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Abstract 
 
Power quality is an important issue for power system network; the load 
voltage should be as a sinusoidal waveform. Many disturbances affect supply 

voltage like notching, transients, under voltage, voltage sag/swell. Sag/swell 

voltages and harmonics are the major problems of power quality causing 

malfunctioning or tripping the equipment. This paper put an effective and 
economic solution for the system from disturbances that occur such as 

voltage sag/swell and harmonics by employing the dynamic voltage restorer 

by protecting the sensitive loads and network through a series transformer to 
inject a suitable voltage waveform to maintain the sensitive loads at a fixed 

value. DVR controller have a low complexity by utilizing a powerful 

differentiator called approximate classical sliding mode controller to 

eliminate the disadvantages of the linear differentiator with a nonlinear 
sliding variable as a terminal sliding mode controller or sigmoid function 

named arctan to maintain the load voltage magnitude approximately 1 pu, the 

total harmonic distortion at the standard level and the steady state error as 
small as possible. The proposed system is investigated by utilized 

MATLAB/Simulink to improve the distribution system when any 

disturbances occur. The results illustrated the capability of the DVR structure 
to overcome any disturbance and keep the sensitive load voltage at a constant  

value by maintaining the THD at the standard rand. The proposed model was 

evaluated by used the common voltage sag indices. 
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1 Introduction 
 

In recent years, power quality has got a significant interest in the quality 

power distribution and transmission by avoiding common disturbances in the 
electric grid such as voltage sag/ swell, voltage differences, harmonics and 

frequency deviations [1]. Power quality can be defined as the deviation of 

current, voltage and, frequency from its standard levels in the power system. 
The deviation of voltage, current and, frequency from their standard levels is 

defined as a power quality problem. Modern electrical and electronic devices 

such as programmable logical controllers, computers and other high-speed 
advanced equipment causes serious power quality problems which includes 

voltage sag, voltage swell and harmonics etc. However, from the industrial 

and commercial producers prospective, where the businesses and end users 

are suffering in terms of money, time and resources, the voltage sag and 
swell are being considered as the biggest challenges faced in power quality 

problems [2]. Therefore, in electrical grid systems, the voltage sags and 

swells can create a severe disturbance which is caused due to absence of 
sufficient time required for fault clarity and sags propagation from the 

distribution and transmission to the low voltage loads.  

Regarding power quality subject, voltage sag and swell are considered as 

one of the core problems in the power systems at distribution and 
transmission sides. In the power system, the power distribution and 

transmission-based faults such short circuits in the systems because of the 

breakdown of insulation at substantial load circumstances that may produce 
voltage sags.  

Voltage sag or voltage dip can be described as, the short duration of 

voltage drop in RMS (root mean square) from its standard voltage value, 
which is lower than the nominal voltage range of 10 to 90% for duration half 

cycle to 1 minute. Depending on the fault types, the voltage sags can either 

be unbalanced or balanced but always having unpredictable scales. Voltage 

swell, conversely, is characterized as the fast increment in RMS (root mean 
square) voltage value from its standard voltage value over the ostensible 

esteem extending from 1.1 to 1.8 pu and that goes on for a large portion of a 

cycle to 1 minute. Turning off huge burdens, stimulation of capacitor banks 
and so on are the regular reasons for voltage swell. Voltage sag event is 

additional typical than voltage swell in the appropriation control framework.  

In the modern industrialization era, where the large scale of power can be 
generated at centralized power plants that include hydro-electric dams, wind 

farms, nuclear and coal plants and fossil fuel-fired plants.  
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All these power generation systems deal with power quality problems, 
which defines the electrical system capable of creating a perfect power 

supply that has a stable voltage and frequency. Furthermore, many loads in 

the power systems may cause disturbances which are deviated values from its 

ideal power supply. Voltage stability is the fundamental issue in power 
quality which requires voltage regulations. In terms of Power Quality (PQ), 

there is a number of standards that are being introduced by IEEE and IEC 

[3]. We can describe PQ as maintaining the rated frequency and magnitude 
of adjacent rated current and voltage of a power system. In other words, the 

efficacy of the system will be disturbed by the interruption of power quality. 

Therefore, most of the researchers are concerned about to focus on the 

voltage in terms of power quality. Although, there are many factors that may 
affect the power quality entity voltage swells, voltage imbalance, voltage sag, 

transients, voltage notching, major PQ issue is the voltage fluctuation in the 

form of voltage sag/swell. Many approaches and/or power electronic devices 
have been applied for mitigate voltage sag and swell such as Static 

Synchronous Compensator (STATCOM), Dynamic Voltage Restorer (DVR), 

Flexible AC transmission system (FACTS), Superconducting Magnetic 
Energy Storage (SMES), Uninterruptible Power Supply (UPS), Static Var 

Compensator (SVC) Surge Arrester (SA), Solid-State Transfer switch 

(SSTS) [4]. 

All the previously declared approaches have their points of interest and 
disadvantages. Among the convention power strategies, can think about 

dynamic voltage restorer as the maximum monetary and proficient answer 

for different PQ problems. A portion of explanations behind this decision is 
as per the following: When dynamic voltage restorer has contrasted and 

Static Var Compensator (SVS), Static Var Compensator don’t have dynamic 

power stream control ability. In this manner, dynamic voltage restorer is 
favored over the Static Var Compensator. At the point when dynamic voltage 

restorer is compare with the UPS, the uninterruptible Power Supply isn't just 

expensive yet, in addition, it demands high battery support and maintenance. 

At the point when compare with the SMES, dynamic voltage restorer has 
brought down higher vitality limit and cost. At the point when compared with 

the DSTATCOM. The dynamic voltage restorer has a lower in cost and little 

in size. Thinking about these reasons, dynamic voltage restorer can be 
viewed as the best device for voltage sag and swell remuneration in 

circulation frameworks [5] and [6]. Additional, dynamic voltage restorer 

highlights are power factor correction and harmonics. The primary dynamic 

voltage restorer establishment was in North America in the year 1996 on a 
12.47 kV framework at Anderson, South Carolina. From these points forward 

and till now, DVRs have been valuable in conveyance frameworks to protect 

critical loads from different power quality matters [7].To improve the voltage 
at the load side, sliding mode controller (SMC) is utilized with the dynamic 

voltage restorer [8] and [9][10].  
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Because of the SMC is a good branch with nonlinear application from 

the view of simple implementation, fast response, and the robustness action 

for parameters variation. 
With reference to Tables 1, it is clear that the literature was short of 

contents related to the linear sliding variable and linear differentiator used in 

DVR. 
 
Table 1: Summary of reviewed literatures on sliding mode controller  
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*1 indicates balance sag, 2 indicates balance deep voltage sag, 3 

indicates unbalance sag, 4 indicates balance swell, 5 indicates deep balance 

swell, 6 indicates unbalance swell, 7 indicates three phase short circuit (LLL-
G), 8 indicates single line to ground fault (L-G), 9 indicates double line to 

ground fault (LL-G), 10 indicates voltage imbalance, 11 indicates oscillatory 

transient, 12 indicates impulsive transient, 13 indicates voltage notching, and 

14 denotes harmonics.Linear PID sliding variable was utilized with the linear 
differentiator in the table 1.1above, in order to estimate derivative for the 

error function. Linear differentiator has a draw back from the view of its 

sensitivity to noise in the input error signal. This drawback is overcome at 
the present work by using approximate classical sliding mode differentiator 

(ACSMD). Also, the nonlinear sliding variable named a terminal sliding 

mode control (TSMC) or arctan function as a sigmoid function utilized to 
enhance the robustness property, keep the magnitude of the voltage at the 

fixed value, steady-state error and the total harmonic distortion with a small 

bound.  

 

2 Methodology  
 

2.1 The Sliding Mode Control Method 
 

The emergence of the SMC was traced to the 1960, when Emelʹ yanov 

and Barbashin, from Russia, proposed the variable structure control now 
known as sliding mode control [23]. The level of acceptance and 

experimental implementation improved when Utkin presented the concept as 

a survey paper in 1977.  Hence, the State feedback control low is based on 
this method and depends on the state of some rules and the system.  

The method supposed that a function with discontinuous time (nonlinear 

and linear system) push switches from the structure when it is continuous to 

another modified one based on the real existing position in the continuous 
state space. The modified structure enhances the dynamics of the system. 

Experimentally, a nonlinear or linear being the variable structure control as a 

constant control makes the system totally insensitive parametric to external 
disturbance. In operations on the system, when the switching process begins, 

a multiple control structure is formed. The system moves towards the 

neighboring region with a modified proposed structure. When the eventual 
trajectory is not completed, one control structure will exist. The effect on the 

system is a movement ahead sliding along limits of the control structure. This 

activates the system forward, in a sliding mode, so the geometrical locus 

locates these boundaries which are the sliding surface. Since the variable 
structure of the system with its random approach put the bases of SMC [19]. 

To regulate the voltage, the sliding mode control utilized with the dynamic 

voltage restorer. It has the capacity to handle three-phase loads as used here, 
labelled A, B and C.  
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SMC is applied in the nonlinear applications, because it is fast in 

response to power quality issues like voltage sag/swell. In addition, its 

Implementation is easy and has quick action on varying the parameters. 
The nonlinear sliding variable like which is the terminal sliding mode 

controller (TSMC) and arctan function as a sigmoid function utilized in this 

study to ameliorate the robustness property and preserve the voltage 
magnitude at the constant value. It keeps the steady-state error and the total 

harmonic distortion within minimal threshold.    

