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Abstract: The paper discusses the voltage control of a critical load bus using dynamic voltage restorer (DVR) in a distribution 

system. The critical load requires a balanced sinusoidal waveform across its terminals preferably at system nominal frequency of 50Hz 

.It is assumed that the frequency of the supply voltage can be varied and it is different from the system nominal frequency. The DVR 

is operated such that it holds the voltage across critical load bus terminals constant at system nominal frequency irrespective of the 

frequency of the source voltage. In case of a frequency mismatch, the total real power requirement of the critical load bus has to be 

supplied by the DVR. Proposed method used to compensate for frequency variation, the DC link of the DVR is supplied through an 

uncontrolled rectifier that provides a path for the real power required by the critical load to flow .A simple frequency estimation 

technique is discussed which are Discrete Fourier transform (DFT), Kalman Filter and ANN controller. The present work study the 

compensation principle and different control strategies of DVR used here are based on DFT,and  kalman Filter.Through detailed 

analysis and simulation studies using MATLAB. It is shown that the voltage is completely controlled across the critical load. 

 

Keywords : Critical load; DVR; Distribution system; Nominal frequency; Power quality; Voltage control; VSI 

DFT, kalman Filter and ANN Controller. 

 

1. INTRODUCTION 
The power quality (PQ) characteristics fall into two major categories: steady-state PQ variations and disturbances. The 

steady-state PQ characteristics of the supply voltage include frequency variations, voltage variations, voltage fluctuations, unbalance 

in the three-phase voltages, and flicker in harmonic distortion. There are many devices, such as power electronic equipment and arc 

furnaces, etc., those generate harmonics and noise in modern power systems. Power frequency variations are defined as deviation of 

the power system fundamental frequency from its specified nominal values (e.g., 50Hz or 60Hz). The duration of a frequency 

deviation can range between several cycles to several hours. These variations are usually caused by rapid changes in the load 

connected to the system. The maxim tolerable variation in supply frequency is often limited within +ve or –ve 0.5Hz. Voltage 

notching can be sometimes mistaken for frequency deviation. 

Accurate frequency estimation is often problematic and may yield incorrect results. A number of numerical methods are 

available for frequency estimation from the digitized samples of the supply voltage. These methods assumed that the power system 

voltage waveform is purely sinusoidal and therefore the time between two zero crossing is an indication of system frequency. Digital 

signal processing techniques are used for frequency measurement of power system signals. These techniques provide accurate 

estimation near-nominal, nominal and off-nominal frequencies. The application of enhanced phase locked loop(EPLL) system for the 

online estimation of stationary and instantaneous symmetrical components. 

The well known custom power devices such as distribution STATCOM (DSTATCOM), dynamic voltage restorer (DVR) and 

unified power quality conditioner (UPQC) are available for protection of a critical load from disturbances occurring in the distribution 

system. In this paper we will discuss voltage control of a critical load bus using DVR. The critical load requires balanced sinusoidal 

waveforms across its terminals preferably at system nominal frequency of 50Hz. It is assumed that the frequency of the supply voltage 

can vary and it is different from the system nominal frequency. A DVR is a power electronic controller and it is realized using voltage 

source inverter (VSIs). It injects three independent single phase voltages in the distribution feeder such that load voltage is perfectly 

regulated at system nominal frequency. 

In general, the DVR is operated in such a fashion that it does not supply or absorb any real power during study state operation [12].In 

case of a frequency mismatch; the total real power requirement of the load has to be supplied by the DVR. To provide this amount of 

real power, the dc link of the DVR is supplied through an uncontrolled rectifier connected to the distribution feeder. First of all, the 

analysis of the DVR operation supported through a dc battery has been discussed. A simple frequency estimation technique is 
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discussed which uses a moving average process along with a zero-crossing detector. The reference voltages injected by the DVR are 

tracked in the closed loop output feedback switching control. A simple frequency estimation technique is discussed which are Discrete 

Fourier transform (DFT), Kalman Filter and ANN controller. The present work study the compensation principle and different control 

strategies of DVR used here are based on DFT, kalman Filter & ANN Controller .Through detailed analysis and simulation studies 

using MATLAB/PSCAD. 

