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 This study introduces a novel approach to improve the performance of the 

dynamic voltage restorer (DVR) using a control structure based on the 

inverse hyperbolic sine function-based least mean square (IHSF-LMS). The 

proposed control structure efficiently extracts the fundamental source 

voltage component with rapid convergence. The primary objective of this 

control scheme is to enhance compensation capability and maintain load 

voltage stability. Key features include superior steady-state performance and 

heightened robustness with reduced computational complexity. This 

approach achieves a reduction in peak overshoot and settling time compared 

to the traditional LMS method. The validation of system performance is 

conducted through MATLAB/Simulink simulations, demonstrating 

compliance with the IEEE-519-2014 standards for harmonic spectra. 
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1. INTRODUCTION 

Power electronic devices have gained popularity in both consumer and industrial sectors due to 

advantages such as energy conservation, cost-effectiveness, smaller size, and reduced maintenance 

requirements [1], [2]. However, these devices introduce power quality concerns, including voltage sag, swell, 

unbalancing, and distortions at the distribution end. These issues lead to undesirable consequences such as 

increased losses and malfunctioning protective equipment. Power quality (PQ) problems are prevalent in 

distribution networks and pose significant challenges [3]. Addressing these concerns, [4] provides a list of 

custom power devices (CPDs) designed to enhance PQ in distribution networks. In a study by Das et al. [5], a 

brief overview of deteriorating power quality is presented. Within the realm of power quality, a series-

connected device referred to as the dynamic voltage restorer (DVR) has been introduced to address voltage-

related issues [6]. 

The control strategy implemented in the DVR significantly influences operational performance 

during various disturbances in grid voltages. Preview study [7], [8] proposed software PLL (SPLL) for DVR 

control, focusing on estimating phase jumps during system faults to protect loads. The basic control scheme 

is a synchronous reference frame (SRF), which is implemented for DVR for mitigation of voltage sag and 

swell [9], [10]. However, its complexity arises from inherent abc/dq transformations and the presence of a 

phase lock loop [11], potentially introducing errors if the SRF is not identified accurately. The dual-pq 

theory-based DVR with embedded EZ source inverter topology is articulated in [12]. Various filtering 

techniques, such as modified dual-second-order generalized integrator (MD-SOGI) [13], least mean square 

(LMS) [14], and least mean fourth (LMF), among others, are available in the literature. The distinct 

comparison between LMS, LMF, and combined LMS/F is made by the author in [15], indicating the 

capability of the LMS/F-based control algorithm. However, it is noted that the LMS algorithm is susceptible 
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to optimization errors and increased computational burden, while the LMF algorithm exhibits a poor steady-

state response, focusing primarily on dynamic response. Furthermore, the combined LMS LMF-based control 

scheme overcomes the shortfalls of the LMS control technique, such as a lower convergence rate [16]. To 

handle voltage distortions and unbalances, the recursive least squares (RLS) technique is implemented for 

DVR operation [17]. The second-order generalized integrator (SOGI) algorithm has limitations in DC offset 

rejection and performance degradation during a distorted grid state. Preview study [18], a frequency adaptive 

enhanced reduced-order generalized integrator (FAEROGI)-based control algorithm is implemented for DVR 

operation. The FAEROGI-based control scheme offers notable benefits, including reduced settling time, 

lower peak overshoot, and faster-unbalanced compensation. 

The effectiveness of adaptive filters heavily relies on the selection of an appropriate cost function, a 

critical factor in diverse noise environments [19]. To achieve superior steady-state alignment and enhanced 

robustness in impulsive noise conditions, a generalized hyperbolic secant cost function has been  

employed [20]. Similarly, the arctangent cost function has been integrated into the normalized least mean 

square (NLMS) framework, demonstrating heightened resilience against impulsive interference [21].  