 

2.2 SMC Theory 
 

Sliding mode control based the low of state feedback is constant in 

nature; one of its application in DVR is to improve the performance during 
the disturbances introduced in the voltage source when the DVR system is 

connected. During sliding motion, all the systems are insensitive to the 

parametric uncertainty of the system, external disturbances and modelling 
errors. The basic model of the DVR based on variable structure model, the 

state-space model is presented in equation (1.1) [19].  

       (1.1) 

Where  filter inductor current 

  the source current 

 the DVR injected voltage 

, ,  are the resistance, inductance and the capacitance of the filter 

 represent a switching function it can be either 1 or -1 

 is the control input 

The SMC model for DVR is developed, governed by the collection of 
sliding surfaces, determine the control law, and check for the existence of 

sliding mode and reaching condition. 

 

2.2.1 Sliding Surface Selection 
 

For the output voltage regulation of the voltage source inverter, the 

appropriate sliding surface is chosen.  This surface is affected specifically by 
the switching low on isolated gate bipolar transistor (IGBT) of the voltage 

source inverter. The state-space model (1.1) indicate that the time derivative 

of the voltages output = = . 

Does not contain explicitly the control input . Calculate the 

second time derivative of the with the first time derivative, DVR phase 

canonical is [19]: 
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The second derivative of the voltage output. as clear from (1.2) is 

based on the control input . This makes derivatives of the third and 

higher-order redundant [19]. 

The output error is defined as  where the 

 is the reference value of . 

The sliding variable is selected in a PID form (proportional, integral 
and derivative) as the following: 

(1.3) 

Where kp, ki and kd are positive, designer-tuned adjustable parameters. 
 

2.2.2 Existence of Sliding Mode and Reaching Condition 
 

The presence of the operation of sliding mode means that  and 

 ensure to be in this system. The switching condition or law 
guarantee the stability condition for the regime to be in a sliding mode such 

that 

        (1.4) 
The conformity with the stability condition (1.4) guarantees the 

convergence regime trajectories converge to a sliding surface, S(e)=0 it 

because 
(e)<0 decreases towards zero. 

(e)>0 increases towards zero 

converges to 0 when condition (1.4) is checked and this state is 
shown as sliding mode existence condition [19].The condition (1.4) indicates 

the reaching condition and that lead as conclusion that the distance between 

the status of the system and the sliding surface ( ) goes to nil. This 
shows that the switching line and its phase velocities should be zero at the 

ideal sliding mode movement of system trajectory, that is 

      (1.5) 

The condition (1.4) is called sliding mode existence condition. 

According to Eq. (1.5), the phase canonical form of dynamic voltage restorer 

is reduced to a second-order differential equation, which represented by: 

                                                (1.6) 

Where it is clear that with a positive parameter for the PID sliding 

variable (PIDSV), the origin of the reduced system mode (1.6) is 

asymptotically stable.  



                                                                                                                  
 

 

 
 

 

 
7229 Ali Basim Mohammed et.al 

 

Note that, during the sliding mode, the DVR model is represented by the 

reduced model given in (1.6). The new model for the DVR during sliding 

mode is not affected by the uncertainty in the original DVR model. The 
uncertainty includes the un-modeled or the ignored dynamics in the DVR 

model. On the other hand, the price paid in order to replace the uncertain 

model of the DVR by a reduced model with prescribed parameters, and 
consequently the desired performance is the induced chattering due to the 

discontinuity in the control signal  .So, the key step is the reaching of the 
DVR states to the sliding surface and stay there for all future time. 

However; many factors will prevent the controller from enforcing the 

linear sliding variable to zero level (sliding surface), like the error in 

determining the derivative of the error signal due for example to the noise in 

the measurement of the voltage output. . As a result, a steady-state error is 

obtained in the error signal. The stability analysis is presented later. 

In order to make the steady state error as small as possible, we present 

here two solutions. The first is the use of a robust differentiator, while the 
second solution is to use a nonlinear PIDSV. Both solutions are proposed in 

the present work in order to attenuate the steady-state of the error signal . 
 

2.2.3 Determination of Control Law 
 

The presence state verification gives the IGBT switching function of 

voltage source inverter for the control input  when specified as the 

switching function. 

           (1.7) 

 

2.2.4 The Steady State Error Sources 
 

In order to quantify the steady state error when using linear PIDSV, we 

return to Eq. (1.6). Firstly, let us refer to the source of the steady state error 

by , so Eq. (1.6) appears as follows; 

                                      (1.8) 

It is clear from above that the steady state error is function to , where 

ideally when , the steady state error is zero [19] .  
In the actual situation, the error signal is noisy, that means 

. Additionally, the derivative of  is also noisy and 

inaccurate, i.e.,  , where  and  are the actual error signal 

and error derivative respectively, while   and  are the uncertainty 

(noise) in the error signal and the  error in the derivative respectively. As a 

result, the Eq. (1.6) becomes; 
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                        (1.9) 

To make  as small as possible, one way is to make the error in the 

derivative term small by using a robust differentiator, which is the first 
proposed solution presented in this work. A nonlinear robust differentiator is 

suggested as presented in the following subsection. 
 

2.3 The Differentiator 
2.3.1 Linear Differentiator 
 

The u (t) is the input of the differentiator and y(t) represent the output as 

shown in the figure 1 below: 

 
Figure 1: The description of the differentiator 

Linear differentiator is defined as: 

                                     (1.10) 

Since the pure differentiator is vulnerable to noises, most differentiators 

utilized today are approximations and can describe as [24].  
The linear PID controller is sufficient with free noise input due to the 

derivative term. In which the output of PID suffers from high amplitude 

when the input is noisy. 

 
Figure 2: The output of the linear differentiator 
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It can be easily seen from the figure 2 above, the output of the derivative 

has high amplitude because of the noisy inputs as red and cyan color. Where 

in MATLAB, the derivative term of linear PID consist of real derivative plus 
LPF (Low Pass Filter) as bellow: 

        (1.11) 

Where:  is the time constant of LPF and . 

In this case, the derivative part will be compensated with an estimation 
of derivative error. As it is well known, the linear differentiator is not robust 

against the input signal noise as seen in Fig. 2. This will degrade the 

performance of the DVR; consequently, the approximate classical sliding 

mode differentiator is proposed to be used in the present work where it is 
robust to the external noise coming with the input signal. 

 

2.3.2 Nonlinear Differentiator 
 

Nonlinear differentiator implies the Approximate Classical Sliding Mode 

Differentiator (ACSMD). In the present work, we propose the use of a 

sliding mode differentiation in order to estimate the derivative of  with an 
acceptable error. To avoid chartering in sliding mode observer [25], the 

Approximate Classical Sliding Mode differentiator (ACSMD) is used here. 

The use of the ACSMD to estimate  can be done via the following steps; 

Assume the dynamic system following: 

         (1.12) 

Where is the quantity to be estimated, x is the estimator variable, k, λ 

are the design parameters and  is the observer sliding variable to let us get 

the scalar system Equation (1.20). The design parameters  and choosing to 

assure  goes to zero as:  

                       (1.13) 

Estimation of  becomes the output of the LPF: 

         (1.14) 

Where  is the LPF outputand  is a time constant.  

ACSMD will finally be shown as follows; 

        (1.15) 

Such that, the estimation error define by the following inequality [26]: 

                     (1.16) 
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The parameters of ACSMD selected where inequality Equation 1.16 is 

set to be as small as possible: 
To get the error between the actual and the estimated derivative small as 

possible, the ACSMD was developed in [26] and used in this work, should 

be small as possible. Hence λ=100 and . In fact,  is the LPF time 
constant and should be selected small as possible to remove the term of the 

high frequency in the input error signal. Additionally, from inequality 1.16,  
must be selected large enough in order to make the estimation error as small 

as possible. In this work, it equals .  

 
Figure 3: The output approximate classical sliding mode differentiator 

 

 
Fig 4: The comparison between the output of the linear differentiator with the output 

of ACSMD 

As shown in the above figure 3& 4, the linear differentiator's error 

amplitude is more than 400 in d and more than 500 in q components, whereas 

the error amplitude in ACSMD is less than 2 in d and q components 
sequentially. 
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2.4 Designing the Sliding Mode Controller 
 
2.4.1 Selection of the Sliding Variable 
 
2.4.1.1 The Linear PIDSV Controller 
 

In the application of the industry, the proportional integral and derivative 

controller has long been used. The PID controller first created in 1939 and 

remained irreplaceable until now. In 1989, 90% of the industry process was 
still used [27], [28]. This wide usage of PID can be clarified because ease of 

re-tuning and its simplicity [29]. This is the name of the PID controller 

because it has a three-part output sum, proportional, complete, and 

derivative. The error value e between the input and the output depends on the 
error amount e between the input and the output. 

                  (1.17) 

Where ,  and indicates the gains of the Proportional, integral and 
Derivative, e the error, de⁄dt is the derivative of error and t indicate the 

instantaneous time.  

 

 
Figure  5: The linear PID controller output 

 

The figure 5 above illustrated the error magnitude is greater than 500 in d 

and q component sequentially. 
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From above, it is reasonable to analyze the cause for such amplitude of 

error, where we need to return to Eq. (1.17) in which there exists a non-zero 

right-hand side . This term causes the steady state error. In order to 
attenuate the amplitude of the steady state, a nonlinear PIDSV is proposed in 

the present work. This is the second solution proposed here to attenuate the 

steady state error as presented in the following section. 
 

2.4.1.2 The Nonlinear Sliding Variable 
 

Two nonlinear sliding variables are proposed in this section, which they 

are the Terminal PIDSV (TPIDSV), and the Arctan PIDSV (ARTPIDSV). 

