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Abstract: A novel power system supply architecture that 

may efficiently use renewable energy sources and work 

with contemporary DC electrical equipment is the 

photovoltaic-battery DC.In order to increase PV usage 

and bus voltage performance, this study proposes a 

quick and effective maximum power point tracking 

(MPPT) photovoltaic (PV) control method as well as a 

battery energy storage system (BESS) bus control 

approach.First, the mathematical model of each 

distributed generation in the DC microgridis derived 

after the photovoltaic-battery and power balance 

principles are examined. Second, by adding the time-

varying smoothing factor and voltage increase, the 

exponential variable step perturbation and To speed up 

the MPPT process, an observation method for PV 

controllers is suggested.The enhanced seeker 

optimization algorithm (ISOA) optimizes the BESS 

voltage controller's parameters in light of the 

significant power fluctuation on the DC bus and the 

periodic disruption of PV energy absorption. enhanced 

by the chaotic initialization optimization approach and 

the variational Cauchy operator.enhanced by the 

chaotic initialization optimization approach and the 

variational Cauchy operator.Additionally, a feed-

forward compensation approach is created to decrease 

the hysteresis features and increase the voltage closed-

loop reaction speed. Lastly, MATLAB/Simulink is used 

to implement multi-scheme simulation studies. . The 

suggested approach increases the MPPT reaction speed 

from 70 ms to 10 ms and lowers the average voltage 

ripple percentage from 3% to 1% when compared to 

the experimental findings of the conventional control 

method. The outcomes of the experiment confirmed the 

accuracy and potency of the suggested  approach.  

 

Terms Index: PID control, seeker optimization method, 

DC microgrid, voltage stabilization control, and 

tracking of the maximum power point. 

 

I.INTRODUCTION 

 

A useful renewable energy structure, the 

photovoltaic-battery DC microgrid is flexible in 

addressing DC requirements and highly efficient at 

absorbing PV energy demand.PV power and 

adaptability in supplying DC needs. Additionally, it 

is getting more attention [1–3]. A power electronic 

converter connects the PV system and BESS to the 

DC bus in a photovoltaic-battery DC microgrid.To 

utilize more renewable energy, the PV system is often 

set up as the main power supply and the BESS as an 

auxiliary power supply, which maintains the power 

balance in the DC microgrid and suppresses 

fluctuations in the DC bus voltage by charging and 

discharging.However, the intricate problems of 

reactive power, frequency fluctuation, phase 

synchronization, and tide current do not need to be 

taken into account by DC microgrids. One of the key 

areas of study for photovoltaic-battery DC 

microgrids is the high-performance bus voltage 

control technique.due to the complicated intermittent 

features of PV systems, the extremely non-linear 

properties of power electronic systems, and the load 

demand that fluctuates at random [4-6]. 

 

Because traditional technologies are not robust to 

complicated changes in sunlight intensity and 

surroundings, they make it difficult to meet the power 

supply requirements of dynamic loads. To guarantee 

dynamic robust stability of the DC bus voltage, 

power management and non-linear control 

techniques must be developed using the dynamic 

mathematical model of the power electronic interface 

converter as well as the output characteristics of each 

source. For instance In order to maintain the bus 

voltage and satisfy load demand, reference [7] 

suggests a DC micro grid architecture for PV and 

BESS and creates an energy management plan for 

ideal power flow. In order to preserve the stability of 

the bus voltage, Reference [8] A nonlinear local state 

feedback controller that can efficiently control 

voltage stability is proposed in Reference [12], 

although it is only applicable to microgrids with 

constant loads.  A fuzzy logic-based PL-PI controller 
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for DC bus voltage control and regulation is proposed 

in Reference [13].  However, it has the issue of 

choosing parameters that are challenging.  A 

controller based on the backstepping technique is 

suggested in Reference [14], which can significantly 

increase the system's resilience but has minor issues 

with stability and voltage balancing.suggests an 

isolated DC microgrid structure with PV, a diesel 

generator, and BESS. The energy management of all 

three components is utilized. In order to achieve 

power balance and voltage stability in the network, 

Reference [7-8] focuses on the steady state equations 

of each source and uses the average energy model 

computation to regulate each source's output. 

Because intermittent output is a feature of renewable 

energy, controller design is crucial. In order to 

balance power dynamics and stabilize bus voltage, 

Reference [9] suggests a combined approach that 

uses the centralized fuzzy logic control method and 

the gain scheduling method for DC bus voltage 

management regulation. Even while fuzzy control is 

simple to use, its accuracy and logical rules still 

require refinement. A model predictive voltage 

control approach that designs closed-loop voltage 

control rules using a power linearization model was 

presented in Reference [10]. In terms of adaptability 

to a broad operating range and robustness to suppress 

external uncertainties, the predictive controller based 

on linear models is inadequate due to its restricted 

operating range and accurate model parameter 

identification. An Active Disturbance Rejection 

Control (ADRC) is suggested in Reference [11] to 

regulate the charging and discharging of DC bus 

voltages and BESS. Although ADRC's robustness in 

managing model parameters and outside disturbances 

is a benefit, its selection and control procedures 

require optimization. The use of parameter tweaking 

in algorithms has emerged as a viable and successful 

strategy with the advancement of computational 

tools.  The settings of PID controllers are controlled 

by a variety of algorithms, including particle swarm 

optimization (PSO) methods in [17], ant colony 

optimization (ACO) strategies in [16], and genetic 

algorithms (GA) in [15].  While the local search 

capability in the GA is poor and frequently takes a 

long time to obtain the optimal answer, the global 

search capability is powerful enough to locate the 

sub-optimal solution rapidly. ACO's complicated 

parameter configuration makes it simple to stray from 

the ideal result if the parameters are not set correctly.  

