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Abstract 

A three-phase resistive (R) loading system has connected with the 

PhotoVoltaic (PV) and Bidirectional  converter (BDC). Reduce the rectified 

voltage settling time and boost the voltage gain than conventional DC 

connection voltage by the multiplication operation-based fuzzy-PID control 

technique has described in this paper. The power flows from various 

sources, including PV and battery, are regulated by BDC and meet the 

performance load requirements. The conventional method's problems, such 

as high harmonic content, reduce the settling time (sec) and improve DC 

link voltage. Inverter switches are controlled by using the sine pulse width 

modulation (SPWM) method. 
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1 Introduction 
 

Conventionally the crises in electricity to the consumer end have been in 

the sine wave pattern with fixed frequency and at different voltage levels. 
 

Journal of Green Engineering, Vol. 11_3, 2594. 2607.  

© 2021 Alpha Publishers.  All rights reserved 



 
 

 

 

 

 

 

 

 

 

2595 Bharathi. K. et al 

 

Usually, in India and some other countries, electricity at 230 V 50 Hz is 

distributed for the domestic consumer [1]. It is learned that about 90% of the 

world's electrical power is generated by Synchronous Generators that deliver 

electrical power (AC) with a sinusoidal waveform. But with the fast 

depletion of fossil fuels, and triggered by some other concerns like global 

warming, pollution, etc., the focus has been shifted to photovoltaic (PV) 

power generation using Solar Panels, the wind power conversion systems, 

and fuel cells are some of the examples of the upcoming Renewable Energy 

Sources (RES) [2] [3]. The integrated model demanded an huge converter to 

threaten input power output and demanded voltage. Which is situated 

individual converter could be inefficient, and the system requires more space 

and high cost. It can use solar power extensively [4] [17] because of its 

attractiveness. Photovoltaic (PV) is the primary objective of extracting 

maximum power from lower losses [5]. A fixed gain controller is used for 

linear (PI and PID) and hysteresis controllers. The actual result is optimum 

machine efficiency, hence involves tuning. If these values are incorrectly 

adjusted [6][7], they can lead to low or even unstable results. Soft computing 

is an additional way that PID controllers can be designed and programmed 

[8] [18]. 

The topology presented is based on the BDC loading method in three 

phases. The Fuzzy-PID control in BDC have to maximize the link voltage 

gain and reduce the settling-time of DC links and decrease the output's 

harmonic distortion. PV and battery are used as a basis for the reverse power 

flow, while BDC and the battery are used as a source. Battery power for any 

other use is used while PV, battery, and grid are usable. Fuzzy-PID increases 

the voltage gain and reduces the voltage change time of dc connection. The 

control mode sliding is designed to reduce the inverter harmonic distortion 

[10]. 

 

 

2 Literature Survey 
 

Conventional grid reliability and performance are improved. Three PV 

modular converter model, two dc-ac grid-connected converters, and one 

converter is suggested. The four-mode proposed control device isolates 

battery discharge, grid-connecting rectification, grid-connected expenditure,  

and isolates the generation of constant voltage (CV). The control system can 

isolate activity when the system is dysfunctional. The findings show that 

voltage and current oscillations are realized, and battery failures are not 

overcharged and over discharged. The proposed control scheme has been 

discussed by the experiments [9]. 
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The Distributed electricity environment and DC micro-grid enclosed 

with solid-state transformer (SST) convert single phase power to three phase 

power are described in [11]. In this paper, along with DC Micro-grid, 

characterized non-conventional sources and power captured devices are 

connected to the photovoltaic (PV) and fuel cell. Distributed control 

algorithms are discussed to distribute the utilization for SST and DC Micro-

grids. The developed model is simulated and verified using the 

MATLAB/SIMULINK Software, and output waveforms have been obtained. 

Distributed voltage support on the intelligent grid is defined in [12]. The 

converters are attached to the solar panels and PHEV generator. The 

proposed end-user reactive power devices assist the grid with voltage. The 

reactive power resources behind a command to the goal. The proposed 

system achieved secure communication for this work. 

In [13] discussed the parameter perturbation might allow the system to 

be unstable. This paper presented the automatic tuning procedure and 

proposed the PID controller to tune the armature of the DC motor. The 

continuous energy retailing method & ZN step response method is a 

traditional method to compare the technique with a genetic algorithm, which 

shows a better steady-state response. 

The proposed system has two-level formalizations. There is 1.) P/Q 

droop control method. 2.) Continuous and interruptive management of 

microgrids on the utilities. The TMS320LF2407A fixed points 40 MHz and 

200 MHz floating points DSP TMS320C6711 controls have been introduced 

for these inverters. These results are discussed in dynamic response for the 

proposed controller as explained in [14]. 

