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Abstract: In this project, the purpose is to boost power 

quality by combining a type-2 fuzzy logic controller and 

a DVR attached to a solar panel. The three-phase, three-

wire distribution system may be compensated for by 

utilizing a DVR or PV system, for example. For long-

term correction of power quality issues, the DVR system 

makes use of a PV source. The PV module may easily 

match the load requirement if the DVR is used to 

minimise grid energy use. Since type-2 fuzzy logic 

controllers have lower THD than type-1 fuzzy logic 

controllers, we're employing them in the DVR system. 

The recommended technique has resulted in an 

improvement in efficiency. 
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I. INTRODUCTION 

Many places of the globe have access to electricity, 

making it a need for many people. There are a 

variety of renewable energy sources (RESs), 

including solar, solar thermal, wind, and more. This 

instability is due to a combination of intermittent 

RESs, harmonic distortion and reactive power 

issues in the power supply. As a result of FACTS, 

voltage stability, and power quality may be 

improved in distribution networks across the globe. 

The transmission and distribution system are also 

affected by FACT devices in other ways. This 

examination of electrical quality is intended to 

reveal what: 

II. LITERATURE SURVEY 

For PT DSS power plant, Martiningsih et al. 

advocate adding a DVR that acts as a compensation 

and is linked in series to the distribution line. PI-

based DVRs may help enhance the quality of 

electricity. [1]. 

In an effort to improve the quality of power 

systems, estimably et al. have suggested that DVR 

may be used to remove voltage sags. Electrical 

equipment's efficiency is reduced as a result. As a 

consequence of this work, DVRs can now handle 

voltage sags and swells with relative ease. [2]. 

A PET-based power supply system might minimise 

symmetrical and asymmetrical dips and surges. In 

both symmetric and asymmetric designs, this new 

design significantly minimises voltage losses. 

III.PROPOSED SYSTEM 

a) System description 

Increasing feeder capacity, eliminating losses, and 

reducing maximum rms values of line currents are 

all necessary to enhance power quality at the load 

bus. The broad consensus was that any departures 

from the norm should be discounted. The source's 

output voltages. Since the source voltage fluctuates 

less than the load, the source voltage is more stable 

than the load. In distribution systems, nonlinear 

loads may create harmonic components in the 

supply voltages if they are not corrected. Series-

connected compensators are used to mitigate the 

effects of a subpar power supply. To adjust for 

voltage dips and surges, Dynamic Voltage Restorer 

(DVR) devices are utilised. 

There has been an increase in the usage of digital 

video recorders (DVR) to secure paper mills and 

other manufacturing facilities. Modules in DVRs 

typically have between two and five terabytes of 

storage. They've shown their value in substations 

ranging from 11kV to 69kV. For safety reasons, a 

DVR is needed to provide electricity to the load. 

For long periods of time, a shunt converter may be 

attached to the DC side of the DVR to provide 

power. In this section, a DVR may be used to 
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measure the fundamental voltage.

 

Type-2 FLC and PV blocks are included 

into the Model DVR (Fig. 1) 

To get the required voltage, a large number of 

voltage source converters are linked in series. The 

voltage and phase of each phase may be precisely 

tailored to meet the demands of the user. The DVR 

may be used in two ways. 

The injected voltage is zero while the system is in 

standby mode, often known as the SCO mode for 

short circuit operation. 

Increasing the price is a second possibility (when 

the DVR injects a required voltage of appropriate 

magnitude and phase to restore the pre-fault load 

bus voltage). 

 

Figure 5.1 shows the four sections of the DVR's 

power supply circuit, which are represented in the 

figure below. 

 

b) Voltage Source Converter (VSC) 

Three-phase, three-wire, and four-wire VSCs are 

all readily accessible. A benefit of the latter is the 

addition of zero-sequence voltage injection. When 

using the Graetz Bridge, it is possible to use a two- 

or three-level converter. 

 

c)Boost or Injection Transformers 

Three single-phase transformers connected 

in series are required to connect the VSC, which 

runs at a lower voltage, to the distribution feeder. A 

star/open star winding or a delta/open star winding 

combination may be used to connect the three 

single transformers. This method does not allow for 

the injection of zero sequence voltage. The 

injection transformer's winding is dependent on the 

step-down transformer's connection to the load. 

 

d)Passive Filters 

The converter or high voltage side of a boost 

transformer may both benefit from passive filters. 

When converter side filters are applied, lower 

voltage components are made possible by keeping 

higher order harmonic currents out of the 

transformer windings. The filter inductor has two 

drawbacks: voltage loss and phase shift (change in 

angle) of the injected voltage (basic component). 

DVR control mechanism might be the culprit. 

Higher frequencies may thus flow through the 

transformer windings, reducing the drawbacks 

while increasing the transformer ratings owing to a 

high leakage reactance. 