The idea of using the nonlinear form for the PID controller was implemented 

in [30] and in [31] for various applications, where the results reveal the 
effectiveness of using the nonlinear PID controller instead of linear PID. The 

mathematical description of these nonlinear sliding presented below. 

 

2.4.1.2.1 TPIDSV 
 

The concept of the terminal sliding mode control has been first defined in 
[32], [33]and [34], where for the second order of nonlinear systems and an n-

link rigid robotic manipulator with unknown dynamics a terminal sliding 

variable (vector) with uncertain dynamics is suggested, to overcome the 

question of time error convergence, after the closed-loop error dynamics 
reaches and then remains on the terminal sliding mode surface. The TSMV 

being as follows: 

          (1.18) 

Where  and should be positive odd integers and must take into 

account [35], [36].   

In this work, we suggest a nonlinear PIDSV that resemble the terminal 

sliding variable and it given in the following form 

                        (1.19) 

Accordingly, with suitable selection of five parameters ( ) 

a smaller steady state error will be obtained.  

By selecting , the amplitude of the error is reduced using TPIDSV. 
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Figure 6: The output of TSMC 

From the figure 6 above, the amplitude of the errors of the TPIDSV with 
approximate classical sliding mode differentiator is clearly more than 20 on d 

and q, sequentially. 

 

 
Figure 7: The contrast between the linear PID controller with the ACSMD+TSMV 

 
In this example, the contrast between the linear PIDSV output and the 

TSMV + ACSMD output reveals. In each component of d and q, the linear 

PIDSV error amplitude is more than 500, and in both d and q of the TPIDSV 

plus ACSMD the error amplitude is higher than 20. Figure 7 shows the contrast 

between the linear PID controller with the ACSMD+TSMV 
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2.4.1.2.2 ARTPIDSV (The Sigmoid Function) 
 

A sigmoid function is a math function with a distinctive S-form curve or 
a sigmoid curve. The logistic function described in the formula below is a 

typical example of a sigmoid function [37]. 

         (20) 

The sigmoid function monotonous and has first derivative as bell shaped, 
its restricted by a pair of horizontal asymptotes as t→ ± ∞ . If values below 0 

it is convex and for values over 0. It is concave. Sigmoid function and its 

components have multiple optima [38]. 

Logistic function 

                           (1.21) 

Tangent hyperbolic (shifted and scaled logistic function version, above) 

                       (1.22) 

Arctangent function [36] 

                                      (1.23) 
 At the proposed work, the sigmoid function as is proposed to use in the 

building of the sliding variable. Therefore, the arctan sliding mode variable 

(ARTPIDSV) is as follow;  

                         (1.24) 

Where are the design parameters. Accordingly, and as for the 

TPIDSV, by selecting suitable set of parameters ( ) a smaller 
steady state error will be obtained.Eventually, with suitable selection for 

, the amplitude of the error is reduced using ARTPIDSV. 

 

 
Figure 8: The output of arctan 

https://en.wikipedia.org/wiki/Horizontal_asymptotes
https://en.wikipedia.org/wiki/Logistic_function
https://en.wikipedia.org/wiki/Inverse_trigonometric_function
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Illustrated from the above figure 8, the amplitude of errorof the arctan 

with ACSMD is lower than 2 in d and q component respectively. 

 

 
Figure 9: The contrast between the output of ACSMD plus TPIDSV with the 

ACSMD plus ARTPIDSV 

 
In this figures 9,10,11, the comparison of the output of the 

ACSMD+TSMC with the output of ACSMD + ARTPIDSV is shown. The 

amplitude of error by using the ACSMD+TSMC in d and q components are 
greater than 20, while the error amplitude in d and q components of ACSMD 

+ ARTPIDSV is less than 2. 

 
Figure 10: d component comparison PID, TSMC, arctan 

 
Figure 11: q component comparison PIDSV, TPIDSV, ARTPIDSV 
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Finally, the relation between the output of the linear slider variable, 

ACSMD+TSMC, and the performance of the ARTPIDSV+ACSMD are seen 

in figures 1.10 and 1.11. The linear sliding variable 's error amplitude is more 
than 500 in the d and q component, TPIDSV plus ACSMD 's error amplitude 

is more than 20 in the d and q component, while in ARTPIDSV+ACSMD, 

the error amplitude is lower than 2 in both d and q components. 

 

2.5 The Block Diagram of the Distribution System with 
Employing the Dynamic Voltage Restorer 
 

The system under study by employing the DVR is given as below in 

Figure 1.12. 

 
Figure 12: The block scheme for the system under study 

The DVR includes from several fundamental elements such as control 

for voltage injector, sag detector and generator of voltage restorer in order to 

enhance the voltage sag and to improve the power quality of the system. 
Figure 12comprise of 66 kv, 50 Hz AC source connected to 10 MVA, 66000/ 

22000/ 22000 V three winding three-phase transformer.  

 This transformer was connected to two feeders. The first feeder was 
attached to two 500 KVA, 22000/380 winding transformers to feed a non-

sensitive load. The other feeder was also linked with two winding 

transformer 2 MVA, 22000/380 feeding hybrid loads consisting of 10KVA 
linear load, 0.8 lagging power factor of 50 KVA non-linear loads. Table 2 

and Table 3 and 4 summarize the parameters used for this system from [39], 

respectively. 
Table 2: System parameters detail 

source voltage 66KV, 50Hz The hybrid loads 

The details of the transformers Linear load: 10kVA with 0.8 lagging PF 

Transformer 1 10MVA,66/22/22KV Nonlinear load: 50kVA 

Transformer 2 500 kVA, 22/0.38KV 
The 

parameters of 

the Motor 

Resistive load: 10kW 

Transformer 3 2 MVA, 22/0.38KV The Induction motor: 

15 kW, 1460 rpm 

400V 
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Table 3: The dynamic voltage restorer parameters 

Parameter Value Parameter Valu

e 

VDC 700V Series filter resistance  0.1(Ω) 

R 0.1Ω Shunt filter resistance  60(Ω) 

f 50Hz Series filter inductance  80(mH) 

Carrier frequency 5000Hz Shunt filter capacitance  6(µF) 

Voltage source 

inverter 

6 pulses, 3 arms  the series transformer 

ratio 
1:1 

 

Table 4: The gain of PID controller 

Operating conditions 
PID controller 

Kp Ki Kd 

Case 1: Balanced voltage sag 3.2394        1.928      0.1662 

Case2: Unbalanced voltage sag 3.4344      0.2640       1.9765 

Case 3: Deep balanced voltage sag 3.2394        1.928      0.1662 

Case 4: Balanced voltage swell 2.1433       1.8362       1.1854 

Case 5: Unbalanced voltage swell 4.261       0.3357       1.1401 

Case 6: Deep balanced voltage swell 2.1433       1.8362       1.1854 

Case 7: Three phase short circuit  1.3909 1.6157 1.3959 

Case 8: Double line to ground fault 4.9931 0.4528 0.0704 

Case 9: Single line to ground fault 3.9573 1.1788 0.5753 

Case 10: Voltage imbalance 3.1744       1.9788       1.5766 

Case 11: Voltage notching 2.5437       0.6076      0.8431 

Case 12: Impulsive transient 2.544     0.0882       0.3235 

Case 13: Oscillatory transient 3.3777       1.3025       1.6846 

 

2.6 The Proposed DVR System 
 

As seen in Figure 13 below, the DVR it takes place between the supply 

and the sensitive loads. The system acts as a compensator of the power 

quality to improve the total harmonic distortion and the voltage disturbances. 

 
Figure 13: The structure of the dynamic voltage restorer: (a) the dynamic voltage 

restorer model, (b) the LC filter. 
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There are multiple parameters to the proposed DVR as follows: 

1. Series injection transformer: The requisite voltage is transferred 

through the series transformer to a distribution system in order to recompense 
the disturbances from the voltage source inverter to the network [40]. The 

elementary winding is installed on the distribution system. Then, the VSI is 

connected to the secondary winding. 

2. Energy storage: is used for compensating for the right actual 
power quantity. Flywheel, supercapacitors, lead-acid, and batteries with 

superconducting magnetic energy storage were assumed as a quick response 

power storage element [41]. 
3. Voltage source inverter: This is an electronic power 

configuration that is utilized to generate a sinusoidal voltage with a proper 

frequency, magnitude and phase. The energy storage unit as a DC input to 

the VSI. 
4. LC filter: this filter includes inductance, resistance, and 

capacitance to minimize the total harmonic distortion on the output 

waveform from the VSI. The filter output is a sinusoidal waveform with a 
low total harmonic distortion. 

5. The controller of the DVR: utilized to monitor the load voltage. 

when the disturbances occur, the controller detect this disturbance and inject 
a voltage wave form by making a difference between the reference voltage 

and the load voltage to achieve the right magnitude and phase [42], [43] and 

[44].   

6. Bypass switch: to secure and isolate the dynamic voltage restorer 
when the high currents occurs in the distribution system [45]. 

 

2.7 Voltage Sag Indices 
 
2.7.1 The Detroit Edison Sag Score (SS) 
 

The details of this index can obtain from [46] and [47]. To calculate this 
type of indices, the equation below illustrated this calculation: 

      (1.25) 

, , and  represents the phase voltages sequentially. The SS results 

closer to 0 indicate a better power quality of the system after compensation. 

 

2.7.2 Voltage Sag Lost Energy Index (VSLEI) 
 

The details of the VSLEI obtained from [48].  The lost energy (W) 

calculated as below: 

         (1.26) 

indicates the nominal voltage, V indicate the phase voltage and T is 

the time duration at the sag event in a millisecond. 
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2.7.3 Voltage Sag Energy (EVS) 
 

The  is obtained by utilizing the equation below: 

                                 (1.27) 

Where the indicate the voltage magnitude at time , and  is the time 
duration of sag [48]. 

