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Abstract:  The reduction of the DC link capacitance in transmission system has reduced the cost and the 

losses in the system. On the other hand, the connection between the DC source and the grid generates 

leakage current. To eliminate these harmonics and distortions, a grid-tie solar inverter with a series 

voltage compensator for reducing the high-voltage DC-link capacitance is presented. The compensator 

obtains energy from the dc link to sustain the voltage on its dc side and generates an ac voltage to 

counter-act the voltage ripple on the dc link. As the compensator processes small ripple voltage on the 

dc link and reactive power, it can be implemented with low-voltage devices, and thus, its volt-amp 

rating is small. As the required energy storage of the dc link, formed by a reduced value of the dc-link 

capacitor and the compensator, is reduced, in the series voltage compensator PI control is replaced by 

HYBRID FUZZY to get the better power outputs with less losses. Finally a Mat lab/ Simulink based 

model is developed and simulation results are presented. 
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I . INTRODUCTION : In todayôs eco-conscious 

world, the rapid pace of advancement in smart 

grid technology has a positive effect on the 

electricity industry reforms. The goal is to use 

smarter control of distributed energy sources 

combined with intelligent demand side 

management to improve the overall efficiency 

and reliability of the power grid .regardless of 

the type of the distributed power generation unit 

used. Today in our electrical world the main 

problem is failure in transmitting the power with 

less losses . better overall efficiency at a 

reasonable cost. They are so many losses comes 

into picture while transmitting the power from 

one place to another place .They are so many 

losses like voltage sag, voltage swell ,Total 

harmonic Distortion large value of DC link 

capacitance etc. In that all losses our project is to 

reduce the value of DC link capacitance. 

Nowadays, the development of new energy 

sources had raised , due to the inconsistency of 

the resources like coal, oil etc ,because of that 

the renewable energy sources like solar PV 

systems comes into picture in applications for 

the generation of electricity in a natural way 

without causing effect to the environment . 

Photovoltaic have applications ranging from 

small power supplies to power grids. 

Photovoltaic systems connected to the grid have 

several advantages such as simplicity in 

installation, high efficiency, reliability and 

flexibility. With a reduction in system cost PV 

technology seems to be an efficient means of 

power generation. A solar grid connected power 

generating system usually consists of a solar 

panel in which the solar cells are arranged to 

track sunlight, an inverter to convert the DC to 

AC and a FACTS device to improve the power 

transfer capability. This paper extends the scope 

of study by applying the in SSSC and a 

HYBRUD FUZZY for a grid-tie solar inverter 

with an input boost converter and an output dcï

ac converter. The compensator processes an ac 

power, which is double of the line frequency. 

Since the steady-state power handled by the 

compensator is time-varying, the static and 

dynamic behaviours of the system need to be 

studied. They include: 

1) DC analysis of the whole system; 

 

2) Modelling of the dynamic characteristics of 

the boost converter, compensator, and output 

dcïac converter, and their integration for 

describing the dynamic characteristics of the 

whole system; 

3) Effects of the variations of the values of the 

dc-link capacitor and the dc capacitor in the 

compensator on the static and dynamic 

behaviours  

4) Interactions between the boost converter and 

compensator, and between the compensator and 

dcïac converter, and thus the system stability 

Moreover, a detailed investigation into the 

external characteristics of the entire inverter, 

including the solar panel string voltage, output 

grid current and voltage, and transient response 

of the dc link. The study is not limited to the 

performance of the compensator only. The block 

diagram for the system is shown in fig 1. 

 
phase and amplitude with vdc. Without any 

external power supply, the power dissipation of 

the voltage Compensator is obtained from the dc 

link. Practically speaking, instead of a pure ac 

voltage, both vab and vcon consists of not only 

ac component, but also small amount of the dc 

component .Since the input current of the grid-

tie inverter consists of the dc component, some 

power will be absorbed by the compensator if 

vab consists of the dc component. 

