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Abstract: The full definition of power factor must include the phase relationship between the 

voltage and current (displacement factor) as well as the harmonic distortion (distortion factor). For 

simplicity, when the concept of power factor is first introduced, the displacement factor is the part of 

the power factor that is focused on. The power factor and the means to correct it, the distortion 

factor must also be included in any power factor calculations. Here we applied RETO with the help 

of Power factor injecting Pulse generator PI Controller we maintained the fluctuation at time of 

occurrences. To maintain the stable power flow the power generation, transmission, and 

distribution system, power quality is essential because of improving the electronic loads 

applications. Power quality is affected by voltage sags, swells, harmonics, etc. which will damage or 

produce failure in the load. The proposed work aims to reduce the previous effects and improve 

power quality along with Dynamic Voltage Restorer (DVR), which is implemented in this work to 

eliminate voltage sags, swells, and harmonics. A DVR is proposed based on inverter drop 

compensation to adjust the voltage and to meet the critical needs of power quality. In this system, the 

DVR-synchronized three-phase voltage in series is connected with the power supply step-up 

transformer with the appropriate amplitude and duration of discharge recovery power quality. 

Rational Energy Transformative Optimization (RETO) Algorithm has proposed to provide the 

suitable Pulse Width Modulation (PWM) to the Voltage Source Inverter (VSI), which generates and 

absorbs reactive power or actual power independently. DVR is a highly tuned output voltage 

waveform with high power quality with less harmonic compensation and mitigates voltage transients 

in the distribution system. The Performance of DVR is simulated under dynamic conditions with 

various parameters like steady-state error, Efficiency, Total Harmonics Distortion (THD) in the 

load. All the above-determined parameters are evaluated in MATLAB SIMULINK 2015a software. 

Key Word: Dynamic Voltage Restorer; Rational Energy Transformative Optimization; Total 

Harmonics Distortion; Voltage Source Inverter; Pulse Width Modulation; optimization. 

I.INTRODUCTION 

Power quality issues like (sag, swell, harmonics, etc.) can be tackled using recently introduced concepts of customized 

power supplies. To overcome all these issues, the advanced converter and inverter control function can change their active and 

reactive power grid service. By optimally controlling the converter and inverter, the Rational Energy Transformative 

Optimization (RETO) Algorithm method produces a suitable reactive power and improves the distribution system's power 

quality. Therefore, distributed energy is stabilized and effective in running load systems. The optimization combination of 

DVR and the RETO method will compensate for the power flow under any load fluctuations. In this system, the best-

coordinated DVR and the RETO are to achieve the control objectives like improving the efficiency and reducing the steady-

state error (%), Execution time (%), Total Harmonics Distortions (THD) (%) in the distribution system with balanced Optimal 

Power Flow (OPF) conditions. For the compensation of the fluctuating load voltage, the series-connected DVR will inject the 

reactive power in the Point of Common Coupling (PCC) connected between the source and load transmission system. DVR is 

an important and most effective control device in power distribution networks. The basic block diagram of the DVR is shown 

in below figure 1. 

 
Fig. 1. Functional architect of Dynamic Voltage Restorer 
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The primary action is to optimize the compensation of sag and swell voltage in the distribution system. The control of 

the structure is used in the event of a breakdown and failure in the range of prerequisites for high performance microgrids. The 

stable power flow in the transmission system refers to the DVR in isolated conditions. If there is any variation in the voltage 

magnitude, phase angle and frequency, the controller will provide appropriate PWM to the DVR inverter. Based on the 

feedback, the DVR produces the reactive power and compensates for the above power quality issues. If the active voltage is so 

prominent on the DVR, this can then be transferred to the load to maintain stability. The controller will analyze the voltage 

difference between both source and load voltage; based on the error ratio, it will produce an appropriate PWM to the DVR 

inverter and maintain the transmission system's desired voltage. When a relaxation voltage pharos is available, the injection 

phase voltage is controlled by an injection point that moves gradually from minimum to each active signal injection point. It is 

also based on the switching pulse inverter injection voltage. 

 

II. LITERATURE STUDY 

Chen Chen, et.al., proposes an integrated solution: a distribution system restoration decision support tool designed by 

leveraging resources developed for grid modernization. We first review the current distribution restoration practice and discuss 

why it is inadequate in response to extreme weather events. Then we describe how the grid modernization efforts could benefit 

distribution system restoration, and we propose an integrated solution in the form of a decision support tool to achieve the 

goal. The advantages of the solution include improving situational awareness of the system damage status and facilitating 

survivability for customers. 

