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SUMMARY
In this paper a review of optically powered fiber optic sensors is presented. The basic properties, key elements
(photovoltaic power converters) and possible generalized sensory system architectures are discussed. A brief outlook on

recent developments and industrial applications is presented.
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1. INDRODUCTION

Optically Powered Fiber Optic Sensors
(OPFOS) combine the advantages of fiber optic and
microelectronic technologies [1-12]. Fiber optic and
partially Fiber Optic Sensors (FOS) offer
advantages that are significant in the field of variety
of industrial, military and medical applications. FOS
are immune to electromagnetic interference (EMI),
they have low thermal and mechanical inertia, and
they are often more sensitive that other sensors
[8,9,11,12]. FOS are advantageous in electrically
noisy, corrosive, explosive, high-voltage, high-
current, or high-temperature environments. In
addition the use of fiber optic telemetry systems
exhibit some advantages of fiber optic
communication systems, providing telemetry over
long distances and the possibility of control,
interrogate or multiplexing many sensors or sensors
for different measured into a single system
[1,2,3,13]. Microelectronics and partially
microelectronic sensors have many advantages too
[1,2,3]. The most important advantages are the
simplicity of implementation (well understood
techniques), simple construction, easy and low
powering, low cost, high accuracy (with possible
embedded data processing, intelligence), the
possibility of miniaturization and integration. The
output signal is easy to evaluate (frequency, digital
outputs). The output information can be simply
evaluated by microcomputer or signal processor. On
the other hand the main disadvantage of pure
microelectronic sensory systems is caused by
electrical transmission of information and powering,
i.e. they are not tolerant to EMI and the transmission
rate is very low, too. They also cannot be used in
explosive, corrosive, high-voltage or high-current
environment. That is the reason why such a systems
cannot be used for sensing in gasoline, mining or
electrical power industry.

OPFOS can solve these disadvantages [1-12], by
hybridization of fiber optic and microelectronic
technologies. The basic principle of this sensory
systems is using optical fibers for transmission of
control and measurement information, as well as for
optically powering of remote microelectronic

sensory system [3,5,8,9,10,12]. OPFOS join the
advantages of fiber optics and microelectronics
sensors (i.e. high sensitivity, flexibility and low cost
of electronic sensors with galvanic insulation
between two ends (sensory and control), lack of
EMI, no need of batteries or main socket for
powering, saving the weight, etc.). These properties
make it possible to use OPFOS in applications such
as measurement of high-voltage, high-current,
temperature, pressure, humidity, gas monitoring, etc.
in various industrial, medical and military
applications in high-voltage, hazardous, explosive,
noisy, etc. environment [1-45].

In this paper a review of OPFOS is presented.
First the basic properties and the key elements of
OPFOS are taking into account. Then OPFOS
generalized architectures are discussed. Next the
various industrial applications are presented. The
paper is closed with short outlook on future trends.

2. BASIC PROPERTIES AND KEY
ELEMENTS

Basic structure of a general OPFOS system is on
Fig.1. The system consists from three parts: Local
Module (LM), Remote Module (RM) and Low-
Power Microelectronic Sensory System (L-PMSS).

From the functional point of view the OPFOS
system (Fig. 1) may be divided in three sub-systems:
1. Low-Power Microelectronic Sensory System uses
conventional electronics for the measurement of
desired physical parameters (temperature, pressure,
voltage, current, high-frequency electromagnetic
field, humidity, strange, position, angle, etc.). The
power consumption of such a sensory system
depends on the IC technology (GaAs) used,
sampling rate (< 1kHz, up to several 100 kHz) in a
wide range (< 100uW up to 25mW) [1-46].

