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 This research paper presents an effective transformer-less seven-level inverter 

with an optimized proportional-integral-derivative (PID) controller and buck-

boost controller for grid-connected photovoltaic (PV) systems. The proposed 

model aims to achieve optimum power quality (PQ) in a hybrid power system 

integrating battery and PV. This is accomplished by utilizing a unified power 

quality conditioner (UPQC-PQ) with active and reactive power is developed, 

utilizing a hybrid metaheuristic algorithm named the honey badger algorithm 

(HBA) along with the equilibrium optimization algorithm (EOA), referred to 

as the honey badger equilibrium optimization (HBEO) algorithm. The PID 

controller in the proposed model is optimized using the HBEO algorithm, 

resulting in a highly efficient hybrid renewable energy system. By 

incorporating a 7-level multilevel inverter model with minimal switch usage 

(only 5 switches instead of 12), the proposed model ensures minimal 

switching losses. The proposed model is implemented and verified through 

the MATLAB/Simulink platform. 
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1. INTRODUCTION 

Renewable energy sources are becoming more and more necessary for the production of power for 

both industrial and household uses [1]. PV systems are becoming more and more popular as renewable energy 

sources these days since they are clean, quiet, environmentally friendly, and require fewer upkeep tasks. The 

sporadic variability of sources of renewable energy, however, presents several complications for the utility 

grid's power quality [2]. During the peak of PV generation, reverse power flow may cause a sudden voltage 

surge [3]. For many years, photovoltaic (PV) systems have been using PV as a type of renewable energy source. 

The affordable and efficient functioning of renewable energy absorption is largely dependent on power 

electronics equipment, particularly for inexpensive DC/AC PV inverters [1], [4], [5]. Transformer-less grid-

connected photovoltaic inverters can be connected straight to the electrical grid and do not require a transformer 

[2], [3], [6]-[8]. Inverters of these types are less expensive, lighter, more cost-effective, and have reduced 

switching losses. There are a few shortcomings with these inverters, though. Common-mode voltage variations 

brought on by voltage variations in the PV cell's stray capacitors result in additional leakage current flow [9]-[25]. 

This work contributes to the reduction of total harmonic distortion (THD) and enhancement of power 

quality by supporting a seven-level inverter topology with five switches. In order to cut down on complexity, 

expense, and switching losses, a seven-level inverter with only five switches used is proposed. To increase the 

effectiveness and performance of the proportional-integral-derivative (PID) controller, a hybrid metaheuristic 
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honey badger equilibrium optimization (HBEO) algorithm is utilized by combining the equilibrium 

optimization algorithm (EOA) and the honey badger algorithm (HBA). 

To use trapezoidal pulse width modulation (PWM) to produce voltage regularization and reduce THD 

of the output voltage. To develop a unified power quality conditioner with active and reactive power (UPQC-

PQ) to improve power quality (PQ) in a hybrid power system. A consistent and dependable grid-connected 

operation is ensured by the UPQC-PQ, which is built to reduce voltage fluctuations, and other PQ concerns. 

To lower switching losses and improve the overall system efficiency by using a 7-level multilevel inverter 

architecture with only 5 switches instead of 12. The system has more energy- and cost-efficient as a result of 

the fewer switches, which also results in lower power losses. 

The difficulties posed by transformer less inverters' decreased switching, especially when it comes to 

grid-connected photovoltaic (PV) systems. Transformer less inverters have benefits like low cost, compact 

size, and great efficiency, but they also have problems with earth leakage current, which poses electrical and 

security risks. Numerous studies [17], [21], [22] have suggested approaches to deal with these issues, including 

the development of creative inverter concepts, fault-tolerant topologies, and control strategies. To guarantee 

dependable and effective functioning, more research and optimization of these solutions are necessary, 

particularly when non-linear loads and fluctuating grid circumstances are present. To determine the best 

method for broad implementation in PV grid-connected systems, a comparison of various inverter topologies, 

control schemes, fault tolerance techniques and using energy-storage combination structures and sophisticated 

control methods such as fuzzy logic-based switching, model predictive control (MPC), and selective harmonic 

elimination pulse width modulation (SHE-PWM) is also necessary. To overcome the above limitations here 

comes an effective transformer less 7-level inverter with optimized PID and buck boost controller for grid 

connected PV systems which is implemented in this investigation. The purpose of this research is to improve 

transformer less inverter safety, dependability, and efficiency. 
 