Due to its propensity to induce early convergence and 

fall into local optimum solutions, PSO is ineffective 

in real-world manufacturing. 

 

The seeker optimization method (SOA) [18] has the 

advantages of fast convergence, great search 

capability, and simplicity of principle as compared to 

the numerous optimization techniques mentioned 

above, but it still has thedrawbacks of early search 

speed reduction and the propensity to settle into a 

local optimum. Some academics have suggested 

incorporating chaos theory into optimization 

algorithms as a solution to this issue [19]. 

Randomness, ergodicity, and regularity are 

characteristics of the chaotic initialization that can 

significantly enhance the algorithm's convergence 

performance and solution accuracy. In order to 

increase control reaction speed, steady-state 

accuracy, and robustness under challenging 

photovoltaic-battery operating conditions, this 

research attempts to construct a high-performance 

control system with an optimal parameter tuning 

function. In the modern industrial control 

environment, the proportional-integral-differential 

control approach is one of the most widely used and 

dependable classical control techniques. Strong 

stability, robustness, adaptability, simplicity, and 

ease of implementation are the benefits of the PID 

controller. In nearly real-time, it can monitor and 

modify the controlled system states based on 

feedback. In order to accommodate a variety of 

settings and needs, it can also easily adjust the control 

parameters in accordance with various real-world 

circumstances. However, because parameter turning 

is a complex operation, the control parameters are 

frequently chosen badly, which results in subpar 

output performance. This work enhances the SOA by 

adopting a chaotic initiation method and variational 

Cauchy operator to improve the bus voltage 

performance of the photovoltaic-battery DC 

microgrid.The PID controller's parameters are 

optimized by the use of the enhanced SOA (ISOA). 

The DC bus voltage control reaction speed, accuracy, 

and robustness are increased by further using the 

feed-forward control approach to suppress 

disturbances. In conclusion, this paper's primary 

contributions are as follows: (1) The mathematical 

model of the PV system and BESS in the DC 

microgrid is derived, and the principle of 

photovoltaic-battery and power balancing is 

examined. (2) To increase operation efficiency, the 

MPPT PV controller with exponential variable step 

perturbation and observation technique is created by 
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adding the PV voltage increment and time-varying 

smoothing factor.. (3) The ISOA optimizes the BESS 

voltage controller's parameters in light of the 

significant power fluctuations on the DC bus and the 

sporadic disruption of PV energy absorption. (4) To 

achieve the dynamic stabilization control of bus 

voltage and the acceptable distribution of 

photovoltaic-battery power, a DC bus voltage feed-

forward controller is designed for BESS.(5) Multi-

scheme MATLAB/Simulink digital simulation is 

used to confirm the accuracy and efficacy of the 

suggested control system. The structure of the paper 

is as follows:  The mathematical modeling and 

operation of the photovoltaic-battery DC microgrid 

are explained in Section II.  The ISOA-PID voltage 

controller for BESS and the MPPT controller for PV 

systems are designed in Section III, respectively.  

Section IV designs three operation circumstances, 

four simulation schemes, and evaluates the accuracy 

and efficacy of the control strategy put forth in this 

work. are confirmed by the results of the simulation 

comparison. Section V concludes with a description 

of the research findings and directions for future 

research in this publication. 

 

II. OPERATION AND MATHEMATICAL 

CONSTRUCTION OF PHOTOVOLTAIC-

BATTERY DC   MICROGRID'S 

 

A. Photovoltaic-battery DC microgrid 

architecture 

The general layout of the photovoltaic-battery DC 

microgrid, including the PV system, BESS, and DC 

load, is depicted in Fig. 1. The PV output power, 

BESS output power, load power, and total bus power 

are denoted as Ppv, Pbess , Pload and Pnet, respectively. 

The bus voltage and bus equivalent capacitance are 

denoted by Vdc and Cdc, respectively. The PV system 

is set up as a power main supply and connected to the 

common DC bus via a DC-DC boost converter in 

order to optimize the use of renewable energy. A bi-

directional DC-DC converter connects the BESS, an 

energy storage and stabilization power supply, to the 

DC bus. The BESS transfers electricity to the DC 

microgrid during periods of high load and stores extra 

energy produced by the PV system during periods of 

intense sunlight. It uses quick charge and discharge 

regulation to keep the bus voltage dynamically stable. 

 
Figure. 1 shows a typical DC microgrid system 

structure. 

 

B.A DC bus power balancing principle: 

The total power Pnet balancing equation of the 

photovoltaic-battery DC microgrid can be written as 

follows using the power conservation principle: 

The PV system provides the microgrid with positive 

power while operating in MPPT power generation 

mode. When charging, the BESS output power is 

negative, and when manner of discharge. The main 

responsibility for guaranteeing stable microgrid 

operation under all operating conditions is 

maintaining a steady DC bus voltage. Thus, the input-

output power on the bus stays at zero, or Pnet=0, under 

steady-state constant voltage conditions. The power-

voltage relationship under dynamic situations can be 

stated as follows: 

 
To maintain the stability of the DC bus voltage, the 

BESS's charging and discharging must bemanaged in 

accordance with power variations.  

