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1. Introduction 

Despite somewhat reliable electricity production today, power quality (PQ) problems still exist 

and present difficulties. These PQ issues are becoming a serious concern because of the increased 

demand for nonlinear loads in distribution lines [1]-[4]. The degree to which the real power supply 

and the theoretical power supply degree are indicated by the PQ. When the power grid's PQ is high, 

every load operates normally and to its maximum efficiency. Any additional demand placed on the 

network during a period of low PQ may cause equipment to malfunction or shorten its lifespan [5]-

[7]. Electronic facilities have become pickier about the PQ in recent years. They want low harmonic 

distortion in the output voltage and unexpected voltage sags or surges. Unexpected voltage drops, 

primarily brought on by high-power motor starts or short circuits, are typically the most frequent 

interruptions to electrical systems. More than 90% of PQ problems are caused by them. Conversely, 

voltage swell occurs when high loads are removed, big-capacity devices are switched, and 
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 Power quality (PQ) is crucial in today's energy supply networks, where 

even little voltage fluctuations can have a big impact on how well 

household appliances and technologies operate. The suggested dynamic 

voltage regulator (DVR) approach helps to create a new generation power 

grid that is more dependable and effective. In this study, the honey badger 

optimizer (HBO) is used to optimize the controllers of the DVR for 

improving PQ via voltage control. The efficacy of the optimized DVR is 

further increased by its integration with a microgrid (MG) wind supply. 

The suggested technique makes use of a low-complexity control approach 

for voltage regulation to adjust for harmonic distortion, swells, and voltage 

dips in the addressed system. The technique accomplishes voltage 

improvement, bus stabilization, energy-efficient utilization, and harmonic 

distortion reduction by using the DVR in conjunction with an MG wind 

supply. Various voltage disturbances, such as balanced and unbalanced 

swell and sag, voltage imbalance, notching, various fault states, and power 

system harmonic distortion, are taken into consideration to show the 

approach's usefulness. The findings indicate PQ enhancement, 

demonstrating that the load voltage roughly matches the nominal value. 

 

Keywords 

Grid Faults; 

Dynamic Voltage Regulator; 

Control Strategy; 

Honey Badger Optimizer; 

Wind Energy 

This is an open-access article under the CC–BY-SA license. 

 

http://pubs2.ascee.org/index.php/ijrcs
http://dx.doi.org/10.31763/ijrcs.v4i3.1494
mailto:ijrcs@ascee.org
mailto:Ahmed.201920011@eng-st.cu.edu.eg
mailto:drahmedibr@gmail.com
mailto:a.omar@sha.edu.eg
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


1280 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 4, No. 3, 2024, pp. 1279-1303 

 

 

Ahmed Atef Zidan (Honey Badger Algorithm Based DVR Controllers for Improved Power Quality in a Microgrid 

Combined of (Wind System\ Grid\Nonlinear Load)) 

 

unidirectional ground connection issues arise. Systems are greatly affected by sudden voltage sags 

[8], [9]. Voltage sag, swell, and flicker are just a few of the PQ challenges in the recent distribution 

system [9], [10]. One of the most difficult issues that industrial and commercial clients must deal 

with is voltage sag, which harms the performance of inductive motors, adjustable speed drives, 

process control systems, and computers. Sagging voltage is an important PQ problem that many 

industries and utilities contend with. It is the root reason for over eighty percent of the PQ troubles 

in power systems. the idiom “voltage sag” refers to a decrease in the AC voltage's RMS value. at 

power frequency that can last anywhere between a few seconds and a half cycle [11]-[13].  

Robots, programmable logic controllers, adjustable speed drives, and process controls are 

examples of sensitive equipment used in modern industrial operations that cannot tolerate voltage 

sags. According to sources, voltage sags in industrial equipment like adjustable speed drives and 

programmable logic controllers are around 10%, while voltage sags in high-intensity discharge lamps 

used for industrial lighting are around 20% [14]-[17]. Dynamic voltage restorers (DVRs), which are 

used in distribution networks following IEEE 519 standards, protect loads against voltage-based PQ 

and important customer loads from loss and tripping [18]. On corrupted supply voltages, DVR can 

restore the load voltage to a sinusoidal voltage with the proper amplitude [19], [20]. As a result, by 

injecting a compensating voltage waveform into the distribution line, the DVR is modeled and 

controlled to perform a variety of functions [21]. DVR receives the compensating voltage. No active 

power is given to the DVR during an SSC [22].  

In contrast, active power is required in capacitor-based DVR to compensate for VSC switching 

losses and regulate the DC link. DVR absorbs active power toward distributed systems according to 

the kind of load connected to the system to attain pre-sag voltage. Power device controls include 

instantaneous symmetrical components, current model control, p-q theory, and other processes that 

are investigated using various PI controllers. Various optimization techniques, such as NN, fuzzy 

logic, GA, and PSO, were examined in [23]-[25]. To switch VSC to the optimization strategy for 

generating reference voltage, use the control procedure. PI controllers are used to control DVRs [26], 