A multi-convex adaptive least mean square (LMS) filter-based control strategy is proposed in [22] for DVR 

applications, where each LMS sub-filter excels in harmonic suppression and dynamic tracking by utilizing 

step-size adaptation for superior voltage distortion management. Further advancements are seen in [23], 

where a modified fractional least mean square (M-FLMS) control scheme optimizes DVR performance. By 

incorporating an adjustable gain parameter into the original FLMS structure, the M-FLMS method achieves 

faster convergence, reduced steady-state errors, and higher computational efficiency during voltage 

distortions. Alternatively, transformer-based impedance source inverters (Trans-Z source inverters) have 

been explored for DVR operation in [24]. Notably, while methods in [21]–[23] showcase improved 

robustness and performance metrics, they are accompanied by higher computational demands. Therefore, 

there is a need for an algorithm with a novel cost function that delivers both robust steady-state and dynamic 

responses, even under unbalanced grid conditions, ensuring appropriate DVR operation. In [25], a study 

employed the inverse hyperbolic sine function as a cost function, showcasing improved steady-state 

accomplishment and increased resilience against impulsive interference when compared to several existing 

algorithms. Hence, this work refers [25] to the effective operation of DVR. 

The prime contributions of the technical manuscript are: i) The IHSF-LMS-based control scheme is 

utilized for the efficient extraction of the fundamental component (FC) from a distorted source voltage. It 

offers improved steady-state performance and demonstrates strong resilience to impulsive interference. 

Additionally, its implementation is straightforward, eliminating the need for complex mathematical 

computations; ii) A comparative analysis between the proposed IHSF-LMS control scheme and the 

traditional LMS technique highlights its superior performance. Notably, the proposed algorithm's 

computational burden is significantly lower than the methods discussed in [21]–[23]; iii) The proposed 

control algorithm effectively ensures that the total harmonic distortion (THD) of the load voltage remains 

well within acceptable limits, complying with the 5% threshold specified in the IEEE-519-2014 standard. 

 

 

2. DVR CONFIGURATION 

Figure 1 illustrates the MATLAB/Simulink model of the 3P3W-VSC-based DVR configuration 

with a capacitor support. The major portion includes a three-phase supply with distortions created, such as 

voltage sag, swell, distortions, and imbalance, and the three-phase-sensitive load, which needs to be protected 

from these undesirable changes in supply voltage. The DC-link capacitor provides voltage as input during 

different disturbances. The filter has been used at the output of the voltage source converter (VSC) to remove 

switching harmonics generated by the VSC. The voltage is to be inserted into the system through a single-

phase series-connected injection transformer. The supply voltage is represented by 𝑣𝑠𝑎𝑏𝑐 and the load voltage 

as well as the currents are depicted as 𝑣𝐿𝑎𝑏𝑐  and 𝑖𝐿𝑎𝑏𝑐, respectively. 𝑉𝐷𝐶 is the DC-link voltage across the 

capacitor and 𝑣𝑐𝑎𝑏𝑐is the DVR-injected voltage during the disturbances. 

 

 

3. IHSF-LMS BASED-CONTROL ALGORITHM  

The main function of a DVR is to inject a compensating voltage in series with the power supply, 

maintaining stable voltage regulation at the load terminal. The effectiveness of the control algorithm hinges 

on isolating the fundamental source voltage component that aligns with the unit load current template. For 

precise evaluation, the unit load current template must maintain phase synchronization with the load current 

while exhibiting a unit magnitude. 
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Figure 1. MATLAB/Simulink model of the 3P3W-VSC-based DVR configuration with a capacitor support 
 

 

3.1.  Inverse hyperbolic sine function-based (IHSF) LMS adaptive filtering algorithm 

Figure 2(a) illustrates a complete circuit representation of the inverse hyperbolic sine function-based 

(IHSF) LMS adaptive filtering algorithm for DVR. The IHSF-LMS control-based extractor for phase ‘a’ is 

depicted in Figure 2(b). The line voltages are represented as 𝑣𝑎𝑏  , and 𝑣𝑏𝑐 . After measuring it at the point of 

common coupling (PCC), the conversion into phase voltages 𝑣𝑎, 𝑣𝑏 and 𝑣𝑐 is as (1). 
 

(

𝑣𝑎
𝑣𝑏
𝑣𝑐
) =

1

3
[
2 1
−1 1
−1 −2

] [
𝑣𝑎𝑏
𝑣𝑏𝑐

] (1) 

 

From the power circuit, the load currents will be sensed. Three-phase load current (𝑖𝐿)is used to determine in-

phase and quadrature unit templates. Let 𝐼𝐿𝑎is the magnitude of the three-phase load current which is given by (2). 
 