 

C.The PV system's mathematical model : 

The PV system is typically made up of numerous 

separate PV cells coupled in parallel and series. In 

order to match the PV array's output voltage with the 

DC microgrid common bus voltage, these PV cells 

combine to form a PV array and employ a DC-DC 

boost converter [20]. Fig. 2 depicts a PV system's 

comparable circuit. 

 
Figure 2: PV system equivalent circuit 
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The PV array output voltage, filter capacitor, and 

output current are denoted as Vpv, Cpv, and ipv in 

Figure 2, respectively. R1, D, L1, and iL1 are the boost 

converter resistor, diode, inductor, and inductor 

current, respectively. The DC system equivalent load 

current is denoted by io1. Given that the power 

electronic switch S1's duty cycle control quantity is 

µ1, the mathematical model of the PV system seen in 

Fig. 2 can be represented as [21] using Kirchhoff's 

circuit rule. 

 
A DC-DC boost converter connects the PV array to 

the DC bus. Because solar power is sporadic, the 

MPPT technique is frequently used to regulate the 

boost converter, resulting in a Constant Power Source 

(CPS) as the PV system's output. 

D. The BESS's mathematical model 

Fig. 3 depicts the equivalent circuit for the battery 

bank and bi-directional DCDC converter that make 

up the BESS. 

 
Figure 3: The BESS's equivalent circuit 

 

The BESS battery bank output terminal voltage (Vg) 

and filter capacitance (Cg) are shown in Fig. 3.  L2, 

RL2, and iL2 represent the inductor, parasitic 

resistance of the inductor, and the bi-directional DC-

DC converter's inductor current, accordingly.  The 

current passing through the power electronic switch 

S3 is denoted by id.  The DC system equivalent load 

current is denoted by io2.  The resistive load is 

denoted by R2.  The constant power load power is 

known as PCPL.  The CPS output current is also 

known as iCPS. Define µ2 as the power electronic 

switch S2's duty cycle control amount. Kirchhoff's 

circuit rule allows the mathematical representation of 

the BESS in Figure 3 to be written as [22]. 

 
Since S2 and S3 function in complementary 

conduction mode, the dynamic equation for the 

inductor current can be written as 

 
The BESS is charging and the converter operates in 

buck mode when S3 is conducting. The BESS 

discharges and the converter operates in boost mode 

when S2 is conducting. To ensure the stability of the 

DC bus voltage, the power electronic switch's PWM 

duty cycle is adjusted to regulate the BESS charging 

or discharging. 

 

III. OPTIMAL CONTROL METHOD DESIGN 

 

Due to the complicated operating conditions and 

time-varying, non-linear individual distributed 

source parameters in DC microgrids, it is challenging 

to sustain a constant condition throughout time. 

Therefore, it's critical to have a DC microgrid with 

reliable and steady operating control. The controller 

design of traditional PID control, a well-liked linear 

control technique, is based on a model that uses 

roughly linearization treatment close to the system 

equilibrium point, and the real control effect is 

subpar.  

This study employs ISOA-PID control for BESS to 

achieve a good voltage robust control effect and 

variable step perturbation and observation method 

MPPT control to increase the operating efficiency of 

PV systems in accordance with the idea of maximum 

renewable energy usage. 

 

A.PV system design of the MPPT controller 

The relationship between the output power and 

output voltage, depicted in Fig. 4, is referred to as the 

PV cells' output characteristics. The V-I 

characteristics of the PV cell are nonlinear. 

Throughout the majority of the operating voltage 

range, the output Similar to the short-circuit current, 

the current is continuous. However, the current 

rapidly decreases when the output voltage 

approaches the open circuit voltage, resulting in a 

single-peak function with a maximum power point 

(MPP) for the output power characteristics. To boost 

the PV system's efficiency, PV cells should operate 

as close to the MPP as feasible.  In actuality, though, 
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the temperature and amount of sunlight fluctuate 

frequently.  The idea behind maximum power point 

tracking is to use specific control devices and 

techniques to modify the equivalent input impedance 

in order to maximize the output power that the PV 

cells can produce.  It is actually an independent 

optimization procedure [23–24]. 

 

The MPPT perturbation and observation approach is 

straightforward and simple to use. Nevertheless, it is 

sufficiently affected by the perturbation step size that 

it is unable to adjust to the  shifting surroundings. 

When the perturbation step size is too tiny, the 

tracking speed is slow, and when the perturbation 

step size is too big, the voltage tends to oscillate. 

When the step size is far from the MPP, the 

exponentially variable step approach makes it larger; 

when it is near the MPP, it makes it smaller. Excellent 

tracking speed and accuracy can be attained with 

MPPT by combining the perturbation and 

observation method with an exponentially variable 

step method. The power variation exponential 

variable step perturbation and observation approach, 

which is accomplished by varying the duty cycle µ1, 

serves as the foundation for MPPT control in this 

work. In contrast to the conventional fixed step 

perturbation and observation method, the suggested 

exponential variable step perturbation and 

observation method adds a time-varying smoothing 

factor m for the voltage increment ΔU. The distance 

from the MPP is correlated with the value of m, 

which ranges from 0 to 1. m assumes a significant 

value when the distance to the MMP is great. On the 

other hand, m assumes a tiny value. As a result, the 

step size ΔU is now a function of the time-varying 

coefficient m rather than a constant value [25]. As the 

operating point moves away from the MPP, the ΔP 

increment and the slope of the P-U characteristic 

curve both increase, as seen in Fig. 4. The incline 

While the operating point gets closer to the MPP, it 

gets smaller and the ΔP increment gets less. 