[27]. The DVR performance is dictated by the PI gain settings. Tuning parameters that are not always 

optimum producers. The primary PQ challenges are fluctuations, interruptions, flickers, harmonics, 

transients, voltage sags, and voltage swells. A recent study concluded that utilizing a DVR series 

compensator controlled by a PI controller with the GTA algorithm is an efficient approach for 

enhancing PQ issues related to RESs [28], [29].  Using DVR to enhance the electric voltage 

performance for sensitive loads, an improved management strategy was provided. The current 

control solutions either emphasize the best control through the steady-state stage of compensation or 

fix the phase angle jump during the first level of compensation. By safeguarding them during phase 

angle leaps with grid voltage sags, the adaptive methods enhance the voltage quality of sensitive 

loads. The DC link voltage is recovered and the phase shift in the energy self-recovery stage is also 

mitigated by the optimized energy self-recovery technique. In (Tu, 2019), the rational power transfer 

optimization (RETO) method was used to control the DVR in the distribution network since it is an 

efficient solution for voltage quality issues. The DVR converter successfully manages voltage and 

reactive power using the RETO-based inverter switching technology, decreasing grid losses while 

maintaining acceptable voltage levels. This optimization technology provides dynamic power 

control, which leads to large energy savings throughout the power distribution network. It also has a 

low total harmonic distortion (THD) of 5.67 percent. This implies that the algorithm effectively 

reduces harmonic distortions, resulting in a cleaner and more stable power supply. In addition, the 

proposed technique increases overall system efficiency by 92.63% [30]. In [31], it was proposed the 

efficacy of a suggested DVR-based technique for enhancing the harmonically distorted voltage. For 

blending 3rd and 5th harmonics, which are a power system model with a customizable power source 

was developed. It has been observed that the recommended DVR-based method effectively 

controlled the voltage distortion, resulting in a load voltage that has been smoothly corrected. With 

the insertion of the third and fifth harmonics in the supply voltage, the THD percentage of load 

voltage was roughly 18% and 23%, respectively. In both instances, the planned DVR's inclusion 

reduced THD by about 4% or less. In [32], was made an effort to mitigate and safeguard the effects 
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of grid-connected hybrid PV-wind power system voltage fluctuations. To achieve this, a DVR 

powered by batteries and supermagnetic energy storage (SMES) was employed as a compensating 

mechanism in the event of a voltage sag condition. Several voltage sag depths for asymmetrical and 

symmetrical voltage imbalance have been taken into account in the simulation, and the HES-based 

DVR performed effectively. 

The voltage source converter (VSC) system and the DC-DC buck/boost converter of the battery 

were used to implement two different controlling stages for the suggested battery energy storage-

based DVR. The battery's state of charge (SOC) value and the measured (RMS) voltage at the point 

of common coupling (PCC), were used to control the charging and discharge processes. For both 

asymmetrical and symmetrical sag scenarios with various depths of sag, the efficiency of the 

suggested BES-based DVR was demonstrated. The suggested solution may also be highly beneficial 

for MG systems that supply electricity to delicate loads [33]-[35]. In [3], it was aimed to design and 

implement an effective PI controller for a DVR to address PQ issues. The optimal tuning of the PI 

controller was achieved using the artificial rabbit's optimization. The findings showed that the 

suggested system's parameters' waveforms (voltage, current, and power) were enhanced, and the 

system's performance was enhanced by keeping it running continuously during fault periods. To 

regulate wind power fluctuations and make up for disturbed grid voltages, another approach was 

proposed. The VSC compensates for fluctuations in grid voltage via the performance of the voltage 

injection and transformer, and the bidirectional converter controls power flow in both directions. 

Results for the wind energy conversion system's DVR-based ESS were verified using 

MATLAB/Simulink. The findings showed that the suggested strategy can adjust for disturbed grid 

voltages and regulate fluctuations of wind power [36], [37]. The effect of the voltage sag's phase 

jump characteristic regarding the load side following voltage sag recovers is mostly disregarded in 

current research, and existing DVR energy self-recovery techniques still have flaws. In order to 

reduce the total voltage compensation time, and rectify the phase jump, this study is presented, 

especially in wind and photovoltaic systems.  

In this regard, the two situations used in this work; the main grid and demand, and the grid with 

wind and load, suggest a fresh approach for exploiting the DVR. This method assumes that the 

voltage of the load is near to or precisely the same as the nominal value. When considering different 

voltage imbalances, unbalanced and balanced sag/swell, notching, and other voltage disturbances, 

various fault states, and power system harmonic distortion. For controlling this compensator, the 

dynamic control technique proposes using an error-driven PI controller. Additionally, a proposed 

evaluation of performance using the honey badger algorithm (HBA) strategy regarding fault 

circumstances to obtain the suggested control method's global minimal error and fast-dynamic 

response. Simulations in the time domain using the Simulink/MATLAB platform have evaluated this 

DVR with the suggested controller. 

The remainder of this paper is written as follows: Section 2 presents and discusses the system 

that is being studied in addition to models of their components. The proposed compensator and its 

working concept are described in detail in Section 3. Additionally, Section 3 presents and discusses 

the DVR modeling process as well as the process of design of the proposed PI controller. Section 4 

discusses the formularization of the fitness function, the optimization problem, and the specific steps 

involved in the HBA. In Section 5, a performance evaluation of the proposed approach using offline 

time-domain simulations is presented. In Section 6 conclusions and suggested work extensions are 

presented. Table 1 shows the obtained results for the literature review and its evaluation, which 

summarizes that these studies do not provide a thorough evaluation of the system's performance, 

which includes variables such as PQ improvement, and reaction to various fault scenarios. 

2. System Investigation 

Fig. 1 illustrates a distribution system sample study including an 11 kV/ 0.4 kV, 1000 kVA, 50 

Hz AC utility connected with a wind MG using a permanent magnet synchronous generator (PMSG). 

There are two busbars linked to the transformer's secondary windings. BUS 1 is connected through 
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a DVR circuit. Bus 2 is connected through a DVR circuit and non-linear load. The detailed 

specifications of the system components are shown in Table 2. 

Table 1.  The main results obtained from these studies 

Reference Main points Evaluation 

[23] 

• The investigation of a DVR based on the MC with two 

three-phase inputs revealed its efficacy in correcting 

common PQ faults. 