 

2. METHOD 

Transformer less inverters frequently have switching losses, which can lead to difficulties with heat 

dissipation. Inaccurate tuning may lead to issues including harmonic distortion, voltage instability, or poor 

power transmission. Any deviations or issues with non-compliance could hinder the inverter design's 

implementation and widespread acceptance. To overcome these challenges, the suggested model pursues 

integrating PV and batteries into a hybrid power system while achieving optimal power quality. Trapezoidal 

PWM is used to minimize THD, while a 7-level inverter with 5 switches reduces switching losses. The UPQC-

PQ is developed using the hybrid metaheuristic algorithm, HBEO, which optimizes the PID controller for a 

highly efficient hybrid renewable energy system. Trapezoidal PWM is employed for voltage regularization, 

minimizing THD. The model also incorporates a buck-boost controller to adjust the voltage level, increasing 

or decreasing it based on the PV input voltage, while a 7-level multilevel inverter with minimal switches 

(5 instead of 12) ensures minimal switching loss. The proposed model is implemented and verified using the 

MATLAB/Simulink platform under various temperature and solar irradiance conditions, compared with 

existing techniques like PSO, GA, and MO. The block diagram for the proposed model is shown in Figure 1. 
 

2.1.  Modeling of PV 

A few parallel-connected strings of PV modules make up the PV model. In addition, each string has a 

series PV module to meet the necessary power, voltage, and current ratings. A current source linked in parallel with 

a forward diode, a series-connected resistance, and a parallel resistance make up the design of the single-diode 

equivalent circuit. The output current of a PV cell is calculated using Kirchhoff's current law as shown in (1)-(4). 
 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑑1 − 𝐼𝑠ℎ (1) 
 

𝐼𝑑 = 𝐼𝑠𝑑 . {𝑒𝑥𝑝 [
𝑞.(𝑉𝐿+𝑅𝑠.𝐼𝐿)

𝑛𝐾𝑇
] − 1} (2) 

 

𝐼𝑠ℎ =
𝑉𝐿+𝑅𝑠.𝐼𝐿

𝑅𝑠ℎ
 (3) 

 

𝐼𝑙 = 𝐼𝑝ℎ − 𝐼𝑠𝑑 . {𝑒𝑥𝑝 [
𝑞.(𝑉𝐿+𝑅𝑠.𝐼𝐿)

𝑛𝐾𝑇
] − 1} −

𝑉𝐿+𝑅𝑠.𝐼𝐿

𝑅𝑠ℎ
 (4) 

 

Here, 𝐼𝑙 , 𝐼𝑝ℎ, 𝐼𝑑, and 𝐼𝑠ℎ are the output, photo-generated, diode, and shunt resistor current respectively. The 

diode current is given by Shockley’s equation. 𝑅𝑠 and 𝑅𝑠ℎ are the series and shunt resistors respectively. 𝑉𝐿 is 

the load voltage, 𝑛 is the diode ideality factor, 𝑘 is the Boltzmann constant, 𝑇 is the Kelvin temperature of the 

battery, and 𝑞 is the charge of the electron. 
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Figure 1. Block diagram of the proposed model 

 

 

2.2.  Buck-boost converter 

The buck-boost converter employs trapezoidal PWM to regulate the output voltage. By controlling 

the gate of the MOSFET switch, the circuit alters the energy transfer between the inductor and the output 

capacitor indirectly. Notably, the inductor and capacitor are arranged in parallel, acting as a second-order low-

pass filter to efficiently reduce the voltage ripple at the output. 

In a circuit utilizing an inverting converter topology, the measured output voltage 𝑉𝑜𝑢𝑡 across the load 

exhibits a reversed polarity compared to the input voltage 𝑉𝑖𝑛. This phenomenon arises because of the way the 

inductor discharges charge in a buck-boost converter, the 𝑉𝑜𝑢𝑡 across the load is defined as (5). 

