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This research investigated the feasibility and efficacy of power over fiber
(PoF) transmission systems for geotechnical monitoring applications,
addressing challenges associated with traditional power transmission
methods. Leveraging fiber optic technology, PoF systems offer advantages
such as high reliability, minimal signal loss, and immunity to environmental

factors. The study presents a detailed design and implementation of a PoF

transmission system, integrating a high-power laser source (HPLS) and
Keywords: photovoltaic technology for efficient power transmission over extended
distances. Results demonstrate impressive volt-ampere characteristics and
conversion efficiencies, with the optimized system configuration achieving a
peak power output of 682 mW. Furthermore, the study evaluated the
performance of a surface inclinometer sensor powered by the PoF system,
showcasing its effectiveness in monitoring soil movements with remarkable
stability and consistent power supply. Future research directions include
scalability studies, optimization of system efficiency, and field deployments
to broaden the applicability of PoF technology in geotechnical monitoring,
ultimately advancing disaster mitigation and infrastructure resilience efforts.
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1. INTRODUCTION

Recent advancements in power over fiber (PoF) technology have revolutionized the field of remote
monitoring systems, offering a viable alternative to traditional power transmission methods. PoF systems
utilize fiber optic cables to transmit both data and power over long distances, providing high reliability and
minimal signal loss. Compared to conventional power supply methods such as copper cables or batteries
charged by photovoltaic devices, PoF offers several advantages. Firstly, PoF eliminates the need for frequent
battery replacements or maintenance, reducing operational costs [1], [2] and ensuring continuous monitoring
capabilities. Secondly, PoF systems are immune to electromagnetic interference [3], [4] and environmental
factors, making them particularly suitable for harsh or remote environments where traditional power
transmission methods may be impractical. Additionally, PoF technology enables power transmission to
underwater sensors [5], expanding its applicability to marine monitoring systems such as tsunami detection
networks. Relying on copper cables for power transmission in underwater environments may lead to
increased expenses [6], [7]. Moreover, it is worth noting that PoF technology can also be utilized to supply
power to microelectromechanical systems (MEMS) sensors for environmental monitoring applications [8],

Journal homepage: http://ijece.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

IntJ Elec & Comp Eng ISSN: 2088-8708 O 6141

[9], [10]. This extends its utility beyond geotechnical monitoring to various domains where remote power
transmission is required. The design and implementation of PoF transmission systems emerge as a reliable
and efficient alternative to power remote monitoring systems [11], [12]. By leveraging PoF technology,
researchers can enhance the efficiency, reliability, and longevity of remote monitoring systems, ultimately
advancing our ability to monitor and mitigate geological hazards effectively.

To provide a comprehensive understanding and context for the significance of PoF technology in
remote monitoring systems, a wealth of research has been conducted in this area. Noteworthy studies include
those by Matsuura [3], which explore the design and optimization of PoF systems for various applications.
Additionally, works by Mei et al. [13] delve into the reliability and performance analysis of PoF systems in
different environmental conditions. Furthermore, research by Perhirin et al. [14] investigates the integration
of PoF technology in marine monitoring networks, highlighting its effectiveness in underwater power
transmission. These studies, among others, underscore the multifaceted benefits and potential of PoF
technology in revolutionizing remote monitoring systems across diverse domains.

Referring to our previous research in the context of developing a landslide monitoring system
[15]-[17], a solar panel-based power supply serves as the primary electrical resource. However, this
configuration faces challenges such as vulnerability to theft, particularly targeting the batteries, and
maintenance complexities, posing significant obstacles. In this study, we implemented a PoF system using
commercially available optical fibers commonly used for communication applications, which are generally
more cost-effective. The implementation aimed to supply power to tiltmeter systems for monitoring slope
inclination, further underscoring the versatility and practicality of PoF technology in diverse monitoring
scenarios. The integration of PoF technology presents a promising avenue for enhancing the efficiency,
reliability, and sustainability of remote monitoring systems. With ongoing advancements and research
efforts, PoF technology holds immense potential to address the evolving needs of monitoring applications,
contributing to improved disaster preparedness, infrastructure resilience, and environmental conservation
efforts.