• The suggested topology has several advantages, 

including compactness and an extended correction range.  

• The DVR's capacity to transport energy from an AF to 

the PF in a CPP enables the replacement of standard STS 

and DVR devices.  

• The DVR has better behavior and is an appealing tool for 

handling a wide range of disturbances influencing PQ 

energy, such as deep sags and voltage interruptions. 

• The suggested DVR based on the MC with 

two three-phase inputs has several 

advantages, including compactness, 

increased compensation range, energy 

transfer capabilities, and enhanced general 

behavior, making it a potential solution for 

effective PQ disturbance compensation. 

[26] 

• The dynamic reaction of the DVR in three scenarios 

demonstrates that the DVR can correct voltage-related 

disruptions while the DC-link voltage is kept at its 

reference level. 

• In all circumstances, interruptions in supply voltage do 

not affect maintaining load voltage at the correct level. 

• The evaluation shows that the load voltage 

remains steady at the correct level despite 

fluctuations in the supply voltage. 

[28] 

• The study concludes that utilizing a DVR series 

compensator controlled by a PI controller with the GTA 

optimization algorithm is an efficient approach for 

enhancing PQ issues related to RESs 

• The study does not go into detail about the 

proposed control strategy's possible costs or 

actual implementation issues. The cost-

effectiveness, feasibility, and compatibility 

of the DVR and control system with 

existing infrastructure and regulatory 

requirements should all be carefully 

considered. 

[30] 

• The dynamic energy management enabled by the RETO 

algorithm results in significant energy savings 

throughout the power distribution network. It also 

highlights an overall system efficiency improvement of 

92.63%. 

• It focuses on the RETO algorithm's 

optimization capabilities, energy efficiency, 

and harmonic distortion reduction. 

[31] 

• DVR served as an effective solution to address non-

standard voltage, current, and frequency. 

• Simulations validated the proposed strategy's ability to 

mitigate voltage distortions caused by harmonics. 

• The study demonstrated the potential of DVR in 

improving power quality and protecting sensitive 

equipment. 

• The study demonstrated the potential of 

DVR in improving power quality and 

protecting sensitive equipment but did not 

focus on the cost-effectiveness, or 

feasibility. 

[32] 

• The results show the successful operation of the hybrid 

energy storage (HES) based DVR for various voltage sag 

depth scenarios, including symmetrical and 

asymmetrical voltage imbalances. 

• DVR systems based on HES might be costly 

to implement. Particularly for small-scale 

applications, the cost of the power 

electronics, control systems, and SMES 

may be a major barrier to practical 

deployment. 

[33] 

• The compensation demonstration of the proposed DVR 

system is carried out using power system computer-aided 

design (PSCAD/EMTDC) software. Simulation results 

validate the effectiveness of the system in mitigating 

symmetrical and asymmetrical voltage sag scenarios. 

• The research work focuses only on voltage 

fluctuation enhancement for a sensitive load 

connected to a grid-integrated PV system. It 

does not address other PQ issues or consider 

scenarios beyond voltage sags. 

[3] 

• PQ problems caused by PV systems connecting to the 

power grid (PG) are successfully mitigated by the study 

effort. The suggested system, which consists of a DVR 

with a rotating dqRF controller and grid-tied PV, 

efficiently handles harmonics and faults to improve PQ 

and lessen their influence on customers. 

• The scope does not encompass a broader 

range of PQ issues or consider the 

integration of other renewable energy 

sources. 

[36] 
• The DVR system successfully compensates for the 

disturbed voltages in the grid using the bidirectional 

converter and ESS. 

• The description does not provide a thorough 

evaluation of the system's performance, 

which includes variables such as voltage 

stability, PQ improvement, and reaction to 

various fault scenarios. 
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It shows that non- linear load is 4.42 kW and 100 kVAR. The parameters of DVR are 500 Vdc, 

1 Ω, 6 pulses for the VSC, and 10 mH and 20 µF for filter series inductance and capacitance, 

respectively. 

Table 2.  Detailed system component specifications 

AC grid (utility) 50 Hz, 11 kV   

Transformer (T1)        1000 kVA, 11/0.4 kV 

Non-Linear Load  4.42 kW, 100 kVAR  

MG parameters 100 kVA, 0.4 kV  

DVR Parameters 

DC Voltage 500 V 

R .1 Ω 

f 50 Hz 

Voltage source inverter 6 pulses, 3 arms 

Filter series inductance 10 mH 

Filter series resistance 1 Ω 

Filter shunt resistance 1 Ω 

Filter shunt capacitance 20 µF 

Injection Transformer  1.5 kVA, .4 kV, a=1:1 

 

Fig. 1. Studied system 

2.1. Wind Turbine (WT) Modeling 

The extracted power from WTs can change based on: 

 𝑃𝑚 = 𝑃𝑊  ×  𝐶𝑃 × 𝐶𝑓 × 𝑁𝐺 × 𝑁𝐵 (1) 

 𝑃𝑊 = 0.5 ×  𝜋 × 𝜌 × 𝑉𝑊
3 × 𝑅2 (2) 

where, 𝑃𝑚, and  𝑃𝑊 is the mechanical and the WT power, respectively, ρ is the density of the air in 

kg/m3, 𝑉𝑊 is the wind speed, and 𝐶𝑃 is power coefficient, 𝐶𝑓 is the capacity Factor, 𝑁𝐺  is the 

generator's efficiency, and 𝑁𝐵 is the gearbox efficiency. Fig. 2 & Fig. 3 show the rotation direction 

and power characteristics of the WT, respectively [38]-[43]. 
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The system modeling in the MATLAB/Simulink platform in terms of improving unbalanced 

and balanced voltage swell and sag, as well as varied fault cases and transients' circumstances of the 

power system depicted in Fig. 4. 