Depending on how ΔP varies the magnitude of the 

value of m changes. When ΔP is high, the m assumes 

a huge value that is very close to 1. m assumes a 

modest value when ΔP is small. This exponential 

function maps ΔP directly to the value of m. As ΔP 

varies, the value of m changes in real time and the 

expression is 

 

 

 
Figure 4: MPPT step change schematic diagram 

 

Figure 5 illustrates the precise flow of the suggested 

exponential variable step perturbation and 

observation technique control.  First, the technique 

calculates the U and I  determines the value of ΔP and 

ΔU from the previous operating point at the current 

operating point.  The step size at the subsequent 

operating point is then determined by taking the value 

of the time-varying factor m from the exponential 

function operation. By contrasting the voltage 

reference value Uref*, the direction of disturbance of 

the specified voltage reference at the subsequent 

operating point, and the positive and negative values 

of ΔPΔU finally, at the next operating point, =Uref 

±mΔU are found. 

 
Figure 5 shows the flow of the suggested observation 

technique control and exponential variable step 

perturbation. 

 

B.ISOA-PID voltage controller design for the BESS 

PID controllers are frequently employed in DC 

microgrid control, and PID parameter optimization is 

a popular area of study to improve control effects. It's 

of excellent  relevance for the BESS control system's 

fast responsiveness, stability, and dependability. The 

seeker optimization technique (SOA) is suggested in 

this research as a way to enhance and maximize PID 

controller performance. The absolute value of the 

error and the time integral of the squared control 

input term are set as the optimization target, while the 

PID parameters are specified as the search target. 
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Following recurrent search and computation, the 

system's ideal control quantity is then determined. 

 

1).The analysis of the SOA principles 

A novel kind of intelligent algorithm for human 

population behavior is called SOA. It considers the 

starting population to be the set total of search 

behaviors, and the behavior individuals as  personal 

remedies. By mimicking human search patterns, the 

algorithm's inference judgment of position and 

direction is accomplished, and eventually the best 

solution to the issue can be found [26].  

a) Fitness function selection: This study constructs 

the least objective function using the error absolute 

integral value in order to anticipate a suitable 

dynamic iterative property that will steer the 

algorithm to optimize toward the control objective. 

The definition of the created minimal objective 

function f is; 

 
 

Where e(k) is the system error, u(k) is the control 

input, and η1, η2, and η3 are weights.  Making η1>η2 

and η1+η2=1 will satisfy the optimization 

requirements and lower the system error. Typically, 

To prevent overshoot, the penalty mechanism is 

applied, where η1=0.999, η2=0.001, and η3=100. 

 

b) Determining the size of the exploration step: SOA 

represents the search step fuzzy variables using the 

approximation function of the fuzzy system with a 

Gaussian subordination function, adhering to the 

seeker criteria.   

 
Where x is the input variable, uA is the Gaussian 

affiliation, and u and δ are the affiliation function's 

parameters. The optimal position according to the 

linear affiliation function is to umax=1.0, the 

maximum affiliation value. When the input exceeds 

[u-3δ, u+3δ], the affiliation is less than 0.0111, 

therefore it can be disregarded; that is, the worst 

position corresponds to the smallest affiliation, umin = 

0.0111, and the other locations correspond to 

0.0111<u<1. 

 
Figure 6: Distribution of Gaussian 

 
Where D is the search space's dimension, uiis the 

affiliation of the objective function value I, and ui,jis 

the affiliation of the objective function value I in the  

j dimensional search space. Since the three are the 

optimization goal, PID settings, with D = 3.Step  ai, j 

of the search is provided by; 

 
Where ui,j are the affiliation degrees of the search 

space objective function and δi,j are the parameters of 

the Gaussian affiliation function. The following 

determines its value: Formulas                                                 

 
Where xmax  and  xmin are the locations of the 

population's maximum and minimum function 

values, and η0 is the inertia weight; T and t represent 

the highest quantity of  iterations and the number of 

iterations that are currently in use, respectively.   

c) Choosing the direction of the search: The egoist 

direction is de, the altruistic direction is da  and the 

proactive direction is dp, according to analytical 

modeling. They can be articulated as, 

 
Where x(t1) and x(t2) are the ideal positions in {x(t-

2), x(t-1), x(t)}, respectively; pbest is the optimal 

position in individual history; and gbest  is the global 

historical optimal location. A random weighted 

geometric average of the three directions is used to 

define the search direction df, and this can be written 

as, 

 
where m1 and m2 are real integers in the interval [0-

1], and sign() is the sign function. 

d) Individual location updates. The individual 

position update is performed following the 

acquisition of the search step ɑi,jand the search 

direction df. One way to express the revised position 

xi,j(t+1) is as 
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2) The ISOA Algorithm 

To address the issues of poor search efficiency in the 

early stages and the incapacity to locate the global 

optimal solution in the later stages of the SOA 

because of local extremum. Method [27], ISOA is 

suggested using the Cauchy variational operator and 

the chaotic initialization optimization technique  The 

best performance is achieved by logistic chaos 

mapping, which can produce more symmetric and 

consistent random number distributions than square, 

sine, and other mappings.  Thus, iteration is done 

iteratively using the logistic chaos mapping function 

[28–29]. 

