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Abstract- Custom Power devices such as DVR and 
DSTATCOM are used in order to improve power quality 
in distribution systems. It is required to provide the real 
power for these devices to compensate deep voltage sag 
for sufficient time. Interline Dynamic Voltage Restorer is 
consists of several DVRs in different feeders. In this 
paper, for mitigation voltage sags, swell, unbalance, 
voltage flicker, reduction harmonics of injected voltage 
and improve dynamic performance, a fuzzy system is 
proposed to control the IDVR performance. The control 
strategy of the fuzzy controller is replaced by the 
conventional strategies. The novel control method is 
implemented by using a fuzzy logic system and a carrier 
modulated PWM inverter. Simulation is carried out by 
Matlab/Simulink and it demonstrates that the proposed 
controller has quick response with lower THD. 
 
Keywords: IDVR, Fuzzy Logic Controller, Voltage Sag, 
Fast Response, THD. 
 

I. INTRODUCTION                                                                         
Nowadays, application of voltage sensitive 

equipments have been increased, such as automatic 
production lines, computer centers, hospital equipments, 
programmable logic controllers (PLC), adjustable speed 
drives (ASP), air conditioning controllers and etc [1], [2]. 

The voltage sag is defined as the reduction in voltage 
RMS between 0.1 and 0.9 PU within 0.5 cycles to a few 
seconds [3]. The Swell is defined as an increase in 
nominal voltage between 1.1 and 1.8PU during 0.5 cycles 
to 1 Min.  

Faults or large induction motor starting in the power 
system may cause voltage sags or swell. Consequently 
other equipments may shut down. [3], [4]. A solution is to 
use custom power devices like DVR. An external energy 
storage is necessary to meet the real power requirement. 
Thus, the maximum amount of real power that can be 
provided to the load during voltage sag mitigation is a 
deciding factor of the capability of a DVR; the energy 
requirement cannot be met by the application of such 
phase advance technology alone for compensating deep 
sag of long duration and there are the limitations in 
provider of these devices energy, it is necessary to 
minimize energy injection [5]. The interline Dynamic 

Voltage Restorer (IDVR) provides a way to replenish the 
energy in the common DC link energy storage 
dynamically. The IDVR is similar to the inter-line power 
flow controller (IPFC) which is used in transmission 
system [6]. In this device several DVRs prevent sensitive 
loads voltage interruption in distribution feeders 
emanating from different grid substations share a 
common DC link energy storage. The DC links of these 
DVRs can be connected to a common terminal in form of 
an IDVR system. This would reduce the cost of the 
custom power device, as sharing common DC link and it 
reduces the size of the DC link storage capacity 
substantially, compared to that of a system in which loads 
are protected by clusters of DVRs with separate energy 
storage systems [7]. 

The control system of a DVR plays an important role, 
with the requirements of fast response in against of 
voltage sags and variations in the connected load. The 
power converters which are the main elements in FACTS 
devices have complicated  models in which the 
Proportional-Integral-Derivate (PID) family of controllers 
failed to perform satisfactorily under parameter 
variations, nonlinearity, load dynamics, etc [8, 9]. 
Moreover precise linear mathematical models are 
required for Proportional-Integral (PI) controllers design. 
Fuzzy logic controllers (FLC) does not need accurate 
mathematical model and are able to compensate the 
effects of uncertainties, disturbances and unmodelled 
system dynamics. Hence in this paper a closed loop 
control scheme using FLC has been developed with 
minimum number of rules for the IDVR in its power 
control mode namely automatic voltage regulation. 
Simulations show that using the FLC instead of PI 
controller leads to a lower THD and fast response.   

 
II. THE PROPOSE IDVR IN DISTRIBUTION 

SYSTEM BASED ON FLC 
The proposed system configuration of IDVR is shown 

in Figure 1. The power circuit of the IDVR is composed 
of two DVRs in two different feeders where it each DVR 
is consists of voltage source inverter, common DC link, 
and filter circuit and injection transformer. 
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Figure  1.  The proposed Interline Dynamic Voltage Restorer in a 
distribution network based on FLC 

 
Figure 2 indicates the simplified model of Interline 

Dynamic Voltage Restorer in a distribution grid. 
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Figure  2.  The simplified model of Interline Dynamic Voltage Restorer 
 

When one of the DVRs compensates for voltage sag, 
the other DVR in IDVR system operates in power flow 
control mode to restore the common DC link which is 
depleted in order to the real power taken by the DVR 
working in the voltage sag compensation. 
 
 

III. FUZZY LOGIC CONTROLLER BASED IDVR 
Figure 3 illustrates the controlling system of proposed 

IDVR, in this proposed method, Phase Locked Loop 
(PLL) for three voltage tracks the phase of grid 
transforms the load voltage to Vd and Vq based on park 
transformation. For regulation of capacitor voltage, Vcap 
is compared with Vcapref and produced error, error rate as 
first FLC inputs enter it, The another error signal is 
obtained from the comparison of reference signals and 
transformed load voltage converted to PU. The error, 

( )e k  and error rate ( )e kΔ are considered as the second 
fuzzy logic (FL) controller inputs. 