𝐼𝐿𝑎 = √
2

3
(𝑖2𝐿𝑎 + 𝑖

2
𝐿𝑏 + 𝑖

2
𝐿𝑐) (2) 

 

The in-phase as well as quadrature unit templates are given by (3) and (4). 
 

𝜎𝑝𝑎(𝑛) =
𝑖𝐿𝑎

𝐼𝐿𝑎

𝜎𝑝𝑏(𝑛) =
𝑖𝐿𝑏

𝐼𝐿𝑎

𝜎𝑝𝑐(𝑛) =
𝑖𝐿𝑐

𝐼𝐿𝑎}
 
 

 
 

 (3) 

 

𝜎𝑞𝑎(𝑛) = 0.577 ∗ [𝜎𝑝𝑐(𝑛) − 𝜎𝑝𝑏(𝑛)]

𝜎𝑞𝑏(𝑛) = 0.289 ∗ [3𝜎𝑝𝑎(𝑛) + 𝜎𝑝𝑏(𝑛) − 𝜎𝑝𝑐(𝑛)]

𝜎𝑞𝑐(𝑛) = 0.289 ∗ [−3𝜎𝑝𝑎(𝑛) + 𝜎𝑝𝑏(𝑛) − 𝜎𝑝𝑐(𝑛)]

} (4) 

 

The utilized cost function in this context is the inverse hyperbolic sine function (IHSF) with the squared error 

as its argument, represented by (5). 
 

𝐽𝐻𝑆𝐹(𝑒(𝑛)) = 𝐸[𝑠𝑖𝑛ℎ−1( 𝑒2(𝑛))] (5) 
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The term 𝑠𝑖𝑛ℎ−1[. ] is inverse hyperbolic sine function. As far as the definition of the IHSF is 

concerned, it is vigorously convex at 𝑒(𝑛) ∈ (−∞,∞). The cost function employed to derive the proposed 

IHCF adaptive filtering algorithm is expressed as (6). 
 

𝛼(𝑛) = 𝑎𝑟𝑔𝑚𝑖𝑛 𝐽 [𝛼(𝑛)] = 𝑎𝑟𝑔𝑚𝑖𝑛 𝐽 [𝑠𝑖𝑛ℎ−1( 𝑒2(𝑛))] (6) 

 

Its gradient with respect to the filter coefficient is as (7). 
 

𝜕𝐽[𝛼(𝑛)]

𝜕[𝛼(𝑛)]
=

𝜕[𝑠𝑖𝑛ℎ−1(𝑒2(𝑛))]

𝜕[𝛼(𝑛)]
= −2𝑒(𝑛)𝑥(𝑛) (7) 

 

Hence, the updated weight equation for IHSF-LMS is as (8). 
 

𝛼(𝑛) = 𝛼(𝑛 − 1) + 2𝛾 ×
1

√1+𝑒2(𝑛)
𝑒(𝑛)𝑥(𝑛) (8) 

 

The term 𝛾 is adaptation constant and 𝑥(𝑛) is input vector. The term 𝑒𝑝𝑎(𝑛) in (9) is the error 

between substantial and fundamental estimated signals. Furthermore, the weight transfer rule for active 

components of phase ‘b’ and ‘c’ is given by (9). 
 

𝛼𝑝𝑏(𝑛) = 𝛼𝑝𝑏(𝑛 − 1) + 2𝛾
1

√1+𝑒𝑝𝑏
2(𝑛)

𝑒𝑝𝑏(𝑛)𝜎𝑝𝑏(𝑛)

𝑒𝑝𝑏(𝑛) = 𝑣𝑠𝑏(𝑛) − 𝜎𝑝𝑏(𝑛) ∗ 𝛼𝑝𝑏(𝑛 − 1)

𝛼𝑝𝑐(𝑛) = 𝛼𝑝𝑐(𝑛 − 1) + 2𝛾
1

√1+𝑒𝑝𝑐
2(𝑛)

𝑒𝑝𝑐(𝑛)𝜎𝑝𝑐(𝑛)

𝑒𝑝𝑐(𝑛) = 𝑣𝑠𝑐(𝑛) − 𝜎𝑝𝑐(𝑛) ∗ 𝛼𝑝𝑐(𝑛 − 1) }
  
 

  
 

 (9) 

 

The term sp  is the mean of 𝛼𝑝𝑎(𝑛), 𝛼𝑝𝑏(𝑛), 𝛼𝑝𝑐(𝑛) which active component of all three phases is given by (10). 