 

2. DVR Structure and Control 
 

 The single-line diagram of a DVR compensated distribution system is shown in figure 1. The source voltage and PCC (or 

terminal) voltages are denoted by vs and vt respectively. Note that the variables in the small case letter indicate instantaneous values. 

The three-phase source, vs is connected to the DVR terminals by a feeder with an impedance of Rs+jXs. The instantaneous powers 

flowing in the different parts of the distribution system are indicated. These are PCC power (Ps1), DVR injected power (Psd) and load 

power (P12) . Using KVL at PCC we get         vt + vk = v-------------------- (1) 

 The DVR is operated in voltage regulation mode. The DVR injects a voltage, vk in the distribution system such that it 

regulates the critical load bus voltage, v1 to a reference v1
*
 having a prespecified magnitude and angle at system nominal frequency. 

The reference voltage of the DVR vk
*
 is then given by 

                                vk
* 
=  v1

*
-vt-----------------(2) 

 The DVR structure is shown in fig.2. It contains three H-bridge inverter. The dc bus of all the three inverters is supplied 

through a common dc energy storage capacitor Cdc [12]. 

                               
The voltage across the dc capacitor is indicated as Vdc .Note that the each switch represents a power semiconductor device and an anti-

parallel diode combination. Each VSI is connected to the distribution feeder through a transformer.  The transformer not only reduces 

the voltage rating of the inverter but also provide isolation between the inverter and the ac system. In this, a switch frequency LC filter 

(Lf –Cf) is placed in the transformer primary (inverter side). The secondary of each transformer is directly connected to the distribution 

feeder. This will constrain the switch frequency harmonics too mainly in the primary side of the transformer. The three H-bridge 

inverter are controlled independently. The technique of output feedback control is incorporated to determine the switching actions of 

the inverters. The controller is designed in discrete-time using pole shifting law in the polynomial domain that radically shifts the 

open-loop system poles towards the origin. The controller is used to track the reference injected voltages ( vk*) given by (2). 

3. Normal operation of DVR 

The DVR operation using above structure and control has been discussed here. A detailed simulation has been carried out 

using MATLAB/PSCAD software to verify the efficacy of the DVR system. Let us assume that the source frequency is constant at the 

distribution system nominal frequency, i.e., at 50Hz. The DVR is connected between the PCC and the critical load. The distribution 

system and the DVR parameters used for the simulation studies are given in table 1. The dc link of the inverter is supplied through a 

dc battery. The DVR is operated such that the load voltage is maintained with 9KV peak at system nominal frequency of 50Hz. Note 

that this value is same as the peak of the source voltage. 

The study state system voltages are shown in fig.3.it can be seen from fig.3 (b), that the load bus voltages are perfectly 

balanced at 50Hz. The PCC bus voltages are also balanced as the source voltages are balanced. It can be seen from fig.3(c), that the 
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magnitude of the injected voltages by the DVR is very small. This is because the DVR is compensating only for the voltage drop 

across the feeder. 

System quantities Values 

Source voltage 11KV(L-L),phase angle 0
o
 

System normal frequency 50HZ 

Feeder Impedance 0.605+j4.838 ohms 

Balanced load impedance 72.6+j54.44   ohms 

Desired load voltage 9.0KV peak at nominal frequency, phase angle0
o
 

Single-phase transformers 1MVA,1.5KV/11KV with leakage inductance of 10% 

dc-link voltage 1.5kV 

Filter parameters(primary side) L    =   61.62µF 

Ct   =  2348.8 µF 

Pole shift factor(λ) 0.70 

 

4. Analysis of DVR operation under frequency variation 

Let us now investigate through MATLAB/PSCAD simulation, what happens when the source frequency is not the same as 

the system nominal frequency. Note that, this is a simulation study to demonstrate the consequences of frequency mismatch the DVR 

is operated such that it maintains the load voltage at the nominal frequency, of the system, i.e, 50Hz. It is assumed that the source 

voltage vs  has a frequency of 48Hz. The system current and voltage waveforms are shown in the fig.4.for clarity, only the a-phase 

waveforms are shown here. It can be seen from fig.4 that the load voltages distortions free and has a fundamental frequency 

component of 50Hz. Since the load is passive and linear, the load current will also have a frequency of 50Hz.  