2. Fiber Optic Data / Control Transmission System
is a dedicated fiber optic digital transmission system
used for transmission of measured data and control
information between Remote and Local Module. In
Remote Module two main parts of this system are
indicated. Low-Power Microcontroller is used for
data format conversion (ADC), interrogation and
multiplexing of the sensors. Low-Power Optical
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Fig. 1 Nativity Symbols used in experiments

Receiver / Transmitter (RX/TX) provide the optical
sending and receiving of measurement and control
data (LD, LED and PIN, APD key elements, with
trans-impedance preamplifier are often used). As
Optical Fiber (OF) low-cost Multi Mode (MM)
optical fibers are used. There is possibility using
several multiplexing techniques in electronic
(frequency, time, PWM, etc.) or optical (WDM)
domain [1,2,3,13,14]. Local Module houses similar
Optical RX/TX, Analog and Digital Signal
Processor (DSP). The analog output channel is
usually provided with a bandwidth up to 16kHz
(sample rate 33.3 kSample/s, 12 bit resolution and
output current 4 - 20mA). Digital output is designed
according to normalized measurement interface
protocols.

3. Optically Powering System provides driving
electrical power for the Remote Module. The light
power for the system is delivered by a Laser Diode
(LD) (in some simple and short distance applications
LED, special small incandescent lamps or other
miniature laser sources can be also used) housed in a
passively cooled enclosure placed in Local Module
(a controlled environment at ground potencial).
AlGaAs LD emitting light at wavelength A=850nm,
and output optical power up to P,=500mW are
commercially available. For optical power transfer
wide core (200um) SI MM OF is used typical
attenuation dg=2dB.km™'. For simple systems other
type low-cost OF and fiber optical bundles may be
also used. The operation distance is up to several km
depending on the power consumption of the Remote
Module and Photovoltaic Power Convert (PPC)
used. The most critical and enabling device in the
OPFOS is the PPC, which is essentially a specially
developed solar cell (Fig. 2) divided into sections
with radial symmetry (light radiated from the OF
output have it self radial symmetry). In previous
developments there was low power ~100uW, 10nW

Photovoltaic Segment
b)

Fig. 2 PPC array O/E converter

and efficiency of the Optically Powering System
(OPS) [5,10,12]. New research developments based
on the use new materials (InGa(Al)As LD and GaAs
based PPC) with Optically Powering System
optimization increase the power level up-to 200mW
(with 27% efficiency) {15,16,17,18]. Nowadays the
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wide scale of several type of optimized Optically
Powering System can be commercially available
(typical LD power is set at 500mW and PPC
capable of converting over 40% of incident light in
the wavelength rang A=780-820nm into output
electrical power at 6V)[19] in operating temperature
range (- 40 to + 70 °C). PPC optimized for the
wavelength range A=1300-1500nm designed to
convert light to electrical power up-to 4V, with
output power from a few mW to 100mW have been
also commercially available.

3. GENERALIZED ARCHITECTURES

Possible architectures of OPFOS can be
classified according to the number of OF used
[20,21].

3.1. OPFOS with three OF

The OPFOS (Fig. 3) consists of three sections:

1. Decoding and Control Section: realized by Local
Module, Control PC and Analog or Digital I/O
circuits. Local Module consists from Powering
Module, Control Transmission Module, Measuring
Receiver Module, Operative Microcontroller and
Power Supply.

2. Transmission Section: realized with fiber optic
power delivery system (consist from a high power
LD), OF PPC, fiber optic control signal

transmission system and fiber optic measuring
information transmission system.

3. Sensor Section: realized with Remote Module and
Sensory Modules with Sensors. Remote Module
consists from: Optical Power Supply, Control
Receiver Module, Measuring Transmission Module
and Sensor Microcontroller.

The two optical data transmission lines (Fig. 3)
incorporated into the OPFOS architecture are
entitled to delivery control and measuring signals
between Local and Remote Module. The control
signals are usually digital, but PWM technology
may be also used. The measuring signal (data)
delivery systems are in simple systems often (to
compatibility with classical technology) an analog
channel. The flexibility of digital measuring signal
(data) delivery system is more adjustable to various
kinds of commercially available components and
microelectronics sensors with frequency output. As
OF commercially available cheap MM-SI or MM-
GI OF are used.

3.2. OPFOS with two OF

Using commercially available multiplexing and
demultiplexing devices from data transmission
WDM technology it is possible to integrate the
control and measuring signal (data) transmission
systems to one OF (Fig. 4). The advantage of such a
system may be in decreasing complexity.
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Fig. 3 OPFOS with three OF
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Fig. 4 OPFOS with two OF

3.3. OPFOS with one OF

Using appropriate  WDM multiplexing and
demultiplexing technology to accommodate also the
power delivery system to one OF with control and
measuring signals transmission systems we obtain
more compact solution (Fig.5), however with the
advantages to such a system (decreasing complexity)
there may be a disadvantage of decreasing power
delivery efficiency through to influence of optical
attenuation in  used WDM  multiplexing
/demultiplexing devices and coupling loss.