 

𝛼𝑠𝑝 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒(𝛼𝑝𝑎(𝑛), 𝛼𝑝𝑏(𝑛), 𝛼𝑝𝑐(𝑛)) (10) 
 

It represents the mean weight of the fundamental d-axis component in the reference supply voltage. 

Similarly, the weight transfer rule for a reactive component of phase ‘a,’ ‘b’, and ‘c’ is given by (11). 
 

𝛼𝑞𝑎(𝑛) = 𝛼𝑞𝑎(𝑛 − 1) + 2𝛾
1

√1+𝑒𝑞𝑎2(𝑛)
𝑒𝑞𝑎(𝑛)𝜎𝑞𝑎(𝑛)

𝑒𝑞𝑎(𝑛) = 𝑣𝑠𝑎(𝑛) − 𝜎𝑞𝑎(𝑛) ∗ 𝛼𝑞𝑎(𝑛 − 1)

𝛼𝑞𝑏(𝑛) = 𝛼𝑞𝑏(𝑛 − 1) + 2𝛾
1

√1+𝑒𝑞𝑏
2(𝑛)

𝑒𝑞𝑏(𝑛)𝜎𝑞𝑏(𝑛)

𝑒𝑞𝑏(𝑛) = 𝑣𝑠𝑏(𝑛) − 𝜎𝑞𝑏(𝑛) ∗ 𝛼𝑞𝑏(𝑛 − 1)

𝛼𝑞𝑐(𝑛) = 𝛼𝑞𝑐(𝑛 − 1) + 2𝛾
1

√1+𝑒𝑞𝑐
2(𝑛)

𝑒𝑞𝑐(𝑛)𝜎𝑞𝑐(𝑛)

𝑒𝑞𝑐(𝑛) = 𝑣𝑠𝑐(𝑛) − 𝜎𝑞𝑐(𝑛) ∗ 𝛼𝑞𝑐(𝑛 − 1) }
 
 
 
 
 

 
 
 
 
 

 (11) 

 

In (11), 𝛼𝑠𝑞 is the mean of 𝛼𝑞𝑎(𝑛), 𝛼𝑞𝑏(𝑛), 𝛼𝑞𝑐(𝑛) which reactive component of all the three phases and it is 

given by (12). 
 

𝛼𝑠𝑞 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒(𝛼𝑞𝑎(𝑛), 𝛼𝑞𝑏(𝑛), 𝛼𝑞𝑐(𝑛)) (12) 
 

It represents the mean weight of the FC of the q-axis in the reference supply voltage. The signal 

𝛼𝑠𝑝is passed through a LPF that separates the non-oscillating portion. It extracts DC apparatus and 

harmonics. The error (𝑣𝐷𝐶𝑒) is obtained by subtracting the actual DC-bus voltage 𝑉𝐷𝐶from reference DC bus 

voltage (𝑣𝑑𝑐
∗). This is provided to the DC side PI controller. The output of the DC-PI controller is 𝑉𝑑𝑃𝐼  

regulates 𝑉𝐷𝐶. The term 𝑉𝑝𝑑 will be (13). 
 

