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Abstract 
 

This paper presents using of alternate input energy source for optimization of DC bus voltage regulation and maintaining of availability of 

DC bus voltage with grid connected single phase bi-directional converter. Power generated by PV system and DC-DC boost converter with 

MPPT technology and fuzzy logic control for DC applications. Excess power available in the solar panel will return back to AC grid. DC 

power will be drawn from the AC grid when the intensity of sun is less. Maximum power output is obtained by using MPPT technique 

from PV panel. FUZZY controller is also used along with MPPT to control the final DC output voltage regulation of solar panel connected 

to the DC bus and for smooth power transfer. Simulation and actual experiments results are shared in detail for the implementation of 

MPPT with FUZZY controller and the modes of operation of Bi-directional converter. 
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1. Introduction 

In major European countries DC power is used instead of AC power 

because of the above mentioned problem. But this system also have 

a drawback of dc-bus voltage regulation getting affected, when 

more load variation in DC distribution system take place. So proper 

management have to be done for power sharing and to maintain DC 

bus voltage regulation.  

Solar power is used as the input along with grid connected bidirec-

tional converter which is connected to AC source are helpful for DC 

bus voltage regulation and power stability is explained using Fuzzy 

controller technique on MPPT. Bi-directional converter is helpful 

in regulating DC voltage, reducing the cost and to obtain harmonies 

ac/dc distribution system. When the output from the solar panel is 

higher than the required output bi-directional converter injects the 

increased power into AC grid that is said to be grid-connected ap-

proach. In other words, the rectifier yield power from the AC grid 

to compensate the DC load requirement, which is defined as recti-

fication mode.  

To trail the highest power point of the solar panel output the MPPT 

control is used and to have best voltage regulation, the Fuzzy logic 

control is additionally added along with MPPT control which con-

trols boost converter to maintain dc bus voltage within targeted or 

expected value . For study purpose, the DC bus voltage considered 

here is 50V dc. Modes of operation of bidirectional converter are 

inversion and rectification mode.  

When there is broad variation in the AC grid supply (230V +10% 

and -11%), the bidirectional converter needs to works as boost con-

verter to get expected dc bus voltage when the input ac grid voltage 

is below certain level. Similarly step down or Buck converter oper-

ation is needed when the input ac grid voltage is above certain level. 

Under rectification mode operations, boost functionality has been 

studied and explained in this paper with simulation results. 

2. System configuration and design 

 
 

Fig. 1: Proposed System Configuration. 

 

Fig.1 shows the proposed scheme in which the PV solar panel out-

put is connected to the input of boost converter and the boost con-

verter output connected to the dc grid. In typical application, the 

nominal voltage of the dc bus is 380V dc. DC load is connected 

across the dc grid. Bidirectional converter using H-bridge converter 

configuration is connected between dc grid and ac grid, ac load. 

Relay is used to control supply goes to ac load. 

VDC is solar panel output voltage sensing signal. IDC is solar panel 

output current. It goes to control section where the MPPT with 

fuzzy control will follow the maximum power point of the solar 

panel and to control the output voltage of the boost converter or dc 

bus voltage within set value. Perturb and observe MPPT algorithm 
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is used for maximum power point tracking purpose. Isolated gate 

drive is used to trigger the boost converter switch with controlled 

PWM signal comes from the MPPT/Fuzzy controller with galvanic 

isolation. Thus complete power and control section of solar dc out-

put to dc grid has been designed. H-Bridge bidirectional converter 

using MOSFET is connected between dc grid and ac grid. When 

solar panel output is healthy, the surplus power output of solar panel 

will be transferred to ac grid and ac load through bi directional con-

verter by operating it as inverter by keeping dc grid voltage within 

targeted range. This is called “selling or grid connected mode”. 

When solar panel output goes below certain level due to less solar 

energy, the power and dc voltage level of the dc grid will be sourced 

and maintained from the ac grid through bi directional converter by 

operating it as rectifier. This is called “rectification mode”. 

3. Implementation of MPPT with fuzzy to con-

trol solar output boost converter 
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Fig. 2: Boost Converter Control Scheme with MPPT with Fuzzy Control. 

