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ARTICLE INFO ABSTRACT

Article History Power line communication (PLC) make use of existing power line infrastructure to transmit
Received : 30/09/2019 data over power lines with simultaneous transmission of electrical energy, a power line modem
Revised : 30/12/2019 serves the purpose by modulating data through some suitable modulation scheme and then
Accepted : 30/12/2019 coupling it with power line. Power lines modem make use of existing power line for high
Available online  : 30/12/2019 frequency, low voltage data communication faces some serious problems like signal distortion,
Keywords multipath fading, reflection and return loss and noise to communication signal. We designed a
Power line modem, visible light power line modem for 220V 50 Hz power line, which employ ASK modulation. Digital data of
communication, coupling decoupling 9Kbps was modulated through carrier of 1 MHz and sent through power line and subsequently
circuit, Hartley oscillator, ASK transmitted through VLC.

modulation.

1. INTRODUCTION

VLC (visible light communication) is a new emerging field of communication in which visible light spectrum from 380nm to
780 nm is used for illumination and short range optical wireless communication simultaneously. LEDs offer some dominant
properties over conventional light sources such as incandescent and fluorescent lamps [1]. Due to advantageous properties
of LED and rapid improvement in the efficiency of LEDs has brought LED to strong candidate for next generation source of
illumination and wireless communication source [2]. Although Radio frequency wave (below 10GHz frequency of
electromagnetic wave) are widely used for wireless communication however the bandwidth of radio wave is not capable to
provide the capacity and high date rate demands for (Wi fi, Bluetooth, cellular phone network and cordless phone) in this
narrow spectrum [3]. So research focused on increasing the operating frequency interval. Visible light has bandwidth around
60 GHz therefore VLC seem to be the promising solution for achieving high date rate [4]. However, shifting the working
frequency towards high frequency reduces wave length but shorter waves length EM wave have short coverage range
therefore VLC is intensively studies for short range communication only [2].

Noise in VLC channel is mainly Additive White Gaussian (AWGN), and channel quality in optical channel is dominated by
shot noise [1]. Optical wireless channel can be modeled as follow.

Y () =yX{t)®h(t)+ N(t)

Where Y(t) is the received signal current, y is the responsivity of detector, X(t) is the transmitted optical signal, h(t) is the
impulse response and N(t) represent the additive white Gaussian noise (AWGN), the symbol represent convolution. VLC
receiver usually consist of an optical filter, concentrator and photodetector, preamplifier and a signal recovery circuit. The
function of optical filter is to block ambient light and in effect provide a narrow band for modulated signal to be detected by
photodetector, the function of concentrator is to collect light and concentrate it on photodetector. The photo detector
produces current proportional to optical power incident on its surface and amplify it usually using trans-impedance
amplifier [4].

An indoor VLC channel is subjected to intense ambient light from day light from sun light, sky light and from fluorescent and
incandescent lamps. These ambient light sources induce in the signal and hence degrading the performance of link. sun light
and incandescent lamps are unmodulated source of noise and at the receiver side the noise average power can be larger
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than the desired signal, even when optical filtering is employed. The resulting current in photodiode is the major cause of
short noise [5]. On the other hand, fluorescent lamps light is modulated in a periodic manner with the lamp drive frequency,
the resulting noise power spectrum consist of discrete components at harmonics of the drive frequency of lamp (usually 50
to 60 Hz) [5].

Power line communication for short (PLC) is a communication technology which make use of existing power lines for the
transmission of data, although the use of power lines for data communication (PLC) has old roots from early transmission
of electricity, at 1910s Major George squier of US army first demonstrated the transmission of voice signals over power
cables [6].

Recent improvement in performance of coupling and decoupling circuit PLC has gained significant attention in scientific
community because of its promising potential of viable source for data communication which could significantly reduce the
cost of installation of new wires for communication system. PLC system can be classified into different categories based on
range of frequency, type of coupling, and voltage level. Based on frequency range PLC system are classified into two broad
frequencies band i.e narrow band and broad band, narrow band PLC refers to data communication in the range from zero
to 500KHZ, while broad band PLC refer to frequency range from 1.7MHZ to 500 MHZ and may even higher [6].

Power lines network at first place is designed mainly to transmit low frequency 50/60 Hz power line from power station to
end users, unlike most common communication mediums like twisted pair, coaxial and fire optic cables, the characteristics
of power line network dependent on time, frequency and access impedances and high attenuation is possible at frequencies
used for broadband PLC [2, 7]. the appliances connected to the power line are turn and off randomly and this makes the
power line impedance variable and unpredictable. This hostile nature of power lines makes power line channel inadequate
for high frequency carrier communication. The transfer function of PLC channel can be modeled as below [7, 8].