 

2.8 The DVR Controller 
 

The dynamic voltage restorer was controlled using the steps summarized 

into 5 steps below 

(i) The Park transformation (dq0 transformation) method was 
adopted in controlling the DVR. This involves the use of direct, quadrature, 

and zero. Typically, it's an expression about a mathematic transformation 

which implies that the 3 phases of the input signal are rotated conveniently in 
the reference frame to perform the device study. This technique converted 

the AC to DC components. Hence, simplifying the analysis process and the 

controller, the zero-phase component was ignored. The equation of the 
transformation is given as below [49]: 

    (1.28) 

Calculates the reference voltage as follows: 

                    (1.29) 
(ii) The comparison between the reference voltages in dq0 frame 

with the load voltage in the dq0 frame was implemented. The consequence of 

this relation is the error signal ( ) and given as below: 

 (1.30) 

 

(iii) For adequately control of the presented DVR, the significant step 
was to synchronize it with the grid voltages. The output signal has a same 

phase and frequency. The PLL was used as a synchronization tool with the 

controller was proposed. 
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(iv) The low complexity controller based DVR includes the powerful 

differentiator of approximate classical sliding mode (ACSMD) with a 

nonlinear sliding variable called arctan as a sigmoid function or terminal 
sliding mode control (TSMC). 

(v) In order to produce the gate pulses for the voltage source 

inverter, the outcome from the proposed controller was reversed from dq0-to-

abcframe and forwarded to the pulse width modulation. The formula used to 
convert as follows: 

      (1.31) 

Following the successful development of the model and the 

transformations, the controller was developed using the MATLAB as 
presented in Figure 14. 

 

 
Figure 14: The new controller in MATLAB Simulink 

 

3 Results and Discussion  
 

3.1 The Simulation Model of the System under Study 
 

The proposed controller with the dynamic voltage restorer tested by 

utilizing MATLAB/Simulink to mitigate the disturbances such as balance or 
unbalance voltage sag and swell, transients, voltage imbalance,different types 

of fault and notching. The DVR structure that utilized with the distribution 

network illustrated in figure 15 below: 
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Figure 15: MATLAB/Simulink based DVR 

 

3.1.1 Case 1: Balanced 3-Phase Voltage Sag 
 

This case is applied to the system by overload during the period from 
(t=0.1s to t=0.15s). In the same time, the induction motor applied during the 

period from (t=0.185s to t=0.2s). A reduction in voltage amplitude in the 

three phases as in Figure 16 (a). This reduction in voltage from the nominal 
voltage to 70.96% for the overload and 61.2% for the induction motor. 

Consequently, the dynamic voltage restorer senses the reduce in voltage and 

injects a proper voltage magnitude as shown in Figure 16 (b). As a result of 

this injection, the voltage amplitude at the load side after the compensation is 
being approximately 1 pu in phases A, B, and, C respectively as shown in the 

figure 16 (c). 

 
(a) 

 
(b) 
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(c) 

Figure 16: Simulated results for the case of balance voltage sag by employing the 

dynamic voltage restorer, (a) Uuncompensated load voltage, (b)Injected voltage by 

dynamic voltage restorer, (c) the compensate voltage at the load side. 

 

3.1.2 Case 2: Deep Balance Voltage Sag 
 

Balance deep voltage sag is implemented at time 0.1 to 0.2. The load 
voltage side was decreased to 10% as in figure 17(a). The dynamic voltage 

restorer sense the deep voltage sag and inject an appropriate voltage 

magnitude to regulate the load voltage and return it back to the pre-sag 

situation as in Figure 17 (b), the voltage amplitude at the load side after 
compensation is approximately 1 pu in phases A, B, and, C sequentially as 

shown in Figure 17 (c). 

 
(a) 

 
(b) 
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(c) 

Figure 17: Simulated results for the case of deep balance voltage sag by 

employing the dynamic voltage restorer, (a) Uuncompensated load voltage, 
(b)Injected voltage by dynamic voltage restorer, (c)the compensate voltage at 

the load side. 

 

3.1.3 Case 3: Unbalance Voltage Sag 
 

The overload occurs at interval time between 0.2-0.3s, the period of 
disturbance is equal to 0.1s, the voltage amplitude will reduce to 49.96%, 

89.92% and 90.07% in phases a, b, and c sequentially as in Figure 18 (a), the 

DVR senses this disturbance and injects a proper voltage magnitude as in 

Figure 18 (b). The voltage amplitude at the load side after compensation is 
approximately 1 pu in phases a, b, and c sequentially as shown in Figure 18 

(c). 

 
(a) 

 
(b) 
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(c) 

Figure 18: Simulated results for the case of the unbalance voltage sag by employing 

the dynamic voltage restorer, (a) Uuncompensated load voltage, (b)Injected voltage 

by dynamic voltage restorer, (c)the compensate voltage at the load side. 

 

3.1.4 Case 4: Balance 3-Phase Voltage Swell 
 

For this case the load is suddenly turned-off for simulation voltage swell 

disturbance in the system. Which occur during the period between (t=0.1s to 
t=0.2s). Figure 19 (a) show the swell condition in the system. An increase in 

from the nominal to 139.8% in the 3-phases. The DVR sense this difference 

in voltage and inject the required voltage. Figure 19 (b) shows the injected 
voltage by DVR to compensate the difference in load voltage. While the load 

voltage side after compensation approximately 1 pu for the 3-phases as 

shown in Figure 19 (c). 

 
(a) 

 
(b) 
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(c) 

Figure 19: Simulated results for case of the balance voltage swell by employing the 

DVR: (a) Uncompensated load voltage, (b) Injected voltage by dynamic voltage 

restorer, (c) the compensate voltage at the load side. 

 

3.1.5 Case 5: Deep Balance Voltage Swell 
 

In this case, the deep swell mode occurs between 0.1 to 0.2s, the voltages 
at the load side will increase to 180% as in figure 20 (a). The DVR will sense 

this difference and inject the required voltage needed. Figure 20 (b) show the 

injected voltage by DVR, the load side voltage after compensation is 

approximately 1 pu in phases A, B, and, C sequentially as in Figure 20 (c). 

 
(a) 

 
(b) 
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(c) 

Figure 20: Simulated results for the case of the deep balance voltage swell by 

employing the dynamic voltage restorer, (a) Uuncompensated load voltage, 

(b)Injected voltage by dynamic voltage restorer, (c)the compensate voltage at the 

load side. 

 

3.1.6 Case 6: Unbalance Voltage Swell 
 

A consideration of an unbalance voltage swell is occurred between 

t=0.2s to t=0.3s. The voltage at Phases A, B, and, C increases to 140.8%, 
114.6%, and 112.4%, respectively. As shown in Figure 21 (a). Subsequently, 

the DVR sense this difference and injects a required voltage magnitude to 

regulate the voltage disturbance, as in Figure 21 (b). The load voltage 
magnitude after compensation being approximately 1 pu in phases A, B and, 

C sequentially as in figure 21 (c). 

 
(a) 

 
(b) 
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(c) 

Figure 21: Simulated results for the case of the unbalance voltage swell by 

employing the dynamic voltage restorer, (a) Uuncompensated load voltage, 
(b)Injected voltage by dynamic voltage restorer, (c)the compensate voltage at the 

load side. 

 

3.1.7 Case 7: Three-Phase Short Circuit (LLL-G) 
 

The system under study is subjected to a three phase short circuit at 

0.05s. The fault is occurring at Feeder one for 0.13s as illustrated in Figure 

22 (a), the voltage amplitude will reduce in each three phases at feeder 2 to 
65.04%, 65.05%, 65.04% in phases A, B, and, C sequentially as in Figure 22 

(b), the DVR sense this disturbance and inject a required voltage magnitude 

as in Figure 22 (c). As a result of this injection, the voltage amplitude after 
compensation is being approximately 1 pu in phases A, B, and, C 

respectively as in Figure 22 (d). 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Figure 22: simulated results for the case of the LLL-G by employing the DVR: (a) 

LLL-G in Feeder one, (b) uncompensated load voltage, (c)the injected voltage by 
dynamic voltage restorer(d)the compensate voltage at the load side. 

 

3.1.8 Case 8: Double Line to Ground Fault (LL-G) 
 

Phase A and B are suffering fromdouble line to ground fault at t=0.1s. 

The duration of the fault is added for 0.1s. The load voltage at Feeder 1is 

represented in Figure 23 (a). The outcome of implementing this type of fault, 

the voltage at phase A and B will reduce to zero, at the same time phase C 
reduced lightly. Figure 23 (b) illustrates the measured load voltage when it 

calculated at Feeder 2, it represents the same voltage that the dynamic 

voltage restorer deals with it. The voltage amplitude are0.8763pu, 0.8631pu, 
and 0.9323pu in Phases A, B, and, C sequentially. The proposed dynamic 

voltage restorer injects the proper voltage to enhance the voltage disturbance. 

The injected voltage from the DVR system is shown in Figure 23 (c). The 
load voltage after the compensation is illustrated at Figure 23 (d). The results 

represent that the DVR system can restore the voltage when it occurred. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 23: Simulated results for the case of LL-G by employing the dynamic voltage 

restorer: (a)LL-G in Feeder 1(b) Uuncompensated load voltage, (c) Injected voltage 

by dynamic voltage restorer, (d) the compensate voltage at the load side. 
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3.1.9 Case 9: Single Line to Ground Fault (L-G) 
 

This case is significant for the analysis as the most frequent fault 

occurring in the operation is a single line to ground fault. The single line to 
ground fault occurred at phase C. The fault is start at 0.05s and vanished at 

0.185s. Compared to the above situations, the fault is occurred at Feeder 1. 