 
 

II OPERATION OF THE SERIES 

VOLTAGE  COMPENSATOR: The 
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architecture of the grid-tie solar inverter system 

with a series voltage compensator connected to 

the dc link. The system consists of two power 

conversion stages. The front stage is a dcïdc 

boost converter. It is connected between a string 

of solar panels and the dc link. The output stage 

is a grid-tie dcïac converter, which is connected 

between the dc link and the power grid. The 

compensator, which is a capacitor supported 

full -bridge dcïac converter without an external 

dc source, is connected between the two 

converters. The voltage compensator generates 

an ac voltage that counteracts the ripple voltage 

on the output of the boost converter. Thus, the 

input of the grid-tie inverter is a dc voltage equal 

to the average value of the voltage vdc across the 

dc-link capacitor Cdc. The dc-link voltage vdc 

and the input voltage of the voltage compensator 

va are sensed. The scaling factor Ŭ is the ratio 

between Vtric and Va,ref , where Vtric is the 

amplitude of the triangular carrier signal vtric in 

the PWM controller and Va,ref is the voltage 

reference for the input voltage of the voltage 

compensator. The difference between Va,ref and 

va is processed by a PI controller G(s) to give an 

offset voltage vos . The control signal vcon is 

obtained by combining Ŭ vdc with vos. The dc 

component of Ŭ vdc is ideally cancelled in vcon 

by vos as Vos =īŬVdc, where Vos and Vdc are 

the dc component of vos and vdc, respectively. 

With such arrangement, it is unnecessary to use 

a high-pass filter to extract the ac component of 

vdc. At the same time, the stable dc level of va 

can be obtained by voltage control, which 

ensures the compensator only handles the 

reactive power in the steady state. During the 

steady-state operation, vcon equals the 

conditioned ac component of Ŭvdc. It is then 

used to compare with the triangular carrier 

waveform in the pulse width modulation 

modulator to generate the voltage vab having the 

same.  

III STEADY STATE CHARACTERISTICS 

OF TH VOLTAGE COMPENSATOR  

Since the voltage compensator counteracts the 

ripple voltage on the dc-link capacitor only, the 

input voltage of the grid-tie dcïac converter, vd , 

is equal to Vdc. The input current of the dcïac 

converter, id , can be expressed as 

 
 

the average power absorbed by the voltage 

compensator Pab is 

 

 

 

 

 

 

 

 

The relation between vab and va can be 

expressed as 

 

 

 

 

 

 

 

 

 

 

 

The operation modes of the voltage 

compensator. When S2 and S3 are on, the 

capacitor Ca is charged by the load current id. 

Conversely, when S1 and S4 are on, the 

capacitor Ca is discharged by id. 
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Fig 3: Modelling of boost converter  

a)  Power stage b) Control block diagram 
 

 
Fig 4: Modelling of compensator 

a) Power Stage b) control block diagram 

 

 

 

 

 

 
Fig 5: Modelling of the DC-AC converter  

a) Power Stage b) Control Stage 
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Fig 9: Architectur e of the whole system 

 

IV HYBRID  FUZZY Logic Controller : Hybrid 

FUZZY is the combination of PI and FUZZY 

logic controller corresponding block diagram 

shown in figure as pointed out, the plant must be 

capable of being compensated by a PI controller 

for the hybrid controller method to work. The 

control action is the sum of a FUZZY controller 

output and the proportional integral of the error 

term scaled by a gain. The integrator provides 

the additional signal to correct for error. 

 

 

 

 

 

 

 

 

 

 

Fig 10: HYBRID FUZ ZY logic controller  

 

 

. 

 

A) Proportional Integral Controller : PI 

(proportional integral) control is one of the 

earlier control strategies. Its early 

implementation was in pneumatic devices, 

followed by vacuum and solid state analog 

electronics, before arriving at todayôs digital 

implementation of microprocessors. It has a 

simple control structure which was understood 

by plant operators and which they found 

relatively easy to tune. Since many control 

systems using PI control have proved 

satisfactory, it still has a wide range of 

applications in industrial control. PI control has 

been an active research topic for many years. 