 

𝑉𝑜𝑢𝑡 = −
𝐷

1−𝐷
𝑉𝑖𝑛 (5) 

 

Here, 𝑉𝑖𝑛 is the input voltage and duty cycle 𝐷 of the switching transistor. In the boost mode of the buck-boost 

converter, the duty ratio 𝐷 is greater than in buck mode. Boost mode has a longer on-state for the switch, 

allowing more energy to be stored in the inductor before transferring it to the capacitor. This increase in energy 

leads to a higher output voltage. 

In the circuit, the MOSFET switch and diode control the flow of charge. When the MOSFET switch 

is on, current flows to the inductor, while the diode prevents current from reaching the output. The inductor 

stores energy as a magnetic field. When the MOSFET switch is off, the diode allows current to flow from the 

inductor to the rest of the circuit, reversing the inductor's polarity, and resulting in an induced voltage at the 

output. This process facilitates the transfer of energy to the output and contributes to the converter's 

functionality. The change in capacitor voltage 𝑣𝑐  is given by (7). 

 
𝑑𝑖𝐿

𝑑𝑡
=

𝑉𝑖𝑛

𝐿
− 𝑖𝐿

𝑅𝑜𝑛+𝑟𝐿

𝐿
 (6) 

 
𝑑𝑣𝑐 

𝑑𝑡
= −

𝑣𝑐 

𝑅𝐶
 (7) 

 

2.3.  Battery 

A battery is typically made up of one or more electrochemical cells connected in parallel or series to 

produce the required nominal voltage and capacity. The battery energy storage (BES) operates in charge and 

discharge modes, providing backup power to address short-interval demands not met by PV systems. It aims 

to maintain a stable DC bus voltage, reducing voltage ripple in the capacitor. Battery models fall into different 

categories, with the equivalent circuit model being preferred for dynamic studies. Typically, the electrochemical 

and electric circuit models determine how battery models are classified; the other models are typically derived 
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from these models. To enhance the battery model, for instance, one can integrate current using Shepherd’s 

equation. This model requires specific measurements to determine the battery's internal resistance. 

The battery voltage during charge/discharge is given by (8). 

 

𝑉𝑏 = 𝐸𝑏 − 𝑅𝐼𝑏  (8) 

 

The voltage of the internal battery 𝐸𝑏  is represented by (9)-(11). 

 

𝐸𝑏 = 𝐸𝑜 − 𝑘𝐵
𝐶

𝑖𝑡+1𝐶
𝑖∗ − 𝐾𝐵

𝐶

𝐶−𝑖𝑡
𝑖𝑡 + 𝛼(𝑡); Charge (𝑖∗ < 0) (9) 

 

𝐸𝑏 = 𝐸𝑜 − 𝑘𝐵
𝐶

𝐶−𝑖𝑡
𝑖∗ − 𝐾𝐵

𝐶

𝐶−𝑖𝑡
𝑖𝑡 + 𝛼(𝑡); Discharge(𝑖∗ < 0) (10) 

 

𝛼(𝑡) = ∫
𝐵

𝑡.(𝐴.𝐼𝐵−𝛼(𝑡−1)
. 𝑑𝑡 (11) 

 

Where 𝑉𝑏 is the battery voltage (𝑉), 𝑅 denotes the internal resistance, and 𝐼𝑏  denotes the battery current.  

𝐸𝑏  denotes the no-load voltage (𝑉).  

 

2.4.  PID controller 

PID controller technology utilizes a feedback control loop to minimize disturbances impact on the 

system, guiding it towards the desired state and establishing clear relationships between system variables. The 

PID controller takes the error 𝑒𝑡 at time 𝑡 as input, which is the difference between the measured and reference 

values. The controller's output, the actuation 𝛼𝑡, represents the action to be applied to the system or plant. The 

actuation is determined by combining three terms: the proportional gain 𝐾𝑝 multiplied by the error magnitude, 

the integral gain 𝐾𝑖 multiplied by the integral of the error, and the derivative gain 𝐾𝑑  multiplied by the derivative 

of the error. This creates a well-defined control signal that drives the system towards its desired state. 

