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ABSTRACT When the microgrid topology changes, the traditional droop control strategy affects the
dynamic performance and steady-state accuracy of the inverter. To this end, this paper is based on an
improved population division fruit fly algorithm. An optimization strategy for grid-connected inverter droop
control is proposed in this paper, and then, the PI parameters of microgrid droop control are optimized in
real time. This strategy divides the fruit fly population into three zones according to the inverter output
and then automatically updates the multistrategy mode according to the difference in fruit fly performance
in each zone. Among them, in zone I, a local fine search is conducted to ensure that the population does
not degenerate; in zone II, adaptive adjustment is performed, ensuring the diversity and convergence of the
algorithm; and in zone III, fruit flies are guided to accelerate convergence. The effectiveness and feasibility
of this strategy is verified by this article according to simulation experiments and actual application cases.
The results show that the proposed control strategy can make the inverter output follow the changes in the
system for adaptive adjustment. The inverter response speed is increased 40-fold, and the steady-state error
is reduced by 4.3%.

INDEX TERMS Improved fruit fly optimization algorithm, population division, multistrategy, adaptive,

droop control, online optimization.

I. INTRODUCTION
Microgrid droop control is a double closed-loop control sys-
tem formed by multiple proportional integral (PI) controllers
in series and in parallel. When the system topology changes,
the conventional PI controller cannot adapt to changes in
the system parameters. Conventional PI controllers decrease
inverter response speed, and the output power, frequency, and
voltage of the inverter cause problems such as being over the
limit and oscillation. The dynamic performance and steady-
state accuracy of droop control are affected. Therefore, the
real-time tuning of PI parameters is required online.

The current control strategy that realizes the parallel oper-
ation of microgrid multimachines in island mode is domi-
nated by droop control, the principle of which is to realize
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load power distribution according to capacity by adjusting
the characteristic curve with difference [1]. Many scholars
have conducted much research on the issues related droop
control. Droop-control improvement methods can be roughly
divided into two categories: the model simplification of com-
plex systems and the introduction of intelligent algorithms
into complex systems. The model simplification of com-
plex systems. The P-U droop control model based on a PI
controller was designed by [2]. This method simplifies the
model, analyses the steady-state and dynamic performance of
the system, and uses the sequential method to determine the
control parameters so that the voltage deviation is reduced.
A new droop control current-sharing strategy based on equiv-
alent impedance difference control was proposed by [3], and
the dg-axis model of the AC/DC rectifier and its equivalent
circuit were analysed. The results show that this method not
only reduces the bus voltage attenuation but also achieves
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current sharing. In the work of [4], through circuit steady-
state analytical equations, a bus voltage stabilized sec-
ondary compensation autodisturbance-rejection controller
was designed, and this method suppressed the line impedance
voltage drop and load power disturbance. However, today’s
control system is a dynamic and complex nonlinear control
system. Moreover, it is difficult to simplify the model and
derive the formula [5]. The introduction of intelligent algo-
rithms into complex systems. [6] used a heuristic artificial
bee colony algorithm to tune PI parameters, and verified the
effectiveness of the proposed strategy by designing differ-
ent scenarios, and realized power redistribution. [7] aimed
at the I-V droop control strategy, proposing an adaptive
PI controller. This strategy used a compromise method to
select PI parameters based on response speed and steady-
state performance so that droop control exhibited improved
dynamic performance. The strategy of particle swarm opti-
mization (PSO) droop control PI parameters was proposed
by [8]. This strategy is compared with traditional PI droop
control and has better dynamic performance, as was verified
by experiments with different load disturbances. The strategy
of the grasshopper optimization algorithm (GOA) for droop
control PI parameters was proposed by [9]. In the photo-
voltaic microgrid system, this optimization strategy mini-
mized the overshoot of the current, voltage and frequency
output by the inverter, as well as the minimum total harmonic
distortion (THD). The online optimization strategy of volt-
age source inverter (VSI) PI parameters based on the fruit
fly algorithm was designed by [10]. This strategy took the
minimum integral time absolute error (ITAE) value of the
PI error as the goal and optimized the four PI controls in
the system simultaneously so that the performance of the
PI controller was enhanced. However, the strategy did not
consider the fluctuation in voltage and frequency. The use
of different algorithms to optimize droop control parameters
was proposed by [11] and [12]. This method suppressed
voltage and frequency fluctuations. At present, although most
scholars have proposed many improvement methods, they
have not considered the adaptive capability of droop control
system inverters when the microgrid topology changes.