Samet Biricik, et.al., introduces a sliding mode control (SMC) strategy for three-phase dynamic voltage restorers 

(DVRs) with a 12-switch voltage source inverter. The compensating voltage references needed in the SMC strategy are 

generated by an adaptive notch filter (ANF), which exhibits excellent performance under grid voltage anomalies such as 

voltage sags, swells, and unbalanced and distorted grid voltage conditions. The consequence of using the ANF eliminates the 

use of phase-lock loop or frequency-lock loop and low-pass filter, which makes it distinguishable from the existing reference 

signal generation solutions. In addition, the use of the SMC strategy with its attractive properties makes the control 

implementation simple. Theoretical results are supported by simulation results as well as real-time laboratory results over a 

range of grid voltage anomalies. These results show that the proposed control strategy not only offers an excellent dynamic 

response independent from the parameter variations and disturbances but also compensates the voltage sags, swells, and 

harmonics on the load terminals under the defined limits of the IEEE-519 standard. 

 Usman Ali Khan, et.al., prposed buck-boost ac-ac converter with basic switching unit of the proposed converter is a 

unidirectional buck circuit; therefore, it has no shoot-through worries. It can achieve safe commutation without using RC 

snubbers or soft commutation strategies. It can be implemented with power MOSFETs without their body diodes conducting 

and, for current freewheeling external diodes, can be used tominimize the reverse recovery issues and related loss. It has a 

bipolar voltage gain with both inverting and non- inverting operations. The non-inverting operation can be used to compensate 

voltage sag, and inverting operation can be used to compensate voltage swell. Therefore, the proposed converter as a dynamic 

voltage restorer is capable of compensating for both voltage sag and swell in a wide range. The detailed theoretical analysis 

followed by detailed experimental results of a 300-W prototype converter is provided. 

 Manik Pradhan, et.al., deals with the protection of critical loads from voltage-related power quality issues using a 

dynamic voltage restorer (DVR). A generalized control algorithm based on instantaneous space phasor and dual P -Q theory 

has been proposed to generate the instantaneous reference voltages to compensate the load voltages with direct power flow 

control. The proposed algorithm adapts energy-optimized series voltage compensation, which results in a reduction of energy 

storage requirement. The proposed DVR control scheme can support the load from voltage-related power quality issues 

irrespective of the load current profile. Each leg of the three-phase three-leg split capacitor inverter is used to inject series 

compensation voltage in respective phases of the system. Model-based computer simulation studies and real-time experimental 

results validate the effectiveness of the proposed control algorithm. 

 

III.PROPOSED METHODOLGY 

The DVR system proposed with injection transformer in series with grid connected DVR model to increase the power 

quality for grid system which will reduce the sag and swells in voltage. It will produce the reactive power and inject into the 

distribution lines while transmission line power is loss and RETO algorithm proposed to analyse the transmission power 

fluctuation. Analysis of fluctuation the VSC will provide the PWM for handling th DVR inverter for output voltage. The power 

of injection is utilised for sensitive instruments which will not damage by voltage sags caused by DVR. 

A proposed system consists of a DVR inverter with the series transformer custom power device. It will be based on the 

power quality improvement by DVR for a Grid system, which mainly reduces the sag and swells voltage; DVR generates 

reactive power continuously and injects it into the transmission line. The injected voltage depends on the power losses in the 

transmission line, and the Rational Energy Transformative Optimization (RETO) algorithm will analyze the power variation in 

the transmission system. After the analysis, the appropriate PWM will be given for the Voltage source inverter to regulate the 

DVR transformer voltage. 

Finally, the stable output voltage is capable of running the non-linear loads. In the hardware system, Rational Energy 

Transformative Optimization (RETO) technique is programmed by the PIC microcontroller, which is used to control or 

operate the DVR only in the case of a fault. Inverter using pulse width modulation (PWM) control system Switch generates a 

three-phase 50 Hz sine wave voltage on the load terminals. 
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Fig. 2. Proposed DVR with RETO algorithm 

 

DVR: 

The proposed three-phase DVR Circuit diagram consists of an Inverter, intended to reduce the harmonics and transient 

energy from primary to secondary connected loads, measuring units, specially designed transformers and injection step up 

transformer schematics. The voltage source inverter is connected to the mains voltage input to the distribution network DVR, 

generating a compensation voltage that is injected via the HV. The injection/boost transformer destination system (VSI and 

control means) is isolated from the load. \ 

The stabilization system, including the input voltage, phase angle and amplitude, is the most suitable system to control 

the DVR to withstand load changes. The phase angle between the injected voltage and the load current gives the apparent input 

force's value. From Equation (1) and (2), the phasor's voltage and current are balanced. 