 

𝛼𝑡 = 𝐾𝑝𝑒𝑡 + 𝐾𝑖 ∫ 𝑒𝑡𝑑𝑡 + 𝐾𝑑
𝑑𝑒𝑡

𝑑𝑡

𝑡

0
 (12) 

 

The PID controller combines three terms to create the control signal: proportional gain 𝐾𝑝 integral gain 𝐾𝑖 and 

derivative gain 𝐾𝑑. 𝐾𝑝 reduces steady-state error by responding to the present error. 𝐾𝑖 addresses oscillations 

by considering past error accumulations. 𝐾𝑑 anticipates future error changes and adds damping to prevent 

overshooting without affecting the steady-state error. 

 

2.5.  Seven level inverter 

The pulse generation circuit design sets this topology apart from others, ensuring a unique pulse 

pattern to trigger switches at the precise moment. Switches S1, S2, and S3 must be unidirectional to prevent 

waveform distortion. The reduced number of switches makes the circuit more compact and user-friendly. The 

expression can be simplified as (13). 

 

𝑙 = (2 ∗ 𝑠 − 3) = (2 ∗ 𝑣 − 1) (13) 

 

Where 𝑙 is the voltage level, 𝑠 is the number of switches, and 𝑣 is the number of DC sources. Although 4 DC 

sources are used for the 7-level MLI, reduced switches lead to lower switching losses. Two switches are 

responsible for polarity reversal. Table 1 presents the switching scheme for this topology. 

 

 

Table 1. Switching topology of 5 switch, 7 level inverter 
S. No S1 S2 S3 S4 S5 VO 

1 OFF OFF ON OFF ON +Vdc 

2 OFF ON OFF OFF ON +2 Vdc 

3 ON OFF OFF OFF ON +3 Vdc 

4 OFF OFF OFF OFF OFF 0 

5 ON OFF OFF ON OFF -Vdc 

6 OFF ON OFF ON OFF -2 Vdc 

7 OFF OFF ON ON OFF -3 Vdc 
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2.6.  Transformer less UPQC 

The TL-UPQC is connected to a low voltage (LV) distribution network at the point of common 

coupling (PCC) and consists of two half-bridge bi-directional voltage source converters (VSCs) sharing a 

common DC link, forming a topology with one shunt converter and one series converter. To minimize 

switching harmonics injected into the grid, a shunt filter capacitor acts as low impedance for high-frequency 

components introduced by the converter. The key features of the TL-UPQC topology include its transformer 

less design, resulting in higher efficiency and cost-effectiveness, low common-mode voltage achieved by 

clamping the potential difference between the AC and DC grounds, effective mitigation of harmonics from 

nonlinear loads, provision of reactive power to linear loads, fast dynamic response protecting critical loads 

from voltage flickering and disturbances, and the ability to control amplitude voltage variation for energy 

savings at the load bus. 

In addition to its installation at a LV distribution network, the TL-UPQC can be optimized to perform 

the following functions: providing reactive power compensation for regulating the input grid voltage to loads 

connected at the PCC, enhancing the PCC voltage profile, and leading to an overall improvement in the 

upstream voltage quality. In a typical TL-UPQC system, the shunt converter is responsible for injecting current 

harmonics and reactive current 𝑖𝑝 to compensate for the distorted current of the nonlinear load 𝑖𝐵 connected to 

bus B. This shaping of the input current 𝑖𝑃𝐶𝐶  ensures that it becomes sinusoidal and in phase with the PCC 

voltage. The grid current 𝑖𝐺(𝑡) carries the apparent power demand of the PCC load, represented by the PCC 

load current 𝑖𝐴(𝑡). Additionally, it carries the active power demand consumed by the load connected to the 

load bus, along with the necessary active power required to maintain the DC link voltage and compensate for 

converter losses. The proposed enhanced control methodology introduces an extra control degree of freedom, 

allowing the creation of a phase angle (𝜃) between 𝑉𝑃𝐶𝐶  and 𝐼𝑃𝐶𝐶  at the grid side. The expressions for active 

(𝑃𝑃𝐶𝐶) and reactive (𝑄𝑃𝐶𝐶 ) power at the PCC can be defined as (14) and (15). 

