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a b s t r a c t

In this work we propose the use of power over fiber (PoF) and free space optics (FSO) techniques to pow-
ering and receive signals from an electrical current sensor placed at high voltage potential using a pair of
optical collimators. The technique evaluation was performed in a laboratorial prototype using
62.5/125 lm multimode fiber to study the sensitivity of the optical alignment and the influence of the
collimation process in the sensing system wavelengths: data communication (1310 nm) and powering
(830 nm). The collimators were installed in a rigid electric insulator in order to maintain the stability
of transmission.

� 2015 Elsevier Inc. All rights reserved.

1. Introduction

In electrical systems, the measurement of current, voltage and
temperature in high voltage overhead transmission lines is very
important and it requires special monitoring devices, which have
to be completely isolated from the ground potential. Many optical
techniques have been developed to perform this measurement
using, for example, Faraday effect or magnetostrictive effect [1]
for current, Pockels effect [2] for voltage, fiber Bragg grating
(FBG) [3] for temperature and a light-emitting diode (LED) for leak-
age current detection on insulator strings [4].

Other way to measure these parameters in high voltage trans-
mission lines is by using PoF (power over fiber) technique [5].
PoF consists in transporting optical energy to powering up electric
or electronic devices remotely. PoF offers several advantages when
it is used on high voltage environments, such as spark-free,
lightning-proof, immunity to electromagnetic pulses, robust in
harsh environments, such as, extreme temperatures, moisture,
etc. Besides these advantages, the employment of a PoF scheme
can replace the energy supplied by metallic cable and batteries
located at remote sites, improving the reliability and the security
of the system. One of the main benefits of the utilization of PoF
technique in substations is the elimination of the need to run con-
ductive copper wire into a high ground rise (GPR) zone. GPR can

cause severe interference problems in electronic equipment and
systems [6]. Considering that, the sensor using PoF has a complete
galvanic isolation to the ground potential and it is practically
immune to the GPR effects. The PoF technique has already utilized
to monitor current and temperature in high voltage [7–9].

An issue that arises when optical sensors have to be installed in
the high voltage potential is how to guarantee that the optical
cable stay on electrically passive for many years in operating.
Although the optical fibers cables are non-conductive, they cannot
be used at the high voltage potential using their regular coating
materials because the optical cable would very quickly give rise
to catastrophic tracking and erosion [10]. The fiber optic cable
can conduct superficial leakage currents since it is exposed to envi-
ronmental pollutants such as dust, smoke, saline atmosphere, etc
[9]. In other words, it is necessary to use a special electric insulator
to connect the optical fiber cable from the ground potential to the
high voltage potential. The optical fibers have to pass through a
hollow core insulator with an appropriated creeping distance. This
solution is expensive and demands change of the ordinary insula-
tor used in high voltage transmission lines.

We proposed in this work a new method to connect the optical
fiber cable from the ground potential to the high voltage potential.
In this approach, we used free space optics (FSO) to transmit and
receive the optical signals from optical fiber placed in ground
potential to the other one placed in the high voltage potential by
using a pair of optical collimators. The collimators kit used in
FSO avoids the changing of an ordinary isolator to one with embed-
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ded fiber optic. This technique has already tested [11] using FBG in
order to measure temperature in the high voltage transmission
lines and the results are promising. In [11] it was demonstrated
that the collimators alignment is very sensible to the angular tilt,
but lateral misalignment originated from thermal effects can also
affect the collimators alignment. These effects were also theoreti-
cally calculated in [12].

In this work, we use the techniques FSO and PoF to demonstrate
this new concept, transmitting optical supply power to a remote
unit placed in a simulated the high voltage potential and receiving
data signals from it in the ground potential. In this demonstration,
we used an ordinary Hall effect current sensor in the remote unit
but any other electrical or electronic sensor could be used instead.
Also we used a rigid insulator in order to avoid angular tilt effects
and to maintain the stability of the transmission.

The technique evaluation was performed in a laboratorial pro-
totype using 62.5/125 lmmultimode fiber for the study of the sen-
sitivity to optical alignment and the intrinsic loss of the collimators
for the signal (1310 nm) and the powering (830 nm) wavelengths.
Environmental tests were also conducted in order to demonstrate
the performance of this technique in a real situation of application.

2. Description of the proposed PoF–FSO system

Fig. 1(a) shows the PoF/FSO system and its components for cur-
rent sensing. Basically the system is constituted by the PoF control
unit, a multimode 62.5/125 lm optical fiber that connects the PoF
control unit to the collimator A (model F260APC-1550 from Thor-
labs) installed on the base of an ordinary composite electrical insu-
lator (simulated ground potential), a second collimator (B)
installed at the top of the same electrical insulator (high voltage
potential simulated), the PoF remote unit also installed at the top
of the electrical insulator and the electronic current sensor. The
insulator is a commercial rigid fiber glass/silicone structure (line
post) made for use in 138 kV transmission lines. Fig. 1(b) shows
details of the collimator B housing.

According we commented previously the collimators alignment
is more sensible to the angular tilt, but using a rigid insulator only
lateral misalignment originated from thermal effects can affect the
collimators alignment. Indeed, the mechanical kit used to support
the collimators pairs is deformed under effect of the external tem-
perature. To mitigate this effect the material of the mechanical kit

is stainless steel. This material was chosen to ensure a low thermal
expansion and at the same time a good resistance against environ-
mental effects.

Fig. 2(a) shows in more details the elements of the PoF link: the
PoF control unit containing a high power laser diode (HPLD –
model 2486-L4) operating at 830 nm and an optical receiver, a
PoF remote unit containing a GaAs photovoltaic converters (PV –
model PPC-6E from JDSU), a rechargeable power supply (RPS), a
microcontroller circuit, a 1310 nm Fabry Perot semiconductor laser
(FPLD) and the Hall effect current sensor that is connected to the
microcontroller circuit. The PoF link is bidirectional by using mul-
timode 830/1310 nmmuxes connected to each end of the fiber link
(FO).

Although it is possible that the system works in a continuous
operation (i.e. operation of the system without charging/discharg-
ing cycles), the loss of optical power caused by the FSO collimation
process requires that the system operate in a non-continuous oper-
ation, such as described in [13]. The Fig. 2(b) presents the diagram
of the PoF remote unit containing the RPS. A continuous optical
power supply at the wavelength of 830 nm coming from the PoF
control unit is injected in two commercial GaAs based photovoltaic
converters (PV1 and PV2). We used a 50% splitter to divide this
power in two parts. In order to make possible the operation of
the sensor we introduced in the sensor circuit a super capacitor
(C) (or an equivalent association of them) put it in parallel to the
PVs. According to Fig. 2(b) a voltage comparator integrated circuit
(LT6703-3) is used to turn on a voltage regulator integrated circuit
(LT1764) when a specific voltage is reached in the capacitor. This
specific voltage is defined by the voltage divider formed by the
resistors R1 and R2. When this voltage is reached, the comparator
circuit enables the output of the regulator circuit, which supply
the microcontroller circuit, and the laser driver circuit. The laser
transmits the current sensor data in RS232 format using a low
threshold 1310 nm Fabry–Perot laser. In the next section, we
described the test results of this system.

3. Test results and discussion

The setup shown in Fig. 1(a) was built in order to determine the
main parameters that influence the performance of the system. We
used a commercial 1–1000 A analog Hall effect current prier as a
current sensor. This sensor was connected to an input of the micro-
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Fig. 1. The proposed POF–FSO system: (a) simplified view and (b) details of the collimator B housing.
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