H ( f ) _ ZN: g .e—(a0+a1fk)li pierfn
i=1

Where gi represent weighing factor for path i and represent the product of reflection and transmission factors, ao and a1 are
attenuation factor, the variable represent the delay due to multiple paths and can be calculated by dividing the path length
by phase velocity which is 150 x 106 m/sec. N represent the total number of reflection paths and li is the length of path i.

Power lines at first place are designed mainly for transfer of low frequency, high voltage electrical power, thereby using
existing power line for high frequency, low voltage data communication pose some serious problems regarding the efficient
use power lines, besides signal distortion, multipath fading, reflection and return loss, power line add noise to
communication signal, and if the noise characteristics are not understood, and a proper mechanism is not adopted to filter
out noise at the receiver end, the proper reception of communication signal is very difficult. Furthermore, unlike other
telecommunication channels noise in PLC channel is not Additive White Gaussian Noise (AWGN), which has uniform noise
power spectral density (PSD) over whole range of spectrum [8, 9, 10]. Therefore, a lot of research and investigation results
classification of noise into the following categories. Power line channel is a very harsh medium for communication because
it characteristics changes greatly with frequency, location, time and load (type of equipment’s connected) [9].

The main objective of this research is to design a power line modem which has the capability of injecting/coupling
communication signal to and from power line, and then to send the received data at the end of power line and transmit
through VLC.

2. EXPERIMENTAL AND METHOD

The schematic of transmission of digital data through both PLC and VLC are depicted in Fig 1 and PLC alone in Fig 2.
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Fig 1. Schematic of data flow through PLC and VLC.
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Fig 2. Digital data transmission over power line using ASK modulation.
2.1. COUPLING/DECOUPLING CIRCUIT

The main part of power line modem is coupling circuit whose sole purpose is to inject communication signal to power line
at transmitter side and retrieve at receiver side. we used LC high pass filter for coupling and decoupling at transmitter and
receiver side respectively, due to its efficient coupling of signal with power line as compared to RC filters. The coupling
circuit is shown in Fig 3. Iron core inductors have low frequency operating range because it saturates at high carrier
frequency, since carrier frequency is many orders of magnitude of AC 50/60 Hz frequency therefore a suitable ferrite core
inductor was used, ferrite core inductor has high operating frequency range. The cut off frequency of LC high pass filter was
so chosen to offer high impedance to main AC from power line to the communication side and provide a low resistance path
for modulated signal to couple with main AC. The specification of inductors, capacitors and LC cut off frequencies are given
in Table 2.1.
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Table 2.1: Components of coupling circuit.

Inductor Capacitor Cutoff frequency
Coupling side 76H 0..33uF 100 Hz
Decoupling side | 7.6 H 0..33uF 100 Hz
AC Main
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Fig 3. Coupling and de- coupling part of modem.

2.2, OSCILLATOR CIRCUIT

The data from computer serial port is digital in nature and has a speed of about 9kb/sec, for effective transmission of signal
an efficient modulation schemes must be applied to the data before it is injected to power line. We used ASK modulation and
the carrier of about 1MZ for the modulation was generated by Hartley oscillator. As shown in Fig 4.

Vcc +5v
R1=4.7KQ § ‘ EE _—,— C2=200PF
L=0.4mH
l/

C1=0.01uF ——

Fig 4. Hartley oscillator used for generating carrier of around 1 MHz.
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the power line modulation of carrier with data is carried out by a classical C amplifier as shown in Fig 5a and designed
modulator on PCB is shown in figure 5b.

+ 5w
H { Information
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A
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Cl= 0.001pF
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Fig 5a Circuit diagram of modulator circuit ~ 5b. Designed Modulator using a Class C amplifier.

The complete designed modem in a single unit consisting of 5v power supply, oscillator, modulator and coupling circuit is
depicted in Fig 6.

Fig 6. Modem at transmission side consisting of power supply, Oscillator, modulator and coupling circuit.

The main parts of VLC system are shown in Fig 7.

-
s N T ~ : \
. [ | Receiver
Transmitter : :\l .
Drive unit | Drive Unit Trans-
Trans | VLC Channel\!‘ impedance
conductance \,{ { Free 5pace} : amplifier
amplifier L | /_\
I
\_ o FARN S

Fig 7. Schematic of VLC system.
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2.3.LED DRIVE UNIT

Since LED is a current driven device (its produce light proportional to input current) therefore the drive unit for LED panel
consist of a transconductance amplifier which serves as current modulator, the input of which is a voltage and its output a
current. BJT used in Trans conductance amplifier forward current gain usually have high variation. To overcome high
variation in gain [11] discussed and analyzed the current series feedback topology. Which yield a trans conductance
amplifier that can be used for current modulation of LED and is in fact insensitive to the current gain variation, the LED
driver is shown in Fig 8.