In practice, the microgrid is a dynamic system, and the
wind and solar abandonment phenomenon caused by the
uncertainty of renewable power output and load demand
often occurs [13]. Therefore, the microgrid performs not only
load switching but also microsource switching. Microsource
switching causes the microgrid system structure to change,
and the PI parameters must then be retuned. In the above
algorithm comparison, the fruit fly algorithm has the char-
acteristics of fast optimization speed, simple structure, low-
level calculations, adjustable parameters, outstanding global
search ability, and strong solving ability for nonlinear prob-
lems [14], [15]. Therefore, many scholars have applied the
fruit fly algorithm to the optimization of microgrid parame-
ters. The standard fruit fly algorithm has outstanding global
optimization capabilities in the early stage and can quickly
find the optimal value, but later search capabilities are poor
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and the optimization accuracy is not high when solving com-
plex problems [16]. This feature was pointed out by [17].
With the increase in the number of microsources, it is neces-
sary to improve the exploration and exploration capabilities
of fruit fly algorithms to ensure optimization accuracy and
speed. The current improvements to the FOA algorithm are
mainly divided into two categories: (1) Increase population
diversity, the sentinel mechanism and multigroup mechanism
were introduced by [18]. The sentinel mechanism consists
of greedy selection and Gaussian variation to enhance the
convergence speed of the algorithm. The multigroup mech-
anism divides the fruit fly population into several subgroups
to enhance the exploration ability of fruit flies. A double
driven fruit fly algorithm was proposed by [19]. In this
framework, fruit fly flight is guided by the concept of mul-
tiple repellents and attractants. Adaptive determination of
the search radius is performed. The algorithm is used to
optimize and enhance the performance of the PID framework.
(2) Increase population convergence, a fruit fly algorithm
for adaptive cloud escape search was proposed by [20]. The
search method considered the number of iterations as the
guiding factor to adjust the global and local search. Moreover,
a new evolutionary direction intelligent selection mechanism
was proposed by [21]. This selection mechanism provides the
correct direction for fruit flies, and the convergence speed of
the algorithm is increased. An improved fruit fly optimization
algorithm (IFOA) was proposed by [22], by introducing the
inertial weight function to the search step, the search ability
of the algorithm was improved. In the past improvements,
only the unilateral performance of the fruit fly population
was often considered, making the overall performance not
outstanding. Some scholars have improved the search mech-
anism of fruit fly vision and smell to improve the search
ability of fruit fly algorithms. An improved fruit fly opti-
mization algorithm based on double strategies co-evolution
was proposed by [23]. One of the two carefully constructed
evolutionary strategies was randomly selected as the olfactory
search operator of the current individual according to prob-
ability. Thus the olfactory search mechanism of the hybrid
coevolution of the two strategies was formed. This mech-
anism can reasonably balance the global exploration and
local exploitation of the algorithm. An improved fruit fly
optimization algorithm was proposed by [24], through the
construction of hybrid learning olfactory search strategy, the
global exploration and local exploitation of the algorithm
were effectively enhanced and reasonably balanced. A hybrid
fruit fly optimization algorithm was proposed by [25]. the
traditional fruit fly optimization algorithm is improved by
using the multi-swarm co-evolution feature, and a hybrid fruit
fly optimization algorithm with internal and external search
strategies is designed. An adaptive multiple neighborhoods
collaborative search-based fruit fly optimization algorithm
(AMNCS-FOA) is proposed by [26], in the visual search
stage, to improve the global search ability of the algorithm,
the iterative search is performed with a certain probability to
accept the inferior solution as the population center. There is
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no real-time feedback of the optimization effect of the fruit fly
algorithm in the improved method, and thus the convergence
and diversity of the algorithm cannot be balanced, which
makes the algorithm perform a large number of invalid cal-
culations. A method of adaptively adjusting the convergence
and diversity of the algorithm is proposed, which makes
the algorithm more intelligent, and still maintains strong
exploration and exploration capabilities when solving various
complex problems.

