electric vehicles,” IEEE J. Emerg. Sel. Topics
Power Electron., vol. 9, no. 4, pp. 4947-4962, Aug. 2021. [Online].
Available: http://dx.doi.org/10.1109/JESTPE.2021.3058968

J. Rahulkumar et al., “A review on resonant inductive coupling pad
design for wireless electric vehicle charging application,” Energy
Rep., vol. 10, pp.2047-2079, Nov. 2023. [Online]. Available:
http://dx.doi.org/10.1016/j.egyr.2023.08.067

P. Athira, T. Ang, and M. Salem, “Resonant inductive cou-
pling for wireless power transmission,” Int. J. Energy Power
Syst., vol. 2, no. 1, pp.1-5, Mar. 2022. [Online]. Available:
http://dx.doi.org/10.54616/ijeps/20220301

G. Monti, F. Mastri, M. Mongiardo, L. Corchia, and L. Tarricone,
“Load-independent operative regime for an inductive resonant WPT
link in parallel configuration,” IEEE Trans. Microw. Theory Tech.,
vol. 68, no. 5, pp. 1809-1818, May 2020. [Online]. Available:
http://dx.doi.org/10.1109/TMTT.2019.2963305

Y. Guo et al., “Solid-state lithium batteries: Safety and prospects,”
eScience, vol. 2, no. 2, pp. 138-163, Mar. 2022. [Online]. Available:
http://dx.doi.org/10.1016/j.esci.2022.02.008

K. Muteba, K. Djouani, and T. Olwal, “5G NB-IoT:
Design, considerations, solutions and challenges,” Procedia
Comput. Sci., vol. 198, pp. 86-93, 2022. [Online]. Available:

http://dx.doi.org/10.1016/j.procs.2021.12.214

U. C. Nnamdi and I. B. Asianuba, “Wireless power trans-
fer: A review of existing technologies,” Eur. J. Eng. Technol.
Res., vol. 8, no. 3, pp. 59-66, Jun. 2023. [Online]. Available:
http://dx.doi.org/10.24018/ejeng.2023.8.3.3038

A. S. Thangarajan et al., “Static: Low frequency energy harvest-
ing and power transfer for the Internet of Things,” Front. Signal
Process., vol. 1, Jan. 2022, Art. no. 763299. [Online]. Available:
http://dx.doi.org/10.3389/frsip.2021.763299

B. Hu, P. Zhou, and L. Zhang, “A digital business model for accel-
erating distributed renewable energy expansion in rural China,” Appl.
Energy, vol. 316, Jun. 2022, Art. no. 119084. [Online]. Available:
http://dx.doi.org/10.1016/j.apenergy.2022.119084

W. Wang, Q. Zhang, H. Lin, M. Liu, X. Liang, and Q. Liu,
“Wireless energy transmission channel modeling in resonant
beam charging for IoT devices,” IEEE Internet Things J.,
vol. 6, no. 2, pp.3976-3986, Apr. 2019. [Online]. Available:
http://dx.doi.org/10.1109/JI0T.2019.2894008

J. Fakidis, S. Videv, H. Helmers, and H. Haas, “0.5-gb/s OFDM-based
laser data and power transfer using a GaAs photovoltaic cell,” IEEE
Photon. Technol. Lett., vol. 30, no. 9, pp. 841-844, May 2018. [Online].
Available: http://dx.doi.org/10.1109/LPT.2018.2815273

S. Mali and J. Ratnam, “Outage probability of DCO-OFDM
based free-space optical links over the log-normal fading chan-
nel,” in Proc. 2nd Odisha Int. Conf. Elect. Power Eng. Commun.
Comput. Technol. (ODICON), Nov. 2022, pp. 1-6. [Online]. Available:
http://dx.doi.org/10.1109/0DICONS54453.2022.10010026

D. H. Nguyen, T. Matsushima, C. Qin, and C. Adachi,
“Toward thing-to-thing optical wireless power transfer: Metal
halide Perovskite transceiver as an enabler,” Front. Energy
Res., vol. 9, Jun. 2021, Art. no. 679125. [Online]. Available:
http://dx.doi.org/10.3389/fenrg.2021.679125

P. D. Diamantoulakis, G. K. Karagiannidis, and Z. Ding, “Simultaneous
lightwave information and power transfer (SLIPT),” IEEE Trans. Green
Commun. Netw., vol. 2, no. 3, pp. 764-773, Sep. 2018. [Online].
Available: http://dx.doi.org/10.1109/TGCN.2018.2818325

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.



18904

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

M. Qarage, M. Usman, A. Serbes, I. S. Ansari, and M.-S.
Alouini, “Power Hotspots in space: Powering CubeSats via inter-
satellite optical wireless power transfer,” IEEE Internet Things
Mag., vol. 5, no. 3, pp. 180-185, Sep. 2022. [Online]. Available:
http://dx.doi.org/10.1109/I0TM.001.001.2200071

Y. Tai and T. Miyamoto, “Experimental characterization of high
tolerance to beam irradiation conditions of light beam power receiving
module for optical wireless power transmission equipped with a fly-eye
lens system,” Energies, vol. 15, no. 19, p. 7388, Oct. 2022. [Online].
Available: http://dx.doi.org/10.3390/en15197388

Y. Zheng et al, “Wireless laser power transmission: Recent
progress and future challenges,” Space Sol. Power Wireless
Transm., vol. 1, no. 1, pp. 17-26, Jun. 2024. [Online]. Available:
http://dx.doi.org/10.1016/j.sspwt.2023.12.001

M. Xian-Long, H. Yi-Chao, L. Bei, Z. Pu, C. E A. Lopez,
and L. Cun-Liang, “Improvements of PV receiver in laser
wireless power transmission by non-imaging optics,” Sol.
Energy, vol. 255, pp. 157-170, May 2023. [Online]. Available:
http://dx.doi.org/10.1016/j.solener.2023.03.016
A. W. Setiawan Putra, M. Tanizawa,
“Optical wireless power transmission using Si photovoltaic
through air, water, and skin,” [EEE Photon. Technol. Lett.,
vol. 31, no. 2, pp.157-160, Jan. 2019. [Online]. Available:
http://dx.doi.org/10.1109/LPT.2018.2887081

K. Zhu et al., “Aerial refueling: Scheduling wireless energy charging
for UAV enabled data collection,” IEEE Trans. Green Commun.
Netw., vol. 6, no. 3, pp. 1494-1510, Sep. 2022. [Online]. Available:
http://dx.doi.org/10.1109/TGCN.2022.3164602

Y. Rathod and L. Hughes, “Simulating the charging of electric vehi-
cles by laser,” Procedia Comput. Sci., vol. 155, pp. 527-534, 2019.
[Online]. Available: http://dx.doi.org/10.1016/j.procs.2019.08.073

M. Koga, S. Shibui, N. Matsuoka, T. Sudo, and S. Uchida,
“Investigation of high efficiency laser wireless power transmission
using in-GaP/InGaAs/ge 2-junction solar cells,” in Proc. 4th Opt.
Wireless Fiber Power Transm. Conf. (OWP), Apr. 2022, p. 8.