 

𝑃𝑃𝐶𝐶 = 𝑉𝑃𝐶𝐶𝐼𝑃𝐶𝐶 cos 𝜃 (14) 

 

𝑄𝑃𝐶𝐶 = 𝑉𝑃𝐶𝐶𝐼𝑃𝐶𝐶 sin 𝜃 (15) 

 

𝜃 is the phase angle by which the PCC current is displaced concerning its voltage. 

To obtain the three-phase voltage reference signal for the series active power filter (APF), a phase-

locked loop (PLL) is employed as shown in Figure 2. 

 

𝑈𝑎 = sin 𝜔𝑡 (16) 

 

𝑈𝑏 = sin(𝜔𝑡 − 120) (17) 

 

𝑈𝑐 = sin(𝜔𝑡 + 120) (18) 

 

𝑉𝐿𝑎𝑏𝑐
∗ = 𝑉𝑚 ∗ 𝑈𝑎𝑏𝑐 (19) 

 

The TL-UPQC has the capability to operate in three distinct modes of reactive power compensation, which can 

be achieved by controlling the phase angle. In the power factor correction (PFC) mode, there is no need for 

reactive power compensation on the grid side. In the capacitive mode, the reactive power is injected into the 

grid, while in the inductive mode; the system absorbs reactive power from the grid. Prior to activating the grid 

reactive power compensation, the steady-state values are represented by 𝐼𝑃𝐶𝐶
′ , 𝐼𝐺

′ , and 𝑉𝑃𝐶𝐶
′ . The grid's active 

and reactive power transferred to the PCC bus can be expressed as (20) and (21). 

 

𝑃𝑔 =
𝑉𝐺𝑉𝑃𝐶𝐶

𝑍𝑔
cos(−𝛿 + 𝜑𝑔) −

𝑉𝑃𝐶𝐶
2

𝑍𝑔
cos 𝜑𝑔 (20) 

 

𝑄𝑔 =
𝑉𝐺𝑉𝑃𝐶𝐶

𝑍𝑔
sin(−𝛿 + 𝜑𝑔) −

𝑉𝑃𝐶𝐶
2

𝑍𝑔
cos 𝜑𝑔 (21) 

 

Here, the grid impedance 𝑍𝑔 is characterized by a displacement angle of 𝜑𝑔. The active and reactive power of 

the linear load connected to the PCC is given as (22). 

 

𝑃𝑥 =
𝑉𝑃𝐶𝐶

2

𝑍𝑥
cos 𝜑𝑥 : 𝑄𝑥 =

𝑉𝑃𝐶𝐶
2

𝑍𝑥
cos 𝜑𝑥 (22) 
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The load impedance 𝑍𝑥 connected to the PCC, has a displacement angle 𝜑𝑥. The TL-UPQC system provides 

harmonic compensation and active power control for non-linear loads, which is given by (23). 

 

𝑃𝐵 =
𝑉𝐵

2

𝑅𝐵
 (23) 

 

The TL-UPQC maintains a stable voltage 𝑉𝐵 at the load bus by incorporating a fictitious resistance 𝑅𝐵. 

 

 

 
 

Figure 2. Control block diagram of series APF 

 

 

Figure 3 shows the control block diagram of the shunt APF. In the TL-UPQC system, the power 𝑃1 

flowing through the shunt converter is utilized to charge the DC link capacitor and maintain a steady DC link 

voltage. This compensates for the power required by the series converter 𝑃2. The indicator of system stability 

is the constant value of the DC link voltage reached during steady-state operation. At equilibrium, the input 

power 𝑃𝑃𝐶𝐶  matches the output power 𝑃𝐵. In short, the TL-UPQC achieves stability by balancing the power 

flow between the shunt and series converters, ensuring a constant DC link voltage. 