𝑉𝑝𝑑 = 𝛼𝑠𝑝 − 𝑉𝑑𝑝𝐼 (13) 

 

Let the load terminal voltage (𝑣𝐿𝑡) is obtained through (14). 
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Figure 2. Control diagram of DVR: (a) IHSF-LMS-based control diagram for DVR and (b) IHSF-LMS 

control algorithm-based extractor 
 

 

The reference load terminal voltage is (𝑣∗𝐿𝑡). The 𝑣𝐿𝑡is compared with reference load terminal 

voltage that generates an error (𝑣𝑡𝑒𝑟). The error signal is given to the AC side PI controller which gives 𝑣𝐿𝑃𝐼  
as output. This output is essential to regulate the terminal load voltage of the DVR. 𝛼𝑠𝑞is passed through LPF 

to extract load-reactive components. The output of AC-PI controller 𝑣𝐿𝑃𝐼  is added to the average three-phase 

reactive fundamental component 𝛼𝑠𝑞 that gives signal 𝑉𝑞𝑙. 

 

𝑉𝑞𝑙 = 𝛼𝑠𝑞 + 𝑉𝐿𝑃𝐼 (15) 
 

Three-phase active and reactive components of reference voltage 𝑣𝑝𝑎𝑏𝑐
∗  and 𝑣𝑞𝑎𝑏𝑐 

∗ are given by (16) and (17). 
 

𝑣∗𝑝𝑎𝑏𝑐 = 𝑉𝑝𝑑 ∗ 𝜎𝑝𝑎𝑏𝑐(𝑛) (16) 
 

𝑣∗𝑞𝑎𝑏𝑐 = 𝑉𝑞𝑙 ∗ 𝜎𝑞𝑎𝑏𝑐(𝑛) (17) 
 

The signal (𝑣∗𝐿𝑎𝑏𝑐) will be determined with the help of (16) and (17) as (18). 
 

𝑣∗𝐿𝑎𝑏𝑐 = 𝑣∗𝑝𝑎𝑏𝑐 + 𝑣
∗
𝑞𝑎𝑏𝑐 (18) 

 

The error generated by comparing (𝑣∗𝐿𝑎𝑏𝑐) and (𝑣𝐿𝑎𝑏𝑐) is utilized for PWM generation. 
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4. SIMULATION RESULT OF DVR USING IHSF-LMS-BASED ADAPTIVE FILTERING 

ALGORITHM 

The 3P3W DVR utilizing the inverse hyperbolic sine function-based LMS (IHSF-LMS) control 

algorithm has been modeled and simulated in MATLAB Simulink. A sample time of 20 microseconds was 

utilized for the simulations. Voltage swell and sag events were applied for durations of 0.4 ≤ 𝑡 ≤ 0.48 s. and 

0.54 ≤ 𝑡 ≤ 0.62 s., respectively, while source voltage distortion was introduced over a range of 0.7 ≤ 𝑡 ≤
0.78 s. Additionally, voltage unbalance was observed at 0.84 ≤ 𝑡 ≤ 0.9 s. The subsequent sections provide a 

detailed analysis of DVR operation. Intermediate signals are analyzed to assess the DVR's performance under 

the specified control scheme. Simulation results are discussed in the following sub-sections. 
 

4.1.  Intermediate signals of the IHSF-LMS-based control scheme 

Figures 3(a) and 3(b) represent the internal signals of IHSF-LMS from the supply voltage of phase 

‘a’ (vsa). The first subplot in Figures 3(a) and 3(b) indicates source side voltage (vsabc) with aforementioned 

PQ issues. The active FC of the vsabc of phase ‘a’ is represented by 𝛼𝑝𝑎 in subplot two. The signal 𝛼𝑠𝑝 

obtained from (10) is the third subplot of Figures 3(a) and 3(b). The term 𝑣𝑝𝑎
∗  calculated from (18) which is 

the reference active component of load voltage for phase ‘a’ can be depicted in subplot four. Moreover, the 

reactive FC of the vsabc with the phase ‘a’ i.e., 𝛼𝑞𝑎is represented by the subplot fifth of Figures 3(a) and 3(b). 

A signal 𝛼𝑠𝑞 obtained from (12) is illustrated in the sixth subplot of Figures 3(a) and 3(b). The term 𝑣𝑞𝑎
∗  

calculated from (17) which is the reference reactive component of load voltage for phase ‘a’ is illustrated in 

subplot seventh. Finally, the reference load voltage obtained from (18) is articulated in subplot eight. From 

Figures 3(a) and 3(b), it is observed that the offered IHSF-LMS-based control scheme produces a balanced 

three-phase reference load voltage even though the source voltage is distorted.  
 