2. METHOD
2.1. Design of power over fiber transmission

The power over fiber transmission system in this research was designed to efficiently transmit
power over extended distances by integrating various components, as illustrated in Figure 1. A pivotal
component of this system was the high-power laser source (HPLS), which functions at a wavelength of
810.68 nm, boasting a maximum power output and operational current of 2.5 W and 3,300 mA, respectively.
The system utilized a multi-mode fiber optic (FO) with a diameter of 62.5 um and incorporates photovoltaic
technology for light-to-electricity conversion, ensuring seamless power transmission. It is important to note
that the photovoltaic device employed in this system, specifically the AFBR-POC206L from Broadcom Inc.,
is readily available on the market and comes equipped with fiber channel (FC) connectors, facilitating easy
integration. The photovoltaic device AFBR-POC206L is a multi-junction compound semiconductor device
that provides operating voltages in volts direct current (VDC) unit for typical 3 or 5 VDC applications. The
optimal wavelength range for optical conversion is between 800 and 850 nm. It is designed with several thin
photovoltaic semiconductor sub-cells interconnected with tunnel junctions, epitaxially grown on top of each
other by the organic chemical vapor deposition method [18]. Additionally, it can achieve light conversion
efficiency between 40% to 50%. However, efficiency may decrease with increasing fiber length [19].

62.5 ym optical fiber
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Figure 1. Schematic diagram of the PoF system
To evaluate its performance across lengths of fiber optic cables, experiments were conducted using

fiber optic lengths of 200 m. The fiber length was achieved by connecting four 50 m segments of fiber optic
cables through splicing. These segments were spliced together using fiber splicers to ensure a seamless and
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continuous transmission pathway. Optical power measurements after transmission through the 200 m fiber
optic cable were conducted using a PM130D-Digital Power and Energy Console (Thorlabs). The
characterization of the PoF system is detailed, with a focus on the volt-ampere characteristics (V-1) of the
electrical output generated by the photovoltaic component when coupled with the HPLS. To achieve this, the
electrical output produced was directed to a variable resistor set at 10k ohms. By adjusting the resistance
value, the output voltage of the photovoltaic device and the corresponding current flow were measured.
While characterizing the PoF system, the intensity of the laser source was manipulated by adjusting its
current. The laser current was altered across multiple settings: 700, 1,000, 1,400, 1,800, 2,200, 2,500, and
2,900 mA. This variation enables the assessment of the system’s performance under different laser intensity
levels, providing valuable insights into its operational characteristics.

2.2. Tilt-meter design sensor

A three-axis accelerometer functioned as the sensor platform for the tilt-meter system, covering a
measurement range +180° (X-axis) and +90° (Y-axis) with an impressive inclination accuracy of 0.2°. As
schemed in Figure 2, the tilt sensor module seamlessly interfaced with the microcontroller system, utilizing
the serial communication protocol for efficient data transfer. To power this system, we integrated a reliable
3.7 V, 5,000 mAh (18.5 Wh) battery along with a charging system for continuous operation. Additionally, the
inclusion of a Wi-Fi embedded module allowed for versatile data transmission, seamlessly connecting to the
data collector gateway system. This Wi-Fi application facilitated efficient data management. Delineated in
Figure 2, the tilt-meter system’s compact design and portability showcase the integration of the sensor
module into a printed circuit board (PCB) board system. This configuration, known as the surface
inclinometer sensor, enhances the precision of tilt measurements for various applications such as
geotechnical studies or structural monitoring. The intricate specifications of the components comprising the
inclinometer are meticulously detailed in Table 1, offering a comprehensive overview of their respective
functionalities and performance attributes. The system’s adaptability and robust design position it as a
valuable tool for capturing accurate tilt data in diverse environmental conditions.