4. INDUSTRIAL APPLICATIONS

In open scientific literature several OPFOS have
been described at the level of basic technical design

and tests (also some field applications). So far, tests
and operation of OPFOS indicate their usefulness
for monitoring, control and metering in various
industrial applications [1-46]:

1. Temperature Sensors: [22-27,46] various designs
cover the range over -50°C to +130°C they can
operate in high humidity and voltage levels (up to
750kV), or in presence of high frequency
electromagnetic fields, and free of ground loops. The
main applications are in electric power stations, high
current transformer monitoring, medicine (tiny sized
pigtail sensor; heeds allow direct penetration to
internal organs including blood vessels) and other
industrial applications.

2. High-voltage and High-current Sensors
[19,28,29,46] according to excellent isolation and
resistance to EMI are dedicated to use in high
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Fig. 5 OPFOS with one OF
voltage technology and power electronics to create a with sensitivity of 0.1V/m and very small

new Hybrid Optical Fiber Current Transformer
(HOFCT) to replace conventional accurate current
transformers and Rogowski coils.

3. Sensors of Mechanical Variables (position, angle,
velocity strange, pressure, force, vibrations,
proximity, etc.) [19,30-37] are according to the good
electrical isolation, immunity to noise, EMI and
harsh environment used in control engineering,

mechatronics, electrical  encoders—tachometers,
machine control, power electronics (rotating
machinery), civil engineering (non—destructive

evaluation of structural systems buildings, bridges),
avionic and aerospace (position, rotation control),
robotics, etc.

4. Oil Tank Liquid Level Sensors [38-40] give a
accurate and safe solution in petrochemical industry
for monitoring fuel tanks, fuel leakage, etc.

5. High Frequency Electromagnetic Field Sensors
(E and H) [41-43] demonstrate high spatial
resolution and high sensitivity for many technical
and medical applications, such as electromagnetic
compativity (EMC) and antenna measurements (in
wide frequency range from 10MHz up to 6GHz)

dimensions of sensor head (several mm).

6. Remote Gas and Coal Mines Monitoring Sensors
[44,45] use immunity of all-optical networks to
EMI, safe applications in explosive environments
(CH,), electrical isolation for remote monitoring of
several microelectronics toxic gas sensors (NO,,
SO,, CO, etc.) in mines, petrochemical industry,
environmental control, etc.

7. Home Automation Sensors (temperature,
humidity, pressure, illumination and obtrusive
detection) [15,17] using low-consumption simple
electronic IC have been demonstrated.

5. OUTLOOK ON THE FUTURE TRENDS

The benefits of OPFOS are now evident. Key
elements of such a systems (high-power LD and
efficient PPC) are now commercially available and
the price of optimized Optical Power Links (OPL)
is moderate and is expected to decrease in the near
future. The available wide range of fiber optic
communication solutions and relatively cheap low-
power microelectronic sensors of different measured
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promote elegant and sophisticated solutions for
many industrial applications. At presented days the
main application areas of OPFOS are in: high
voltage  technology, medicine, and power
electronics, military, avionic and aerospace systems.
In the near future the applications of OPFOS and
more generally the fiber optically powering
technology will be spread in the wide range of
commertial applications in: EMC, nanotechnology,
communications, robotics, intelligent manufacturing
systems, automotive industry, surveillance system,
etc.

6. CONCLUSION

The paper presents a short review of OPFOS
technology. The basic properties and key elements
of OPFOS are discussed. Possible generalized
sensory system architectures are introduced. A brief
outlook on recent developments and industrial
applications indicate that the OPFOS technology is
able to provide simple and economic solutions for
monitoring, control and metering problems which
are immune to electromagnetic interference, have
low thermal and mechanical inertia, are immune to
electrical noise, corrosive, explosive, high-voltage,
high-current or high-temperature environment and
are often more sensitive that other sensors.
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