J. Zhou, X. He, T. Kato, K. Yoshikawa, and H. Yamada, ‘Power
generation characteristics of Si PV cell under extremely high-
intensity near-infrared light irradiation,” IEICE Electron. Exp.,
vol. 19, no. 3, Feb. 2022, Art. no. 20210476. [Online]. Available:
http://dx.doi.org/10.1587/elex.19.20210476

D. Mantese, T. Riewe, and Q. Zhang, “Resonant-beam based optical
wireless power charging and data communication,” Univ. Connecticut,
Storrs, CT, USA, Rep. ECE 4901, 2020.

V. Iyer, E. Bayati, R. Nandakumar, A. Majumdar, and S. Gollakota,
“Charging a smartphone across a room using lasers,” Proc. ACM
Interact. Mobile Wearable Ubiquitous Technol., vol. 1, no. 4, pp. 1-21,
Jan. 2018. [Online]. Available: http://dx.doi.org/10.1145/3161163

L. Sun, C. Cheng, S. Wang, J. Tang, R. Xie, and D. Wang,
“Bioinspired, nanostructure-amplified, subcutaneous light harvest-
ing to power implantable biomedical electronics,” ACS Nano,
vol. 15, no. 8, pp. 12475-12482, Aug. 2021. [Online]. Available:
http://dx.doi.org/10.1021/acsnano.1c03614

J. Jeong et al, “An implantable optogenetic stimulator wire-
lessly powered by flexible photovoltaics with near-infrared (NIR)
light,” Biosensors Bioelectron., vol. 180, May 2021, Art. no. 113139.
[Online]. Available: http://dx.doi.org/10.1016/j.bios.2021.113139

A. M. Abdelhady, A. Celik, C. Diaz-Vilor, H. Jafarkhani,
and A. M. Eltawil, “Laser-empowered UAVs for aerial data
aggregation in passive loT networks,” [EEE Open J. Commun.
Soc., vol. 5, pp.1609-1623, 2024. [Online]. Available:
http://dx.doi.org/10.1109/0JCOMS.2024.3372881

K. S. Alam et al., “Towards net zero: A technological review on the
potential of space-based solar power and wireless power transmission,”
Heliyon, vol. 10, no. 9, May 2024, Art. no. €29996. [Online]. Available:
http://dx.doi.org/10.1016/j.heliyon.2024.629996

A. Balaji. “Wireless laser power transmission: A review of recent
progress.” 2025. [Online]. Available: https://www.ijert.org

and T. Maruyama,

H. Yigit and A. R. Boynuegri, “Pulsed laser diode based
wireless power transmission application: Determination
of voltage amplitude, frequency, and duty cycle,” IEEE
Access, vol. 11, pp. 54544-54555, 2023. [Online]. Available:

http://dx.doi.org/10.1109/ACCESS.2023.3281656

V. Ramkumar, A. Parimala, N. Vanathi, S. Karpagam, K. P. Chandran,
and R. T. Prabu, “An efficient beam splitter scheme for optimization
based on modified optical wireless power transmission mecha-
nism,” in Proc. Int. Conf. Intell. Innov. Technol. Comput. Elect.
Electron. (IITCEE), Jan. 2023, pp. 589-594. [Online]. Available:
http://dx.doi.org/10.1109/IITCEE57236.2023.10090984

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

IEEE INTERNET OF THINGS JOURNAL, VOL. 12, NO. 12, 15 JUNE 2025

O. Hohn, A. W. Walker, A. W. Bett, and H. Helmers, “Optimal
laser wavelength for efficient laser power converter operation over
temperature,” Appl. Phys. Lett., vol. 108, no. 24, Jun. 2016, Art. no.
241104. [Online]. Available: http://dx.doi.org/10.1063/1.4954014

M. R. Hassan, “Theory of dronized laser source for next generation
of optical wireless power transmission,” IEEE J. Sel. Topics Quant.
Electron., vol. 28, no. 5, pp. 1-9, Sep. 2022. [Online]. Available:
http://dx.doi.org/10.1109/JSTQE.2022.3162170

J. Eom, G. Kim, and Y. Park, “Maximizing wireless power trans-
mission for electric vehicles with high-intensity laser power beaming
and optical orthogonal frequency division multiplexing,” Transp.
Res. Procedia, vol. 70, pp. 123-129, 2023. [Online]. Available:
http://dx.doi.org/10.1016/j.trpro.2023.11.010

D. Shi, L. Zhang, H. Ma, Z. Wang, Y. Wang, and Z. Cui, “Research on
wireless power transmission system between satellites,” in Proc. IEEE
Wireless Power Transfer Conf. (WPTC), May 2016, pp. 1-4. [Online].
Available: http://dx.doi.org/10.1109/WPT.2016.7498851

G. Kim, I. Ashraf, J. Eom, and Y. Park, “Optimal path configuration
with coded laser pilots for charging electric vehicles using high
intensity laser power beams,” Appl. Sci., vol. 11, no. 9, p. 3826,
Apr. 2021. [Online]. Available: http://dx.doi.org/10.3390/app11093826

G. A. Landis, Engineering Design  Study of Laser
Power Beaming for Applications on the Moon, NASA,
Cleveland, OH, USA, 2024. [Online]. Available:

https://ntrs.nasa.gov/api/citations/20240011011/downloads/Lunar

T. S. K. Jaeyeong Lim and J. Ha, “Wireless optical power transfer
system by spatial wavelength division and distributed laser cavity
resonance,” Opt. Exp., vol. 27, no. 12, p. A924, May 2019. [Online].
Available: http://dx.doi.org/10.1364/0OE.27.00A924

C. W. Oh, Z. Cao, E. Tangdiongga, and T. Koonen, “Free-space
transmission with passive 2-D beam steering for multi-gigabit-
per-second per-beam indoor optical wireless networks,” Opt. Exp.,
vol. 24, no. 17, Aug. 2016, Art. no. 19211. [Online]. Available:
http://dx.doi.org/10.1364/0E.24.019211

E. A. Bezus, D. A. Bykov, and L. L. Doskolovich, “Integrated
diffraction gratings on the Bloch surface wave platform
supporting bound states in the continuum,” Nanophotonics,
vol. 10, no. 17, pp. 4331-4340, Sep. 2021. [Online]. Available:
http://dx.doi.org/10.1515/nanoph-2021-0352

Safety of Laser Products—Part 1: Equipment Classification and
Requirements, IEC Standard 60825-1, 2007.