The load voltage at Feeder 1is represents in Figure 24(a). phase C only is 
reduced to 0at the time when the fault is occurring. A slight reduction in 

Phase A and B during this period. The voltage load at Feeder 2 is shown at 

Figure 24(b). The voltage at Phases A, B, and, C is being 90.7%, 94.86%, 

67.46%. The proposed DVR sense the difference and injects a voltage 
magnitude as illustrated in Figure 24(c) to mitigate the disturbance. As a 

result of implement this type of fault, the voltages are recovered to its normal 

values as illustrated in Figure 24(d). 
 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Figure 24: Simulated results for the case of the L-G fault by employing the DVR: 

(a) L-G in feeder one, (b) Uncompensate load voltage, (c) the injected voltage by 

dynamic voltage restorer, (d)the compensate voltage at the load side. 

 

3.1.10 Case 10: Voltage Imbalance 
 

In this scenario, the system is exposed to an imbalanced voltage at 0.05s 
and vanished at t=0.185s. The perturbation applied at Feeder 2. The got 

results were for this case study are shown in Figure 5. The pre-compensation 

load voltage illustrated in Figure 25(a). The load voltage at phase A, B, and, 

C is reduced to 0.7269pu, 0.5218, and 0.7924pu at Phases A, B, and, C 
sequentially. In this situation, the dynamic voltage restorer sense and injects 

the voltages to regulate the load voltage. Figure 25(b) illustrate the injected 

voltage. As a results, the Figure 25(c) shows the compensated load. In this 
figure, the load voltage at all phases are approximately 1 pu. According to 

the IEC standards 61000-3-13, The imbalanced factor will not be more than 

2% [50].  

                                         (1.32) 

Where (V-) is the negative voltage sequence and (V+) is the positive voltage 

sequence. 
The imbalance factor before the compensation is 11.98 and to be nearly 0 

after compensation. 

 
(a) 
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(b) 

 
(c) 

Figure 25: Simulated results for the case of the voltage imbalance by employing the 

dynamic voltage restorer, (a) Uuncompensated load voltage, (b)Injected voltage by 

dynamic voltage restorer, (c) the compensate voltage at the load side. 

 

3.1.11 Case 11: Transients 
 

A power quality index appeared as the amplitude of voltage became very 
high with a decrease in the frequency of nonpower for a very brief span of 

time, and can be separated into two latent oscillating and impulsive ones. The 

first occurrence integrating the temporary impulsive transient in figure 26 is a 

lightning strike. It is stated in [51], as when the voltage magnitude rapidly 
raises or declines in a very brief period of time, in other words, less than 50 

ns. In MATLAB Simulink the lightning model is examined as seen in Figure 

1.26. The load contains reactive 10 kW and inductive loads of 10 kVAr.At 
0.05s, the lightning strike is happened and the proposed dynamic voltage 

restorer sense and injects the proper voltage.  

 
(a) 
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(b) 

 
(c) 

Figure 26: Simulated results for the case of the impulsive transient by employing the 

dynamic voltage restorer, (a)Uncompensated load voltage, (b)Injected voltage by 

dynamic voltage restorer, (c) the compensate voltage at the load side. 

 
The second case that poses the other kind of oscillatory voltage transient 

is the high-voltage capacitor bank built in Simulink. Installed at 22kV, 5 

kVAr, 50 Hz. At 0,05s, the condensing bank is operated by three-phase 
breakers on its 22kV power supply, generating transient voltages at 0,38kV 

and 22kV. During this event the presented DVR senses and injects the 

voltage needed. Figure 27 represents the profile of the voltages at the load 

side when the oscillatory transient occurred. 

 
(a) 
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(b) 

 
(c) 

Figure 27: Simulated results for the case of the oscillatory voltage transient 

employing dynamic voltage restorer: (a) Uuncompensated load voltage, (b)Injected 

voltage by dynamic voltage restorer, (c) the compensate voltage at the load side. 

 

3.1.12 Case 12: Voltage Notching 
 

Voltage notching is a normal transient induced by the electronic 

converter commutation process. The nonlinear load model uses a six-pulse 

three-phase rectifier to pose voltage notches and harmonics. The non-linear 
model has a power of 5 kW and a load of 0.5 kVA. A phase locked loop is 

used to synch the pulse generator for the appropriate pulses to power the6-

pulse rectifier. The firing angle is set at 10 degrees to control the pulse width 

of the converter. At the point where the notches begin, the voltage notches 
are defined by their depth and location. Figure 28 represents the profile of the 

load voltage when the Voltage notching occurred. 

 
(a) 
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(b) 

 
(c) 

Figure 28: Simulated results for the case of the voltage notching by employing the 

dynamic voltage restorer, (a) the uncompensated load voltage, (b)the injected voltage 

by dynamic voltage restorer, (c) the compensate voltage at the load side. 

 

3.2 Discussion of the Results  
 

By implementing different scenario by using MATLAB/Simulink in 
order to simulate the disturbances in the proposed system such as balanced 

sag, deep voltage sag, balanced swell, deep voltage swell, unbalance swell, 

unbalance sag, LLL-G fault, LL-G fault, L-G fault, transient, notching and 
the voltage imbalance. Dynamic voltage restorer can mitigate the 

disturbances occurs in the distribution system and retain the voltage at a 

fixed value. The tables below illustrated the voltage magnitude at the load 
side for a linear PID controller, ACSMD with TSMC and ARTPIDSV with 

ACSMD respectively: 
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Table 5: Voltage magnitude at the load side of the linear PID controller-based DVR 

 

Cases 

Load voltage p.u 

Uncompensated Compensated 

 A  B  C A  B  C 

Case 1:Balanced 

voltage sag 

0.709

6 

0.7096 0.709

6 

0.9806 0.9801 0.9807 

Case 2:Deep balanced 
voltage sag 

0.098
77 

0.09877 0.098
77 

0.9133 0.9114 0.9161 

Case 3:Unbalanced 

voltage sag 

0.499

6 

0.8992 0.900

7 

0.9692 0.9568 0.9707 

Case 4:Balanced 

voltage swell 

1.398 1.398 1.398 0.9978 0.9979 0.9977 

Case 5:Deep balanced 

voltage swell 

1.798 1.798 1.798 0.999 0.999 0.999 

Case 6:Unbalanced 

voltage swell 

1.408 1.146 1.124 0.975 0.9789 0.9744 

Case 7:LLL-G 0.650

4 

0.6505 0.650

4 

0.9581 0.9576 0.9573 

Case 8:LL-G 0.876

3 

0.8631 0.932

3 

0.9959 0.9954 0.9959 

Case 9:L-G 0.907 0.9486 0.674

6 

0.9754 0.9754 0.9786 

Case 10:Voltage 

notching 

0.999

3 

0.9993 0.999

3 

0.9783 0.977 0.976 

Case 11:Oscillatory 

transient 

0.998

6 

0.9986 0.998

6 

0.9824 0.9825 0.9824 

Case 12:Impulsive 

transient 

0.999

4 

0.9994 0.999

4 

0.9822 0.9818 0.9819 

Case 13:Voltage 
imbalance 

0.726
9 

0.5218 0.792
4 

0.959 0.9569 0.9485 

 

Table 6: Voltage magnitude at the load side of the ACSMD with TSMC based DVR 

 

Cases 

Load voltage p.u 

Uncompensated Compensated 

 A  B  C  A  B  C 

Case 1:Balanced 

voltage sag 

0.709

6 

0.709

6 

0.7096 0.9979 0.9977 0.997

9 

Case 2:Deep balanced 

voltage sag 

0.098

77 

0.098

77 

0.0987

7 

0.9941 0.994 0.994 

Case 3:Unbalanced 

voltage sag 

0.499

6 

0.899

2 

0.9007 0.9969 0.9978 0.999

1 

Case 4:Balanced 

voltage swell 

1.398 1.398 1.398 0.9994 0.9994 0.999

1 

Case 5:Deep balanced 

voltage swell 

1.798 1.798 1.798 0.9996 0.9996 0.999

6 
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Case 6:Unbalanced 
voltage swell 

1.408 1.146 1.124 0.9994 0.9989 0.997
9 

Case 7:LLL-G 0.650

4 

0.650

5 

0.6504 0.9981 0.998 0.998

1 

Case 8:LL-G 0.876

3 

0.863

1 

0.9323 0.9982 0.9977 0.998

2 

Case 9:L-G 0.907 0.948

6 

0.6746 0.9976 0.9989 0.997

6 

Case 10:Voltage 

notching 

0.999

3 

0.999

3 

0.9993 0.9979 0.9983 0.998

4 

Case 11:Oscillatory 

transient 

0.998

6 

0.998

6 

0.9986 0.999 0.9989 0.998

8 

Case 12:Impulsive 

transient 

0.999

4 

0.999

4 

0.9994 0.9983 0.9985 0.998

5 

Case 13:Voltage 

imbalance 

0.726

9 

0.521

8 

0.7924 0.9986 0.9973 0.998

2 

 

Table 7: Voltage magnitude at the load side of the ARTPIDSV with ACSMD based 

DVR 

 