4.2.  DVR overall performance with IHSF-LMS-based control scheme 

Figure 4 demonstrates the comprehensive performance of the DVR using the IHSF-based LMS control 

technique under various dynamic conditions. Figure 4(a) includes voltage swell and sag conditions, whereas 

Figure 4(b) includes voltage distortion and unbalanced conditions. For both Figures 4(a) and 4(b), the subplots 

are the same viz. supply voltages (vsabc), load voltages (vLabc), compensated voltages (vca, vcb, and vcc), load 

currents (iLabc), and DC-bus voltage (Vdc) and terminal voltage (Vt). From both Figures 4(a) and 4(b), it is 

noteworthy that the load voltage is balanced and of constant magnitude. This indicates the effectiveness of the 

proposed control scheme. Harmonic analysis vsabc proposed IHSF-LMS and conventional LMS are shown in 

Figure 5(a). Significantly improved using the proposed control scheme, achieving 1.61%, compared to 3.03% 

with the conventional LMS, as illustrated in Figure 5(b). Similarly, the load current THD is reduced to 1.48% for 

the proposed controller, whereas the conventional LMS achieves 2.05%, as seen in Figure 5(c). These results 

highlight the superior harmonic mitigation capabilities of the IHSF-LMS controller over the conventional LMS 

algorithm, particularly in improving the quality of load voltage and current. Additionally, Table 1 provides the 

simulation performance of the IHSF-based LMS algorithm. 
 

 

(a) 

 

(b) 

 
 

Figure 3. Intermediate signals for proposed IHSF-LMS-based control scheme during: (a) voltage swell and sag 

and (b) voltage distortion and unbalance 
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(a) 

 

(b) 

 
 

Figure 4. Comprehensive effectiveness of the DVR with the IHSF-LMS control scheme: 

(a) voltage swell and sag (b) voltage distortion and voltage unbalance 
 

 

Table 1. Simulation performance of the IHSF-based LMS algorithm 
Sr. No. Disturbance nature Parameter in RMS values 

1. DVR behavior 

(dynamic condition) 

0.82 p.u. sag 𝑣𝑠𝑎𝑏𝑐 = 339.2 V, 𝑣𝑐𝑎𝑏𝑐 = 75.83 V, 𝑣𝐿𝑎𝑏𝑐 = 415 V 

2. 1.2 p.u. swell 𝑣𝑠𝑎𝑏𝑐 = 443 V, 𝑣𝑐𝑎𝑏𝑐 = 31.54 V, 𝑣𝐿𝑎𝑏𝑐 = 415 V 

3. Distortion 𝑣𝑠𝑎𝑏𝑐 = 316.4 V, 𝑣𝑐𝑎𝑏𝑐 = 30 V, 𝑣𝐿𝑎𝑏𝑐 = 415 V 

4. Unbalance (resistive load is 

connected between phases ‘a’) 

𝑣𝑠𝑎𝑏𝑐 = 415 V, 𝑣𝑐𝑎𝑏𝑐 = 30.68 V, 𝑣𝐿𝑎𝑏𝑐 = 415 V 

5. DVR behavior (steady-state condition) Voltage distortion 𝑣𝑠𝑎𝑏𝑐 = 9.79%, 𝑣𝐿𝑎𝑏𝑐 = 9.79 % 
 

 

5. COMPARISION OF IHSF-LMS-BASED CONTROL WITH CONVENTIONAL LMS CONTROL 

TECHNIQUE 

The effectiveness of IHSF-LMS is compared with conventional LMS. The fundamental active 

weight component of phase 'a' is compared to assess its effectiveness with the LMS and IHSF-LMS-based 

control schemes. It is depicted in Figure 6. The wave shapes show that there are persistent oscillations with 

considerable magnitude in the case of the LMS controller. Oscillations with reduced amplitude are observed 

with the IHSF-LMS controller. It shows that the weight converges faster, and a smaller static error is 

achieved in steady-state conditions with (t = 0.1 to 0.5 s.) for the proposed IHSF-LMS control scheme. Now, 

the unbalanced load condition with a time frame of t = 0.8 to t = 0.85 s is considered. It is noteworthy that 

during dynamic situations, the convergence of the proposed IHSF-LMS-based control technique is better 

with lesser steady-state error. It shows its effectiveness during voltage anomalies. 

