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Abstract—In this paper we propose and study simultaneous
transmission of photonic power and bidirectional communication to and
from sensors via 840/1310 nm WDMs. The photovoltaic converter is
used both for power conversion and data transfer from the high-power
laser at 808 nm up to 1Mb/s while the 1310 nm link can be up to
155 Mb/s.

Except for the transmission of optical signals, optical
fibers can also be used for the transfer of photonic power
for remote powering of sensors and electronic devices
(power-over-fiber). Systems based on power-over-fiber
find applications in hazardous areas [1] because of the
characteristics of optical fibers: high galvanic isolation,
immunity to electromagnetic noises, absence of sparks,
lightning proof, immune to extreme temperature
conditions and humidity [2].

Two architectures for the transfer of photonic power are
used: wavelength division multiplexing (WDM) and
spatial division multiplexing (SDM) or a combination of
both [3+5]. The data transfer is from the sensor to the
base module, while the transfer of optical power is to the
sensor [6+7]. Multiplexing of photonic power transfer at
800 nm and data transfer at 1310 nm has been
demonstrated [8+9], in which the high-power laser is in
CW mode.

In a previous paper we have shown that with a
modulated high-power laser diode HPLD (808 nm,
400 mW) and a photovoltaic convertor PPC-4E, data at a
rate of up to 1 Mb/s over a multimode fiber [11] can be
transmitted.

In the present paper we describe an optically powered
bidirectional communication/sensor system using the
same laser and PV convertor in a WDM architecture to
simultaneously transmit photonic power and command
information at 808 nm to the sensors at a maximum of 1
Mb/s as well as to transmit sensor data back to the base
module at 1310 nm at a maximum of 155 MB/s data
transfer.

Specifically, we propose a scheme to power a sensor
module with optical power used to charge a Li battery.
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Fig. 1. General architecture to transmit photonic energy to power
sensors with bidirectional communication along a single fiber.
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Fig. 2. General architecture to smart sensors.

The suggested general architectures for optical powering
of sensors with bidirectional communication along a
single fiber is shown in Fig. 1 and Fig. 2. To transmit the
photonic power we use the WDM multiplexing
architecture. An 840/1310nm WDML1 is used to multiplex
into a 62.5/125 um multimode fiber and a WDM2 is used
to de-multiplex to the sensor module. This configuration
allows the transmission of both energy and data along a
single fiber by making use of transmitters and receivers
operating at different wavelengths. The data on
temperature and humidity (DHT22) taken by the sensors
are processed by the microcontroller (uC) and are
transferred by the driver to the optical transmitter T,
where it is converted into optical signals at 1300 nm. A
155 Mb/s optical transmitter of the type HFBR-1312TZ is
used. The signals are multiplexed by WDM2 and
transmitted along a 60 m long optical fiber to the base
module, where they are demultiplexed by WDMZ1 and are
next at the photoreceiver Rx (1300 nm), which in this case
is the 155 Mb/s HFBR-2316TZ. It transforms them into
electrical signals and transmits them to the central
controller (CC-Arduino) where they are processed. The
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data received from the sensor measurements are
transmitted to the computer (PC).

The remote powering of the sensor is realized by
charging a power battery (Li-ion). The microcontroller
(uC-Atmega328) manages the smart sensor. Apart from
the transmission and processing of the measured data by
the sensor DHT22, the microcontroller monitors the level
of the Li-ion battery charge. When the battery voltage
falls below 3 V, the microcontroller sends, to the base
module via the transmitter (Tx), a message to charge.

The central controller switches on the high-power laser
HPLD (808nm) and starts the transmission of photonic
power (400 mW) along an optical fiber to the PV
converter PPC-4E which charges the battery via a charge
controller device (BCC). While charging, the DC-DC
convertor provides the module with electric power from
the photovoltaic. The process of charging is continuously
monitored by the microcontroller. When the voltage of the
battery reaches 4.2V, the microcontroller sends a message
to the basic module to stop the process of optical
charging. Figure 3 describes the algorithm for
management of the smart sensor.
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?

Fig. 3. Algorithm for smart sensor management.

Apart from optical energy, the high power laser diode is
modulated and transmits information to the sensor. The
information signal modulates the continuous optical
power generated by the high power laser. In general, this
signal sends commands that must be executed by the
sensor, such as change of activity, constants, sensor
parameters etc. Signals are received by the photovoltaic
converter PPC-4E because it can function as a
photoreceiver at a bitrate of 1 Mbit/s [11]. A load
resistance of R = 50Q is branched at the output of the
photovoltaic convertor. The voltage across the resistance
is the output signal from the PPC-4E. The initial shape of
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the signal is restored using a comparator and is transferred
to the microcontroller. In this way is realised simultaneous
transmission of the photonic energy and the command
signals.

