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Abstract: The study addresses the architecture of a hybrid PLL circuit technique for synchronizing a PV system
with single phase grid. For determination of synchronization, the PV system is based on a reference system .The
reference system is controlled by a microcontroller and pulse width modulation technique is used within the
microcontroller to trigger the inverter in order to achieve efficient synchronization. Optocoupler is used to
detect the real-time zero crossing detection and the digital phase lock loop system is used to control the phase
angle and frequency of the system. The architecture of system is designed in Proteus simulator. The proposed
architecture has performed well in reducing the harmonics produced because of inverter switching. Also if there
are any abrupt changes in frequency or phase angle, the system can effectively manage changes.
Keywords: PV Array, Grid synchronization, Microcontroller, Optocoupler, DPLL, PWM and Power Quality.

I.

Introduction

The power generated through photo-voltaic system is used to operate the different types of loads. Solar
energy is harnessed by means of photovoltaic (PV) systems[1], which use arrays of PV panels that convert solar
energy into electrical energy. It is cheap and is more reliable as compare to other generating systems.The PV
systems are suitable for applications such as battery charging, lighting and water pumping in remote areas. The
solar energy charges a battery (DC supply) which is further connected to a DC-AC inverter that finally operates
AC loads. This system can be used on small as well as for domestic use to fulfill the consumer demand for
power.It is used as a backup Source for purpose when the load on the power station increases.For such purpose
we synchronize our system to the Grid[2][3]to overcome low power problems. The inverter must convert the
renewable energy stored in the battery bank into pure sinusoidal voltage that tracks the grid voltage in
amplitude, frequency and phase. For this purpose the inverter must be synchronized with grid. The
interconnection of photo-voltaic (PV) system[4] with a Grid requires an accurate control of synchronism
between converter and grid. The parameters including voltage, phase and frequency of both systems need to be
synchronized.There are different types of techniques [5][6]developed to achieve synchronization but the system
used in this study is simple,reliable,requires small area for installation and need small circuitry. The proposed
system is designed for 1.5kw.The main goal is to share the load during the peak load time on the power station
as well as an accurate measuring of the phase-angle of the grid voltage.The parameters of the reference system
(Grid) and photo-voltaic system must be equal for efficient synchronization.

II.

System Analysis

The block diagram of the proposed synchronization of photo-voltaic system with a Grid is sketched in
[Figure 1.1]. A sinusoidal input information s(t)arrived from reference system with frequency offset Δf = f – f0
received at Optocoupler that converts s(t)to digital signal.This information is utilized in microcontroller which
further triggers the inverter gates that allow DC to AC.The reference system’s input information is:
S (t) = Ao Sin (2𝜋f (t) + Ф (t))

(1)

Where A0shows the peak amplitude of input information, f is the frequency of signal while Ф represents the
phase angle in degree.
The second signal arrives from battery after inverter with time delay t 0:
S'(t) = Ao Sin (2𝜋f (t) + Ф (t – t0))
The sampled versions of (1) and (2) are given as:

(2)

S (k) = Ao Sin (2𝜋f (k) + Ф (k))

(3)

S'(k) = Ao Sin (2𝜋f (k) + Ф (k –k0))

(4)
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The error signal between two will be:
E (t) = S (t) - S'(t)

(5)

And is given by
E (t) = F [tan-1 (S'(k)/S (k))

(6)

This error signal represents non-linear phase error that has a major effect as phase shift.

Figure 1: The block diagram of synchronization of Photo-voltaic system with a Grid

III.

Zero-crossing Detection

Synchronization is an operation based on detection of phase. Optocoupler is an electronic device which
is used to detect the Zero-crossing detection and also used as Analog-to-Digital converter to operate
microcontroller. The functionality of optocoupler is to take the real time information from the reference system
and use this information to trigger the gate of the inverter which belongs to MOSFET transistor family. The
optocoupler plays a key role for synchronization of frequency and phase angle of the two systems.
At every half cycle tonand toff provides total switching time period, T.
Tswitch = ton +toff

(7)

And the frequency is:
Fswitch =1/Tswitch

(8)

Phase angle detection describes the starting and end point of reference system
ФReference = 2ωt
Where ω=2πft

(9)

The switching operation of optocoupler is very quick having period of 1µsec
The angular velocity of switch will be
ω=2×3.14×50×10-6=3.14×10-4 radian/sec

IV.