 

e) Energy Storage 

To keep the load running in the event of a 

substantial voltage decrease, this is necessary. 

Lead-acid batteries an auxiliary bridge converter 

supplied by a different AC source may additionally 

power the DC side of the VSC. 

 

f) BY-PASS switch  

DVRs are connected in a series, as previously 

stated. The inverter will fail if there is an issue with 

the power supply. The inverter is protected by the 

By-pass switch. For getting around the inverter 

circuit, crowbar switches are often used. If the 

crowbar came into touch with any of the inverter's 

wires, it would shut it off. The inverter components 

may be bypassed if current is too high, on the other 

hand. 

 

IV.CONTROL STRATEGY 

There are three basic control strategies as follows. 

a) Pre-Sag Compensation 

Maintaining the pre-sag load voltage requires 

continual monitoring of the power supply. This 

method, which generates load voltage that is 

(almost) noise-free, requires a higher DVR rating. 

Before a sag, VS = VL = Vo is the baseline. The 

voltage sag causes the supply voltage to decrease to 

VS1. The phase angle of the supply might 

potentially alter as a result of this (see Fig.5.2). 

Voltage VL = VS1+VC1 is the load voltage, and 

the DVR adds an additional voltage to keep it 

stable (both in magnitude and phase). As a result of 

the sensitive nature of a few loads, some sources 

say that adjusting for both phase jumps and voltage 

drops is important.

 
Fig 2 pre sag phaser diagram 
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b) In-phase Compensation 

It doesn't matter what the load current or pre-sag 

voltage is, since the DVR injected voltage is 

always in phase with the supply voltage. So as a 

result (Vo). By using this technique, the injected 

voltage is reduced to the minimum practicable level 

(magnitude). However, there is an issue with the 

phase of the load voltage. Loads that aren't phase-

sensitive might benefit from this management 

strategy to get the most out of the DVR's voltage 

rating. The DVR uses some power when these 

features are enabled. 

c)control system for DVR  

Blocked access to DVR controls SRF theory is 

used in Fig.5.3 to estimate the reference signal. The 

IGBT gate signals are determined by measuring the 

voltages at the PCC and load terminals. Using the 

generated unit vector, a reference load voltage, 

V*L, may be calculated. This method transfers load 

voltages (VLa, VLb, and VLc) produced by a 

phase-locked loop to a rotating reference frame 

using unit vectors (sin, cos, and). 

(1) 

Similarly, reference load voltages 

 

 
 When converting PCC vS voltages, a revolving 

reference frame is also used as a conversion aid. 

The DVR voltages are then measured in the 

following manner using the rotating reference 

frame: 

vDd =vSd – vLd    (2) 

vDq =vSq – vLq    (3) 

 
 

Fig. 3. Control block of the DVR that uses the SRF 

method of control. 

 

V.PROPOSEDTYPE-2FUZZY CONTROLLER 

 

Type 1 Fuzzy Logic Controllers (T1FLC) are not 

able to achieve acceptable performance levels with 

a sufficient structural complexity when a system 

has a high degree of confidence. Additionally, 

T2FLC is a great tool for study into time series 

prediction and mobile robot control. Also 

recommended are the usage of VLSI and FPGA 

devices (FPGA). In terms of prediction accuracy, 

Liang Q and Mendel J M (2000) claim that T2FLC 

is more accurate than T1FLC. Real-time mobile 

robots should use T2FLCs. According to the 

literature, a T2FLC using type-2 fuzzy sets is more 

effective than a typical T1FLC in handling system 

uncertainties. However, T2FLC decreases the 

number of rules that must be decided, even if 

parameters remain constant. 

In 1975, Zadeh created the first type-2 fuzzy sets. 

Type-2 fuzzy sets evolved from type-1 fuzzy sets in 

the same way. At least one type-2 fuzzyset may be 

identified by using the term "type-2 fuzzyset" while 

describing a Fuzzy Logic Set. Uncertainty may be 

measured using the Type 2 FLS. Rule-based FLS 

uses type-2 fuzzy sets to express and minimize the 

effects of uncertainty. 

After Mendel and Karnik's work, Mendel and 

Karnik expanded on type-2 fuzzy sets. 

Type-2FuzzyLogicsets seem to be more successful 

at dealing with uncertainty than type-

1FuzzyLogicsets. Using type-2 FLS instead of 

type-1 FLS was shown to be a preferable option for 

practical applications when measurement noise and 

modelling error are a concern. 

Rule-based fuzzy logic processes nonlinear input 

into a scalar output using if-then statements, which 

are the fundamental building blocks of fuzzy logic. 

Regardless of how they are organised, the rules are 

reviewed simultaneously. Due to their 

concentration on variables and descriptive 

adjectives, they are an effective analytical tool. All 

of the nouns and adjectives that characterise a rule 

must be taken into consideration while developing 

a rule-understanding system. 