 

Fig.2 shows the simulation diagram of boost converter control 

scheme portion of solar panel output in which MPPT with Fuzzy 

control technique is implemented. Maximum power point tracking 

is done by using perturb & observe (P&O) algorithm .Solar panel 

output current and voltage are sensed and given as input signals to 

the control block as shown . Using P&O MPPT algorithm, the 

power level of latest and previous output of solar panel are esti-

mated and net control signal is generated from the MPPT control 

block. DC bus reference voltage and actual output of dc bus voltage 

are compared and error and change in error are used as two inde-

pendent inputs to fuzzy controller as shown in the figure. Output of 

the fuzzy controller is summed with output of MPPT controller and 

final duty ratio controlled control signal is generated which goes to 

PWM block to produce gate drive pulses to switch boost converter 

MOSFET . Output of the boost converter is controlled dc voltage 

connected to dc bus. In this paper, design is made to have 50V con-

stant dc voltage across dc bus. But actual dc bus voltage is 380V 

nominal in practical application. DC bus voltage regulation is better 

and tighter when controlling boost converter using combination of 

MPPT with Fuzzy logic control. 

4. Implementation of fuzzy control 

 
Fig. 3: Basic Fuzzy Logic Control Block. 

 

Fig.3 shows basic fuzzy logic controller scheme. In various indus-

trial applications; fuzzy controller is one of the famous controllers 

used in a wide range. The process of fuzzy logic controller strategy 

contains fuzzification, decision making and defuzzification.  

i) Fuzzification is the progression on behalf of the responses as 

suitable linguistic variable  

ii) Decision Making is castoff for suitable control action to car-

ried out. It is based on the information base and rule base. 

Knowledge base and rule base are the details about the lin-

guistic variables and control rules  

iii) Defuzzification is the method of altering fuzzified output into 

crisp value. 

Fuzzy Logic Algorithm: 

Below is the procedural steps to implement fuzzy control tech-

niques. 

A: State linguistic Variables and terms  

B: Paradigm the membership functions 

C: Paradigm Rule base 

D: Transform crisp data to fuzzy values by  

 Membership function. 

E: Estimate rule in the rule base  

F: Combine the outcome of each rule  

G: Transform output data to non fuzzy or crisp value 

 

 
Fig. 4: Fuzzy Controller with Input /Output Signals. 

 

Fig.4 shows the fuzzy control scheme used in the project to control 

the solar output boost converter in order to regulate the dc bus volt-

age. Vout is dc bus voltage and reference voltage is 50V which is 

target value of dc bus voltage. Difference between two inputs is er-

ror (e) and difference between current error and previous error is 

change in error (ce). Both error and change in error signals are the 

input to fuzzy controller. Output of fuzzy controller is crisp output 

which is summed with output of MPPT controller. Summation of 
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both control output signal gives final control signal which controls 

boost converter. The following details show the step by step proce-

dure and set up made in the MATLAB simulation tool to implement 

functionality of fuzzy control. 

 

 
Fig. 5: Fuzzy Editor. 

 

Fig .5 shows error input and change in error input in the form of 

membership chart which are interfaced with fuzzy controller as the 

input data. 

 

 
Fig. 6: Membership Function Editor –Error Input. 

 

Fig.6 shows membership function plot of “error “input signal. Tri-

angle member ship function is used to indicate error input signal. 

Error input signal classified into five membership functions with 

five membership labels. X-axis of the membership chart indicates 

range of input signal or input variable which is -5 to +5. Y-axis in-

dicated membership grade from 0 to 1 range. The input data a grade 

ranges between 0 to 1 based on how comfortably it accommodates 

into every membership function.  

 

 
Fig. 7: Membership Function Editor –Change in Error Input. 

 

Error and change in error are having independent membership label 

of 5 types which are as follows. The difference is between negative 

big to positive big. 

NB - Negative big,  

NS - Negative small 

ZE - Zero,  

PS - Positive small,  

PB - Positive big 

 

 
Fig. 8: Overall Control Flow Chart. 