Since many process plants controlled by PI 

controllers have similar dynamics it has been 

found possible to set satisfactory controller 

parameters from less plant information than a 

complete mathematical model. FUZZY logic is a 

method of rule-based decision making used for 

expert systems and process control that emulates 

the rule-of-thumb thought process used by 

human beings. Due to these properties, FUZZY 

logic can be used to control a process that a 

human can control manually with expertise 

gained from experience. The linguistic control 

rules that a human expert can describe in an 

intuitive and general manner can be directly 

translated to a rule base for a FUZZY logic 

controller. In this paper DC motor is first tuned 

using FUZZY logic controller and then 

optimized using FUZZY logic controller to 

improve the various process parameters follow. 

 

The PI controller is the most common 

form of feedback. It was an essential element of 

early governors and it became the standard tool 

when process control emerged in the 1940s. In 

process control, more than 95% of the control 

loops are of PI type, most loops are actually PI 

control. PI controllers are today found in all 

areas where control is used. The controllers 

come in many different forms. There are 

standalone systems in boxes for one or a few 

loops, which are manufactured by the hundred 

thousand yearly. PI control is an important 

ingredient of a distributed control system. The 

controllers are also embedded in many special 

purpose control systems. PI control is often 

combined with logic, sequential functions, 

selectors, and simple function blocks to build the 

complicated automation systems used for energy 
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production, transportation, and manufacturing. 

Many sophisticated control strategies, such as 

model predictive control, are also organized 

hierarchically. PI control is used at the lowest 

level; the multivariable controller gives the set 

points to the controllers at the lower level. It is 

an important component in every control 

engineerôs tool box. PI controllers have survived 

many changes in technology, from mechanics 

and pneumatics to microprocessors via electronic 

tubes, transistors, integrated circuits. The 

microprocessor has had a dramatic influence on 

the PI controller. Practically all PI controllers 

made today are based on microprocessors. This 

has given opportunities to provide additional 

features like automatic tuning, gain scheduling, 

and continuous adaptation. Controllers are 

designed to eliminate the need for continuous 

operator attention. Cruise control in a car and a 

house thermostat are common examples of how 

controllers are used to automatically adjust some 

variable to hold the measurement (or process 

variable) at the set-point. The set-point is where 

you would like the measurement to be. Error is 

defined as the difference between set-point and 

measurement. 

Error = set-point - measurement. 

The variable being adjusted is called the 

manipulated variable which usually is equal to 

the output of the controller. The output of PID 

controllers will change in response to a change in 

measurement or set-point. Manufacturers of PID 

controllers use different names to identify the 

three modes. These equations show the 

relationships: 

P (Proportional) = 100/gain 

I (Integral) = 1/reset (units of time) 

Depending on the manufacturer, integral or reset 

action is set in either time/repeat or repeat/time. 

One is just the reciprocal of the other. They often 

use reset in units of time/repeat or integral in 

units of repeats/time. Derivative and rate are the 

same. Choosing the proper values for P, I, and D 

is known as PID Tuning. 

B) FUZZY LOGIC CONTROLLER : FUZZY 

logic is widely used in machine control. The 

term FUZZY refers to the fact that the logic 

involved can deal with concepts that cannot be 

expressed as ñtrueò or òfalseò but rather as ñ 

partially true ñ.although alternative approaches 

such as genetic algorithms and neural networks 

can perform just as well as FUZZY logic , In 

many cases FUZZY logic has the advantage that 

the solution to the problem can be cast in terms 

in that human operators can understand , so that 

their experience can be the Dems sign of the 

controller .This makes it to mechanize tasks that 

already successfully performed by humans. 

FUZZY logic is a method of rule-based decision 

making used for expert systems and process 

control that emulates the rule-of-thumb thought 

process used by human beings. The basis of 

FUZZY logic is FUZZY set theory which was 

developed by Lotfi - Zadeh in the 1960s. FUZZY 

set theory differs from traditional Boolean (or 

two-valued) set theory in that partial 

membership in a set is allowed. Traditional 

Boolean set theory is two-valued in the sense 

that a member belongs to a set or does not and is 

represented by 1 or 0, respectively. FUZZY set 

theory allows for partial membership, or a 

degree of membership, which might be any 

value along the continuum of 0 to 1. A linguistic 

term can be defined quantitatively by a type of 

FUZZY set known as a membership function. 