 
𝑉𝐺𝑉𝑃𝐶𝐶

𝑍𝑔
cos(−𝛿 + 𝜑𝑔) −

𝑉𝑃𝐶𝐶
2

𝑍𝑔
cos 𝜑𝑔 =

𝑉𝐵
2

𝑅𝐵
+

𝑉𝑃𝐶𝐶
2

𝑍𝐴
cos 𝜑𝐴 (24) 

 

The TL-UPQC system controls the voltage at the PCC by injecting or absorbing reactive power 𝑄𝑃𝐶𝐶  into or 

from the grid. To determine the required amount of reactive power for voltage regulation is given by (25). 

 

𝑄𝑃𝐶𝐶 (𝑡) =
𝑉𝐺𝑉𝑃𝐶𝐶

𝑍𝑔
sin(−𝛿 + 𝜑𝑔) −

𝑉𝑃𝐶𝐶
2

𝑍𝑔
sin 𝜑𝑔 −

𝑉𝑃𝐶𝐶
2

𝑍𝐴
sin 𝜑𝐴 (25) 

 

The shunt active power filter (APF) serves to mitigate current harmonics and regulate the DC link 

voltage at a constant level. It operates similarly to the series APF but with the additional role of monitoring 

and comparing the actual DC link voltage with the desired reference level. The resulting error signal is used in 

a PID controller to generate a reference source current signal, which in turn is multiplied by the error signal. 

 

𝐼𝑠𝑎𝑏𝑐
∗ = 𝐼𝑚

∗ 𝑈𝑎𝑏𝑐 (26) 
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Figure 3. Control block diagram of shunt APF 

 

 

3. RESULTS AND DISCUSSION 

The HBEO algorithm was employed to optimize the PID controller in the proposed model. The 

performance of the HBEO-optimized PID controller was evaluated under various operating conditions, 

including different solar irradiance levels and temperature variations. The simulation outputs are the PV output, 

battery output, sag, swell, fluctuation mitigation, and THD. 

 

3.1.  Analysis of PV characteristics 

Constant solar radiance, variable solar irradiance, and variable temperature are some of the PV 

characteristics of a PV system. Figure 4 provides the PV characteristics with variations in solar irradiance and 

temperature. When analyzing PV characteristics in a PV system a steady supply of solar energy, or sunlight 

strength, is presumed or retained is referred to as constant solar radiance. Time is compared with voltage, 

current, and power. When analyzing a photovoltaic system's effectiveness or predicting its future behavior,  

an average or steady solar radiation level is frequently used as a point of comparison. Figure 4(a) represents 

the constant solar radiance. The term "variable solar irradiance" describes how the amount of UV rays that a 

specific place receives varies as time passes. The amount of energy per unit area is known as solar irradiance. 

Regarding renewable energy sources such as solar power plants, variable sun irradiance is an essential factor 

in the creation, assessment of efficiency, and improvement processes. Figure 4(b) depicts the variable solar 

irradiance. The term "variable temperature" in photovoltaic (PV) characteristics describes the temperature 

variations that occur while photovoltaic cells or solar panel assemblies are in use. Temperature has a significant 

impact on several elements of PV features and is a major factor impacting PV system efficiency. Voltage, 

current, and power are made a comparison with the time in a PV characteristic in the PV system. Figure 4(c) 

shows the variable temperature. 

 

3.2.  Analysis of battery characteristics 

The following graph contained in Figure 5 shows the voltage, current, and power placed on the 

y-axis, and the curves are measured under the different temperatures on the x-axis. The current capacity to 

nominal capacity ratio is typically used to calculate a battery's SOC characterized by several criteria that specify 

their actions, their limits, and their effectiveness. The batteries' comparatively linear gradient, as can be shown, 

makes it easy to calculate the related SoC value fairly accurately from the observed voltage. From 0.3% to 

0.05%, SOC increases linearly as charging continues. After the battery SOC hits 100 W, the charging current 

is gradually raised from 0.2 A to 0.3 A even though the battery voltage remains constant at 280 V. 
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3.3.  Analysis of DC link voltage 

The voltage range is indicated on the y-axis and the time (sec) is represented on the x-axis as shown 

in Figure 6. This DC circuit is necessary to offer a steady DC voltage and prevent fluctuations as the inverter 

occasionally requires a large current to convert the energy produced by solar PV panels into a format suitable 

for connecting to the grid or other applications. Therefore, it is demonstrated that a steady voltage of 250 V is 

reached within 0.25 seconds, allowing for efficient energy storage and high-frequency switching of currents. 
 