As opposed to type-1 fuzzy sets, which cannot be 

used to describe uncertainty, type-2 fuzzy sets are 

largely relied upon by FLSs. An illustration of a 

Type 2 car. 
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FuzzyLogicSystem(T2FLS) is described 

inFigure5.1. 

 

Figure.4: BlockdiagramofType-

2FuzzyLogicSystem 

For Type-2 FLS design, there is an additional block 

- type reducer - in the block diagram, which is not 

included in Type-1 FLS design. The Type 2 FLS 

offers certain benefits in dealing with uncertainty, 

but the mathematical computation is also increased 

as a result. 

TheblocksofType2FLSareas: 

Fuzzifier: The inference engine is activated by the 

fuzzifier, which turns type-2 fuzzy sets into crisp 

inputs. 

Rule base: It's the same set of rules, except Type-2 

fuzzy sets represent antecedents and consequences 

in a T2FLS. 

Inference: The rule base and operators like union 

and intersection are used to assign fuzzy inputs to 

fuzzy outputs in the inference phase. Instead of 

union and intersection, type-2 fuzzy sets employ 

join (M) and meet (M) (). New members of the 

staff are taking on some additional duties for the 

membership. 

Type-reduction: lowering the inference engine's 

Type-2 fuzzy outputs to Type-1 fuzzy sets by type 

reduction produces type-reduced set outputs. A 

particular kind of T2FLS may be reduced in 

number in two ways. There are two examples of 

this approach: the Karnik-Mendel iteration method 

and the Wu-Mendel uncertainty limits method. 

Type reduction may be accomplished in a variety 

of ways, much like type-1 defuzzification. The KM 

Algorithm, invented by Karnik and Mendel, makes 

type reduction simpler. The cyclical nature of this 

strategy doesn't detract from its usefulness, though. 

The centroid is used in each of these methods. 

Defuzzification: After type reduction, the output 

processing chain proceeds with defuzzification. By 

averaging the two end points of the type-reduced 

collection of fuzzy intervals, it is possible to 

defuzzify an Interval type-2 interval. This is the 

output that is passed to the defuzzification block 

after the type reduction block. Type-reduced sets 

are averaged to obtain the defuzzified value. In a 

Type1FLS, output processing, called 

defuzzification, mapsa type-1fuzzy set in to a 

number. The gravitational center of the 

membership function may be computed by 

averaging the membership functions of each fired 

rule (the result is a new type-1 fuzzy set). It is also 

feasible to calculate the gravitational centers of the 

weighted average. 

Fluffy set values may be converted to numerical 

values by using the Type-2 FLS, as demonstrated 

in Figure 5.1.1. To begin, a process known as type-

reduction must be used to reduce a type-2 fuzzy set 

to a type-1 fuzzy set. If you want to "rotate the 

valve slightly to the right," for example, you'll need 

a number, not just a vague set, to answer your 

question in technical speak. It is impossible for 

automated valves to understand the expression "a 

little to the right" since spoken words cannot be 

transformed into numerical values like degrees. 

The output of a fuzzy set may be converted to a 

numerical number using the OutputProcessingblock 

in Figure 4. 

There are two types of type-2FLS: numerical 

numbers and a restricted collection of information. 

Interval type-2 FLS input measurements that 

triggered rules with unclear antecedents, 

consequences, or both have contributed to this 

degree of uncertainty in the FLS. Since standard 

deviation is frequently utilised in probability and 

statistics, there may be some ambiguity in the type-

2 FLS report. 

VI.SIMULATION RESULTS 

 

Journal of Engineering Sciences Vol 13 Issue 06,2022 ISSN:0377-9254

www.jespublication.com Page 1414



Fig.5 MATLAB/SIMULINK circuit diagram 

of the proposed system 

 
Fig.6 subsystem of control system 

 
Fig 7 type-2 fuzzy logic controller subsystem 

 
Fig .8 (a)Source voltage (b)Load voltage (c) 

injected voltage 

 
Fig.9 load voltage THD% = 0.9 

 

CONCLUSION 

The DVR has shown to be a useful and 

successful tool for enhancing the quality of 

electrical power. MATLAB/Simulink was used to 

develop and simulate a type-2 Fuzzy based DVR 

control circuit and power system. The DVR is 

tested both with and without the DVR. It is possible 

to produce an unpredictably warped voltage by 

using a programmable voltage source with a 3rd 

harmonic content and introducing it into the power 

supply at the beginning of the design process. 

Because of the proposed DVR's type-2 Fuzzy-

based control approach, there was less harmonic 

content in the voltage profile maintained by it. A 

voltage supply problem may be resolved and the 

load voltage maintained in the optimal range by 

using the DVR to inject the appropriate voltage 

component into the voltage supply. [*] This 

research might go in the direction of developing an 

adaptive Neuro Fuzzy controller-based control 

method for improving power quality. 
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