Cases 

Load voltage p.u 

Uncompensated Compensated 

 A  B  C  A  B  C 

Case 1:Balanced voltage sag 0.709

6 

0.7096 0.709

6 

0.999 0.999

2 

0.999

2 

Case 2:Deep balanced 
voltage sag 

0.098
77 

0.0987
7 

0.098
77 

0.999
1 

0.999
3 

0.999
1 

Case 3:Unbalanced voltage 

sag 

0.499

6 

0.8992 0.900

7 

0.999

3 

0.999

3 

1.000 

Case 4:Balanced voltage 

swell 

1.398 1.398 1.398 0.999

8 

0.999

8 

0.999

8 

Case 5:Deep balanced 

voltage swell 

1.798 1.798 1.798 0.999

8 

0.999

8 

0.999

8 

Case 6:Unbalanced voltage 

swell 

1.408 1.146 1.124 0.999

8 

1.000 0.999

4 

Case 7:LLL-G 0.650

4 

0.6505 0.650

4 

1.000 0.999

9 

0.999

8 

Case 8:LL-G 0.876

3 

0.8631 0.932

3 

0.998

6 

0.998

1 

0.998

4 

Case 9:L-G 0.907 0.9486 0.674

6 

0.999

4 

1.000 0.999

4 

Case 10:Voltage notching 0.999

3 

0.9993 0.999

3 

0.998

1 

0.998 0.998

1 

Case 11:Oscillatory transient 
0.998

6 

0.9986 0.998

6 

0.999

4 

1.000 1.000 

Case 12:Impulsive transient 
0.999

4 

0.9994 0.999

4 

0.999

6 

0.999

8 

1.000 

Case 13:Voltage imbalance 0.726
9 

0.5218 0.792
4 

1.000 0.999
4 

0.999
6 
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The last two tables above illustrated the portability of the proposed 
controller to keep it at the fixed value. At the same time, show the superiority 

of the second branch to reclaim the peak of the voltages to approximately 

1p.u by injecting the appropriate magnitude of the voltage by the DVR.The 
figures below show the amplitude of the RMS voltage at the load side before 

and after compensation. 

 

 
Figure 29: The voltage amplitude at the load side based DVR: (a) Balance voltage 

sag, (b) Balance deep voltage sag, (c) Unbalance voltage sag, (d) Balance voltage 

swell, (e) Balance deep voltage swell, (f) Unbalance voltage swell, (g) LLL-G, (h) L-

G, (i) LL-G, (j) voltage imbalance, (k) Oscillatory transient, (l) Impulsive transient, 

(m) Voltage notching. 
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From the tables and figures above, can makes a comparison between the 

results for the voltage magnitude at the load side before and after 

compensation as below: 
 

3.2.1 Voltage Sag 
 

The balanced voltage sag is occurring in the distribution system; the 
voltage amplitude will decrease to 0.7096pu in all phases. The DVR senses 

this disturbance and injects a required voltage magnitude, the voltage at the 

load side increases to 0.9806pu, 0.9801pu, and 0.9807pu in Phases A, B, and, 
C sequentially when the linear PID controller was implemented. By 

implementing the ACSMD with TSMC, the voltage magnitude at the load 

side it be 0.9979pu, 0.9977pu, and 0.9979pu while it being 0.999pu, 
0.9992pu, and 0.9992 when the ARTPIDSV+ACSMD is implemented.it 

seems that, the results by using ARTPIDSV+ACSMD is much better than the 

other two techniques as mentioned in values above by restoring the voltage at 

the load side approximately 1pu. At the moment when the deep voltage sag is 
implemented at the distribution system, the voltage magnitude at the voltage 

side was reduced to 0.09877pu at all phases.  

The DVR inject a suitable magnitude to restore the voltage magnitude at 
the proper magnitude, after implementing the dynamic voltage restorer, 

voltage magnitude at the load side it be 0.9133pu, 0.9114pu, and 0.9161pu. 

in Phases A, B, and, C sequentially by implementing the linear PID 
controller. The voltage at the load side by utilizing The ACSMD with 

TSMC, is being 0.9941pu, 0.994pu, and 0.994pu while it being 0.9991pu, 

0.9993pu, and 0.9991pu when the ARTPIDSV+ACSMD is implemented. 

From the results above, using ACSMD with arctan is much better than the 
other two techniques as mentioned in values above by restoring the voltage at 

the load side approximately 1pu.  The disturbance name unbalance voltage 

sag was occurring in the distribution system, the voltage decrease to 
0.4996pu, 0.8992pu, and 0.9007 pu in Phases A, B, and, C sequentially. The 

voltage at the load side increases to 0.9692pu, 0.9568pu, and 0.9707pu in 

Phases A, B, and, C sequentially when the linear PID controller was 

implemented. By implementing the ACSMD with TSMC, the voltage 
magnitude at the load side it be 0.9969pu, 0.9978pu, and 0.9991pu while it 

being 0.9993pu, 0.9993pu, and 1.000pu when the ARTPIDSV+ACSMD is 

implemented. The results by using ARTPIDSV+ACSMD is much better than 
the other two techniques as mentioned in values above by restoring the 

voltage magnitude at the load side approximately 1pu. 
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3.2.2 Voltage Swell 
 

When the balance voltage swell is occurring in the distribution system, 

the voltage amplitude will increase to 1.398pu in all phases. The dynamic 

voltage restorer senses this disturbance and injects a proper voltage 

magnitude, the load voltage is being 0.9978pu, 0.9979pu, and 0.9977pu in 
Phases A, B, and, C sequentially when the linear PID controller was 

implemented. By utilizing the ACSMD with TSMC, the voltage magnitude 

at the load side it be 0.9994pu, 0.9994pu, and 0.9991pu while it being 
0.9998pu in Phases A, B, and, C sequentially when the ARTPIDSV with 

ACSMD was implemented.it seems that, the results by using ARTPIDSV 

with ACSMD is much better than the other two techniques as mentioned in 
values above by restoring the voltages at the load side approximately 1pu. At 

the moment when the deep voltage swell is implemented at the distribution 

system, the voltage magnitude at the voltage side was increased to 1.798pu at 

all phases. The DVR inject a suitable magnitude to restore the voltage 
magnitude at the proper magnitude, after implementing the DVR, the voltage 

magnitude at the load side it be 0.999pu at Phases A, B, and, C sequentially 

by implementing the linear PID controller. The voltage magnitude at the load 
side by utilizing The ACSMD with TSMC, is being 0.9996pu at all phases 

while it being 0.9998pu at Phase A, B, and C, respectively when the 

ARTPIDSV with ACSMD is implemented. From the results above, using 

ARTPIDSV with ACSMD is much better than the other two techniques as 
mentioned in values above by restoring the voltage magnitude at the load 

side approximately 1pu.  Unbalance voltage sag was occurring in the 

distribution system, the voltage at the load side increased to 
1.408pu,1.146pu, and 1.124pu in Phases A, B, and, C sequentially. The 

voltage at the load side being 0.975pu, 0.9789pu, and 0.9744pu in Phases A, 

B, and, C sequentially when the linear PID controller was implemented. By 
implementing the ACSMD with TSMC, the voltage magnitude at the load 

side it be 0.9994pu, 0.9989pu, and 0.9979pu in Phase A, B, and C, 

respectively while it being 0.9998pu, 1.000pu, and 0.9994pu in Phases A, B, 

and, C sequentially when the ARTPIDSV with ACSMD is implemented. The 
results by using ARTPIDSV with ACSMD is much better than the linear PID 

controller and ACSMD with TSMC as mentioned in values above by 

restoring the voltage magnitude at the load side approximately 1pu. 

 

3.2.3 Three Phase Short Circuit (LLL-G) 
 

The voltages decrease to 0.6504pu, 0.6505pu, and 0.6504pu at Phases A, 

B, and, C sequentially when the three short circuit fault occurs in the system. 

The dynamic voltage restorer senses this disturbance and injects a proper 

magnitude, the voltage at the load side being 0.9581pu, 0.9576pu, and  
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0.9573pu in Phases A, B, and, C sequentially when the linear PID controller 

was implemented. By utilizing the ACSMD with TSMC, the voltage 

magnitude at the load side it be 0.9981pu, 0.998pu, and 0.9981pu while it 
being 1.000pu, 0.9999pu, and 0.9998pu in Phases A, B, and, C respectively 

when the ARTPIDSV with ACSMD was implemented.it seems that, the 

results by using ARTPIDSV with ACSMD is much better than the other two 
techniques as mentioned in values above by restoring the voltage magnitude 

at the load side approximately 1pu. 

 

3.2.4 Double line to Ground Fault (LL-G) 
 

The amplitude of voltage will decrease to 0.8763pu, 0.8631pu, and 

0.9323pu in Phases A, B, and, C sequentially when the double line to ground 
fault is occurring in the distribution system. The dynamic voltage restorer 

senses this disturbance and injects a proper magnitude, the voltage at the load 

side being 0.9959pu, 0.9954pu, and 0.9959pu in Phases A, B, and, C 
sequentially when the linear PID controller was implemented. By using the 

ACSMD with TSMC, the voltage magnitude at the load side it be 0.9982pu, 

0.9977pu, and 0.9982pu while it being 0.9986pu, 0.9981pu, and 0.9984pu in 

Phases A, B, and, C respectively when the ARTPIDSV with ACSMD was 
implemented.it seems that, the ARTPIDSV with ACSMD is much better than 

the other two techniques as mentioned in values above by restoring the 

voltage magnitude at the load side approximately 1pu. 

 

3.2.5 Single Line to Ground Fault (L-G) 
 

The disturbance named double line to ground fault was occurring in the 

distribution system, the dynamic voltage restorer senses this disturbance and 

injects a proper voltage, the load voltage will decrease to 0.907pu, 0.9486pu, 

and 0.6746pu in Phase A, B, and, C sequentially. The voltage at the load side 
being 0.9754pu, 0.9754pu, and 0.9786pu in Phase A, B, and, C sequentially 

when the linear PID controller was implemented. By implementing the 

ACSMD with TSMC, the voltage magnitude at the load side it be 0.9976pu, 
0.9989pu, and 0.9976pu while it being 0.9994pu, 1.000pu, and 0.9994pu 

when the ARTPIDSV with ACSMD is implemented.it seems that, the results 

by using ARTPIDSV with ACSMD is much better than the ACSMD with 
TSMC and linear PID controller by restoring the voltage magnitude at the 

load side approximately 1pu. 