 

Fig. 2. The WT's direction of rotation 

 

Fig. 3. WT power characteristics 

2.2. Boost Converter (BC) 

Fig. 5 shows the analogous circuit for the BC. It raises the Vout voltage from a lower input 

voltage. To do this, the necessary parts inductor, diode, and capacitor are placed in a different order. 

In comparison to transformer-based alternatives, this circuit's ability to greatly increase the input 

voltage. It also enables a more compact form factor. BCs continue to operate with high efficiency as 

well, especially at low voltage differentials. A further degree of system protection is added by the 
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inductor's intrinsic ability to limit inrush current [44]-[46]. 

 

Fig. 4. Illustration of simulation model in MATLAB 

 

Fig. 5. Boost converter equivalent circuit 

Table 3 illustrates the specification of the MG system components; the selected WT is of 

nominal mechanical output (8.5 kW) and fundamental wind speed (12 m/s). PMSG is 0.425 Ω, 

0.000395 H, and 0.433 for stator resistance (Rs), armature inductance, and flux linkage, respectively. 

Inductor (LB), capacitance (CB), and resistance (R) for the BC are 12 V, 0.0000768 H, and 0.0004 F, 

respectively. 

3. DVR Compensation 

The proposed structure of DVR is placed amid the load buses (VL and Vg). It functions as a PQ 

circumstance in parallel to increase voltage, reduce harmonic distortion, and compensate for reactive 

power. The three single-phase boosting transformers' AC sides are linked to a series capacitor, which 

is used to build the suggested DVR. A bank of capacitors and a series of resistances are connected in 

series to regulate the flow of electricity. The simulation of DVR system is depicted in Fig. 6, Fig. 7 

shows DVR voltage compensation techniques. The proposed DVR system consists of the following 

components: 
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Table 3.  MG system component specifications in detail 

WT 

Mechanical output power nominal (W) 8.5 kW 

The electrical generator base power (VA) 8.5x103/0.9 VA 

Fundamental wind speed (m/s) 12 m/s 

The base rotational speed of the base generator speed) 1.2 pu 

Pitch angle  0 

PMSG 

Rs 0.425 Ω 

Armature inductance 0.000395 H 

Flux linkage 0.433 

BC 

Vdc 12 V 

LB 0.0000768 H 

 CB 0.0004 F 

R 4 Ω 

Filter circuit 

Filter series inductance 10 mH 

Filter series resistance 2 Ω 

Filter shunt capacitance 0.00135 F 

 

• Energy storage unit: This unit provides the necessary real power to the DVR during voltage 

compensation. It can be implemented using supercapacitors or batteries, which offer fast 

response times and can serve as storage elements. 

• Universal bridge unit: This power electronic device, also known as a VSC, converts the DC 

voltage from the energy storage unit to AC voltage. It ensures that the voltage injected into the 

transformer has the correct phase, magnitude, and frequency. 

• Boosting transformer unit: This device steps up the voltage from the universal bridge unit to 

match the voltage level of the distribution network, enabling voltage compensation. 

• Harmonic filter: This device minimizes harmonic distortion in the waveform generated by the 

VSI using an RLC circuit. 

• PI controller: This controller monitors the load voltage and adjusts the DVR's output to maintain 

voltage stability. 

• Bypass switch: This switch protects the DVR circuit from excessive currents by isolating it from 

the distribution network. 

 

Fig. 6. The detailed simulation of the DVR system 
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Fig. 7. DVR voltage compensation techniques. (a) the technique of in-phase compensation, (b) a technique 

for compensating for pre-sag 

3.1. The DVR Control Scheme Proposed  

In general, the suggested DVR can be controlled in five steps, which are described below.   

1. The system detects the voltage disturbances that take place.  

2. As illustrated in Fig. 8, VL is compared to a reference voltage. 

3. The supply voltage and controller are in synch.  

4. The controller scheme is presented. 

5. The VSC, which absorbs growing voltage and compensates for dropping voltage, is driven by 

the gate pulses generated by the DVR voltages. 

The type of voltage disturbance is crucial for recognizing depth, phase leap, and duration time 

(beginning and ending points). In this work, vectorized dq0 voltage components VL, dq0 and Vref, dq0 

are created by applying Park transformation on the three-phase load voltage VL, abc and reference 

voltage Vref, abc. The following formula is used to determine the three phases' reference voltages [47], 

[48]: 

 

[

𝑉𝐴𝑟𝑒𝑓

𝑉𝐵𝑟𝑒𝑓

𝑉𝐶𝑟𝑒𝑓

] =   𝑉𝐿−𝑚𝑎𝑥   ⌈

 sin𝜔𝑡

 sin (𝜔𝑡 −
2𝜋

3
)

 sin (𝜔𝑡 +
2𝜋

3
)

⌉ (3) 

It is then converted from a three-phase abc-to-dq0 frame utilizing Park transformation, and this 

is described here: 

 

[

𝑉𝑑

𝑉𝑞
𝑉0

] =
2

3
 

[
 
 
 
 
 cos (𝜔𝑡) cos (𝜔𝑡 −

2𝜋

3
) cos (𝜔𝑡 +

2𝜋

3
)

−sin (𝜔𝑡) −sin (𝜔𝑡 −
2𝜋

3
) −sin (𝜔𝑡 +

2𝜋

3
)

1

2

1

2

1

2 ]
 
 
 
 
 

[

𝑉𝑎
𝑉𝑏

𝑉𝑐

] (4) 

Once the load and reference voltages have been converted to the dq0 frame, they may be judged 

to determine the error signal, which is represented as a phase shift and voltage magnitude. 