 

 
Fig. 3. The system performance using DVR: (a) PCC bus voltages (kV); (b) critical load bus voltages (kV); 

(c) DVR injected voltages (kV). 
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 Fig.4.source and voltages 

The DVR is a series device, the source current is identical with line current and has only 50Hz component. The system equivalent 

circuit at the two frequencies is shown in fig.5. from fig5,the injected voltage is given 

 By                  vk=vk1+vk2---------------------- (3) 

The component vk2 is exactly negative of the 48Hz source voltage, vs such that the line current has no 48Hz component. The 

component vk1 approximately equals the 50Hz reference voltage v1*. It can be seen from fig.4, that a-phase injected voltage by the 

DVR has modulation due to the frequency components. The PCC bus voltage has a 48Hz component equal to vs and a small 50Hz 

component corresponding to feeder drop. Again as per(1),the DVR injected voltage must cancel the 48Hz load voltage. This is 

obvious from the modulating waveform shown in the fig.4. 



SHAIK DARYABI,TRINADHA BURLE,B.SHANKAR PRASAD/ International Journal of Engineering 

 Research and Applications    (IJERA)       ISSN: 2248-9622             www.ijera.com     

   Vol. 2, Issue 1, Jan-Feb 2012, pp.136-149 

 

140 | P a g e  
 

 
Fig. 5. Equivalent circuits at (a) 48Hz and (b) 50Hz. 

 

Fig. 6. The frequency spectrum of current and voltage 

waveforms: (a) line current; (b) PCC voltage; (c) load voltage; 

(d) DVR voltage . 

The frequency spectrum of waveforms in fig.4.is shown in fig.6. Note that the spectrum of voltages in fig.6 is normalized 

with respect to the 50Hz component present in the DVR injected voltage. It can be seen that the line current and the load voltage are at 

50Hz component .from (1), the 48Hz component of DVR voltage has the same magnitude as the 48Hz of the PCC voltage, except that 

they are in phase opposition, which is not shown here. Also, it can be seen from fig.6, that the magnitude of 50Hz load voltage is the 

different between 50 Hz DVR injected voltage and the corresponding PCC voltage. Let us assume that the PCC voltage contains a 

component at the fundamental frequency of ω1 and a component at another frequency ω2.these three phase voltages (vta,vtb,vtc) are  

Equations  

Vta = Vt1 sin(ω1t) + Vt2sin(ω2t),                     Vtb =Vt1 sin(ω1t−120)+Vt2 sin(ω2t −120 ), 

Vtc=Vt1sin(ω1t+120◦)+Vt sin(ω2t+ 120◦),______________(4) 

The line currents (isa, isb, isc) are at fundamental frequency and are given by 

isa=Is1sin(ω1t−φ), isb=Is1sin(ω1t−120◦− φ), isc = Is1sin(ω1t + 120 − φ),__________(5) 

From Fig. 1, the instantaneous power (Ps1) entering at the PCC bus is given by 

 Ps1 = pa+pb+pc =  vtaisa+vtbisb+vtcisc _________(6) 

Where pa = Vt1Is sin(ω1t) sin(ω1t − φ)+Vt2Is1 sin(ω2 t) sin(ω1t − φ)________(7a) 

            pb=Vt1Is sin(ω1t−120)sin(ω1t−120−φ)]+Vt2Is1sin(ω2t−120) sin(ω1t−120− φ)__________(7b) 

pc= Vt1Is sin(ω1t+120)sin(ω1t+120−φ)+Vt2Is1 sin(ω2 t+120)sin(ω1t+120− φ)__________(7c) 