Q. Zhang, W. Fang, M. Xiong, Q. Liu, J. Wu, and P. Xia, “Adaptive
resonant beam charging for intelligent wireless power transfer,” IEEE
Internet Things J., vol. 6, no. 1, pp. 1160-1172, Feb. 2019. [Online].
Available: http://dx.doi.org/10.1109/JI0T.2018.2867457

Q. Zhang, X. Shi, Q. Liu, J. Wu, P. Xia, and Y. Liao, “Adaptive
distributed laser charging for efficient wireless power transfer,” in
Proc. IEEE 86th Veh. Technol. Conf. (VIC-Fall), Sep. 2017, pp. 1-5.
[Online]. Available: http://dx.doi.org/10.1109/VTCFall.2017.8288143
C. Wang, J. Liu, H. Zhang, and J. Lu, “The realization of the
simultaneous wireless information and power transfer with the laser
energy transform,” Meas. Sensors, vol. 33, Jun. 2024, Art. no. 101197.
[Online]. Available: http://dx.doi.org/10.1016/j.measen.2024.101197

J. Wang, X. Ma, Z. Chen, L. Zheng, W. Xie, and X. Wang,
“Secrecy wireless information and power transfer in ultra-dense
cloud radio access networks,” IEEE Trans. Wireless Commun.,
vol. 23, no. 8, pp. 9206-9219, Aug. 2024. [Online]. Available:
http://dx.doi.org/10.1109/TWC.2024.3360147

W. Q. Gan Li, Tao Shang and T. Tang, “Energy efficiency optimization
in a parallel relay-assisted UWOC system with simultaneous lightwave
information and power transfer,” Appl. Opt., vol. 63, no. 4, p. 999,
Jan. 2024. [Online]. Available: http://dx.doi.org/10.1364/A0.514508
R. Zhang, J. Wang, Z. Wang, Z. Xu, C. Zhao, and L. Hanzo,
“Visible light communications in heterogeneous networks: Paving
the way for wuser-centric design,” I[EEE Wireless Commun.,
vol. 22, no. 2, pp.8-16, Apr. 2015. [Online]. Available:
http://dx.doi.org/10.1109/MWC.2015.7096279

S. Han et al., “Enhanced field of view for resonant beam
systems in IoT applications,” IEEE Internet Things J., vol. 11,
no. 11, pp.20379-20391, Jun. 2024. [Online]. Available:
http://dx.doi.org/10.1109/J10T.2024.3370563

A. Costanzo, D. Masotti, G. Paolini, and D. Schreurs, “Evolution
of SWIPT for the IoT world: Near- and far-field solutions for
simultaneous wireless information and power transfer,” IEEE Microw.
Mag., vol. 22, no. 12, pp. 48-59, Dec. 2021. [Online]. Available:
http://dx.doi.org/10.1109/MMM.2021.3109554

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.



AHMADI AND SERDIIN: ADVANCEMENTS IN LASER AND LED-BASED OPTICAL WIRELESS POWER TRANSFER

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

S. Ma, F Zhang, H. Li, F Zhou, Y. Wang, and S. Li,
“Simultaneous lightwave information and power transfer in visi-
ble light communication systems,” IEEE Trans. Wireless Commun.,
vol. 18, no. 12, pp. 5818-5830, Dec. 2019. [Online]. Available:
http://dx.doi.org/10.1109/TWC.2019.2939242

J. I. D. O. Filho, A. Trichili, B. S. Ooi, M.-S. Alouini, and
K. N. Salama, “Toward self-powered Internet of Underwater Things
devices,” IEEE Commun. Mag., vol. 58, no. 1, pp. 68-73, Jan. 2020.
[Online]. Available: http://dx.doi.org/10.1109/MCOM.001.1900413

L. Nkenyereye, L. Nkenyereye, and B. Ndibanje, “Internet of
Underwater Things: A survey on simulation tools and 5G-based
underwater networks,” Electronics, vol. 13, no. 3, p. 474, Jan. 2024.
[Online]. Available: http://dx.doi.org/10.3390/electronics 13030474

P. D. Diamantoulakis, K. N. Pappi, G. K. Karagiannidis, H. Xing, and
A. Nallanathan, “Joint downlink/uplink design for wireless powered
networks with interference,” IEEE Access, vol. 5, pp. 1534-1547,2017.
[Online]. Available: http://dx.doi.org/10.1109/ACCESS.2017.2657801
O. Alamu, T. O. Olwal, and K. Djouani, “Simultaneous
lightwave information and power transfer in optical wireless
communication networks: An overview and outlook,” Optik,
vol. 266, Sep. 2022, Art. no. 169590. [Online]. Available:
http://dx.doi.org/10.1016/j.ijle0.2022.169590

J. Fakidis, H. Helmers, and H. Haas, “Simultaneous wireless data and
power transfer for a 1-gb/s GaAs VCSEL and photovoltaic link,” IEEE
Photon. Technol. Lett., vol. 32, no. 19, pp. 1277-1280, Oct. 2020.
[Online]. Available: http://dx.doi.org/10.1109/LPT.2020.3018960