 
Where,  is the number of iterations and µ is the 

parameter for regulation (0<1). The D-dimensional 

benchmark is generated at random. In the interval 

(0,1), particle y0, y0=(y01,y02,y03,…,y0H), the set 

of chaotic populations yn+1, j can be written as, 

 
The D-dimensional particle population xn+1, j can 

then be obtained by mapping (0,1) onto the search 

space [-Γ, Γ], which can be written as 

 
where N is the size of the population and D is the 

dimension of the search space; in this case, N=20 and 

D=3, and n = 0,1,2,…,N, j=1,2,…,D. The starting 

locations of the particle swarm that were acquired via 

the  

The pre-search efficiency can be significantly 

increased by using the logistic chaotic mapping 

function in contrast to the initial positions determined 

by pseudo-random integers. Falling into local 

extreme in the latter stages of the search is addressed 

by the introduction of the Cauchy variational 

operator. The Gaussian distribution and the Cauchy 

distribution perform similarly, as Fig. 7 illustrates. 

The primary distinction is that the Cauchy 

distribution function's generated random numbers 

have a wider range of variances and longer wings. 

Therefore, the capacity to leap out of the As the 

algorithm position is updated, the local optimal 

solution gets stronger. [30–31] is the formula for the 

Cauchy variation. 

 
Where the usual Cauchy distribution function is 

Cauchy (0,1) and p is the random rate of variation. 

 
Figure 7. Cauchy distribution 

 

Next, gbest  is subjected to a mutation operation using 

the Cauchy distribution as 

 
Where γ is the mutation weight; gbest ,j is the global 

optimal j dimensional component; λ is chosen as a 

constant, λ=10; T is the maximum number of 

iterations and t is the current number of iterations. 

 

3) FEED-FORWARD CONTROLLER DESIGN 

BASED ON ISOA 

Given that classical PID control's feed-back control 

method has a delay issue that might result in control 

failure or delay, a feed-forward compensating PID  A 

control approach is suggested. The goal is to use 

feed-forward compensation to compensate PID in 

order to lower the system tracking error. 

Additionally, it may guarantee the system's quick 

reaction time and enhance the controller's tracking 

and control precision. Fig. 8 displays the principal 

block diagram. 

 
Figure 8: Feed-forward PID Controller Block 

Diagram 

 

It is possible to express the system transfer function 

ωr(s)/r(s) and the system error transfer function 

e(s)/r(s) as; 

 
Where GPID(s) is the PID transfer function under the 

Rasch transform, uq(s) is the voltage input under the 

Rasch transform, and r(s) is the initial input signal; 
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the speed tracking is e(s). Error under the Rasch 

transform the feed forward gain coefficients are Kf1 

and Kf2. 

When Kf1 r(s)+ Kf2 r(s)=1/ Gm (s),Theoretically, the 

system error can be fixed.  In actuality, the system 

error cannot be completely removed, but it can be 

decreased to a manageable level  The photovoltaic-

battery DC microgrid's robust control stability is 

significantly increased while minimizing any impact 

on system stability. PID discretization processing can 

be used to instantly transform a continuous system 

into a discrete system in situations when the PID 

sampling period TC is brief.  Consequently, the 

discrete control law of feed forward compensated 

PID can be written as; 

 
Adjusting the parameters of a PID controller with a 

straightforward form and simple implementation is 

challenging for a photovoltaic-battery DC microgrid 

system with nonlinearity and hysteresis. Thus, self-

tuning PID parameters based on ISOA is employed 

to accomplish system optimal control on a worldwide 

scale. 

 

4)  The Principle of ISOA-PID Control 

The output speed tracking value and its ISOA-based 

feed-forward compensation PID control 

technique  incorrect values are processed 

independently and optimized. Additionally, the 

controller's three parameters—Kp, Ki, and Kd—are 

changed to increase speed tracking precision and get 

rid of faults. Fig. 9 illustrates the control system 

principle. 

 
Figure 9: Control system principal diagram 

 

The ISOA-PID control method works like this:  Set 

the population and parameters to chaos. Adjust each 

particle's position and velocity. Assess each particle's 

fitness value and update the ideal position both 

locally and globally. Execute the global optimal 

Cauchy variation operation. Update and replace the 

population history ideal position after comparing it 

with the current individual optimal position. position 

if each person's present ideal job is superior.  Output 

the ideal value and solution if the termination 

condition is met; if not, go back to step .  Fig. 10 

displays the ISOA-PID flow chart. 

 
Figure 10. Flow chart for ISOA-PID 

 

IV. ANALYSIS AND VERIFICATION OF 

SIMULATIONS 

 

Simulation research using MATLAB/Simulink is 

utilized to confirm the efficacy and accuracy of the 

suggested control mechanism for photovoltaic-

battery DC microgrid. The Table Ⅰ displays the 

system parameters. 

 
A. The PV system's control validation using the 

observation technique and exponential variable step 

perturbation   

The PV system described in this study is made up of 

50 PV cells, each of which can provide up to 200W 

of power at 1600 m2/W of sunshine. For MPPT 

simulation, pick one PV cell from the PV system. Set 

the temperature to 25°C and the initial solar intensity 

to 1400m2/W. The theoretical MPP under these 

circumstances is 177.77W. Decide on 0.1V as the 

step size for the typical disturbance observation. 