 

  
(a) (b) 

 
(c) 

 

Figure 4. PV characteristics of (a) constant solar radiance, (b) variable solar irradiance,  

and (c) variable temperature 
 

 

  
 

Figure 5. Battery characteristics 

 

Figure 6. DC link voltage 
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3.4.  Analysis of seven-level voltage output 

In a photovoltaic (PV) system, the term "seven-level voltage output" usually implies the total quantity 

of levels of voltage that are included in the waveform that comes out of the transformer. Establishing a 

multilayer output voltage is a strategy that will enhance the efficiency of the produced AC power and eliminate 

distortion caused by harmonics in the setting of power circuits and processors utilized in photovoltaic systems. 

The output of the seven-level inverter is shown in Figure 7. The seven levels are 0, ±10 V, ±20 V, and ±30 V. 

 

3.5.  Analysis of source real and reactive power 

Terminology related to the electricity produced and supplied by the system in question includes real 

power, often referred to as active power and reactive power about the situation of photovoltaic (PV) systems 

and their features. The real power in a system of electricity is represented by the letter P and represents the real 

source of energy that does work. It is the energy that is transformed into functional electric or mechanical 

activity. Real power in the context of a photovoltaic system is the actual energy output that is transformed into 

electrical power that can be used. The relationship between voltage (V), current (I), and real power (P) is given. 

The power that isn't doing any work but is required for the creation and upkeep of electromagnetic waves in 

the electrical grid is known as reactive power, represented by the letter Q. The unit of measurement is VAR, 

or volt-amperes reactive. The source side of real and reactive power is shown in Figure 8. 
 
 

 
 

Figure 7. Seven-level voltage output 
 

 

 
 

Figure 8. Source real and reactive power 
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3.6.  Analysis of sag, swell, and fluctuation mitigation 

In Figure 9, the fault occurs at 0.05 s and the current is injected at 0.05 s to 0.1 s to mitigate the sag, 

swell, and fluctuation. When referring to different power reliability problems in electrical systems, particularly 

those linked to photovoltaic (PV) systems, the phrases sag, swell, and fluctuation are utilized. These concepts 

describe brief variations in voltage that may have an impact on the dependability and efficiency of electrical 

devices. A brief drop in the level of voltage under the normal voltage is referred to as a sag, often called a 

voltage dip. Some things, such as heavy loads initiating, electrical shorts, or other abrupt shifts in the electrical 

grid, can result in sags as shown in Figure 9(a). A brief rise in voltage over the voltage that is normal is called 

a swell. Phenomena like load shifting, abrupt disconnections of heavy loads, or modifications to the network 

can all result in swells as shown in Figure 9(b). Fast and frequent changes in the level of voltage are referred 

to as voltage fluctuation. Heavy stress operations, modifications to the system setup, and sporadic malfunctions 

can all cause fluctuations that can be represented in Figure 9(c). 

 

 

  
(a) (b) 

 
(c) 

 

Figure 9. Analysis of (a) sag, (b) swell, and (c) fluctuation mitigation 

 

 

3.7.  Comparison of sag, swell, and fluctuation 

Figure 10 shows a comparative study with existing optimization techniques such as PSO, GA, and 

moth flame optimization (MFO) to achieve optimum power quality (PQ) in a hybrid power system integrating 

battery and PV. Figure 10(a) shows the sag comparison of the proposed HBEO with the other existing 

optimization methods. The proposed method achieves a reduced output voltage of 3.8 KV compared with 

others that attained better efficiency. The voltage reduction can be obtained during the swell comparison in the 

proposed method achieves 14 V as more convergence when compared to the other optimization techniques that 

can be shown in Figure 10(b). Similarly, the output generated in the voltage reduced through fluctuation on the 

proposed method achieves a 15 V, when compared with other existing research as shown in Figure 10(c), and 

also attains better optimal integrity. 
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(a) (b) 