X. Xiong, B. Zheng, A. L. Swindlehurst, J. Tang, and W. Wu,

“A new intelligent reflecting surface-aided electromagnetic
stealth ~ strategy,” [EEE Wireless Commun. Lett., vol. 13,
no. 5, pp.1498-1502, May 2024. [Online]. Available:

http://dx.doi.org/10.1109/LWC.2024.3378455

W. Shi, Q. Wu, D. Wu, F. Shu, and J. Wang, “Joint transmit and
reflective beamforming design for active IRS-aided SWIPT systems,”
Chin. J. Electron., vol. 33, no. 2, pp. 536-548, Mar. 2024. [Online].
Available: http://dx.doi.org/10.23919/cje.2022.00.287

Q. Zhang, Z. Liu, F. Yang, J. Song, and Z. Han, “Simultaneous
lightwave information and power transfer for OIRS-aided
VLC system,” [EEE Wireless Commun. Lett., vol. 12,
no. 12, pp. 2153-2157, Dec. 2023. [Online]. Available:
http://dx.doi.org/10.1109/LWC.2023.3310584

S. Xia et al, “Auto-protection for resonant beam SWIPT
in portable applications,” [EEE Internet Things J., vol. 11,
no. 3, pp.4127-4138, Feb. 2024. [Online]. Available:

http://dx.doi.org/10.1109/J10T.2023.3298521

S. Yu, W. Zhou, S. Guo, and M. Guo, “A feasible IP traceback
framework through dynamic deterministic packet marking,” IEEE
Trans. Comput., vol. 65, no. 5, pp. 1418-1427, May 2016. [Online].
Available: http://dx.doi.org/10.1109/TC.2015.2439287

G. Pan, P. D. Diamantoulakis, Z. Ma, Z. Ding, and
G. K. Karagiannidis, “Simultaneous lightwave information and
power transfer: Policies, techniques, and future directions,” [EEE
Access, vol. 7, pp.28250-28257, 2019. [Online]. Available:
http://dx.doi.org/10.1109/ACCESS.2019.2901855

V. K. Papanikolaou et al., “Simultaneous lightwave information
and power transfer in 6G networks,” IEEE Commun. Mag.,
vol. 62, no. 3, pp.16-22, Mar. 2024. [Online]. Available:
http://dx.doi.org/10.1109/MCOM.002.2300290

H. Zhang, Y. Qiu, X. Chu, K. Long, and V. C. Leung,
“Fog radio access networks: Mobility management, interference
mitigation, and resource optimization,” IEEE Wireless Commun.,
vol. 24, no. 6, pp. 120-127, Dec. 2017. [Online]. Available:
http://dx.doi.org/10.1109/MWC.2017.1700007

Y. Guo, K. Xiong, Y. Lu, B. Gao, P. Fan, and K. B. Letaief,
“SLIPT-enabled multi-LED MU-MISO VLC networks: Joint beam-
forming and DC bias optimization,” IEEE Trans. Green Commun.
Netw., vol. 7, no. 3, pp. 1104-1120, Sep. 2023. [Online]. Available:
http://dx.doi.org/10.1109/TGCN.2022.3212596

Y. Bai, Q. Liu, R. Chen, Q. Zhang, and W. Wang, “Long-range
optical wireless information and power transfer,” IEEE Internet Things
J., vol. 10, no. 2, pp. 1617-1627, Jan. 2023. [Online]. Available:
http://dx.doi.org/10.1109/J10T.2022.3209588

Y. Jiang, K. Jin, R. Ding, and W. Zhou, “A multi-channel laser
wireless information and power transfer system: Pulsed current supply
design and data modulation strategy,” in Proc. 9th Asia Conf. Power
Elect. Eng. (ACPEE), Apr. 2024, pp. 2743-2748. [Online]. Available:
http://dx.doi.org/10.1109/ACPEE60788.2024.10532441

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

18905

J. Shao, W. Zhou, X. Zhu, and K. Jin, “A pulsed current type
laser drive for laser simultaneous wireless information and power
transfer,” in Proc. IEEE 14th Int. Symp. Power Electron. Distrib.
Gener. Syst. (PEDG), Jun. 2023, pp. 393-395. [Online]. Available:
http://dx.doi.org/10.1109/PEDG56097.2023.10215239

C. Jenila, M. S. Kumar, T. Abhinav, S. Manoj, V. M. Chari,
and P. M. Basha, “Simultaneous lightwave information and power
transfer-based design of green IoT communication system,” in
Proc. Int. Conf. Intell. Technol. Sustain. Electric Commun. Syst.
(iTech SECOM), Dec. 2023, pp.557-561. [Online]. Available:
http://dx.doi.org/10.1109/iTechSECOMS59882.2023.10435193

T. Tang, L. Shi, Q. Li, and Z. Xiong, “Sustainability-driven resource
allocation for SLIPT-assisted hybrid VLC/RF IoT systems,” IEEE
Wireless Commun. Lett., vol. 13, no. 6, pp. 1765-1769, Jun. 2024.
[Online]. Available: http://dx.doi.org/10.1109/LWC.2024.3389774

H. Shin, S. Jeong, S. Baek, and Y. Song, “Adaptive control for
underwater simultaneous Lightwave information and power trans-
fer: A hierarchical deep-reinforcement approach,” J. Marine Sci.
Eng., vol. 12, no. 9, p. 1647, Sep. 2024. [Online]. Available:
http://dx.doi.org/10.3390/jmse 12091647

X. Liu et al., “Simultaneous lightwave information and power transfer
for NLOS ultraviolet communications under different weather condi-
tions,” Opt. Commun., vol. 574, Jan. 2025, Art. no. 131215. [Online].
Available: http://dx.doi.org/10.1016/j.optcom.2024.131215

S.-M. Kim and J.-S. Won, “Simultaneous reception of visible light
communication and optical energy using a solar cell receiver,” in Proc.
Int. Conf. ICT Converg. (ICTC), Oct. 2013, pp. 896-897. [Online].
Available: http://dx.doi.org/10.1109/ICTC.2013.6675511

S. Javadi et al. “SLIPT in joint dimming multi-LED OWC systems
with rate splitting multiple access.” Feb. 2024, arXiv:2402.16629.