Figure 11 displays the simulation waveform diagram 

for both the conventional disturbance observation 

approach of the PV MPPT control and the 
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exponential variable step perturbation and 

observation method. The exponential variable step 

disturbance observation method stabilizes in 10 ms, 

as illustrated in Fig. 11(a).  

The conventional approach to disturbance 

monitoring stabilizes in 70 milliseconds. With 

amplitude changes of about 0.013W, the output 

power of the exponential variable step disturbance 

observation method stays constant between 

177.757W and 177.77W, as illustrated in Fig. 11(b). 

Its ripple, when compared to the theoretical value, is 

0.07. The conventional disturbance observation 

method has an amplitude fluctuation of 0.5W. Its 

ripple, in relation to the theoretical value, is 2.81 ‰. 

The PV system's energy loss is minimal with the 

suggested strategy, and its steady-state stability is 

high. For the PV system's MPPT control, it offers 

superior stability and speed. 

 
Figure 11. Comparison diagram for simulation 

 

TABLE – ll 

Comparison of MPPT control result with different 

methods 

 

Method 

 

Speed of 

response 

Ripple value 

((Wmax -

Wmin)/Wtheoretical) 

exponential 

variable step 

perturbation 

and 

observation 

 

                 

10ms 

0.07‰ 

traditional 

disturbance 

and 

observation 

method 

 

70ms 2.81‰ 

Assume that the outside temperature, T=25°C, stays 

the same. There are 1000W/m2 and 900W/m2 of 

sunlight.  800W/m2, with each phase being sustained 

for 0.2 seconds before being brought back to 

1000W/m2. Figure 12 displays the PV system's 

MPPT simulation waveform with exponential 

variable step perturbation and observation technique. 

 
Figure 12: MPPT simulation with varying sunshine 

intensity and constant temperature 

 

The suggested MPPT control approach exhibits 

outstanding response speed, steady-state stability, 

and dynamic transition process when the ambient 

temperature stays constant at T=25°C and the 

sunlight intensity varies at 0.2s, 0.4s, and 0.6s, 

respectively, as illustrated in Fig. 12. 

 

B.ISOA-PID control for BESS is confirmed 

The ISOA-PID controller's recommended parameters 

are Φ = 100, η1 = 0.999, η2 = 0.001, η3 = 100, m1 = 

0.7, and m2 = 0.45.  The conventional PID 

controller's ideal parameters are Kp = 0.03; Ki = 

0.001; and Kd = 0.0002 [32]. 

 

1). STABILITY OF SUNLIGHT INTENSITY AND 

DEMAND FOR LOAD 

First, suppose that the PV system is operating in a 

typical atmosphere with 1000 W/m2 of sunlight at 

first.a 25°C temperature, and a rated bus with Vdc = 

600 V. In this scenario, the PV system's output power 

is less than the load, and it is assumed that the load 

demand and sunshine intensity remain constant. In 

order to meet the load demand, the PV system's DC-

DC converter and the BESS's bi-directional DC-DC 

converter must work together to output power 

.According to Ohm's law, the load consumption at the 

start of the simulation is constant at PCPL = 3kW and 

iCPL = 5A. Figure 14(a)–(e) displays the load power 

consumption, DC bus voltage, and PV output power. 

Waveforms for the load current and BESS power 

input, respectively. 
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Figure 13. Microgrid output characteristics under 

condition 1 

 

The DC micro grid’s bus voltage is steady, as seen in 

Fig. 13(a).  The PID-controlled bus voltage 

fluctuates, peaking at 611 V and falling to 592 V at 

its lowest. V. The ISOA-PID-controlled bus voltage 

oscillates between 606 V at its maximum and 597 V 

at its lowest. This demonstrates that compared to the 

PID, the ISOA-PID is more stable and oscillates less. 

The PV system reaches a steady state within 0.2 

seconds, as seen in Fig. 13(b).  According to the 

MPPT control algorithm, the maximum output power 

is kept at about 5kW, or Ppv = 5kW.  The DC 

microgrid has no effect on the PV system's output 

power; only the temperature and amount of sunlight 

have an impact. The DC microgrid system's load 

power is demonstrated in Fig. 13(c), where the load 

power consumption reaches a steady state at 0.2s with 

a constant PCPL = 3kW.  Achieves equilibrium with 

a load of 3kW. The ISOA-PID regulated the BESS's 

power waveform, as seen in Fig. 13(d). The BESS 

absorbs excess power from the PV system and serves 

as a power source to maintain the bus voltage. At 0.2 

seconds, the  BESS reaches a steady state.  Pbess = -

2kW and the BESS input power is kept at about 2kW. 

The PV power consumption and the power absorbed 

by the BESS add up to the load power consumption. 

Equation (1) states that the bus voltage is steady and 

produces the intended outcome when the net grid 

power Pnet=0W. As illustrated in Fig. 13(e), the PID 

control's largest fluctuation value, iCPL = 5.1A, and 

lowest fluctuation value, iCPL = 4.95A, occur when 

the load current enters the steady state at 0.2s. ISOA-

PID control has the lowest fluctuation value (iCPL = 

4.97A), which is stable at roughly 5A, and the 

maximum fluctuation value (iCPL = 5.03A). The 

theoretical operation results from the simulation 

findings are in agreement with it. Table III displays 

the data from the simulation results mentioned 

previously. Under constant conditions, the suggested 

ISOA-PID control method outperforms the 

conventional PID control method in terms of 

suppressing load current fluctuations and stabilizing 

bus voltage oscillations. 