 

Fig.8 shows flow chart of fuzzy control and its step by step ap-

proach in controlling duty ratio of the gate pulse of boost converter 

and maintaining of dc bus voltage regulation. When the solar output 

is available and it is at maximum power point level, the fuzzy con-

trol comes into action. If the error is positive, the positive rule will 

be applied otherwise the negative rule will be applied in order to 

generate duty cycle controlled output signal. The duty ratio con-

trolled output signal of the MPPT cum fuzzy control block is used 

as input to PWM block and it is compared with the carrier signal of 

5KHZ.Thus gate drive PWM pulse will be generated to drive boost 

converter MOSFET. Under this condition the bidirectional con-

verter will be operating as inverter .When the solar panel output is 
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not at healthy level, the bi directional converter will operate as rec-

tifier and dc bus voltage will be supplied from the ac grid.  

Formation of fuzzy set of rules is done based on the number of sub 

sets of universe of discourse or membership label or section. In this 

project, there are 5 subsets and the total number of rule is (5x5) 25. 

More number of sub sets will have more number of rules and more 

rules will increase accuracy of the system performance but com-

plexity of the control scheme will also increase.  

Fuzzy Logic Rule matrix  

 

 
Fig. 9: Fuzzy Logic Rule Matrix. 

 

Fig.9 shows the matrix form of Fuzzy rules. Error input (e) has its 

five member ship functions (NB, NS, ZE, PS, PB) and Change in 

error input has its five membership functions same as error input. 

So totally there are 25 set of rules formed. 

 

 
Fig. 10: Fuzzy Logic Rules. 

 

Fig .10 shows 25 numbers of different fuzzy rules using IF and 

THEN statement using “AND” operator. 

 
Fig. 11: Pictorial Form of Fuzzy Logic Rules with Two Inputs and Final 

Output of Fuzzy Controller. 

 

Example of output generation: 

 

 
Fig. 12: Execution of One Rule –Example. 

 

 In the Fig.12, based on the input error signal, the particular subset 

of membership function will be selected along with its membership 

grade. (0.48).Similarly based on the change in error input signal, 

the particular subset of its membership function will be selected 

along with its grade. (0.25). Since AND operator is used, the mini-

mum of two grade points will be used to find output value. As per 

fuzzy rule shown under the image and corresponding to minimum 

value (0.25), area will be selected in the NS subset of the output 

membership as shown. Using centre of gravity method, final output 

of FLC (Fuzzy Logic Control) will be generated. 

Fuzzy final output: The end result of the fuzzy controller based on 

defuzzification method used to calculate the outcome values with 

respect to each label. The defuzzification process evaluates all the 

rule outcomes after they have logically added and then calculates a 

value that will be the end result of the controller.  
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Fig. 13: Execution of Two-Rule System –Example. 

 

Fig.13 shows two –Rule system defuzzification and final fuzzy out-

put arrival formula and method .Conversion of this final fuzzy out-

put to crisp output is defined as defuzzification. 

5. Single phase bidirectional converter 

 
Fig. 14: H-Bridge Bidirectional Converter. 

 

Fig.14 shows H-bridge converter using MOSFET which can be 

used as either rectifier or inverter and can transfer power in both 

direction as shown in figure. In this project, bidirectional converter 

works as inverter by transferring power from solar panel output to 

the ac grid and ac load when solar output power is excessive after 

supplying dc load. It also works as rectifier by transferring power 

from ac grid to the dc bus when the solar power goes low below 

certain level. 

In the rectification mode operation, when use only body diode, the 

converter output will be uncontrolled one. To control the rectifier 

output voltage, need to use switch used (MOSFET/IGBT) in the H-

Bridge and control it by controlling duty cycle of the gate pulse. In 

general, in rectification mode converter will be used as boost con-

verter to have expected output dc voltage across dc bus when the 

input ac grid voltage is below required level to generate dc bus volt-

age. 

When operating bi directional converter in the rectification mode, 

the input ac grid voltage variation needs to be considered. When 

360 to 400V is the operating range of DC bus in a 1ɸ system, the 

input ac rms voltage minimum required is 255V. But as per elec-

tricity standard or in developing countries (India), practical ac grid 

voltage variation is 230V +/- 10% and even worst in rural area. Un-

der this broad ac grid input voltage variation, in order to meet dc 

voltage range (Nominal voltage 380V) , the rectifier need to work 

as boost converter or need to boost input voltage to dc bus expected 

voltage level. Paper present output result of bidirectional converter 

in the rectification mode for two extreme input voltage levels (207V 

and 253V). 