M. Koshimoto, Y. Kozawa, and H. Habuchi, “Theoretical
analysis of underwater simultaneous light information and
power transfer using inverted N parallel code shift keying
with power splitting receiver,” in Proc. IEEE Int. Symp.
Circuits Syst. (ISCAS), May 2023, pp. 1-5. [Online]. Available:
http://dx.doi.org/10.1109/ISCAS46773.2023.10181708

J. 1. De Oliveira Filho, A. Trichili, O. Alkhazragi, M.-S. Alouini,
B. S. Ooi, and K. N. Salama, “Reconfigurable MIMO-based
self-powered battery-less light communication system,” Light Sci.
Appl., vol. 13, no. 1, p. 218, Aug. 2024. [Online]. Available:
http://dx.doi.org/10.1038/s41377-024-01566-3

J. Ding, C.-L. I, J. Wang, and J. Song, “Performance evaluation of
non-Lambertian SLIPT for 6G visible light communication systems,”
Photonics, vol. 11, no. 9, p. 856, Sep. 2024. [Online]. Available:
http://dx.doi.org/10.3390/photonics 11090856

C. Psomas et al, “Wireless information and energy transfer
in the era of 6G communications,” Proc. IEEE, vol.
112, no. 7, pp. 764-804, Jul. 2024. [Online]. Available:

http://dx.doi.org/10.1109/JPROC.2024.3395178

K. David and H. Berndt, “6G vision and requirements: Is
there any need for beyond 5G?” [EEE Veh. Technol. Mag.,
vol. 13, no. 3, pp.72-80, Sep. 2018. [Online]. Available:
http://dx.doi.org/10.1109/MVT.2018.2848498

M. Najafi, B. Schmauss, and R. Schober, “Intelligent reflecting surfaces
for free space optical communication systems,” I[EEE Trans. Commun.,
vol. 69, no. 9, pp. 6134-6151, Sep. 2021. [Online]. Available:
http://dx.doi.org/10.1109/TCOMM.2021.3084637

Q. Yang et al., “An optical access scheme with 1.25Gbit/s NRZ
downstream signals over 6GHz subcarrier for next generation mobile
systems application,” in Proc. ITM Web Conf., vol. 45, 2022,
p. 2001. [Online]. Available: http://dx.doi.org/10.1051/itmcont/20224
502001

M. Xiong, Q. Liu, M. Liu, and P. Xia, “Resonant beam commu-
nications,” in Proc. IEEE Int. Conf. Commun. (ICC), May 2019,
pp. 1-6. [Online]. Available: http://dx.doi.org/10.1109/ICC.2019.
8761570

O. Alpert and R. Paschotta, “Wireless laser system for power trans-
mission utilizing a gain medium between retroreflectors,” U.S. Patent
9653949, May 16, 2017.

Q. Zhang, W. Fang, Q. Liu, J. Wu, P. Xia, and L. Yang, “Distributed
laser charging: A wireless power transfer approach,” IEEE Internet
Things J., vol. 5, no. 5, pp. 3853-3864, Oct. 2018. [Online]. Available:
http://dx.doi.org/10.1109/J10T.2018.2851070

Q. Liu, M. Xiong, M. Liu, Q. Jiang, W. Fang, and Y. Bai, “Charging
a Smartphone over the air: The resonant beam charging method,”
IEEE Internet Things J., vol. 9, no. 15, pp. 13876-13885, Aug. 2022.
[Online]. Available: http://dx.doi.org/10.1109/JI0T.2022.3142031

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.



18906

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

Q. Sheng et al, “Continuous-wave long-distributed-cavity
laser using cat-eye retroreflectors,” Opt. Exp., vol. 29,
no. 21, Oct. 2021, Art. no. 34269. [Online].  Available:
http://dx.doi.org/10.1364/OE.442385

M. Xiong, Q. Liu, and S. Zhou, “Optimization of a mobile
optical SWIPT system with asymmetric spatially separated
laser resonator,” IEEE Trans. Wireless Commun., vol. 21,
no. 11, pp. 9056-9067, Nov. 2022. [Online]. Available:

http://dx.doi.org/10.1109/TWC.2022.3172379

M. Xiong, Q. Liu, S. Zhou, S. Han, and M. Liu, “Performance
of a high power and capacity mobile SLIPT scheme,” IEEE Trans.
Commun., vol. 70, no. 7, pp. 4717-4730, Jul. 2022. [Online]. Available:
http://dx.doi.org/10.1109/TCOMM.2022.3175848

M. Xiong, M. Liu, Q. Zhang, Q. Liu, J. Wu, and P. Xia, “TDMA
in adaptive resonant beam charging for IoT devices,” IEEE Internet
Things J., vol. 6, no. 1, pp. 867-877, Feb. 2019. [Online]. Available:
http://dx.doi.org/10.1109/J10T.2018.2863232

Q. Sheng et al, “Adaptive wireless power transfer via resonant
laser beam over large dynamic range,” IEEE Internet Things J.,
vol. 10, no. 10, pp. 8865-8877, May 2023. [Online]. Available:
http://dx.doi.org/10.1109/J10T.2022.3232486

Q. Liu et al., “Charging unplugged: Will distributed laser charg-
ing for mobile wireless power transfer work?” IEEE Veh. Technol.
Mag., vol. 11, no. 4, pp. 36-45, Dec. 2016. [Online]. Available:
http://dx.doi.org/10.1109/MVT.2016.2594944

M. Xiong, Q. Liu, X. Wang, S. Zhou, B. Zhou, and Z. Bu, “Mobile opti-
cal communications using second harmonic of intra-cavity laser,” IEEE
Trans. Wireless Commun., vol. 21, no. 5, pp. 3222-3231, May 2022.
[Online]. Available: http://dx.doi.org/10.1109/TWC.2021.3119412

M. Xiong, Q. Liu, M. Liu, X. Wang, and H. Deng,
“Resonant beam communications with photovoltaic receiver
for optical data and power transfer,” IEEE Trans. Commun.,

vol. 68, no. 5, pp.3033-3041, May 2020. [Online]. Available:
http://dx.doi.org/10.1109/TCOMM.2020.2973962

Y. Bai, Q. Liu, L. Yang, G. B. Giannakis, W. Fang, and M. Xiong,
“Resonant beam SWIPT with telescope and second harmonic,” IEEE
Trans. Wireless Commun., vol. 22, no. 7, pp. 4962-4973, Jul. 2023.
[Online]. Available: http://dx.doi.org/10.1109/TWC.2022.3231040

W. Fang, S. Han, M. Liu, and Q. Liu, “Distance and efficiency
enhancement with aspherical retroreflectors for resonant beam SWIPT,”
IEEE Internet Things J., vol. 9, no. 24, pp. 25438-25448, Dec. 2022.
[Online]. Available: http://dx.doi.org/10.1109/J10T.2022.3196824