In addition to its technical capabilities, the tilt-meter system is designed with user-friendly features
that simplify deployment and operation. The intuitive interface allows for easy calibration and setup, reducing
the time and expertise required for installation. The system’s firmware can be updated, ensuring that it remains
up-to-date with the latest advancements and improvements. Furthermore, the robust housing of the sensor
module provides protection against environmental factors such as dust and moisture, making it suitable for
harsh outdoor conditions. This durability extends the lifespan of the device, offering a cost-effective solution
for long-term monitoring projects. By combining high precision, ease of use, and rugged construction, the tilt-
meter system stands out as a versatile and reliable instrument for professionals in the field.

Charging Module

Accelerometer

Microcontroller

Wi-Fi Module Antenna

Figure 2. Tilt-meter sensor system

Table 1. Specification of tilt-meter

Variable Specification
Main controller ATMega 328P
Sensor module 3-axis-accelerometer
Data transceiver Module XbeePro S2C

Charging module  Power Boost 1000C Adafruit
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3. RESULTS AND DISCUSSION

In this section, we delve into the integration of laser-based power systems with surface
inclinometers, exploring both the technical intricacies and practical applications of this innovative fusion.
The laser-based power budget serves as the backbone, facilitating the energy needs of essential components
such as the surface inclinometer sensor module. This seamless integration not only enhances the efficiency of
power distribution but also extends the functionality and reliability of landslide monitoring systems. Through
meticulous analysis and real-world field measurements, we assess the effectiveness of this integrated
approach, paving the way for enhanced understanding and management of geotechnical phenomena.

3.1. Laser-based power budge

The V-I characteristics of the employed photovoltaic, directly interfaced with the HPLS through the
extended 200 m optical fiber, are presented in Figure 3(a). These graphical representations underscore the
impressive maximal voltages achieved by the employed photovoltaic cells, reaching a peak of 6.98 V.
Further analysis involved the meticulous computation of Volt-Watt curve characteristics, as illustrated in
Figure 3(b) using values derived from Figure 3(a). It becomes evident that the operational zenith for optimal
power transfer to the load materializes at an electrical power of approximately 682 mW. This optimized
configuration results in a balanced interplay of voltage and current at 6.52 V and 104.6 mA, respectively. The
investigation into the conversion efficiencies from optical to electrical power revealed significant findings,
with the average efficiency of the photovoltaic AFBR-POC206L measuring approximately 40.35%. This
power configuration was achieved through precise adjustments to the laser current, finely tuned at 2,900 mA,
resulting in about 1.69 W optical power at a wavelength of 830 nm. Importantly, this setting represents a safe
usage at ~87% of the specified maximum laser current, which is 3,300 mA, aiming to enhance the longevity
and sustainability of the HPLS system. This strategic adjustment not only highlights the system’s adaptability
but also emphasizes its capacity for nuanced optimization, marking a significant milestone in the field of
optical-to-electrical power conversion.

Expanding on these results, future research could delve into further optimizing the photovoltaic-
HPLS interface to enhance conversion efficiencies even more. Additionally, exploring different configurations
and materials for photovoltaic cells could lead to breakthroughs in improving overall system performance and
sustainability. Overall, the findings presented in this section pave the way for advancements in optical-to-
electrical power conversion technologies with promising applications in various fields, including powering
monitoring system [20], [21], smart power management [22], [23], and internet of things [24], [25].
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Figure 3. Photovoltaic performance (a) volt-ampere characteristics and (b) volt-watt curve analysis