Expanding (7), we get 

pa=Vt1IS1/2[ cosø - cos(2ω1t-ø)] +Vt2IS1/2[cos(ω1-ω2)t+ø]-cos{(ω1-ω2 )t-ø}] 

pb=Vt1IS1/2[cosø-cos(2ω1t-240
0
-ø)] +Vt2IS1/2[cos(ω1-ω2)t+ø]-cos{(ω1-ω2 )t-240

0
-ø}] 

pc=Vt1IS1/2[cosø-cos(2ω1t+240
0
-ø)] +Vt2IS1/2[cos(ω1-ω2)t+ø]-cos{(ω1-ω2 )t+240

0
-ø}] 

Substituting pa,  pb, and pc in, the (6), the instantaneous power ps1 is calculated as 
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ps1=3/2IS1[Vt1cosø+Vt2cos{(ω1-ω2)t + ø}]      ---------(8) 

Therefore the power entering at the PCC bus (Ps1) should have a Dc component equal to 1.5*Vt1Is1cosø and a component at a 

frequency of (ω1-ω2) radian. For the waveforms shown in figure 4,Ps1 will have a 2 Hz and a dc component. in a similar way power 

injected by the DVR (Psd) will also have these two components. However, the load power (P12) will only have a dc component at both 

the load voltages and load currents are at 50 Hz and the load is balanced. the instantaneous powers are shown in figure7.it can be seen 

that the load power is constant at about 1.1 MW. 

The frequency spectrum of the instantaneous power is shown in fig.8.it can be seen from fig.8 that the power entering at the 

PCC, Ps1 has a 2 Hz component and a small   dc component. The small dc component Is the feeder loss. As the power Ps1 is 

oscillating at 2 Hz, it is not contributing anything for the power required by the load. Hence, the entire load power is supplied through 

the DVR. The power consumed by the load has only a dc component.  

The DVR not only supply the load but also supplies the feeder loss, i.e., all 50 Hz components. In addition, DVR also 

supplies the oscillating 2 Hz component in phase opposition to the 48 Hz component of the source. Therefore, instantaneous 

maximum value of the DVR injected voltage seems to be very large.          

The above discussion clearly demonstrates that the entire real load power has to be supplied by a dc capacitor. The dc 

capacitor will discharge rapidly if it has to supply this real power irrespective of its size. Hence some alternative arrangement has to be 

made. It is possible to support the de link through a diode rectifier connected at the PCC bus. We shall now investigate the rectifier-

supported DVR operation under frequency mismatch. 

5. Rectifier-supported DVR 

The single line diagram of the distribution system for this connection is shown in Fig. 9 where the power flow  
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Table 2 

Rectifier Parameters  

 

System quantities Values 

System nominal frequency                           50HZ 

Source frequency 48HZ 

Rectifier transformers                                  1MVA, 11KVA/2KV(Y-Y), 

With Leakage inductance of 

10%. 

Capacitor filter (C d)                                     30 µF 

Dc capacitor (C dc) 4000 µF 

Reference load voltage (v1
*
)                         11KV(L-L) or 9KV Peak at 

normal frequency ,phase angle0 

 

Parts of the system are indicated. The dc bus of the VSIs realizing the DVR is supported from the distribution feeder itself through a 

three-phase uncontrolled full bridge diode rectifier. The rectifier is supplied by a Y-Y connected to the PCC. Therefore. The DVR can 

supply real power from the feeder through the dc bus. A shunt capacitor filter, Cd is also connected at the PCC to provide a low 

impedance path for the harmonic currents generated by the rectifier to flow. Let us assume that the frequency of the source voltage be 

48 Hz. The rectifier transformer and capacitor values are given in Table 2 while the rest of the system parameters are the same as 

given in Table 1. 