M. Xiong, M. Liu, Q. Jiang, J. Zhou, Q. Liu, and H. Deng,
“Retro-reflective beam communications with spatially separated
laser resonator,” IEEE Trans. Wireless Commun., vol. 20,
no. 8, pp.4917-4928, Aug. 2021. [Online]. Available:
http://dx.doi.org/10.1109/TWC.2021.3062945

M. Liu et al., “Simultaneous mobile information and power transfer by
resonant beam,” IEEE Trans. Signal Process., vol. 69, pp. 2766-2778,
2021. [Online]. Available: http://dx.doi.org/10.1109/TSP.2021.3077799
W. Fang, S. Du, M. Xu, Q. Liu, and H. Deng, “Self-protection
resonant beam system for wireless information and power transfer,”
IEEE Internet Things J., vol. 9, no. 21, pp. 21875-21885, Nov. 2022.
[Online]. Available: http://dx.doi.org/10.1109/J10T.2022.3185172

K. J. Duncan, “Laser based power transmission: Component selection
and laser hazard analysis,” in Proc. IEEE PELS Workshop Emerg.
Technol. Wireless Power Transfer (WoW), Oct. 2016, pp. 2-8. [Online].
Available: http://dx.doi.org/10.1109/WoW.2016.7772073

M. P. DeLisi, J. E. Clary, A. M. Peterson, G. D. Noojin,
A. J. Tijerina, and S. S. Kumru, “Porcine skin damage thresh-
olds for multiple-pulse laser exposure at 1645 nm,” in Proc. Int.
Laser Safety Conf. (ILSC), Mar. 2023, pp. 1-8. [Online]. Available:
http://dx.doi.org/10.2351/7.0001429

“OMRON, ‘safety standards for laser beams.” 2022. [Online].
Available: https://www.ia.omron.com/product/cautions/common/laser_
safety/index.html

ANSI Z136.1; Safe Use of Lasers. Orlando, FL, USA: Laser Inst.
America, 2014.

B. Rockwell, R. Thomas, and S. Zimmerman, ‘“Updates
to the ANSI Z136.1 standard,” in Proc. Int. Laser
Safety Conf., 2015, pp- 1-8. [Online]. Available:

http://dx.doi.org/10.2351/1.505685810.2351/1.5056858.

M. D. Soltani et al, “Safety analysis for laser-based optical
wireless communications: A tutorial,” Proc. IEEE, vol. 110,
no. 8, pp.1045-1072, Aug. 2022. [Online]. Available:
http://dx.doi.org/10.1109/JPROC.2022.3181968

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

IEEE INTERNET OF THINGS JOURNAL, VOL. 12, NO. 12, 15 JUNE 2025

J. Li, M. D. Soltani, H. Haas, and M. Safari, “Laser-based
indoor wireless communication for mobile devices aided by
Stabiliser: Mobility and outage analysis,” in Proc. IEEE Int. Conf.
Commun. (ICC), May 2023, pp. 1169-1174. [Online]. Available:
http://dx.doi.org/10.1109/ICC45041.2023.10279656

X. Luo, R. Hu, S. Liu, and K. Wang, “Heat and fluid flow
in high-power LED packaging and applications,” Progr. Energy
Combustion Sci., vol. 56, pp. 1-32, Sep. 2016. [Online]. Available:
http://dx.doi.org/10.1016/j.pecs.2016.05.003

M. Zhao and T. Miyamoto, “Optimization for compact and high
output LED-based optical wireless power transmission system,”
Photonics, vol. 9, no. 1, p. 14, Dec. 2021. [Online]. Available:
http://dx.doi.org/10.3390/photonics9010014

M. Cole, M. DeJohn, L. McClure, and S. Rogers, “LED lighting:
Minimizing ecological impact without compromising human safety,”
IEEE Ind. Appl. Mag., vol. 28, no. 6, pp. 49-59, Nov. 2022. [Online].
Available: http://dx.doi.org/10.1109/MIAS.2022.3160994

M. Zhao and T. Miyamoto, “1 W high performance LED-array
based optical wireless power transmission system for IoT terminals,”
Photonics, vol. 9, no. 8, p. 576, Aug. 2022. [Online]. Available:
http://dx.doi.org/10.3390/photonics9080576

S. O. Jeon et al., “High-efficiency, long-lifetime deep-blue organic
light-emitting diodes,” Nat. Photon., vol. 15, no. 3, pp. 208-215,
Feb. 2021. [Online]. Available: http://dx.doi.org/10.1038/s41566-021-
00763-5

M. Zhao and T. Miyamoto, “Efficient LED-array optical wireless
power transmission system for portable power supply and its compact
Modularization,” Photonics, vol. 10, no. 7, p. 824, Jul. 2023. [Online].
Available: http://dx.doi.org/10.3390/photonics 10070824

N. A. Riza and P. J. Marraccini, ‘“Power smart in-door optical
wireless link applications,” in Proc. 8th Int. Wireless Commun. Mobile
Comput. Conf. (IWCMC), Aug. 2012, pp. 327-332. [Online]. Available:
http://dx.doi.org/10.1109/IWCMC.2012.6314225

T. Malche and P. Maheshwary, “Internet of Things (IoT) for build-
ing smart home system,” in Proc. Int. Conf. IoT Soc. Mobile
Anal. Cloud (I-SMAC), Feb. 2017, pp. 1-8. [Online]. Available:
http://dx.doi.org/10.1109/I-SMAC.2017.8058258

N. Uchiyama and H. Yamada, “Proposal and demonstration of LED
optical wireless power-transmission systems for battery-operated small
electronic devices,” Jpn. J. Appl. Phys., vol. 59, no. 12, Nov. 2020,
Art. no. 124501. [Online]. Available: http://dx.doi.org/10.35848/1347-
4065/abcalc

International Electrotechnical Commission (IEC). Accessed: May 4,
2023. [Online]. Available: https://webstore.iec.ch/publication/7076

Y. Zhou and T. Miyamoto, “200 mW-class LED-based optical
wireless power transmission for compact I0T,” Jpn. J. Appl.
Phys., vol. 58, Jul. 2019, Art. no. SJICO4. [Online]. Available:
http://dx.doi.org/10.7567/1347-4065/ab24b4

X. Ma, Z. Zhang, M. Yao, J. Peng, and J. Zhong, “Spatially-incoherent
annular illumination microscopy for bright-field optical sectioning,”
Ultramicroscopy, vol. 195, pp. 74-84, Dec. 2018. [Online]. Available:
http://dx.doi.org/10.1016/j.ultramic.2018.08.016

Z. Zhu et al., “Spatial control of the hole accumulation zone for
hole-dominated Perovskite light-emitting diodes by inserting a CsAc
layer,” ACS Appl. Mater. Interfaces, vol. 15, no. 5, pp. 7044-7052,
Jan. 2023. [Online]. Available: http://dx.doi.org/10.1021/acsami.
2¢19230

Y. Zhou and T. Miyamoto, “Optimized LED-based optical wireless
power transmission system configuration for compact IoT,” in
Proc. 24th Microoptics Conf. (MOC), Nov. 2019, pp. 154-155.