The membership function specifically defines 

degrees of membership based on a property such 

as temperature or pressure. With membership 

functions defined for controller or expert system 

inputs and outputs, the formulation of a rule base 

of IF-THEN type conditional rules is done. Such 

a rule base and the corresponding membership 

functions are employed to analyze controller 

inputs and determine controller outputs by the 

process of FUZZY logic inference. By defining 

such a FUZZY controller, process control can be 

implemented quickly and easily. Many such 

systems are difficult or impossible to model 

mathematically, which is required for the design 

of most traditional control algorithms. In 

addition, many processes that might or might not 

be modelled mathematically are too complex or 

nonlinear to be controlled with traditional 

strategies. However, if a control strategy can be 

described qualitatively by an expert, FUZZY 

logic can be used to define a controller that 

emulates the heuristic rule-of-thumb strategies 

of the expert. Therefore, FUZZY logic can be 

used to control a process that a human can 

control manually with expertise gained from 

experience. The linguistic control rules that a 

human expert can describe in an intuitive and 

general manner can be directly translated to a 

rule base for a FUZZY logic controller 
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Fig 11: Block diagram of FUZZY Logic 

Controller  

(FLC) to maintain the dc capacitor voltage 

constant. Inputs to the FLC are the voltage error 

signal and change in voltage error signal ù and the 

output of the FLC is, the loss component of the 

current. FUZZY systems are knowledge-based or 

rule based system, which transforms human 

knowledge into FUZZY IF-THEN rules in a 

systematic procedure to provide control action. 

FUZZY logic control was first proposed by 

Professor Lofti Zadeh in 1965, where he deduced 

FLC from FUZZY set theory, in which, 

transition is being the FUZZY between 

membership and non-membership function. 

Since then FLCs has been successfully 

implemented in active power filters as reported 

in various components of the FLC are explained 

in brief: 

a)Fuzzifier: The fuzzifier acts as an interface 

between the real world and the FUZZY 

inference, which converts the real time values 

into a linguistic variable (FUZZY number) 

b)FUZZY Inference: The FUZZY inference are 

used to combine FUZZY IF-THEN rules to map 

a FUZZY set A in U to a FUZZY set B in V. It is 

considered as the brain of the FLC. We have 

used Mamdani's 'min' operator for our FLC. 

c) Rule Base: FUZZY rule base consists of set 

of simple FUZZY IF-THEN statements based on 

input and output of FLC. It is considered as the 

heart of the FLC as all other components are 

used to implement these rules in a reasonable 

and efficient manner in order provide proper 

control. An example of the FUZZY IF-THEN 

rules in the FUZZY rule base is given as where 

&  are the input and output of the FLC and 1,2&3 

are the membership functions. 

V. MATLAB/SIMULINK RESULTS  

A) Without compensator:  

 
Fig 12: System without using SSSC 
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Fig 13: Steady state response of the system 

without using compensator 

a) Rated load, b) 50% of rated load, c) 10 % 

of rated load 

 

 
Fig 14: Transient response of the system without 

compensator 

a) From full load to 10% load, b) From 10% load 

to full load, c) With Compensator 

 
 

 

 
 

Fig 15: steady state response of the system 

 with using voltage compensator 

a)Rated condition, b)  50%of rated condition, 

c) 10% of rated condition 

 

 
Fig 16: Transient response of system 

with svc a) Full load to 10% load b) 

10%load to full load 
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Figure 17: Simulink model diagram without 

using any compensator 

 
 

 
 

 

Fig 18: Simulink output without using 

compensator 

 

Fig 20: THD Ig Simulink model diagram with 

using compensator 

 
 

Fig21: Simulink model diagram with 

Compensator 

a) Using PI controller in SSSC 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 22:Simulink output using PI Control  logic 

 

 
Fig 23: THD Vg 
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Fig 24: THD Ig  

 

 

 
Fig 25: Simulink output using FUZZY logic 
 

 
Fig 26: THD Vg 

 
Fig 28: SImulink output Using 

 

 
Fig 29:THD Vg 

 

 
Fig 30:  THD Ig 

 
 