 
|𝑒𝑡,𝑑𝑞0| = √(𝑉𝑟𝑒𝑓,𝑑 − 𝑉𝐿,𝑑)

2
+ (𝑉𝑟𝑒𝑓,𝑞 − 𝑉𝐿,𝑞)

2
+ (𝑉𝑟𝑒𝑓,0 − 𝑉𝐿,0)

2
 (5) 



1288 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 4, No. 3, 2024, pp. 1279-1303 

 

 

Ahmed Atef Zidan (Honey Badger Algorithm Based DVR Controllers for Improved Power Quality in a Microgrid 

Combined of (Wind System\ Grid\Nonlinear Load)) 

 

Any variation in the phase shift and magnitude of the voltage will result in a modification of the 

dq0 components. The suggested control swiftly recognizes variations in the state of the supply 

synchronization with the voltage of the supply is an important stage in achieving enough control over 

the DVR that is being shown. It maintains the controller's output signal in phase and frequency 

alignment through a reference input signal. As a result, the synchronization instrument used in this 

study is a phase-locked loop (PLL). 

The described DVR control has low complexity because it is based on an error-driven PI control 

strategy. As seen in Fig. 9, the control function is to modify the error signal such that it is as small 

as possible on the distribution grid. Additionally, in the time domain, Vc which is defined as follows, 

is the contribution signal, which is provided here in the dq0 frame of the PWM of the DVR for the 

PI controller: 

 
𝑉𝑐,𝑑𝑞0 = 𝐾𝑝  𝑒𝑡,𝑑𝑞0 + 𝐾𝑖 ∫ 𝑒𝑡,𝑑𝑞0 𝑑𝑡

1

0

 (6) 

Finally, the PI controller output returns to the three-phase abc frame to regulate the PWM that 

generates the gating pulses that desire the VSI, as shown below: 

 

[

𝑉𝑐1,𝑎

𝑉𝑐1,𝑏

𝑉𝑐1,𝑐

] =

[
 
 
 
 

sin (𝜔𝑡) cos (𝜔𝑡) 1

sin (𝜔𝑡 −
2𝜋

3
) cos (𝜔𝑡 −

2𝜋

3
) 1

sin (𝜔𝑡 +
2𝜋

3
) cos (𝜔𝑡 +

2𝜋

3
) 1]

 
 
 
 

[

𝑉𝑐1,𝑑

𝑉𝑐1,𝑞

𝑉𝑐1,0

] (7) 

The control action of both the proportional and integral controllers is used in the proportional-

integral controller. By combining these two different controllers, the inefficiencies of each are 

eliminated and a more effective controller is created. In this instance, the control signal exhibits 

proportionality with the error signal and its integral. The mathematical representation of the 

proportional plus integral controller is given as in equation (8) [49], [50]: 

 
𝑚 (𝑡)  = 𝑘𝑑  𝑣(𝑡) + 𝑘𝑖𝑛  ∫ 𝑣 (𝑡) (8) 

For optimization of the PI controller, an energy storage system is used. The ESS reactive and 

active power performance When using ESS to increase power systems stability, PI controllers are 

crucial since the ESS must swiftly alter its active and reactive power, as shown in Fig. 9.  

4. Application of Optimization Technique 

4.1. Fitness Function 

To fine-tune the recommended DVR-PI controllers’ gains (Kp and Ki), the fitness function, as 

provided by Eq. (9), is defined as: 

 min(𝐸) = min(𝐼𝑇𝐴𝐸) (9) 

where ITAE is the integral time absolute error and E is the total error of the proposed DVR's 

controller. The mathematical expression for the ITAE performance index is provided in Eq. (10): 

 

𝐼𝑇𝐴𝐸 = ∫ 𝑡|𝑒𝑡,𝑑𝑞0|

∞

0

𝑑𝑡 (10) 

where the error signal in the dq0 components between the load and reference voltages is represented 

by the symbol 𝑒𝑡,𝑑𝑞0The following limitations apply to the optimization problem: 
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Fig. 8. The system block diagram with the PI controller 

 

Fig. 9. The simulation of the optimized PI controller on MATLAB software 

4.2. Constraints 

• Eq. (11) restricts the level of voltage between the second feeder's maximum and minimum 

values, thus 

 0.95 ≤ 𝑉𝐿 ≤ 1.05 (11) 

• The voltage's THD (THDv), given by Eq. (12), ought to be less than its highest value 

(𝑇𝐻𝐷𝑣,𝑚𝑎𝑥) reported in IEEE Standard 519, thus 

 

𝑇𝐻𝐷𝑣 =
√∑   𝑉ℎ

2𝑛
ℎ=2

𝑉1
 

(12) 

 𝑇𝐻𝐷𝑣 ≤ 𝑇𝐻𝐷𝑣,𝑚𝑎𝑥 (13) 

• The current THD (THDi), given by Eq. (14), ought to be less than its highest value (𝑇𝐻𝐷𝑖,𝑚𝑎𝑥) 

reported in IEEE Standard 519, thus 
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𝑇𝐻𝐷𝑖 =
√∑    𝐼ℎ

2𝑛
ℎ=2

𝐼1
 

(14) 

 𝑇𝐻𝐷𝑖 ≤ 𝑇𝐻𝐷𝑖,𝑚𝑎𝑥 (15) 