 The PCC voltage, the load and the injected voltage are shown in Fig. 10. It can be seen that the critical load voltage is 

perfectly regulated to its pre-specified magnitude, i.e., 9 kV. In this connection also a large amount of voltage is injected by the DVR 

is having a magnitude of about 20 kV at 0.25s. Note from   
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Fig. 10. The system voltage waveforms. 

 

 Fig.11.DC capacitor voltage. 

Fig. 9, that the load current is not equal to the source current due to the shunt path through the rectifier. The source current, the load 

current and the dc capacitor voltage waveforms are shown in Fig. 11. Using analysis similar to that in Section 4, we can say that the 

PCC bus voltage has a large 48Hz component and a very small 50Hz component. The voltage across the dc capacitor supplying the 

inverters is maintained at about 2.75 kV.The frequency spectrum of the currents and voltages are shown in Fig. 12. Voltages are 

shown in Fig. 12. Note that the spectrum of the voltages is normalized. 
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With respect to vt. It can be seen that due to the presence of rectifier, the PCC bus voltage has harmonic components n×48 and side 

bands at frequencies n×48±2Hz where n =1,2,3,.... Hence, the current flowing between the source and the PCC, i.e., is also has these 

components. As the load voltage is at 50Hz, the load current is also at 50Hz. 

The instantaneous powers flowing in the system and their corresponding frequency spectrum (normalized with respect to Ps1) 

are shown in Figs. 13 and 14, respectively. The load power (Pl2) is constant at about 1.1MW. However, the power flowing in the line, 

i.e., Ps2 is oscillating at 2Hz and its average over 1 s is nearly zero. The power injected by the DVR (Psd) is oscillating at 2Hz and is 

riding over a dc value. The dc value being the average critical load power required. The power supplied from the source (Ps1) is 

having a large dc component and other frequencies of very small magnitudes. The difference in the powers Ps1 and Pl2 is due to the 

losses occurring in the inverter circuit. 

6. A new frequency estimation technique 

The above discussion clearly shows that it is very important for the power utilities to somehow measure or estimate the 

supply frequency and accordingly operate the DVR such that it injects the voltage in the distribution system in sympathy with the 

changes in the source voltage frequency. One possible solution is to phase lock the DVR from the supply.alternatively, through 

communication channels, information regarding the frequency at the source end can be transferred to the DVR end. However if the 

communication fails or if the voltage comes out of the phase lock, the dc bus starts supporting the load. This is undesirable. 
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In order to avoid such a large amount of injected voltages into the distribution system, the numerical methods are available for the 

online frequency estimation from the samples of the supply voltage. Most of these methods are very effective when the system voltage 

or current contains one single frequency. for example the extended kalman filter based method has a settling time of only a few 

samples and can track variations in the system frequency quickly. However the formulation cannot be easily extended for signals 

containing two frequencies. Given below a new algorithm based on instantaneous symmetrical components for frequency estimation. 

Consider the a phase PCC voltage,vta given in (4).wherever the frequency ω1 is assumed to know and we have to estimate the 

unknown frequency ω2 based on the measurement of the PCC voltages. 

vta = Vt1 sin(ω1t) + Vt2sin(ω2t)-------(9) 

Let us denote the time periods of two frequencies ω1and ω2 as T1and T2 
respectively

 such that 

T1=2π/ω1,     T2=2π/ω2taking an average of vta (9) over the  

Vta,av=1/T1   =  t1 ʃ t1+T  {Vt1 sin(ω1t) + Vt2 sin(ω2 t)} dt     ______________   (10) 
 

Vta,av = 1/T  t1 ʃ t1+T  Vt2 sin(ω2t) dt = γ sin(ω2 t1 + πω 2/ω1)________________(11) 

γ=vt2ω1/ П ω2    sin(Пω2/ω1) 

now if the average Vta.av is computed using a moving average process with a time window of T1 as time t1 changes, we shall get a 

sinusoidal waveform that varies with frequency ω2.two successive zero crossing of this waveform can be used to determine the 

frequency based on which the frequency vk
*
 of (2) is computed. 