The power that the system based on power-over-fiber
technology can transfer is determined by its components:
laser, optical fibers, WDM multiplexers, optical switches
and photovoltaic cells.

To evaluate the transferred electric power (PLoad) the
following quantities are used: the maximum transmitted
optical power that does not caus fiber damage (Pmaxriber);
optical power of the laser (PupLp); Optical power at the PV
input (Pin); total loss along fiber (arier, dB/km); total
losses of all optical connectors (oconn); fiber length (L);
efficiency of the PV (nw) [12]. Since the considered
architecture assures energy transfer at different
wavelengths, the losses at the WDM multiplexors must be
taken into account (awpwm, dB), as well as the losses at
fiber splices (asplice, dB):

PLoad= Pin Npv (1)

The total loss along the optical line is the sum of all losses
in the components in the system:

a=0Fiber T NconnGconn + NspliceGsplice + NwomowpMm t Otres , (2)

where n is the number of the corresponding optical
components in the optical and ars are the additional
unaccounted losses in the channel. Typically, the value of
aes IS about 3 dB.

Pin=PHpLo— @ 3)

for the optical system to function the condition to be
fulfilled is:
PHpLD < PmaxFiber (4)

The maximum power for most multiplexers must be less
than 500mW. To fulfill condition (4) the laser is chosen to
be PupLo = 400mW.

The efficiency of the optical system () is defined as the
ratio of the electrical power Progd to the optical power
PupLp Of the high power laser diode (HPLD):

711 = PLoad/PHpLD (5)

The maximum distance of the optical power-over-fiber
link can be calculated using Egns. (1+5) and the
parameters listed in Table 1. From the calculations made
and for a fiber length of 1 km, the optical power at the
photovoltaic input is Py ~ 380 mW. It is known that the
photovoltaics that operate at wavelengths from 790 to
850 nm are GaAs based. Their efficiency is #pv = 52%.
The substitution of these parameters in (1) the electric
power generated by the PPC-4E will be Poag = 199mW.

© 2020 Photonics Society of Poland



doi: 10.4302/plp.v12i1.919

PHOTONICS LETTERS OF POLAND, VOL. 12 (1), 7-9 (2020) 9

Table 1. Partameters used to calculate the maximum distance of the
power-over-fiber link.

PLp, (MW) A Fiber OFiber acom | P | qwom
e

[dBm] (hm) | (um) | (dB/km) | (dB) (@B) (dB)
400 MM

808 3 075 | 0.1 0.7
[26.02] 62.5
0.056 MM

1300 0.7 075 | 0.1 0.6
[-12.5] 62.5

The method of photonic energy transfer along a fiber
for the proposed architecture is experimentally tested for a
link length of 60 m. For a laser generated optical power of
Pupo = 400 mW, the optical power measured at the PPC-
4E is Py = 375 mW. After conversion to electrical
power, the photovoltaic convertor generates a current of
ILoas = 69.8 MA for a ULeas = 3.43 V, which yields an
electrical power Poad = 239 mW.

Calculations for an emitted power of Pupp = 400 mW
and a fiber length L = 60 m yield an optical power at the
PPC-4E input of 385 mW. The difference between the
measured and calculated is 10 mW, which shows that the
error is less than 3%. The efficiency of energy
transformation of the optical system is calculated using
Eq. (5) as 5 = 60%.

The main criterium for the quality of transmitted data is
the BER (Bit Error Rate) [10]. The BER measurement is
realized by transmitting 33 554 432 bits at different rates
as described in [11].

Table 2. Results obtained for the measured BER in both channels.

Bit Error Rate - (BER)
Bit Rate PPC-4E Rxnlr?]OO
bit/s
PPC-4E Txol,;IOO 1R3>(()%)3r(1)r?1 ON
HPLD 808
nm
nm
460 800 B 2 B B
(5.96x10°)
576 000 2 3 1 1
(5.96x10%) | (8.94x10%) | (2.98x10%) | (2.98x10%)
3 5 3 3
960000 | g 94x10%) | (14.9x10%) | (8.94x109) | (8.94x10%)

Table 2 shows the results of the BER measurements of
both channels in both one way and two-way
communication. When both lasers are on, the error
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increases slightly, but still reliable
communication.

In this paper we propose and experimentally study a
method to transmit photonic energy to power sensors,
using WDM multiplexing to transmit information in two-
way communication along a single fiber over a distance of
up to 2 km. The two-way link provides the base module
with the possibility to transmit commands as well as to
electrically power them in real time. In this way, we can
configure and monitor the sensor remotely. This is
especially important in hazardous media. The PPC-4E
photovoltaic is used simultaneously as a power converter
and photoreceiver. The BER measurements made suggest
that the system can be used to transmit simultaneously
photonic power and data at a rate of up to 1 Mb/s along a

single optical fiber.
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