 

3.2.6 Voltage Imbalance 
 

At the moment when the voltage imbalance occurs in the system under 

study, the magnitude voltage at the load side decrease to 0.7269pu, 0.5218, 
and 0.7924pu at Phases A, B, and, C sequentially.  
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The DVR injected a required voltage magnitude, the voltage at the load 

side being 0.959pu, 0.9569pu, and 0.9485pu in Phases A, B, and, C 

sequentially when the linear .PID controller was implemented. By using the 
ACSMD with TSMC, the voltage magnitude at the load side it be 0.9986pu, 

0.9973pu, and 0.9982pu while it being 1.000pu, 0.9994pu, and 0.9996pu in 

Phases A, B, and, C sequentially when the ARTPIDSV with ACSMD was 

implemented.it seems that, the results by using ARTPIDSV with ACSMD is 
much better than the other two techniques as mentioned in values above by 

restoring the voltage magnitude at the load side approximately 1pu. 

 

3.2.7 Transient 
 

The oscillatory transient is occurring in the distribution system, the 
voltage amplitude being 0.9986pu in all phases. The DVR senses this 

disturbance and injects a required voltage, the voltage at the load side being 

0.9824pu, 0.9825pu, and 0.9824pu in Phases A, B, and, C sequentially when 

the linear PID controller was implemented. By using the ACSMD with 
TSMC, the voltage magnitude at the load side it be 0.999pu, 0.9989pu, 

0.9988pu while it being 0.9994pu,1.000pu,1.000pu in Phases A, B, and, C 

sequentially when the ARTPIDSV with ACSMD was implemented. The 
impulsive transient is occurring in the distribution system, the voltage 

amplitude being 0.9994pu in all phases. The DVR inject a suitable magnitude 

of voltage, the voltage at the load side being 0.9822pu, 0.9818pu, and 

0.9819pu in Phases A, B, and, C sequentially when the linear PID controller 
was implemented. By using the ACSMD with TSMC, the voltage magnitude 

at the load side it be 0.9983pu, 0.9985pu, and 0.9985pu while it being 

0.9996pu,0.9998pu, and 1.000 in Phases A, B, and, C sequentially when the 
ARTPIDSV with ACSMD was implemented. From the results above, the 

ARTPIDSV with ACSMD is much better than the other two techniques as 

mentioned in values above by restoring the voltage magnitude at the load 
side approximately 1pu. 

 

3.2.8 Voltage Notching 
 

At the moment when the voltage imbalance occurs in the system under 

study, the voltage magnitude at the load side decrease to 0.9993pu at all 

phases. The DVR sense the disturbance and inject a required voltage 
magnitude, the load voltage being 0.9783pu,0.977pu, and 0.976pu in Phases 

A, B, and, C sequentially when the linear PID controller was implemented. 

By using the ACSMD with TSMC, the voltage magnitude at the load side it 
be 0.9979pu, 0.9983pu, and 0.9984pu while it being 0.9981pu, 0.998pu, and 

0.9981pu in Phases A, B, and, C sequentially when the ARTPIDSV with 

ACSMD was implemented.  
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The THD is a significant branch and will assess the efficiency of the 

system according to their performance, and should be in compliance with 

IEEE standard [52]. The following table clarify the results of the linear PID 

controller with the suggested controller ACSMD+TSMC and 
ARTPIDSV+ACSMD in cases before and after the compensation: 
Table 8: shows the results of the linear PID controller with the ACSMD+TSMC and 

ARTPIDSV with ACSMD before and after the compensation. 

Cases 
THD 

uncompensation 

THD (Linear 

PID-

Controller) 

after the 
compensation 

THD 

(ACSMD+TSMC) 

After 

compensation 

THD 

(ARTPIDSV 

with 

ACSMD) 

after 
compensation 

Deep 

balance 

voltage sag 

46.76 3.57 3.17 3.09 

Unbalance 

voltage sag 

15.78 2.37 1.72 1.71 

Deep 

balance 

voltage 

swell 

19.63 2.23 1.52 1.30 

Unbalance 

voltage 

swell 

11.10 1.21 0.87 0.85 

LLL-G 13.62 2.52 1.44 1.41 

LL-G 4.61 0.95 0.93 0.90 

L-G 6.23 1.85 1.18 1.15 

Oscillatory 

transient 

0.94 3.27 3.23 3.20 

Impulsive 

transient 

1.83 2.92 2.80 2.78 

Voltage 
notching 

1.27 2.77 2.34 2.30 

 

The total harmonic distortion in case of deep balance voltage sag before 

implement the DVR is 46.76, after implementation of the DVR the THD will 

reduce to 3.57 based linear PID controller, 3.17 by using ACSMD with 
TSMC and 3.09 when using the ARTPIDSV with ACSMD. The THD at 

unbalance voltage sag before compensation is 15.78, the total harmonic 

distortion after compensation will reduce to 2.37 based the linear PID 
controller, 1.72 based ACSMD with TSMC and 1.71 when using the 

ARTPIDSV with ACSMD. The total harmonic distortion at the Deep balance 

voltage swell before compensation is 19.63, after implementation of the 
DVR the THD will reduce to 2.23 based linear PID controller, 1.52 by using 

ACSMD with TSMC and 1.30 when using the ARTPIDSV with ACSMD.  
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The THD at Three-phase short circuit before compensation is 13.62, the 
total harmonic distortion after compensation will reduce to 2.52 based the 

linear PID controller, 1.44 based ACSMD with TSMC and 1.41 when using 

the ARTPIDSV with ACSMD. The total harmonic distortion at double line 
to ground before implement the dynamic voltage restorer is 4.61, after 

implementation of the DVR the THD will reduce to 0.95 based linear PID 

controller, 0.93 by using ACSMD with TSMC and 0.90 when using the 

ARTPIDSV with ACSMD.The THD at single line to ground before 
compensation is 6.23, the total harmonic distortion after compensation will 

reduce to 1.85 based the linear PID controller, 1.18 based ACSMD with 

TSMC and 1.15 when using the ARTPIDSV with ACSMD. The total 
harmonic distortion at the oscillatory transient before implement the DVR is 

0.94, after implementation of the DVR the THD will reduce to 3.27 based 

linear PID controller, 3.23 by using ACSMD with TSMC and 3.20 when 
using the ARTPIDSV with ACSMD. The THD at impulsive transient before 

compensation is 1.83, the total harmonic distortion after compensation will 

reduce to 2.92 based the linear PID controller, 2.80 based ACSMD with 

TSMC and 2.78 when using the ARTPIDSV with ACSMD. The total 
harmonic distortion at voltage notching before implement the DVR is 1.27, 

after implementation of the DVR the THD will reduce to 2.77 based linear 

PID controller, 2.34 by using ACSMD with TSMC and 2.30 when using the 
ARTPIDSV with ACSMD.From the results above, show the ability of the 

ACSMD with TSMC and ARTPIDSV with ACSMD to reduce the THD 

better than the linear PID controller and keep it at the IEEE standards.The 

author in [39], has got a result for the total harmonic distortion of the three 
cases named balanced voltage sag, balanced voltage swells and Voltage 

imbalance. A comparison was made by the proposed work named ACSMD 

with TSMC and ARTPIDSV with ACSMD as the results appears in table 
below:  

Table 9: Illustrates the demonstration between outcomes of  [39] with proposed 

controller  

Operating 

conditions 

THDv  

[39] 

THDv 

(ACSMD+TSMC) 

THDv 

(ARTPIDSV 

with ACSMD) 

Balance voltage 

sag 

1.97 1.49 1.41 

Balance voltage 

swell 

1.78 0.94 0.87 

Voltage 

imbalance 

1.99 1.44 1.43 

It is obvious that the ACSMD with TSMC and ARTPIDSV with 
ACSMD reduce the THD better than the results in [39] in the three cases and 

show the ability of the proposed dynamic voltage restorer to improves the 

total harmonic distortion.  
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Additionally, the results show a greater potential to the second branch 

(ARTPIDSV with ACSMD) to enhance the THD more than (ACSMD with 

TSMD).The complexity of the dynamic voltage restorer controller was 

reduced by utilizing powerful differentiator called approximate classical 
sliding mode differentiator (ACSMD) to surmount the disadvantage of the 

linear differentiator [26] with using the nonlinear sliding variable like a 

terminal sliding mode controller (TSMC) or arctan function as a sigmoid 
function was done to ameliorate the robustness property and keep the steady-

state error with a lower threshold. The table below demonstrates the contrast 

between [39] and [53] findings for the proposed project (ACSMD and 
TSMC) and the (ARTPIDSV with ACSMD) respectively, in order to 

ameliorate the capability of the proposed work to depress the amplitude of 

the error to the minimum level: 

 
Table 10: Illustrates the demonstration between outcomes of [39] and [53] with 

proposed work  
Cases ITAE(DC)  

[39] 

ITAE 

(DC) 

[53] 

ITAE (DC) 

(ACSMD 

with 

TSMC) 

ITAE (DC) 

( ARTPIDSV 

with ACSMD 

) 