(10)

RLC low pass filter

Power L-C filters are used to reduce the harmonics or ripple from
• The rectifier output (dc filter)
• The inverter output (ac filter).
The same type of filter is used in the inverter output to filter PWM harmonics, leaving the relative low
frequency modulation frequency. The L-C filter fundamental cut-off frequency is dependent on L, C and the
load impedance ZL
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H (jω) = V0/Vi =
H (jω) = V0/Vi =

1

(11)
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The basic function of the filter used here is to remove high frequency harmonics from the phase-detector output
in order to obtain low-frequency error voltage required for driving the switching control circuit. The selection of
filter is made on the basis of loop performance. A widely used passive low-pass filter and its transfer function is
given in equation (11, 12);the schematic diagram of RLC-low pass filter is given in [Figure 2].

Figure 2: RLC low-pass filter

V.

Pic Microcontroller-16F877

It is the Major controlling portion of the whole system. Microcontroller [7]acquires information of the
reference system through optocoupler which used to detect the zero-crossing detection and make logic (1 and 0)
by passing a complete sinusoidal cycle of the reference system. The 1 and 0 information is transmitted to
microcontroller. After that reference system information (phase angle and frequency) is locked through the
programming in the microcontroller. Pulse Width Modulation has been performed for triggering the inverted
system .The switches of the inverter are controlled through the power transistor and AVR. After triggering, the
inverted output frequency must be same like the reference system and for voltage synchronizing the inverted
output voltage is step up though tap-changer transformer and the results are observed on the LCD display.

VI.

Simulation Results

The proposed structure has been simulated in Proteus. The sketch of system diagram is shown in figure
3.Real time monitoring of the both systems shows that the accurate Synchronization is achieved. PV system
output is pure sinusoidal and there is a zero-phase angle difference with a Reference System. The result clearly
shows that the signal starting and end point are same.[Figure 4] shows the frequency of WAPDA (Green) and
Photo-voltaic inverted system (Pink).

Figure 3:The proposed structure simulated in Proteus
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Figure 4: The frequency of generating system (Green) and Photo-voltaic inverted system (pink)
The change in frequency of reference system is shown in figure 5.In case of disturbance produced in the phase
detection. If the small delay occurring in the reference system then the result will not be affected. The digital
phase locked loop system set up the output information with a reference system with a very small harmonics. If
the lower order harmonics are not in phase, the zero crossings are changed automatically. The verticals lines on
the curve show the harmonics clearly in the simulation[Figure 6 and 7] shows result in case of greater delay.

Figure 5:Reference system frequency changed to 48 Hz. Yellow and Blue shows operation of PWM

Figure 6: Result at frequency 49.5Hz with Harmonics

Figure 7: Shows the results when harmonics are eliminated by PWM
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VII.

Hardware Implementation

In hardware implementation, a sine wave from the reference system is passed through the Optocoupler
to detect the Zero-crossing detection. The Optocoupler generates binary digits i.e. 1 and 0 which is fed to the
microcontroller as real time information of the reference system. Two types of information are received at
microcontroller that are frequency and phase angle. The controller is programmed to lock the frequency and
Phase angle of the reference system for the purpose to trigger the inverted system (MOSFET) in real time. The
pulse width modulation (PWM) is used to control the triggering of the inverter gate. The purpose of inverter is
to convert the DC power to AC power. At this stage, the frequency and phase angle are synchronized but still
the third parameter i.e. voltage has to be synchronized. For this purpose, step-up tape changer transformer is
used to step-up the low voltage arriving from inverter. The RC low-pass filter is used at the transformer’s output
to remove ripples and acquired pure sine wave for best synchronization. The voltage and frequency of both
systems can be monitored on LCD display. It has been observed from the monitoring LCD that synchronization
of parameters has been achieved and system is now capable to connect to the load. In case voltage is out of
phase, an additional functionality in the system has been added. Two potentiometers have been used to change
the voltage manually. The hardware picture of the proposed system is shown below in [Figure 8];

VIII.

Conclusion

Synchronization of the photo-voltaic system with a grid represents real time monitoring of the both
system and used to share the load of the distributed system. Simulation results Clearly describe the operation of
the systems. It shows that harmonics produced due to disturbance are reduced to such an extent that the effective
results of the systems are achieved. In all over the world energy crises increases due to population growth and
other economic and political reasons. The generation of power through PV system is more economical, easy and
reliable because sun light is available. We have used this power as a backup source and also used in case when
demand of power increases. Such system can easily solve or reduce the problem. The function has less started
time when compared to other generating systems i.e. it takes micro seconds to synchronize with the reference
system to manage the load.
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