4.3. Applied HBA  

Using current meta-heuristic optimization techniques is one method of achieving the best 

answer to DVR control and improvement of the PQ. A fitness function is employed as a distance 

indication from the ideal solutions in the majority of these algorithms, which are based on natural 

events. The proposed reliability is restricted to DVR control and improvement of the PQ is solved 

through the use of a revolutionary HBA. It is a meta-heuristic search algorithm that finds motivation 

from how HBs use their clever foraging techniques to locate their meal. HBA formulates exploration 

as the dynamic-seeking behavior of an HB using methods of digging and honey finding. It would 

rather be by itself in self-dug tunnels, only coming together with other badgers for mating. When it 

is unable to flee, even much larger predators may attack it due to their bravery. It can also scale trees 

to get to beehives and bird nests so it can get food. The honeyguide bird, which can find the hives 

but cannot obtain honey, is followed by the honey badger, which finds its prey by excavating and 

using its ability to detect mice. HBs use two different ways to get to their food source: the first is 

termed “digging mode,” and the second is called “honey mode.” The HB uses its initiative to locate 

the hives in the first mode, but other birds assist it in the second technique. A relationship where both 

are reaping the benefits of teamwork is the result of the second mode phenomenon. Nonetheless, 

HBA's dynamic search modes stem from its capacity to uphold the equilibrium between exploration 

and exploitation during the search process. The representation of the HBA model in mathematics is 

as follows [51]-[53]: 

The number of HBs is initially set according to individual size number (N) and their locations 

as follows in the first stage of the suggested HBA as equation (16): 

 𝐻𝐵𝑃𝑖 = 𝑙𝑏𝑖(1 − 𝑟1) + 𝑟1 × 𝑢𝑏𝑖 (16) 

where HBP is honey badger position, i is the number of iterations, ub, and lb are the upper and lower 

limits of each position. Then, the intensity (In) can be calculated as equation (17): 

 
𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑖 = 

(𝑟2 × (𝐻𝐵𝑃𝑖 − 𝐻𝐵𝑃𝑖+1)
2)

4𝜋 (𝐻𝐵𝑃𝑝𝑟𝑒𝑦 − 𝐻𝐵𝑃𝑖)
 (17) 

The density factor (α) is updated and adjusted to ensure a seamless transition from the 

exploration phase to the exploitation phase. It also controls the randomness of temporal variables. 

The way this factor decreases with additional rounds to lessen randomness over time is seen in (18): 

 
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝐶 (2)  × 𝑒

(−
𝑡

𝑖𝑡𝑒𝑟𝑚𝑎𝑥
)
 (18) 

where 𝑖𝑡𝑒𝑟𝑚𝑎𝑥 is a maximum iteration number, C is a constant equal to 2 

A fag (F) that modifies the search direction is developed to improve escape from local to optima 

regions. However, agents now have multiple ways to fully go through the search space. Next, the 

positions of the agents are updated, and 𝐻𝐵𝑃𝑛𝑒𝑤 is updated in accordance with the digging phase and 

the honeymoon phase. A honey badger's motions during the digging phase resemble the cardioid 

shape, which can be mimicked as in (19): 

 𝐻𝐵𝑃𝑛𝑒𝑤 = 𝐻𝐵𝑃𝑝𝑟𝑒𝑦(1 + 𝐹 ∗ 𝛽 ∗ 𝐼) + 𝐹 ∗ 𝑟4 ∗ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 ∗ (𝐻𝐵𝑃𝑝𝑟𝑒𝑦 − 𝐻𝐵𝑃𝑖) ∗ |[1 − cos2𝜋𝑟6] ∗ cos 2𝜋𝑟5| (19) 
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This algorithm is chosen because it offers a strong and effective method for improving PQ in 

distribution networks via DVR management, guaranteeing a more dependable and steady power 

source for customers. Determining the best control plan for the DVR system to reduce voltage 

fluctuations and improve PQ is the optimization problem. The goal is to minimize the voltage at the 

load buses' divergence from the intended reference voltage while meeting several requirements, 

including voltage limitations, DVR capacity, and system stability. The HBA optimizes the following 

parameters: the voltage injection's gain and phase angle and controls the DVR system's dynamic 

behavior. The best values for these parameters were determined using the optimization technique to 

reduce voltage deviations and enhance PQ. Optimizing the DVR device control approach is the main 

objective of the proposed solution, which aims to improve PQ in distribution networks. A power 

electronic device called a DVR is used in distribution networks to reduce voltage disturbances like 

swells and sags. To control and stabilize the voltage at the load buses, it injects voltage in series with 

the distribution line. The suggested algorithm seeks to maximize the DVR's compensation plan and 

control parameters to improve PQ and voltage restoration efficiency. The program looks for the best 

values for the control parameters and compensation technique by applying the HBOA and taking 

stability, system restrictions, and voltage variation into account. Fig. 9 shows the optimization 

procedures of the suggested method for improving PQ and controlling DVR robustly. 

4.4. Execution of the HBA Technique 

The HBA is utilized to fine-tune the controller gains for DVR control to ensure improved PQ 

performance in terms of voltage profile concerns like unbalanced and balanced swell/sag, diverse 

fault circumstances, and a decrease of harmonic distortion in the power system. As a result, the effect 

and value of the self-tuning PI control strategy in the act of the DVR the PI controller compares the 

dq0 components of VL with the Vref, allowing the error signal to enter and the controller to compute 

the PI gains of this error signal. The DVR presence region is maximized and dynamic reaction is 

enhanced by the optimized controller. The chosen gains reduce the error signal to provide settled and 

effective reflexes to various disturbances. Additionally, the controller's outputs are converted into a 

Vabc frame and sent to a PWM generator. Therefore, by minimizing the error, the fitness function is 

selected to improve comprehensive performance. For this reason, comprehensive processes for 

determining the optimal solution. 