Case 1: Balanced voltage 

sag 

1.623 1.31 0.1271 0.1119 

Case 2:Deep balanced 

voltage sag 

- - 0.2649 0.2295 

Case 3:Unbalanced 

voltage sag 

1.487 0.937 0.2397 0.1752 

Case 4:Balanced voltage 

swell 

1.668 1.092 0.1539 0.1238 

Case 5:Deep balanced 
voltage swell 

- - 0.2617 0.2359 

Case 6:Unbalanced 

voltage swell 

1.689 0.945 0.1032 0.07127 

Case 7:LLL-G 1.312 1.038 0.1526 0.132 

Case 8:LL-G 1.335 0.867 0.1119 0.09249 

Case 9:L-G 1.519 0.851 0.1254 0.09477 

Case 10:Voltage 

imbalance 

1.557 0.803 0.2721 0.2125 

Case 11:Oscillatory 

transient 

1.534 0.926 0.03764 0.0348 

Case 12:Impulsive 

transient 

0.07725 0.064 0.01549 0.01158 

Case 13:Voltage 

notching 

1.736 1.356 0.01293 0.01194 

The ITAE error by using linear PID with the optimization technique is 

1.623 at the balance voltage sag, The ITAE error by using distributed power 
condition controller 1.31, while the ITAE will reduced by utilizing ACSMD  

 



                                                                                                                  
 

 

 
 

The Improvement of Controller Based on Dynamic Voltage Restorer (DVR) for 

Distribution System 7268 

 

with TSMC and ARTPIDSV with ACSMD to 0.1271 and 0.1119 
respectively. At Deep balance voltage sag, the ITAE error will be 0.2649 and 

0.2295 respectively by using ACSMD with TSMC and ARTPIDSV with 

ACSMD. In [39], the error at the unbalance voltage sag is be 1.487, while it 
being 0.937 in [53] and it will reduce to 0.2397 and 0.1752 respectively 

when the ACSMD with TSMC and ARTPIDSV with ACSMD was 

implemented.  The ITAE error by using linear PID with the optimization 

technique is 1.668 at the balance voltage swell, The ITAE error by using 
distributed power condition controller 1.092, while the ITAE will reduced by 

utilizing ACSMD with TSMC and ARTPIDSV with ACSMD to 0.1539 and 

0.1238 respectively. At Deep balance voltage swell, the ITAE error will be 
0.2617 and 0.2359 respectively by using ACSMD with TSMC and 

ARTPIDSV with ACSMD. In [39], the error at the unbalance voltage swell 

is be 1.689, while it being 0.945 in [54] and it will reduce to 0.1032 and 
0.07127 respectively when the ACSMD with TSMC and ARTPIDSV with 

ACSMD was implemented. The ITAE error by using linear PID with the 

optimization technique is 1.312 at the Three-phase short circuit, The ITAE 

error by using distributed power condition controller 1.038, while the ITAE 
will reduced by utilizing ACSMD with TSMC and ARTPIDSV with 

ACSMD to 0.1526 and 0.132 respectively. In [40], the error at the double 

line to ground fault is being 1.335, while it being 0.867 in [53] and it will 
reduce to 0.1119 and 0.09249 respectively when the ACSMD with TSMC 

and ARTPIDSV with ACSMD was implemented. By using linear PID with 

the optimization technique, the ITAE error is 1.519 at the single line to 

ground fault, The ITAE error by using distributed power condition controller 
0.851, while the ITAE will reduced by utilizing ACSMD with TSMC and 

ARTPIDSV with ACSMD to 0.1254 and 0.09477 respectively. The error at 

[39] when the voltage imbalance was occurring is being 1.557, while it being 
0.803 in [53] and it will reduce to 0.2721 and 0.2125 respectively when the 

ACSMD with TSMC and ARTPIDSV with ACSMD was implemented. The 

ITAE error by using linear PID with the optimization technique is 1.534 at 
the Oscillatory transient, The ITAE error by using distributed power 

condition controller 0.926, while the ITAE will reduced by utilizing ACSMD 

with TSMC and ARTPIDSV with ACSMD to 0.03764 and 0.0348 

respectively. While when implement the impulsive transient, the error by 
using linear PID with the optimization technique is 0.07725 at the Oscillatory 

transient, The ITAE error by using distributed power condition controller 

0.064, while the ITAE will reduced by utilizing ACSMD with TSMC and 
ARTPIDSV with ACSMD to 0.01549 and 0.01158 respectively. The error at 

[39] when the Voltage notching was occurring is being 1.736, while it being 

1.356 in [53] and it will reduce to 0.01293 and 0.01194 respectively when 
the ACSMD with TSMC and ARTPIDSV with ACSMD was implemented. 
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Illustrate from the table above, the proposed controller either ACSMD 

with TSMC or ARTPIDSV with ACSMD able to depress the error to the 

lowest level when it compared with [39] or [53]. On the other hand, show the 

ARTPIDSV with ACSMD can reduce the error better than ACSMD with 
TSMC. In order to decide if the DVR able of delivering a stronger power 

output, the indices of the voltage sag will be measured to explain the 

operation and the impact of the suggested method. For the popular voltage 
sag indexes such as the SS, Evs, and VSLEI for the linear PID controller, 

ACSMD with TSMC and ARTPIDSV with ACSMD, the tables below 

display the calculations: 
Table 11: Voltage sag indices for the linear PID controller 

 

Cases 

VSLEI  SS 

Before 

compen

sation 

After 

compens

ation 

Before 

compensa

tion 

After 

compens

ation 

Before 

compen

sation 

After 

compen

sation 

Balanced 

voltage sag 
3.0896 

6.4475×1

0-4 
12.6498 0.0572 0.2904 0.0195 

Deep 

balance 

voltage sag 

216.423

9 
0.1376 243.6647 2.2406 0.9012 0.0864 

Unbalance 

voltage sag 
11.5177 0.0085 27.0421 0.3673 0.2335 0.0344 

LLL-G 14.3367 0.0190 47.5660 0.6990 0.3492 0.0423 

LL-G 
0.3568 

1.0967×1
0-5 

3.8627 0.0055 0.1094 0.0043 

L-G 3.9143 0.0030 15.2329 0.2169 0.1566 0.0235 

Table 12: The indices of the voltage sag for ACSMD+TSMC 

 

Cases 

VSLEI  SS 

Before 

compen

sation 

After 

compensation 

Before 

compensat

ion 

After 

compensati

on 

Before 

compe

nsatio

n 

After 

compe

nsation 

Balanced 

voltage sag 
3.0896 6.5053×10-7 12.6498 7.0550×10-4 0.2904 0.0022 

Deep balance 

voltage sag 

216.423

9 
3.0575×10-5 243.6647 0.0106 0.9012 0.0059 

Unbalance 

voltage sag 
11.5177 1.8064×10-6 27.0421 0.0015 0.2335 0.0021 

LLL-G 14.3367 1.1774×10-6 47.5660 0.0015 0.3492 0.0019 

LL-G 0.3568 1.0013×10-6 3.8627 0.0012 0.1094 0.0020 

L-G 3.9143 1.6113×10-6 15.2329 0.0017 0.1566 0.0020 
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Table 13: The indices of the voltage sag for ARTPIDSV with ACSMD 

 

Cases 

VSLEI  SS 

Before 

compensat

ion 

After 

compensation 

Before 

compensat

ion 

After 

compensat

ion 

Before 

compensat

ion 

After 

compensat

ion 

Balanced 

voltage sag 
3.0896 3.7876×10-8 12.6498 

1.1400×10
-4 

0.2904 
8.6667×10

-4 

Deep 

balance 

voltage sag 

216.4239 6.7025×10-8 243.6647 2.11×10-4 0.9012 
8.3333×10

-4 

Unbalance 

voltage sag 
11.5177 2.4811×10-8 27.0421 

9.8000×10
-5 

0.2335 
4.6667×10

-4 

LLL-G 
14.3367 3.5143×10-10 47.5660 

6.5000×10
-6 

0.3492 
1.0000×10

-4 

LL-G 
0.3568 5.6096×10-7 3.8627 

8.1300×10
-4 

0.1094 0.000016 

L-G 
3.9143 1.9878×10-8 15.2329 

9.3600×10
-5 

0.1566 4.000×10-4 

 

As illustrated from the results above, the three types of the voltage sag 

indices with the proposed controller approximate classical sliding mode 

differentiator (ACSMD) with TSMC or ARTPIDSV is closer than to zero 
from the linear PID because the power quality of the distribution system 

improves at the moment when the results of the indices of the voltage sag is 

closer than to zero this leads to stronger voltage recovery after compensation. 
The simple DVR structure by using approximate classical sliding mode 

differentiator made the robust differentiator deliver a better compensation. 

Additionally, utilizing a nonlinear sliding variable like the terminal sliding 
mode controller (TSMC) or (ARTPIDSV) function as a sigmoid function to 

maintain the voltage magnitude at the load side approximately 1pu. The total 

harmonic distortion was maintained at the standard level with steady-state 

error at a lower bound.one another hand, the improvement of the power 
quality by using common voltage sag indices. 

 

4 Conclusion  
 

The ability to ameliorate the results in [39] and [53] and keep the load 

voltage at a fixed value can show in all the above results and calculations. 
The total harmonic distortion is also in compliance with IEEE 519-1992[53] 

standard. Meanwhile, at the moment when the results of the indices of the 

voltage sag become near to zero, indicating a good recovering to the load 
voltage after implementing the controller. The low complexity controller 

based DVR includes the powerful differentiator of approximate classical 

sliding mode (ACSMD) with a nonlinear sliding variable called 

(ARTPIDSV) as a sigmoid function or terminal sliding mode control 
(TSMC) to preserve the voltage magnitude at the load side approximately  
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1pu, total harmonic distortion at the standard level and enhance the 

robustness attribute and preserve a minimal boundary of the steady-state 

error.  
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