 
2) STABILITY OF SUNLIGHT INTENSITY WITH 

VARIABLE LOAD POWER IS CONDITION 2. 

Assume that the PV system's output power is less 

than the load, that the load power varies, and that the 

sunshine intensity remains constant. In this scenario, 

the PV system's DC-DC converter and the  

To satisfy the load demand, the BESS's bi-directional 

DC-DC converter must jointly output power The load 

consumption is fixed at PCPL = 3kW at the start of 

the simulation. After 0.5 seconds, the load 

consumption remains constant at PCPL = 8kW. 

Ohm's law states that the load current iCPL is equal 

to 5A prior to 0.5s and 13.33A thereafter to 0.5s. The 

DC bus voltage, load power consumption, BESS 

power input, and load current simulation waveforms 

are displayed in Fig.14, accordingly. 
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Figure 14. Microgrid output characteristics in 

condition 2. 

 

The PID DC microgrid's bus voltage is steady, as 

seen in Fig. 14(a). Prior to 0.5 seconds, 619V was the 

highest oscillation value and 599V was the lowest. 

After 0.5 seconds, 604V is the oscillation value at its 

highest, and 583V is at its lowest. Regarding the 

ISOA-PID, however, 602V is the maximum 

oscillation value prior to 0.5s. 599V is the lowest 

oscillation value. Following 0.5 seconds, 604V is the 

greatest oscillation value and 595V is the lowest. This 

suggests that ISOA-PID has a stronger control impact 

and is more stable than PID. With a constant load 

consumption of PCPL = 3kW before 0.5s and a 

constant PCPL = 8kW after 0.5s, Pload = 3kW, the 

power load reaches a steady state at 0.2s, as seen in 

Fig. 14(b). Before 0.5s and kept at Pload = 8kW after 

0.5s, suggesting that the DC microgrid system's 

overall power is balanced. 

 

The BESS power is utilized to absorb or make up for 

the PV system's excess or lack of power, as well as to 

keep the bus voltage steady, as seen in Fig. 14(c).  

The BESS reaches the steady state after 0.2 seconds, 

the output power is kept at about 3kW after 0.5 

seconds, or Pbess = 3kW, and the input power is kept 

at around 2kW before 0.5 seconds, or Pbess = -2kW.  

The output power is rapidly switched, and the 

dynamic transition period is roughly 0.02 seconds.  

The total of the power supplied by the BESS and the 

PV output power is the load power consumption.  

Equation (1) states that the bus voltage is steady, the 

net grid power Pnet = 0W, and the intended outcome 

is achieved. As illustrated in Fig. 14(d), the load 

current iCPL is 5A prior to 0.5s after the load current 

enters the steady state at 0.2s. 

After 0.5 seconds, the load current iCPL is 13.3A. 

Control of ISOA-PID is less erratic in load current 

fluctuations and more stable than PID control.  

The PID-controlled load current iCPL reaches its 

maximum fluctuation value of 5.14A and its 

minimum fluctuation value of 4.97A, as illustrated in 

Fig. 14(e). In accordance with the theoretical 

simulate computation results, ISOA-PID-controlled 

load current iCPL obtains its peak fluctuation value 

of5.04A, lowest fluctuation value of 4.98A, and 

steady at roughly 5A. The PID-controlled load 

current iCPL reaches its maximum fluctuation value 

of 13.51A and its minimum fluctuation value of 

13.10A, as illustrated in Fig. 14(f). ISOA-PID load 

control  According to the findings of the theoretical 

simulation calculations, the current iCPL reaches its 

highest fluctuation value of 13.49A, its lowest 

fluctuation value of 13.20A, and its stable value of 

13.33.  Table IV displays the simulation results for 

working condition 2. According to the data analysis, 

the suggested ISOA-PID control approach 

outperforms the conventional PID control method in 

terms of controlling load current variation and bus 

voltage oscillation when sunlight intensity is constant 

and load demand varie 

 
3) CONDITION 3: THE INTENSITY OF THE 

SUNLIGHT AND THE POWER OF THE LOAD 

VARY 3) CONDITION 3: THE INTENSITY OF 

THE SUNLIGHT AND THE POWER OF THE 

LOAD VARY 

Assume that the load demand and the amount of 

sunlight changes. In order to cooperatively modify 

the power to match the load demand, the PV system's 

DC-DC converter and the BESS's bidirectional DC-

DC converter must charge and discharge.  The load 

consumption is constant at PCPL = 3kW at the 

beginning of the simulation, and it remains constant 

at PCPL = 8kW after 0.5 seconds. Ohm's law states 

that the load current iCPL is equal to 5A prior to 0.5s 

and 13.33A thereafter to 0.5s. The solar intensity 

increases from 1000W/m2 to 1500W/m2 after 

0.7s.The simulated waveforms for DC bus voltage, 

PV system output power, load power consumption, 

BESS input power, and load current are displayed in 

Fig. 15(a)–(c), accordingly. 
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Figure 15. Microgrid output characteristics under 

condition 3. 