The input variables are given by: 

( ) *

( ) ( ) ( 1)

e t V Vs s
e t e t e t

= −

Δ = − −
     (1) 

Where *sV : the reference signal and sV  is signal 
which it should be regulated. 

The output of fuzzy controller is reference voltage, 
Vref. The fuzzy logic controller comprises fuzzification 
part, fuzzy inference part and defuzzification part. 

The inference part consists of membership functions 
and rules which are obtained from an understanding of 
IDVR behavior and using of systematic procedure 
presented and are modified and tuned by simulation 
performance. A triangular membership function has the 
advantages of simplicity and easier implementation and is 
chosen for this application [10]. 

 

 
Figure  3.  The control system of proposed IDVR 

 
Figure 4 illustrates the membership functions one of 

the input and output linguistic variables. 
 

 
a) 

 
b) 

 

Figure  4.  Membership functions of a) voltage error (one of inputs), b) 
FLC output 

 
The output of fuzzy logic controller is the reference 

variable for the PWM generator. Therefore, the output of 
FLC with varying amplitude and phase passes through a 
comparator and is compared with a carrier signal. When 
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the FL output’s magnitude is more than carrier signal’s 
magnitude, the PWM circuit produces high output. 

The magnitude of FL controller output is adjusted to 
take values –0.5 and 0.5 at 0.5PU voltage sag. The carrier 
signal is a saw tooth waveform at 20 kHz taking values 
between -1 and 1. 

 
IV. RESULTS OF SIMULATION 

In the design of a fuzzy control system, the 
formulation of its rule set plays a key role in the 
improvement of system performance. The rule table is 
constructed to contain 25 rules as shown in Table 1, 
where LP, SP, and so on, are linguistic codes as defined 
in the table. 

Therefore, there are some rules in fuzzy logic 
controller that make output, by utilizing 25 linguistic 
rules directly process three phase supply voltages to 
improve the response time of IDVR. 

Figure 5 demonstrates that the proposed control 
structure based Fuzzy Logic Control succeeds in 
regulating the Point Common Coupling (PCC) voltage at 
1.0 PU. When disturbance occurs in grid, The IDVR with 
fast dynamics compensates the power quality problems. 

Figure 6 shows comparison between the load voltage 
waveform in PI and a fuzzy controller for voltage sag 
compensation. The voltage sag occurs at 0.5 second. 
Clearly, the fuzzy controller gives a better performance 
comparing with PI controller; the FLC has fast dynamic 
response and it produce low harmonic. 

 
Table 1. The rule table of the fuzzy logic controller (25 

linguistic rules) 
 

  Error  
Error 
rate 

LP SP S SN LN 

LP PB PM PM PS Z 
SP PM PM PS Z NS 
S PM PS Z NS NM 

SN PS Z NS NM NM 
LN Z NS NM NM NB 

 
V. DISCUSSION ON THD 

Total harmonic distortion is defined in the following 
form:  

1 2
1 2,3,...

THD vnv n

∞
= ∑

=
  (2) 

Which  is magnitude of the main harmonic in terms 
of RMS and  is magnitude of the nth harmonic, 
according to IEEE standard 519-1992 "the objective of 
the current limit the maximum individual frequency 
voltage harmonic to 3% of the fundamental and the 
voltage THD to 5% for the system without a major 
parallel resonance at one of the injected harmonic 
frequency"[11]. 

Figure  7 indicates the injected Total Harmonic 
Distortion (THD) by IDVR based on FLC, in this case 
after passive filter: 0.45%THD ≤  Hence the output 
voltage of inverter is containing of minimum harmonic 
and the produced loss of inverter is less. 
 

VI. CONCLUSIONS 
This paper presents the application of a fuzzy logic 

based controlling system for an IDVR, the FLC has been 
replaced PI controller to achieve fast response. The FLC 
is robust and it can operate with noise and disturbances of 
different natures. The proposed FLC for IDVR is proved 
to be very effective and robust in compensation deep 
voltage sag and another power quality problem. THD of 
the injected voltage is always kept below the standard 
limits by using this control strategy. 
 

APPENDIX 
Table 2  shows the applied parameters in simulation of 

IDVR and system. 
 

Table 2. The applied in simulation of IDVR and system 
 

Parameter Value 
power supply 380 Vrms (line to line), 50 Hz 
single-phase 

injection 
transformer 

55/110 Vrms, 3 kVA, leakage 
Inductance 0.03 PU 

carrier frequency 20kHZ 

inverter filter Inductance Lf = 22 mH 
capacitance, Cf = 50 uF 

DC link capacitor Cdc= 20 mF 
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a) Three Phase Voltage Sag Compensation b) Single Voltage Sag (SLG) Compensation 

 
 

c)Voltage Swell Compensation d)Unbalance Voltage Compensation 

  
e)Voltage Flicker Compensation f)Voltage Harmonic Compensation 

  

 

Figure 5.  The power quality problems and compensation 
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   Figure 6.  The comparison between the load voltage waveform in PI 
and a fuzzy controller 

 
Figure 7.  The injected THD by IDVR based on FLC 
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