[Online].  Available:  http://dx.doi.org/10.23919/MOC46630.2019.
8982798

M. Zhao and T. Miyamoto, “400 mW class high output
power from LED-array optical wireless power transmission
system for compact IoT,” [EICE Electron. Exp., vol. 18,
no. 2, Jan. 2021, Art. no. 20200405. [Online]. Available:

http://dx.doi.org/10.1587/ELEX.17.20200405

S. K. Bagadi and P. Palla, “Design and optimization of an LED based
optical wireless power transmission system for compact IOT applica-
tions,” AIP Conf. Proc., vol. 3149, no. 1, Aug. 2024, Art. no. 140012.
[Online]. Available: http://dx.doi.org/10.1063/5.0224536

S. Al-Sarawi, M. Anbar, R. Abdullah, and A. B. Al Hawari,
“Internet of Things market analysis forecasts, 2020-2030,”
in  Proc. 4th World Conf. Smart Trends Syst. Security

Sustainability (WorldS4), Jul. 2020, pp. 1-5. [Online]. Available:
http://dx.doi.org/10.1109/WorldS450073.2020.9210375

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.



AHMADI AND SERDIIN: ADVANCEMENTS IN LASER AND LED-BASED OPTICAL WIRELESS POWER TRANSFER

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

A. Perera and M. Katz, “Feasibility study on the use of printed
OLEDs for wireless data and power transmission in light-based
Internet of Things (LIoT),” in Proc. IEEE 16th Int. Conf. Ind.
Inf. Syst. (ICIIS), Sep. 2021, pp. 58-61. [Online]. Available:
http://dx.doi.org/10.1109/ICIIS53135.2021.9660680

U. Gustavsson et al., “Implementation challenges and opportunities
in beyond-5G and 6G communication,” [EEE J. Microw.,
vol. 1, no. 1, pp.86-100, Jan. 2021. [Online]. Available:
http://dx.doi.org/10.1109/IMW.2020.3034648

A. Perera and M. Katz, “Novel data and energy networking for energy
autonomous light-based IoT nodes in WPAN networks,” in Proc. IEEE
Wireless Commun. Netw. Conf. (WCNC), Mar. 2023, pp. 1-6. [Online].
Available: http://dx.doi.org/10.1109/WCNC55385.2023.10119120

J. Wang et al., “Reconfigurable intelligent surface: Power consump-
tion modeling and practical measurement validation,” [EEE Trans.
Commun., vol. 72, no. 9, pp. 5720-5734, Sep. 2024. [Online].
Available: http://dx.doi.org/10.1109/TCOMM.2024.3382332

X. Mu, J. Xu, Y. Liu, and L. Hanzo, “Reconfigurable
intelligent  surface-aided near-field communications for 6G:
Opportunities and challenges,” I[IEEE Veh. Technol. Mag.,
vol. 19, no. 1, pp.65-74, Mar. 2024. [Online]. Available:
http://dx.doi.org/10.1109/MVT.2023.3345608

A. Perera, M. Katz, R. Godaliyadda, J. Hakkinen, and E. Strommer,
“Light-based Internet of Things: Implementation of an optically con-
nected energy-autonomous node,” in Proc. IEEE Wireless Commun.
Netw. Conf. (WCNC), Mar. 2021, pp. 1-7. [Online]. Available:
http://dx.doi.org/10.1109/WCNC49053.2021.9417484

K. Asaba and T. Miyamoto, “Real-time tracking of photovoltaics by
differential absorption imaging in optical wireless power transmission,”
Photonics, vol. 11, no. 6, p. 490, May 2024. [Online]. Available:
http://dx.doi.org/10.3390/photonics 11060490

S. K. Mahapatra and S. K. Varshney, “Impact of orientation-
based solar light noise on the performance of underwater optical
wireless communication system and noise cancelation,” Results
Opt., vol. 7, May 2022, Art. no. 100214. [Online]. Available:
http://dx.doi.org/10.1016/j.1i0.2022.100214

V. S. K. Mahapatra, Saroj Kumar, “Theoretical study on the effective-
ness of optical filters to suppress orientation-based solar light noise,”
Appl. Opt., vol. 60, no. 27, p. 8600, Sep. 2021. [Online]. Available:
http://dx.doi.org/10.1364/A0.438164

N.-L. Nguyen, K.-H. Nguyen, J. Nadeem, and J. Ha, “Dynamic
beam steering for wireless optical power transfer in IoT applications,”
Opt. Lett., vol. 49, no. 8, p. 2025, Apr. 2024. [Online]. Available:
http://dx.doi.org/10.1364/01.518243

M. Z. Chowdhury, M. K. Hasan, M. Shahjalal, M. T. Hossan, and
Y. M. Jang, “Optical wireless hybrid networks: Trends, opportunities,
challenges, and research directions,” IEEE Commun. Surveys Tuts.,
vol. 22, no. 2, pp. 930-966, 2nd Quart., 2020. [Online]. Available:
http://dx.doi.org/10.1109/COMST.2020.2966855

A. Celik, I. Romdhane, G. Kaddoum, and A. M. Eltawil, “A top-down
survey on optical wireless communications for the Internet of Things,”
IEEE Commun. Surveys Tuts., vol. 25, no. 1, pp. 1-45, Ist Quart.,
2023. [Online]. Available: http://dx.doi.org/10.1109/COMST.2022.
3220504

D. M. Kate and K. M. R. Husain, “A real-time data transmission with
LED bulb using li-Fi technology,” Int. J. Sci. Technol. Eng., vol. 3, no.
9, pp. 14, Mar. 2017.