In [15], the DC-DC converter with bidirectional galvanic isolation has three 

phase effects, such as the internal transmission of electricity, phase drift and 

low system efficiency. The conventional analysis of power transfer cannot 

describe these three phenomena. A new model for the loss of voltage and 

dead-time has been proposed here and this model carries out very exact 

energy follow up calculations meet a ultimate region. The proposed model 

results are experimented with and validated by MATLAB/Simulink. 

In [16], a management technique was developed to monitor power flows in 

hybrid PV, battery and wind model with a powerful two-directional dc-dc 

multi-input transformer. The system proposed is designed to meet demand, 

regulate energy to flow from kind of sources, insert unbonded power into the 

grid and it has to energies the battery from grid requirement.  To harness 

wind strength, a boost converter with inductive nature is suggested. The buck 

boost converter instead uses the PV power as well as the battery 

charge/unload control. The system proposed decreases the transmission of  

power and loss. The MATLAB SIMULINK model system shows full power 

from a hybrid system under different conditions of the environment. 
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In [18] explained the Bidirectional Multi port converter in energy driven 

application. By the time the battery and grid share energy effectively, a low-

voltage DC port is provided for the TPC DC input port. This reduces the 

power on the other side of the DC-DC converter which reduces TPC losses 

by the multi-level features. The efficient and feasible application of the 

proposed 2-kW prototype AC-DC converter will be verified. 

Battery and Super-Capacitor (SC) controls the Electric vehicle by H∞ 

control to synthesize and achieve guaranteed performance. The HESS used to 

inbuilt with SC and battery. This is used for tracking output current and 

regulating the regenerative braking. The initiated control is supressing the 

charging output current. The parametric conditioner tracks true values of 

short circuit current scenario. The proposed system may also use in PHEV, 

and all EMS systems were explained in [19]. 

In [20] proposed multiple micro-grids (MMG) for power supply. It 

defines the goals that the integrated power system will reliably and 

economically operate. The hybrid power systems cannot neglect RES 

because MMGs are expensive in distributed sources. Power exchanges with 

MGs are difficult and power is difficult to trade between the grid and micros. 

For energy management, the technique suggested system of systems (SOS) is 

used. Moreover, the problems are identifying by an energy optimization 

problem. MMG system-level power environment also deals with the problem 

of mismatch of power demand and production in the area. The case study 

further explores the proposed MMG energy management. 

 
3  Objective 
 
a. The MATLAB/Simulink is used for developing the PV and BDC 

batteries. 

b. The BDC controls to smoothen the setting time DC attach voltage and 

threating the THD of the inverter to introduce fuzzy-PID control systems. 

 

 

 

4 Methods and Materials 
 

With this process, the BDC capacitor voltage's settling time is reduced, 

and the voltage gain is increased using the FLC-PID controller. Figure. 1 

demonstrates the three-phase resistive load-connected device technique 

proposed. The BDC does the utilization of this hybrid energy resource. The 

settling time and the harmonics are reduced by the fuzzy-PID. The BDC 

obtains the high gain voltage. 
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            Figure.1. Three-phase R-load with BDC converter and PV, battery 

 

 
4.1 PV Panel 
 

The PV cell, which has been defined as ideal, is composed parallel to the 

current source and diode, but there is a certain resistance so that the circuit 

has series and shunt resistors. The PV array thus comprises a sequence of 

photovoltaic cells and their parallel variations. The drop voltage and current 

are respectively enhanced by the array of photovoltaic cells configuration. 

The PV model involves potentially measuring the five parameters, including 

the photocurrent, the reverse saturation current, the ideality factor for the 

diode, serial resistance, and the resistance to shunting. 

 

4.2 Bidirectional Converter (Bdc) 
 

The BDC is introduced as the replacement of the basic buck and boost 

converter. The BDC aims to reduce the components count, which is the 

major drawback of basic boost and buck converter. And it also boosts the 

voltage and bucks the voltage in the same circuit. The BDC consists of two 

active switches (S1, S2), one capacitor (C1), one inductor (L1), and six 

inverter switches (SA-SF). 

 

Mode 1: (Vlow – Vhigh) 
 

Figure. 2(a) represents the boost mode converter and power transfer from 

low to high in boost mode/forward flow, S2 is the main switch, and S1 is the 

auxiliary switch.S1 turns on OFF and S2 turns on during this operating 

mode. 
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Mode 2: (Vhigh –Vlow) 
 

Figure. 2(b) shows the buck converter, and S1 turns ON, and the S2 is 

always turning OFF in this buck mode/reverse flow. Transfer of power from 

high to low. This low voltage is fed to the battery for further use. 