After transferring from DC to AC via VSC, the boosting transformer will get the necessary 

phase angle and voltage injection from the storage element., ensuring improved PQ performance in 

terms of bus voltage improvement and stability, energy-efficient use, and harmonic distortion 

lessening in the system under consideration. The disturbance is what generates the error signal during 

fault conditions. Once the optimization loops were finished and the ideal resolution was obtained, 

the VSC turned on. During the healthy condition, the VSC will be off and the error signal will be 

nearly zero. Consequently, no voltage be injected by the storage element through the VSC to the 

boosting transformer. When searching for PI controller gains and calculating the global minimum 

error, the HBA-PI controllers' performance is verified using the following HBA parameters. Fig. 

10 depicts the suggested application of the HBA for identifying controller parameters and obtaining 

global minimal error. Eight modes of operation are investigated for the simulation model: three 

different types of fault circumstances, unbalanced and balanced swell, and unbalanced and balanced 

sag. Table 4 contains detailed parameters for the optimized PI controller gains. 

5. Results and Discussions 

Two parameters, differing operating circumstances, and harmonic analysis, are provided to test 

the control methods. The load-side results are presented, and both the simulations with and without 

the suggested DVR are included. Additionally, a comparison is made between the ideal DVR 

performance of the used technique and the best solution for the optimized PI controllers' gains. Eight 

fault instances are simulated with the help of the MATLAB Simulink platform. The cases that are 

being studied can be summarized as follows: 
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(a) 

 
(b) 

Fig. 10. Execution of the HBA: (a) the suggested application of the HBA (b) flowchart of the HBA 
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Table 4.  HBA technique for determining the PI's optimal controller parameters 

Conditions of operation 
PI controller  Computation 

time (s) 

Objective fn. 

(E) 𝐾𝑝1 𝐾𝑖1 𝐾𝑃2 𝐾𝑖2 
Case 1: Balanced voltage sag 4.0460 2.2558 3.1559 0.6713 106.09 1.0476 

Case 2: Unbalanced voltage sag 2.1144 2.3364 1.2740 0.5276 118.069 1.0447 

Case 3:  Balanced voltage swell 3.2381 1.7467 2.0229 1.0431 129.91 1.0745 

Case 4: Unbalanced voltage swell 4.0736 1.9672 2.1937 2.2538 133.824 1.0475 

Case 5: Three-phase short circuit 3.9013 1.6410 3.2216 0.9333 106.312 1.0476 

Case 6: Double line - ground fault 1.7583 0.4865 0.5333 2.5591 116.062 1.0475 

Case 7: Single line - ground fault 0.4276 0.1132 0.1527 0.1789 125.01 1.0476 

Case 8: Analysis of Harmonic 

Distortions 
4.1086 1.5433 4.2536 2.2159 124.972 1.0476 

5.1. Case 1: Balanced Voltage Sag in Three Phases 

The sag mode (SAM) arises in a three-phase balanced sag when certain heavy loads are turned 

off during each of the three phases. Consequently, it was supposed that the mode of sag would be 

utilized in this test.  between time=0.20 and time=0.30 seconds. The voltage profile for each of the 

three phases during this event at the voltage bus for loads is depicted in the simulation results. The 

load voltage (VL) after and before the DVR adjustment is shown in Fig. 11. 

 

Fig. 11. Results for balanced sag: (a) VL of the uncompensated load, (b) RMS-VL of the uncompensated load 

(c) VL of the compensated load, and (d) voltage injection 

5.2. Case 2: Unbalanced (Single-Phase) Voltage Sag 

Under the imbalanced SAM, phase A experiences an overload lasting 0.2 to 0.3 seconds. It 

should be emphasized, that the DVR quickly recognizes this sag state throughout several phases 

and inserts the essential phase angle and amplitude of voltage to maintain VL balanced. Fig. 12 

illustrates the VL profile before and post decompensation, in addition to the needful injection voltage. 

5.3. Case 3: Balanced Voltage Swells in Three Phases 

A swell mode (SWM) known as a three-phase balanced swell occurs when various heavy loads 

shut down in three phases. As a result, it was supposed that the mode of swell would be utilized in 
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this test from time=0.20 s to time=0.30 s. The simulation results demonstrate the voltage profile at 

this load voltage bus during the three phases of this case. Fig. 13 illustrates the VL profile before and 

post decompensation utilizing a DVR. 

 

Fig. 12.  Results for the unbalanced sag: (a) VL of the uncompensated load, (b) RMS-VL of the 

uncompensated load (c) VL of the compensated load, and (d) voltage injection 

 

Fig. 13. Results for balanced swell: (a) VL of the uncompensated load, (b) RMS-VL of the uncompensated 

load (c) VL of the compensated load, and (d) voltage injection 
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5.4. Case 4: Unbalanced (Single-Phase) Voltage Swell 

Under unbalanced swell mode, an overload happens from 0.20 s to 0.30 s. It should be 

emphasized, that the DVR quickly recognizes this swell state throughout several phases and 

inserts the needed phase angle and amplitude of voltage to maintain VL balanced. Fig. 9 illustrates 

the VL profile prior to and post decompensation, in order to the needful injection voltage. When 

the DVR is displayed during this event, Fig. 14 shows how the DVR improves the VL profile of the 

system under research by injecting the required voltage on each of the three phases.  

 

Fig. 14. Results for unbalanced swell: (a) VL of the uncompensated load, (b) RMS-VL of the uncompensated 

load (c) VL of the compensated load, and (d) voltage injection 

5.5. Case 5: Three-Phase Short Circuit (TL-G) 

According to the phase short circuit, Fig. 15 represents the voltage profile at VL before and after 

decompensation. 

5.6. Case 6: Double Line to Ground Fault (DL-G) 

At the first feeder, there is a double line-to-ground fault between t=0.2 and t=0.3 seconds. In 

this failure state, the DVR swiftly injects the appropriate voltage. Fig. 16 shows the voltage profiles 

at VL before and after decompensation, as well as the injected voltage. 