 
(c) 

 

Figure 10. Comparison of (a) sag, (b) swell, and (c) fluctuation 

 

 

3.8.  Analysis of THD 

The power method's total harmonic distortion (THD) can be reduced by using particle swarm 

optimization (PSO). PSO is a heuristic optimization technique, and the particulars of the optimization challenge 

as well as variable adjustment can affect how well it performs. It is essential to verify the outcomes, either 

through models or tests, to ascertain the efficacy of the improved settings in reducing total harmonic distortion 

within the real power system. Figure 11(a) shows the PSO. 

Under the framework of a photovoltaic (PV) system, a genetic algorithm (GA) is a computer-

optimizing method that draws inspiration from the laws of biological selection and heredity. Evolving 

algorithms that are employed for approximating responses to enhancement and search-related issues include 

genetic algorithms. Utilizing a genetic algorithm in the framework of a PV system may have the objective of 

optimizing particular system setups or characteristics to improve affordability, execution, or reliability. 

Figure 11(b) depicts the GA concerning photovoltaic (PV) systems, the mayfly optimization algorithm is 

particularly useful in tackling the problem of precise identification of parameters for PV cells. Figure 11(c) 

shows the MFO. The THD of PSO is 14.7803, GA is 17.0865, MFO is 18.9207, and the proposed HBEO model 

is 0.0080733. This shows that the proposed method has superior performance when compared with other 

methods which can be depicted in Figure 11(d). 

 

3.9.  Comparison of THD 

The THD is compared with the PID, PD, Pi, and P. Proportional-integral-derivative, or PID, 

controllers are a kind of control system with feedback that is extensively utilized in commercial and technical 

settings, particularly photovoltaic systems. A PID controller is used for regulating the performance of a system 

by measuring the discrepancy between the real result and an ideal goal. One kind of control system with 

feedback that is frequently utilized in the setting of a photovoltaic system is the P controller, also known as the 

proportional controller. The P controller is frequently a component of the control plan used in PV systems to 

regulate the generated electricity or voltage to attain the intended efficiency and guarantee system functionality. 
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In the framework of photovoltaic systems, a PI controller, also known as a proportional-integral controller,  

is a kind of feedback system for control. The proportional controller is extended by the PI controller, which 

adds an extra fundamental phrase to enhance system efficiency, particularly in removing steady-state faults. 

The derivative part and the term for proportionality are integrated into a PID controller to enhance the reliability 

and performance of the overall system. THD comparison with P, PI, PD, and PID controllers are represented 

in Figure 12. 

 

 

  
(a) (b) 

  
(c) (d) 

 

Figure 11. THD analysis: (a) PSO, (b) GA, (c) MFO, and (d) proposed HBEO 
 

 

 
 

Figure 12. THD comparison with P, PI, PD, and PID controllers 
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4. CONCLUSION  

This research introduces an effective transformer less seven-level inverter with optimized PID and 

buck-boost controllers for grid-connected PV systems. The proposed model aims to achieve optimum power 

quality (PQ) in a hybrid power system incorporating battery and PV integration. To achieve this, a unified 

power quality conditioner with active and reactive power (UPQC-PQ) is adapted with a PID controller 

optimized using the HBEO algorithm. The optimized PID controller enhances system stability, responsiveness, 

and reduces ITAE values. Trapezoidal pulse width modulation (PWM) is employed to reduce total harmonic 

distortion (THD) in the output voltage. The model's 7-level multilevel inverter design with minimal switch 

usage ensures reduced switching losses. Implementation and verification are conducted under diverse 

temperature and solar irradiance conditions, demonstrating its effectiveness. Comparative analysis with PSO, 

GA, and MO showcases the superiority of the HBEO algorithm. The proposed model, simulated on 

MATLAB/Simulink, provides an efficient solution for enhancing power quality in grid-connected PV systems.  
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