Figures 5(a)-5(c) illustrate the harmonic analysis of load voltage using LMS, IHSF-LMS, and source 

voltage, respectively. Meanwhile, Figure 7 highlights the DC-link voltage response for both the proposed 

IHSF-LMS control scheme and the conventional LMS algorithm, with an acceptable range of 2% applied for 

DC-bus voltage settling. Analyzing the settling time and overall response in Figure 7, it becomes evident that 

the IHSF-LMS control scheme outperforms the conventional LMS in dynamic performance. The proposed 

design excels in key areas, including weight convergence, error minimization, reduced peak overshoot, faster 

rise time, improved settling time, and effective harmonic mitigation. The comparative results summarized in 

Table 2 further emphasize the superior performance of the IHSF-LMS controller over the conventional LMS, 

validating its effectiveness as a robust and efficient control strategy. 
 

 

Table 2. A comparative study of the conventional algorithm with the proposed IHSF-LMS-based control scheme 
Operations LMS IHSF-LMS 

Type Adaptive Adaptive 

Convergence Slower Faster than LMS 
Complexity Less Less 

Convergence of weight Steady-state condition Higher amplitude having sustained oscillations Lower amplitude having sustained oscillations 

Unbalanced condition Sustained oscillations Faster convergent 
THD analysis Source voltage 25.53% 25.53% 

Load voltage 3.03% 1.61% 

Load current 2.05% 1.48% 
Steady state error More than IHSF-LMS Significantly less than LMS 

Max. overshoot (%Mp) 4.45% 2.92% 

Rise time (tr s) 0.084 s 0.082 s 
Settling time (ts s) 0.135 s 0.118 s 
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(a) 

  

 

(b) 

  

 

(c) 

  

 

 

Figure 5. Harmonic analysis for (a) source voltage, (b) load voltage, and (c) load current,  

with proposed IHSF-LMS and conventional LMS control scheme 
 
 

 
 

Figure 6. Comparison between LMS and IHSF-LMS control scheme based on the fundamental active 

component of phase ‘a’ 
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Figure 7. Response of DVR DC-link voltage with tuned PI controller gains: 

(a) IHSF-LMS and (b) conventional LMS 

 

 

6. CONCLUSION 

A 3P3W VSC-based DVR, integrated with the IHSF-LMS control scheme, underwent a 

comprehensive evaluation to assess its performance across diverse voltage conditions, including sag, swell, 

unbalance, and distortion in the supply voltage. The IHSF-LMS framework showcased superior adaptability, 

effectively tracking supply voltage variations while maintaining an optimal balance between convergence 

speed and misalignment. The results demonstrate a remarkable improvement in DVR functionality, 

delivering rapid convergence, enhanced robustness, and reliable compensation capabilities. Compared to the 

conventional LMS algorithm, the proposed IHSF-LMS control strategy achieved notable advantages, 

including reduced peak overshoot, quicker settling time, and shorter rise time. Notably, the load voltage's 

THD consistently adhered to IEEE-519-2014 standards, underscoring the algorithm's efficiency in harmonic 

suppression. This control scheme excelled in both dynamic and steady-state scenarios, reinforcing its 

reliability and robustness. System validation through MATLAB/Simulink further confirmed the significant 

enhancements in the DVR's overall performance, solidifying the IHSF-LMS control algorithm as a superior 

solution for power quality improvement. Parameters: system parameters for simulation: grid voltage with 

voltage anomalies- 3 phase, 415 V, 50 Hz; Load of 10 kVA with 0.82 p.f. (Lagg.); rating of injection-

transformer = 11 kVA, 200/200 V; DC-link voltage (Vdc) = 300 V; DC bus capacitor (Cdc) = 3300 µF; 

Interfacing inductor (Li) = 3 mH; passive ripple filter: Rr = 6 Ω and Cr =10 µF; switching frequency of VSC: 

(fs) = 10 kHz., adaptation constant  = 0.1. 
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