 

Fig. 15. Average PCC voltage, Vta,av and the estimated frequency (ω2/2π). 

Consider the same system as discussed in session 4.in which the DVR injects the voltage in the distribution system such that the 

voltage across the critical load is at a frequency (ω1/2π) of 50 Hz, while the source frequency (ω2/2π) is 48 Hz. The results with the 

frequency estimation technique mentioned above are shown in fig15 and 16.it can be seen from the fig 15 that a large overshoot 

(2.5kv) peak arises in the average voltage signal as soon as the frequency mismatch occurs. Note that this is a signal obtained by 

integration of PCC voltage,vta over one period. this will cause the zero-crossings of the average voltage to shift for a few successive 

cycles. Once the variations in the zero-crossings stops, the source frequency estimated to be 48Hz at 0.1s.at this instant, the DVR 

starts injecting voltages at the estimated frequency. this estimated frequency is then used in the average process of (10) in which both 

the frequencies are now 48Hz and hence the time window T1 is 1/48s.this will result in average being zero with a delay of one 48 Hz 
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cycle.however,some small variations in the zero-crossings of the average voltage will persist for a few more cycles. The variations in 

the frequency during this time must be disregarded. if the frequency is allowed to vary in sympathy with the changes in the estimated 

frequency during this period, the terminal voltage will never be able to settle and the average will not become zero. 

Fig. A. PCC Bus Voltage. 

 
Fig.B. Critical load Bus Voltage 

 

Fig. 16. The system voltage waveforms. 

The update of frequency in the reference voltage vk
*
 of (2) based on its estimated value therefore must be disabled during this time; the 

frequency update is enabled once there is a large variation in the average voltage again. the estimated frequency is shown in figure 

15.the PCC bus voltages, the critical load bus voltages and DVR injected voltages are shown in fig 16.it can be seen that the DVR 

injected voltage increases till 0.1sec as seen before in figure 4 and reduce drastically once the frequency is correctly estimated. 

So far, we have considered that the source voltages, vs (Fig. 1) are balanced and are free from harmonics. Let us assume that vs 

contains 20% fifth harmonic component. Then the a-phase PCC voltage can be written as 

vta = Vt1 sin(ω1t) + Vt2{sin(ω2t) + 1/5sin(5ω2t)}_______(12) 

The average of vta of (12) over the period T1 will be 
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Vta,av = 1/T1  t1 ʃ 
t1 +T1

Vt2{sin(ω2t) + 1/5sin(5ω2t)}dt  

           = γ sin(ω2t1 + πω2/ω1)+ γ5sin 5(ω 2t1 +πω2/ω1)_____________(13) 

Where the constant term γ and γ5 are given by 

        γ = Vt2ω1/πω2 sin(Πω2/ω1) , γ5 = Vt2ω1sin(5Пω2/ω1) 

The procedure for estimating the frequency described above can now be applied to Vta,av as per (13). The estimated frequency. 

 
Fig. 17. Average PCC voltage, Vta,av and the estimated frequency 

Along with average PCC voltage is shown in Fig. 17. It can be seen that that the harmonic in the source does not affect the Estimation 

technique, because the zero crossings are unaffected by the addition of an integer harmonics in (12). 

In general, addition of integer harmonics whose magnitudes Reduce as harmonic number increases; do not cause a shift in zero 

crossing. Therefore, the presence of such integer harmonics does not affect the estimation of frequency 

 

Kalman Filter For Determination Of Sag Beginning 

Kalman algorithm is applied in order to detect the start and finish of the voltage sag as soon as possible. The Kalman filtering 

performs the following operations. First of all, it is necessary to have a mathematical description both of the system and of the 

measurement The process will be estimated at time tk, based on the knowledge of the a-priori process at time 

                                       xk=k-1 xk-1+wk-1               (16)                                               

Next, the state variables and the stochastic system model will be defined. It is assumed that the signal system under study 

 (voltage signal) corresponds to a sinusoidal signal as is expressed in the following equation. 