Vc=+5v ?

l Modulated
R1= 1KQ§ LED 3 Light

Digital Data \
—>

I MA—

c=0.001uf | RP=6Q

R2=6.7KQ § Re=47Q

|

N

Fig 8. LED Drive Unit.

The transmitter LED Panel consist of 70 LEDs, arranged in 14 rows (five LEDS in each row). The maximum current through
each LED is 5mA therefore a total of about 2 A supply is required for the illumination of LEDs panel. Since the primary
function of LEDs must not be altered during data communication therefore 2.5mA was adopted for normal illumination. and
a total of 14 rows.

The maximum current through a single led is 5 mA therefore a total of amperes current is required. LED panel is shown in
Fig 9.

Fig 9. LED panel consisting of 72 LEDS, (14 x 5).

The complete designed modem at the receiving side of power line is depicted in Fig 10, consisting of power supply, de-
coupling circuit, low pass filter, and trans-conductance amplifier.
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Fig 10. Modem at receiving side of power line consisting of a power supply, de-coupling circuit, Low pass filter, and tans-
conductance amplifier.

2.4.PHOTO DIODE CIRCUITRY

The main component of VLC receiver is photodiode; whose primary function is to convert the modulated light striking its
surface into current which is proportional to the intensity of light. since at transmitter side the signal was in terms of voltage
over desired signal is voltage not current therefore trans impedance amplifier is used to amplify the current signal in terms
of voltage. LM6364 op amp IC was used for amplification as it has a high switching bandwidth. The circuit diagram of
transconductance amplifier is shown in Fig 11.

Out put Digital Data

Photo Diode 2

Fig 11. Photo diode, transconductance amplifier.

3. RESULT AND DISCUSSION

The primary object/focus of our research was to design a modem which has the capability of coupling communication signal
with power line and out of power line. to check the performance of designed power line modem we used digital data of
around 9kbs from computer, to a receiver computer at the other end, in between two channels were encounter first PLC and
second VLC. Ask modulation scheme was used for data transmission over power line and a carrier of around 1MH of around
4 volts was generated for this purpose using Hartley oscillator. The wave form of carrier is shown in Fig 12.
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Fig 12. Carrier wave form of around 1MHZ 4 volt using Hartley oscillator.

The digital data was modulated using a class C amplifier (power amplifier) a coupling capacitor of 100uF Was used as
coupling element between oscillator and the modulator. The output wave form of the class C amplifier is shown in Fig 13.

Fig 13. Modulated digital data of 9Kbs.

The modulated signal was then coupled to power line 220V 50 Hz using a high pass RL filter (RL filter serves as coupler).
The modulated signal was retrieved using a high pass RL filter (RL filter at this end serves as de-coupler) and the following
wave form was obtained.

The modulated signal was then fed through LED drive unit. The signal first encountered a Low pass RC filter. The RC low
pass filter filtered out the low frequency (9kbs data) digital data. The wave form of signal at the end of RC low pass filter is
shown in Fig 14.

Fig 14. Transmitted digital data (bottom), received signal at the end of power line.

109



Khan, S., Sohail, M., Bokhari, M., Techno-Science 2:4-Special Issue (2019) 102-110

Since LED is a current device (its produce light proportional to input current) therefore the drive unit for LED panel consist
of a trans conductance amplifier which serves as current modulator, the input of which is a voltage and its output a current.
The modulated light using intensity modulation was transmitted to free space (VLC channel) using LED panel.

The main component of VLC receiver is photodiode; whose primary function is to convert the modulated light striking its
surface into current which is proportional to the intensity of light. since at transmitter side the signal was in terms of voltage
over desired signal is voltage not current therefore transimpedance amplifier is used to amplify the current signal in terms
of voltage.

4. CONCLUSIONS

Both power line and visible light communication channels has a huge potential for economical, efficient, secure data
communication specially for broadband indoor environments. With the recent ratification of broadband PLC and VLC
standards, the integration of these two techniques for indoor wireless networks has begun to attract the attention of the
research community. In this paper the author provided a detailed description of both VLC and PLC, and discussed various
aspects of designing an effective power line modem. A typical power line modem designed has presented and its components
analysis are presented.
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