 

 
Fig. 15: MATLAB Simulation Diagrambi-Directional Converter as Recti-

fier & Inboost Mode. 

 

Top: Input ac voltage 207V rms. 

Middle: Gate pulse of Bottom MOSFET (D=55%, 50KHZ) 

Bottom: DC bus voltage 380V  

 

 
Fig. 16: Rectifier Mode 230V - 10% Input Ac. 

 

Top: Input ac voltage 253V rms. 

Middle: Gate pulse of Bottom MOSFET (D=40%, 50KHZ) 

Bottom: DC bus voltage 400V. 

 

 
Fig. 17: Rectifier Mode 230V +10% Input Ac. 
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From Fig .15, in the rectification mode, there will be distortion in 

the input current due to high frequency switching which will be lim-

ited by input inductor. Results shows are in open loop condition by 

setting duty cycle manually. During boost mode operation , only 

bottom two MOSFETs will be in conduction mode and top two 

MOSFET will have zero gate signal .Body diode of top MOSFET 

will transfer power from input to dc bus when bottom MOSFET is 

at OFF state . Input inductor store energy when bottom MOSFET 

at ON state and the stored energy and input source will charge the 

dc bus capacitor when bottom MOSFET goes OFF state. 

Bi-directional converter in inverter mode operation: 

In the inverter mode operation, any one type of ac output will be 

generated of square wave, quasi square wave or sine wave using 

sinusoidal pulse width modulation (SPWM) technique. Output total 

harmonics distortion (THD) of voltage will be depended on the type 

of PWM technique used and switching frequency of inverter. 

6. Actual mat lab simulation study 

Fig.18 and Fig .19 given in next page shows complete MATLAB 

simulation diagram of the project and internal logic diagram of 

MMPT with Fuzzy control used for controlling solar panel output 

dc-dc buck –boost converter. Below are the actual electrical input 

and output parameter used for simulation study. 

 

 
 

 
 

Actual simulation design specification: 

a) Reference of DC bus voltage or expected value: 50V dc 

b) Boost converter switching frequency: 5KHZ 

c) AC voltage input used during rectification mode=50V Peak. 

d) AC voltage across AC load or grid during inverter 

Mode=50V peak, 50HZ, Square wave output. 

 
Fig. 18: Complete MATLAB /SIMULINK Diagram. 

 

 
Fig. 19: MPPT with Fuzzy MATLAB Simulation. 

 

 
Fig. 20: MATLAB Simulation Output. 

 

 
Fig. 21: Actual Complete Proto Type. 
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Advantages of Fuzzy control: 

It offers a lot a special features that will project this as an advisable 

choice for most the control systems.  

a) Designing and alteration is comfortable. It can control non-

linear systems which are complicated to resolve which acts 

as feasible system for automation. So it is good control like a 

human thinking. 

b) Fuzzy Logic Controller can be designed even when the un-

derstanding of the system is incomplete; when it is difficult 

to construct the mathematical model of the system. 

c) Fuzzy Logic Controller is easier to prototype & implement 

for most system without any modification. 

7. Conclusion 

Optimization of DC bus voltage regulation and maintaining of 

availability of DC bus voltage using alternate input sources of solar 

and electrical energy with grid connected single phase bi-direc-

tional converter has been studied and presented in this paper . A 

new method of improving dc bus voltage regulation using combi-

nation of MPPT with Fuzzy control has been studied by applying it 

for buck-boost dc-dc converter and related details are presented. 

Implementation of Fuzzy control technique using MATLAB simu-

lation tool has been presented in detail. Analysed operation of 

MOSFET based H-bridge bidirectional converter in the rectifica-

tion mode using wide AC input voltage variation by operating it as 

boost rectifier using MATLAB simulation tool and presented its 

functionality along with input and output parameter waveforms. 

Change over from solar input to AC grid input and vice-versa to 

maintain dc bus voltage has been studied and explained in detail. 

Complete actual proto type hardware along with software design 

has been made and verified its functionality. 
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