                              yk=Acos(ωkδt+)               (17)                                                

For the next time step k+1: 

                      yk+1=Acos(ω(k+1)δt+) =Acos((ωkδt+)+ωδt)   …..( 14)                                        

Considering the state variables as the following 

                                          x1.k=Acos(ωkδt+)       

                 x2.k=Asin(ωkδt+)     ………………………………(15) 

the following relationship can be obtained. Where (angular frequency=2П.50 rad/s) and δt =1/fs, where fs is the  

sampling frequency. Consequently, the measurement at time k+1 may be related with the state variables at time k+1, as: 

 

xk+1=  x1              =         cos(ωδt)            -sin(ωδt)      x1 

          x2   k+1         sin (ωδt)               cos(ωδt)      x2k      ………………………  (16) 

                    

Consequently, the measurement at time k+1 may be related.   

 Yk+1             =              1   0      x1              =Hxk+1 

                                          x2     k+1                            ……………………….  (17)                                            

  

Where H is the Matrix giving the ideal connection between the measurement and the state vector at time tk. 

The measurement of the process is assumed to occur at discrete points in time in accordance with the linear relationship: 

 zk=Hxk+vk  …………………….      (18)  

 whereVK is the measured error assumed to be a white sequence with known covariance and probability distribution,   p(v)         
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 p(v)=N(0,R)……………   (19) 

The random process can be modeled by:                                  

 xk=. xk-1+wk-1   ……(20)          

Where is the matrix relating the state variables at instant of time tk with tk-1 : 

    =        cos(ωδt)    -sin(ωδt) 

             sin(ωδt)      cos(ωδt)   ……………………..(21)                                                                     

and is the vector assumed to be a white sequence with known covariance structure. It has the following probability distribution: 

 p()=N(0,Q) ……………………………….           (22)                                                                                                                 

The estimation of the process covariance, P, in the next time step k can be obtained by the following equation:    

PK
 

= PK-1 
T

 +Q………………….                      (23)                                                                                                   

 and the Kalman gain, K, can be computed as: 

KK
 
= PK


 H

T
 (HPK


H

T
+R)

-1 
………..

           
              (24)                                                                        

With this information the state estimation can be updated knowing the measured zk: 

xk
 

=xk+KK(zk-Hxk)……………………..          (25)  

and the process covariance can be updated according to: 

                                       Pk=(1-KkH)Pk          (26) 

Kalman filter provides an online estimation of the following signals: 

 amplitude of the voltage signal, A(t) of y(t) 

 phase angle, (t) ω.t of y(t) 

                             A(t)=  x1
2
+x2

2                        
(31) 

                             (t)=arctan x2/x1          (32)  

One of the weak points of this algorithm is that the process can be very sensitive to noise and disturbances signal. Different 

performances can be obtained by using different model order , different noise covariance matrixes Q and R or to use the nonlinear 

Extended Kalman Filter. 

In this paper, a simple linear model has been applied because it offers good reliability, minimum detection time and low computational 

complexity. This last factor is especially critical in the final implementation in the DVR control algorithm. 

 
Fig.18. source currents and DC-link voltage with kalman filter and proposed VSI controller 

 

7. Conclusions  

The critical load bus voltage regulation using a DVR is discussed in this paper. It has been assumed that the source voltage 

Frequency is not same as the distribution system nominal frequency. It has been shown that in order to maintain the load voltage at 
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system frequency of 50 Hz, a rectifier-supported DVR is able to provide the required amount of real power in the distribution system. 

The rectifier takes this real power from the distribution feeder itself and maintains the voltage across the dc capacitor supplying the 

DVR. However, the rectifier power contains a large ac component at the difference frequency. As investigated in Section 5, the 

injected voltage and magnitude of powers are unacceptably high if the frequency variation is large.  

              A simple frequency estimation technique is discussed which uses a moving average process along with zero-crossing 

detector. It has been shown that once the frequency of the injected voltage latches on to that of the source voltage, the DVR injection 

reduces drastically.  
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