3.2. Application of PoF system on a surface inclinometer

To evaluate the efficacy of the newly developed PoF system, the optimal power generated is
harnessed to energize essential electrical components, particularly a surface inclinometer sensor, instrumental
in meticulously monitoring rotational soil movements. The integration of the PoF system ensures that the
inclinometer can operate efficiently in remote or challenging environments where conventional power
delivery methods may be impractical. The PoF system successfully delivered a stable input voltage (Vs) of
~4.64 V to the surface inclinometer, ensuring reliable performance. As shown in Figure 4, the current supply
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(Is) from the PoF system was measured at approximately 135 mA (full-square black line), which is adequate
for both the operational needs and the charging requirements of the system. During the charging phase, the
average charging current (I.5;) was observed to be approximately 92.6 mA (open-square red line), while the
load current (I;) during active monitoring was around 38.4 mA. These values indicate a well-balanced power
distribution that supports continuous operation and battery maintenance. The charging voltage curve
demonstrates a smooth and steady rise in battery voltage over time. Starting at 3.67 V, the voltage (full-circle
blue line) increases incrementally to 3.79 V after 250 minutes, reaching full charge at 3.92 V after being
charged with a current of approximately 128.8 mA (open-square red line) under no electrical load. This
gradual increase indicates that the PoF system provides a consistent and reliable charging current, avoiding
any abrupt fluctuations that could potentially harm the battery or the connected components. The steady rise
in voltage showcases the efficiency of the PoF system in maintaining a stable power supply. This is crucial
for applications in geotechnical monitoring, where continuous and accurate data collection is essential.
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Figure 4. Charging performance of the PoF system demonstrates a steady increase in the battery voltage over
time, with stable charging current

The consistent power delivery ensures that the surface inclinometer can reliably capture minute soil
movements over extended periods, without interruption or loss of data integrity. Moreover, the stability of the
voltage curve suggests that the PoF system is well-suited for long-term deployments in remote locations. The
absence of significant voltage spikes or drops indicates a robust system design capable of operating under
varying environmental conditions. This reliability enhances the overall effectiveness of the geotechnical
monitoring system, providing confidence in the collected data’s accuracy and consistency. The results
confirm that the PoF system is highly effective in powering the surface inclinometer, offering a robust
solution for geotechnical monitoring. The consistent voltage and current supply, coupled with efficient
battery charging, highlight the system’s potential for enhancing remote sensing applications. This innovative
power delivery method opens new possibilities for deploying sensitive monitoring equipment in areas where
traditional power sources are unavailable or unreliable, thereby expanding the scope and reliability of
geotechnical investigations.

The measurements presented in this study were conducted for a maximum fiber length of 200 m.
The formulation, y=10{(000458} [18], can be utilized to determine the efficiency of optical energy
transmission and its conversion to electric energy over longer distances. The calculations were performed for
an input power of 2.1 W from the HPLS source, corresponding to a laser current setting of 2.9 A. Figure 5(a)
illustrates that at a distance of 2,000 m, an optical power of 0.25 W can be achieved. In Figure 5(b), an
estimation of the optical-to-electric energy conversion dependency is provided for optical fibers up to
2,000 m in length, with the estimation made for photovoltaic AFBR-POC206L. As depicted in the figure, at
the maximum distance of 2,000 m, it is feasible to attain an electric power of 0.11 W when utilizing AFBR-
POC206L. This underscores the potential for leveraging advanced photovoltaic technologies to sustainably
harvest optical energy over considerable distances. In addition, these results hint at the scalability and
adaptability of optical-to-electric energy conversion systems, paving the way for future exploration into
extending the reach of such technologies for applications ranging from remote power generation to
telecommunications infrastructure.
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Figure 5. Power transfer and energy conversion efficiency with: (a) optical power at 2000 m and
(b) optical-to-electric conversion: using photovoltaic AFBR-POC206L

4. CONCLUSION

In conclusion, our research yields significant results that demonstrate the practical viability and
effectiveness of PoF transmission systems in geotechnical monitoring. Specifically, our experimentation
showcases the remarkable performance of the PoF system in achieving high efficiency and reliability in
power transmission over extended distances, as evidenced by the minimal signal loss and robust operation
observed. Furthermore, the successful integration of PoF technology with tiltmeter systems highlights its
potential to address critical challenges such as battery maintenance and vulnerability to theft, particularly in
remote or challenging environments. The precise characterization of the PoF system’s operational
characteristics, coupled with field measurements confirming stable data acquisition with the surface
inclinometer sensor module, underscores the tangible benefits and practical applications of PoF in enhancing
ground motion monitoring. These specific findings offer promising avenues for further research and
implementation, particularly in disaster mitigation efforts and infrastructure resilience enhancement.
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