VDVR α = V L 0 + ZTHβ × ILθ − VTHδ… ................. (1)  
 

Fig. 3. Proposed block diagram of DVR with grid 



Enhanced Dynamic Voltage Restorer for Improving the Power Quality Using Reto Algorithm 

 

22 | P a g e  

 

The in-phase enhancement technology achieves the minimum injection voltage. The following formula gives the 

injection voltage, 

 

 

 

 

 
……..(2) 

Through the DVR, depending on the injection power, 

        SDVR = VDVR × IL .................................... (3) 

Minimum injection voltage must meet the following conditions 

δ VDVR / δ = 0 ............................ (4) 

Rational Energy Transformative Optimization (RETO) algorithm: 

 

Step 1: Start. 

Step 2: The input voltage and current are initialized in this system to calculate the power value. 

Step 3: Voltage harmonic vibration components have a low-pass filter (LPF) removal of the 

voltage and current noise. For analyzing the d-axis and q-axis components of the 

voltage should be given in below expression, 

Vsd = Vsd DC + Vsd acVsq = Vsqdc + Vsqac 

Step 4: Comparison between terminal voltages is measured based on control and reference 

voltage (Va, Vb, Vc). 

Step 5: The transfer function of loop current control in the series converter 

Step 6: The cumulative delay time in the current control loop is approximated 

Step 7: The New Conditions for Injected Series inverter 

Step 8: Based on the load and source voltage variations, the RETO Controller will provide a 

feedback signal to the DVR inverter, injecting the reactive power to the PCC system. 

Step 9: The injected reactive power will compensate for the voltage fluctuation in the grid 

system. 

Step 10: The average value of this function and the filter's output depending on the positive 

line's actual power consumption. 

Step 11: End. 

 

The DVR based on the Rational Energy Transformative Optimization (RETO) optimizer will analyze load and source 

voltage and provide feedback to the inverter if any threshold values are varied. Flowchart for the proposed RETO controller. 

The modulation of the active power losses is increased at a high level. To optimize the above issues, reactive power 

compensation for the required to in the grid system. 

 

IV.RESULTS & DISCUSSION 

In this section, the proposed research is discussed with results which explained about the execution of DVR and RETO 

algorithm efficiently avoiding power drops. The present modeling approach has been simulated with a Matlab-based toolbox 

for developing and testing the Dynamic Voltage Restorer (DVR) using Rational Energy Transformative Optimization (RETO) 

under various operational conditions. The proposed model has developed in MATLAB 201a environment. According to the 

specific operation condition, the proposed DVR model is tested in different load conditions and its performance is verified with 

conventional controllers. 
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Fig. 5. Proposed model 

 
Fig. 6. Source Voltage and Current without RETO 

 

Fig. 7. Current and Voltage loaded 

 
Fig. 8. Source PQ 

 

 Fig. 9. Loading PQ 
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                                                                                   Fig. 10. Total Harmonics Distortion 

 

 
Fig. 11. Source Voltage and Current with RETO 

 

Fig. 12. Current and Voltage loaded 

     Fig. 13. Current and Voltage injected 

 
 

Fig. 14. Source PQ. 
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Fig. 15. Loading PQ 

 

Fig. 16. PQ injected 

 

 

 
 

Fig. 17. Total Harmonics Distortion 

 

V.CONCLUSION 

Dynamic Voltage Restorer (DVR) connected to the distribution network provides an efficient solution to voltage 

quality problems. The Rational Energy Transformative Optimization (RETO) algorithm has been implemented to control the 

Voltage and reactive power of the Distribution Network to minimize network losses while keeping the voltage within limits. 

With this new RETO-based inverter switching concept, Dynamic Voltage Restorer (DVR) Transformer works efficiently and 

provides the required reactive power, optimized throughout the Power distribution network losses. The distribution network 

could enable dynamic energy management that will yield energy savings. The proposed Rational Energy Transformative 

Optimization (RETO) algorithm is used to reduce the loss and improve the system's stability with less Total Harmonics 

Distortion (THD), which is 5.67%. It also enhances the efficiency of the system by 92.63%. 
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