 

The DC microgrid's bus voltage is steady, as seen in 

Fig. 15(a). There is significant fluctuation in the PID-

controlled bus voltage oscillation; the maximum 

oscillation value is 605V, and the  595V was the 

lowest oscillation value between 0.2 and 0.5 seconds. 

Between 0.5s and 0.7s, the oscillation value ranges 

from 590V to 601V, which is the highest. After 0.7 

seconds, the oscillation value ranges from 616V at its 

maximum to 598V at its lowest. In contrast, the 

ISOA-PID-controlled bus voltage fluctuates between 

0.2 and 0.5 seconds at a minimum of 599V and a 

maximum of 601V. Between 0.5 and 0.7 seconds, the 

oscillation value ranges from 600V at its maximum 

to 596V at its lowest. After 0.7 seconds, the 

oscillation value reaches its maximum of 601V and 

its minimum of 598V. 

 

The PV system enters the steady state at 0.2 seconds, 

as illustrated in Fig. 15(b), and maintains its 

maximum output power at about 5kW until 0.5 

seconds, or Ppv = 5kW. After 0.7 seconds, it is kept at 

about 7kW, thus that Ppv = 7kW. The dynamic change 

happens quickly an smoothly. The DC microgrid has 

no influence on the total PV system's output power; 

only the temperature and intensity of the sun's rays 

do. The load power achieves the steady state at 0.2s, 

as illustrated in Fig. 15(c), with constant PCPL = 

3kW prior to 0.5s and constant PCPL = 8kW following 

0.5s. For example, Pload= 3kW prior to 0.5s and keeps 

Pload = 8kW following 0.5s. The BESS is in a bi-

directional flow state to maintain the bus voltage and 

compensate for or absorb the lack of load power from 

the PV system, as illustrated in Fig.15(d). The BESS 

reaches the steady state at 0.2s and is charging before 

0.5s with power maintained at around 2kW, Pbess = -

2kW. After 0.5s, it is discharging, where the output 

power is maintained from 0.5s to 0.7s at around Pbess 

= 3kW, and after 0.7s, the output power is maintained 

at around 1kW, Pbess = 1kW. According to equation 

(1), the net grid power Pnet = 0W. The bus voltage is 

stable, and the anticipated outcomes are at the 0.5 and 

0.7 second points, the shift is quick and seamless. 

According to Fig. 15(e), the load current iCPL is 5A 

before 0.5s and 13.3A after 0.5s once the load current 

achieves the steady state at 0.2s.  Compared to the 

PID control, the ISOA-PID control is more stable and 

exhibits less fluctuation in the load current.The PID-

controlled load current iCPL has the highest 

fluctuation value (iCPL = 5.06A) and the lowest 

fluctuation value (iCPL = 4.94A), as illustrated in Fig. 

15(f).  The ISOA-PID-controlled load current iCPL 

stabilizes at about 5A, with the highest fluctuation 

value being 5.02A and the lowest fluctuation value 

being 4.98A. 

 

PID-controlled load current iCPL has a maximum 

fluctuation value of iCPL = 13.41A and a minimum 

fluctuation value of iCPL = 13.12A, as illustrated in 

Fig.15(g).  There is a maximum fluctuation value for 

the ISOA-PID controlled load current iCPL. Of iCPL = 

13.31A, with iCPL fluctuating at a minimum of 

13.20A before stabilizing at 13.33A. The PID-

controlled load current iCPL has the largest fluctuation 

value (iCPL = 13.59A) and the lowest fluctuation value 

(iCPL = 13.21A), as illustrated in Fig. 15(h).  With a 

fluctuation value of 13.35A at its greatest and 13.26A 

at its lowest, the ISOA-PID-controlled load current 

iCPL is stable at 13.33A.  The theoretical calculation 

findings are followed by the simulation results above. 

Table V displays the results of these simulations. The 

data analysis demonstrates that the suggested ISOA-

PID control method outperforms the traditional PID 

control method. in regulating load current 

fluctuations and bus voltage oscillations when load 

power and sunlight intensity fluctuate simultaneously 

 

V. CONCLUSION 

 

The key to guaranteeing the dependability of the 

power supply in a DC microgrid is robust and stable 

bus voltage regulation. The construction concept and 

bus voltage are examined in this work. The 

photovoltaic-battery DC microgrid is regulated. An 

ISOA-PID control approach is suggested for the bus 

voltage regulation and control requirement of BESS, 

while an enhanced exponential variable step 

perturbation and observation method is suggested for 

controlling its maximum power output. Simulation 

experiments show that, in comparison to the 

conventional perturbation and observation approach, 

the exponential variable step perturbation and 

observation method increased the reaction speed 
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from 70 ms to 10ms. The amplitude of the output 

power fluctuation is reduced from 0.5W to 0.013W, 

thus it can be concluded that the proposed 

exponential variable step perturbation and 

observation method has the advantages of smaller 

energy loss, higher stability, and faster response. The 

stability performance of the voltage and current under 

conventional PID control and ISOA-PID control are 

also compared through simulation experiments with 

three different operating conditions. The average 

ripple percentage of its voltage and current decreases 

from 3% to 1%.  

 

It concludes that ISOA-PID control can stabilize bus 

voltage oscillations and suppress load current 

fluctuations more effectively. Future research will 

examine a more sophisticated MPPT algorithm in 

partially shaded conditions to increase PV power 

generation efficiency.  Additionally, the 

experimental hardware. A platform for more in-depth 

experimental study will be constructed. 
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