 

 

 
                                                      (a) 

 

                                                (b) 

    Figure. 2 BDC Circuit Diagram at (a) boost mode; (b) buck mode 

 

5 Controllers 

As a result of its simplicity and simple implementation, the PID 

Controller is one of the earliest controls in industrial control systems. PID 

usually consists of 3 signals: proportional, integral and derivative which are 

then used in the plant model to produce an error correction signal. The 

calculated gain of mentioned signals proceeded by proportionality gains 

(Kd), Integratory gains (Ki), derivatives gain (Kd). 
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Fuzzy systems are the combination of human and technical systems. The 

operation of the method varies greatly from standard Boolean. The Boolean 

term says, for example, Whether or not food is good, but the FLC 

alternatively gives sweet and not delicious responses. The fuzzy scheme uses 

the member functions to transform the crisp values into fuzzy values. The 

Table.1 indicates the membership specifications for the developed system. 

IF-THEN rules 

             ∆e (Change in 

Error) 

 

 Negative  Positive 

         E (error)  

Negative  Negative   Positive 

zero  Positive  zero 

 Positive  zero  Positive 

 

A new combination of the fuzzy-PID for potential gain and voltage 

harmonics reduction. In this combination, multiple articles have been 

suggested. The dynamic reaction must be obtained with the fuzzy controller. 

The PI controller provides an interval of reaction time which ensures a 

strong, steady response. Both the fuzzy and PI controllers are used with these 

advantages. 

This method is used to achieve the output provided to the plant model 

through the arithmetic operation. It uses the bring operation to add the result 

from the fuzzy and PID. The supplementary procedure demands that the 

saturation limit be adjusted to overflow. The equation is, 

 

 

 
 

 

This FUZZY-PID combination includes the human controller's 

advantages and drawbacks regarding the plant model, and the proposed 

controller block diagram is represented in the Figure. 3. 
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         Figure. 3 Block Diagram of Fuzzy-PID Control Model 

 

 

 

6 Control Strategy For Inverter Circuit 
 

This paper includes a sine pulse width modulation as the control 

technique used, and it is shown in Figure. 4.One of the simplest and most 

effective monitoring techniques is the sinusoidal pulse width. The increased 

dc voltage is fed to the inverter switches from renewable hybrid energy 

sources. The switching pattern is calculated using the SPWM by triggers by 

connecting the sinusoidal wave shape to the triangular waveform. The 

required switching pattern is if the carrier pulse is larger or equal to the S1 

sinus wave and if the S4 is allowed to be activated by the inverted output. 

 

Figure. 4 Model diagram of SPWM 

 
 

 

                           Figure. 4 Model diagram of SPWM 
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7 Simulink Results And Discussion 

It implements the proposed BDC-based hybrid solar and battery 

technology, with the results tested in MATLAB/SIMULINK. Figure 5 shows 

the overall circuit diagram proposed by MATLAB/Simulink. Boosting mode 

operations and BDC charge link the photovoltaic and battery in series and 

generate voltage. By reverse mode operation of BDC, the energy is stored in 

the battery. 

 

 

                    Figure. 5. Overall, Simulink diagram of the proposed 

 

The BDC and inverter circuits are provided with the fuzzy-PID and 

SPWM pulse generation. Figure 6 indicates the Rectified voltage of the 

converter circuit. From the 24Vpv supply, the BDC generated the 280Vdc 

output and achieved uniform power at the inverter output. Drop voltage and 

rush current waveform are deliberated in Figure. 7. In Figure.8 represents the 

% of harmonics that occurs in the output load current. The THD across the 

output current of an inverter is 0.77%. 
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                                  Figure.6. DC link voltage of the BDC.  

 

 
 

                  Figure. 7. Inverter output voltage (Vabc) and current (Iabc) 
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                                               Figure. 8. %THD 

For comparison, some of the existing BDC with PV, Grid, Battery, and 

proposed BDC are mentioned. Steady state analysis also based on voltage 

gain and settling time. Table 2. Comparison of proposed and existing BDC. 

The table shows the voltage gain, THD, and dynamic behaviour is better than 

the developed system. It verifies the fuzzy PID-based BDC for R-load shows 

better performance in reducing the harmonics time to a greater extent. 

 
                  Table. 1 comparison of proposed and existing 

 

Parameter Existing BDC Proposed BDC 

Voltage gain (Vdc) 2 11.6 

DC link Settling time (sec) 1 0.5 

THD 2.73 0.77 

 

 

8 Conclusions 

This paper has proposed that the hybrid of solar and battery energy sources is 

utilized with maximum efficiency by using the BDC for the ac loads with 

reduced settling time and harmonics. The power extraction is better in bi-

directional converter based fuzzy PID and are provided in a two-way 

converter followed by a two-way converter. The converter control methods 

include fuzzy-PID voltage control and increase the voltage gain. Both 

forward and reverse power are used for the suggested BDC feeding load 

system, and simulation results have been examined with the help of the 

MATLAB/Simulink platform. 
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