5.7. Case 7: Single Line to Ground Fault (SL-G) 

There is a single line-to-ground fault between t=0.2 and t=0.3 seconds. During this occurrence, 

there is a balanced fault (three phases of equal voltage). The voltage profile at VL after and before 

adjustment is shown in Fig. 17. 

5.8. Case 8: Analysis of Harmonic Distortions 

When gauging the degree of harmonic distortion of the voltage or current waveforms, THD is a 

crucial metric. Thus, using the recommended DVR, THD values at the source and load buses for 

voltage and current will be examined as illustrated in Fig. 18. 

Fig. 19 shows the gauging THD of the voltages at the load bus (VL) under various operating 

conditions, both before and after compensation, to confirm the efficacy of the suggested DVR 
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scheme. As can be observed, results for various scenarios; swell mode (SWM) with DVR, SWM 

without DVR, and sag mode (SAM) with DVR are shown.  

 

Fig. 15. Results for Three-phase short circuit: (a) VL of the uncompensated load, (b) RMS-VL of the 

uncompensated load (c) VL of the compensated load, and (d) voltage injection 

 

Fig. 16. Results for a double line to ground: (a) VL of the uncompensated load, (b) RMS-VL of the 

uncompensated load (c) VL of the compensated load, and (d) voltage injection 
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Fig. 17. Results for single line to ground fault: (a) VL of the uncompensated load, (b) RMS-VL of the 

uncompensated load (c) VL of the compensated load, and (d) voltage injection 

 

Fig. 18. Results for harmonic distortion mode: (a) VL of the uncompensated load, (b) RMS-VL of the 

uncompensated load (c) VL of the compensated load, and (d) voltage injection 

The distortion contained in the voltage waveform is measured by THDv, which is the subject of 

the investigation. THDv at VL in SAM with DVR: This is the THDv measurement at the VL during 
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a voltage sag in the system while the DVR is in operation. The amount of harmonic distortion in this 

case's voltage waveform is indicated by the THDv value. When there is a voltage drop in the system 

while the DVR is operating, the THDv measurement at the VL is shown in Fig. 19 (a). When there 

is a voltage drop in the system but the DVR is not in use, the THDv measurement at the VL is shown 

in Fig. 19 (b). Without the DVR's compensatory effect, the THDv number indicates the degree of 

harmonic distortion in the voltage waveform in this case. When the DVR is operating and there is a 

voltage swell in the system, the THDv measurement at the VL is shown in Fig. 19 (c). With the DVR 

correcting for the voltage, the THDv number shows the degree of harmonic distortion in the voltage 

waveform during this swell occurrence. When there is a voltage spike in the system but the DVR is 

not in use, the THDv measurement at the VL is shown in Fig. 19 (d). Without the DVR's 

compensatory effect, the THDv value indicates the degree of harmonic distortion in the voltage 

waveform during the swell event. The efficacy of the DVR in minimizing harmonic distortions 

during voltage sags and swells was assessed by comparing these THDv values under various 

conditions. Better voltage quality and less distortion are indicated by a lower THDv value. 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Fig. 19. Voltage investigation at the VL using FFT: (a) THDv in sag mode at VL with DVR, (b) THDv at VL 

without DVR in sag mode, (c) THDv at VL with DVR during swell mode, (d) THDv at VL without DVR 

during swell mode 

Internal threats in this study include the improper selection of algorithm parameters, such as 

population size or mutation rate, which can result in poor solutions or premature convergence. 

Furthermore, the presence of local optima or the algorithm's sensitivity to beginning conditions may 

influence the robustness and trustworthiness of the results. External threats indicate the likelihood of 

considerable variations in distribution network topology, load characteristics, and operating 

conditions between areas or periods. As a result, the HBA's efficiency in enhancing PQ via DVR 

control may vary depending on network setup or interruptions. While the results reported for the 

HBA in improving PQ via DVR management are encouraging, it is important to recognize internal 

and external challenges to the results' trustworthiness. 

6. Conclusions 

Utilizing a DVR system as a series compensated scheme, the research offers a novel low-cost 

voltage management solution to address PQ disputes of hybrid industrial loads linked to a distribution 

network. This guarantees energy-efficient functioning and little effect on the grid schemes. To 

minimize the overall error-driven loop and ensure quick, dynamic reaction to the purpose of effective 

energy use, the voltage source inverter's switching signal is driven by the DVR scheme, which is 

managed by an optimal PI regulation controller. To validate the suggested method, a fractional order 

PI is shown and contrasted with a normal PI. Additionally, the MATLAB/Simulink platform's system 

modeling is used to enhance balanced and imbalanced voltage sag and swell, as well as various fault 

scenarios and transient conditions for the power system. It is discovered that this approach's 

performance can improve power quality.  

In subsequent research, the same device will be expanded to include a multi-stage, recently 

refined metaheuristic-based controller and changeable structure-sliding mode—Bang Bang—for use 

in smart systems that integrate hybrid fuel cells, photovoltaic cells, and supercapacitors. Furthermore, 

new DVR inter-coupled- AC/DC compensation system topologies going to be created. The following 

are the anticipated trends:  

1. An emphasis on creating sophisticated DVR system control schemes. This includes 

investigating intelligent control methods like artificial intelligence, machine learning, and 

sophisticated algorithms.  

2. Future trends call for the integration of DVR systems with renewable energy systems as 

renewable energy sources become more and more prevalent in distribution networks.  

3. Future developments in grid resilience will involve the incorporation of DVR systems into 

robust distribution networks and microgrids.  
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