Y.-Y. Won, S. M. Yoon, and D. Seo, “Ambient LED light noise
reduction using adaptive differential equalization in Li-Fi wireless
link,” Sensors, vol. 21, no. 4, p. 1060, Feb. 2021. [Online]. Available:
http://dx.doi.org/10.3390/s21041060

A. Kabir, M. T. Ahammed, C. Das, M. H. Kaium, M. A. Zardar,
and S. Prathibha, “Light fidelity (Li-Fi) based indoor commu-
nication system,” in Proc. Int. Conf. Adv. Comput. Commun.
Appl. Inf. (ACCAI), Jan. 2022, pp.1-5. [Online]. Available:
http://dx.doi.org/10.1109/ACCAI53970.2022.9752567

A. M. Abdelhady, O. Amin, A. K. S. Salem, M.-S. Alouini,
and B. Shihada, “Channel characterization of IRS-based
visible light communication systems,” I[EEE Trans. Commun.,
vol. 70, no. 3, pp. 1913-1926, Mar. 2022. [Online]. Available:
http://dx.doi.org/10.1109/TCOMM.2022.3143142

M. R. Hayal et al., “Modeling and investigation on the performance
enhancement of hovering UAV-based FSO relay optical wireless
communication systems under pointing errors and atmospheric tur-
bulence effects,” Opt. Quant. Electron., vol. 55, no. 7, p. 625,
May 2023. [Online]. Available: http://dx.doi.org/10.1007/s11082-023-
04772-2

[188]

[189]

[190]

[191]

[192]

18907

M. Zhao and T. Miyamoto, “LED-based optical wireless power trans-
mission through deep learning-enabled infrared spot recognition,” in
Proc. Light-Emitting Devices Mater. Appl. XXVIII, Mar. 2024, p. 47.
[Online]. Available: http://dx.doi.org/10.1117/12.2692270

S. Zhou, S. Lu, T. Maruyama, and Z. Zhou, “Design of
face-to-face optical wireless power transmission system based
on robot arm visual tracking,” in Proc. Opt. Model. Perform.
Predictions XIII, Sep. 2023, Art. no. 126640F. [Online]. Available:
http://dx.doi.org/10.1117/12.2677391

S. Fuada, M. A. N. Perera, M. Sarestoniemi, S. Soderi, and M. Katz, “A
feasibility study of optical wireless-based data and power transfer for
in-body medical devices,” in Proc. 14th Int. Symp. Commun. Syst. Netw.
Digit. Signal Process. (CSNDSP), Jul. 2024, pp. 205-210. [Online].
Available: http://dx.doi.org/10.1109/CSNDSP60683.2024.10636543

D. Heo, K. Yang, S. Choi, and S.-H. Yi, “Optical wireless

power transfer network system for multiple AE sensors,”
in Proc. IEEE  Wireless Power Technol. Conf. Expo
(WPTCE), May 2024, pp.493-496. [Online]. Available:

http://dx.doi.org/10.1109/WPTCES59894.2024.10557286

C. Zuo and T. Miyamoto, “Camera-based safety system for opti-
cal wireless power transmission using dynamic safety-distance,”
Photonics, vol. 11, no. 6, p. 500, May 2024. [Online]. Available:
http://dx.doi.org/10.3390/photonics 11060500

Kimia Ahmadi (Student Member, IEEE) was born
in Mashhad, Iran, in 1994. She received the B.Sc.
degree in electrical engineering from Ferdowsi
University of Mashhad, Mashhad, Iran, in 2016, and
the M.Sc. degree in electrical engineering with a spe-
cialization in analog IC design from Iran University
of Science and Technology, Tehran, Iran, in 2019.
She is currently pursuing the Ph.D. degree in elec-
trical engineering with the Section Bioelectronics,
Department of Microelectronics of Delft University
of Technology, Delft, The Netherlands.

Her major field of study is circuits and systems for optical wireless power
transfer for wearable biomedical applications.

Wouter A. Serdijn (Fellow, IEEE) was born in
Zoetermeer (Sweet Lake City), The Netherlands, in
1966. He received the M.Sc. (cum laude) and Ph.D.
degrees from Delft University of Technology, Delft,
The Netherlands, in 1989 and 1994, respectively.
He is currently a Full Professor of Bioelectronics
with Delft University of Technology, where he
heads the Section Bioelectronics. He is a Medical-
Delta Honorary Professor with Delft University of
Technology and also with the Erasmus Medical
Center, Rotterdam, The Netherlands. He is co-editor

and co-author of 10 books, 8 book chapters, 4 patents, and more than 300
scientific publications and presentations. He teaches analog integrated circuit
design, active implantable biomedical microsystems, and bioelectronics. His
research interests include integrated biomedical circuits and systems for
biosignal conditioning and detection, neuroprosthetics, transcutaneous wire-
less communication, power management and energy harvesting, as applied in,
such as cardiac pacemakers, cochlear implants, neurostimulators, bioelectronic
medicine, and electroceuticals.

Prof. Serdijn received the Electrical Engineering Best Teacher Award
in 2001, 2004, and 2015. In 2016, he received the IEEE Circuits and
Systems Meritorious Service Award. He has served as the General Co-
Chair for IEEE ISCAS 2015 and for IEEE BioCAS 2013, the Technical
Program Chair for IEEE BioCAS 2010 and for IEEE ISCAS 2010, 2012,
and 2014, as a member for the Board of Governors of the IEEE Circuits
and Systems Society from 2006 to 2011, as the Chair for the Analog Signal
Processing Technical Committee of the IEEE Circuits and Systems Society,
and as an Editor-in-Chief for IEEE TRANSACTIONS ON CIRCUITS AND
SYSTEMS—PART I: REGULAR PAPERS from 2010 to 2011, and as the Chair
of the Steering Committee of the IEEE TRANSACTIONS ON BIOMEDICAL
CIRCUITS AND SYSTEMS. He is an IEEE Distinguished Lecturer and a
Mentor of the IEEE. More information on Prof. Serdijn can be found at:
http://bioelectronics.tudelft.nl/~wout.

Authorized licensed use limited to: TU Delft Library. Downloaded on July 11,2025 at 11:07:33 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