Therefore, to improve the adaptive ability of the inverter of
the microgrid droop control system, this paper analyses the
basic principles of droop control and the deficiencies of the
standard fruit fly algorithm. A population division multistrat-
egy adaptive fruit fly optimization algorithm (MSAD-FOA)
is proposed. This strategy can detect and feedback the opti-
mization effect and adjust the PI parameters in real time.
The main contributions of this paper are as follows. This
paper proposes the concept of population partition, which
divides fruit flies into different regions according to their
performance. A multi-strategy update mode is proposed. fruit
fly with different performance adopts different update strate-
gies, which fully utilizes the exploration and exploration
ability of each fruit fly and avoids ineffective calculations.
(2) The average individual increment (AIl) evaluation index
of the fruit fly population proposed in this paper can feed
back the effect of algorithm optimization in real time and
then adaptively adjust the convergence and diversity of the
algorithm. (3) Introducing the absolute value integral term
of error derivation into the objective function of microgrid
online optimization effectively suppresses the oscillation and
deviation of the inverter output power. (4) In non-initial opti-
mization, the use of adaptive and optimal delivery strategies
shortens the online optimization time.

This paper is organized as follows. Section II mainly writes
the preliminary research on the optimization of droop control
strategy based on the fruit fly algorithm, and analyzes the
problems existing in the preliminary research. Section III
mainly writes the ideas and processes of improving the fruit
fly algorithm. In Section IV, the objective function and opti-
mization process of MSAD-FOA optimization droop con-
trol strategy are mainly written. Section V is the simulation
verification and experimental verification. Section VI mainly
writes the contribution of this paper.

Il. IDEAS FOR IMPROVEMENT

A. STANDARD FRUIT FLY ALGORITHM

The Fruit Fly Optimization Algorithm is a new algorithm
proposed by imitating the food-seeking behavior of fruit
flies, think of each problem to be optimized as a fruit fly
searching for food in j-dimensional space. Giving the cur-
rent position of each fruit fly in j-dimensional space X; =
( X,',l,Xl"z, . ,X,',j), Yi = ( Y,’)], Y,',z, EERIEN Y,',j) and the
flight distance of the fruit fly. Calculated by the adaptability
function, then evaluated for each fruit fly. Contribute the fruit
fly with the best flavor concentration in the group to the
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next group, iterate sequentially until the end and output the
optimal value. When the Fruit Fly Optimization Algorithm is
calculated at the (k+1) iteration, to update the position of fruit
fly according to equation (4).

Xi’j(k +1)= Xi,j(k) +c-L-rand() )
Yi’j(k + 1) = Yi’j(k) +c-L- rand()

In equation (1): L for superior step length. ¢ is a non-
negative acceleration constant, rand() is a random number
which randomly generated between O and Is. i is the number
of fruit flies, j is the dimension. X; ;(k), Y; ;(k) are the global
optimal position, X; j(k) and ngesti” j mentioned below are
the same value.

According to the above update equation, the next update
iteration of the standard Fruit Fly Optimization Algorithm
is the expansion of Fruit Fly population within fixed range,
which based on the global optimal value. Thus the standard
Fruit Fly Optimization Algorithm has the following prob-
lems: (D) Only the global optimal experience is considered for
each update, but ignores the individual flight experience of
fruit fly. @ Fruit Fly population retain only the globally opti-
mal individuals after searching for targets, and then perform
a single location update strategy, ignore the flight experience
of the entire Fruit Fly population to guide the next iteration
of the update. 3 Population convergence and diversity are
not detected and parameters cannot be adjusted adaptively.
® The fixed-step search approach does not take into account
the large area search in the early stage and the small area depth
search in the later stage.

B. PROBLEM IDENTIFICATION
The droop control strategy is similar to the primary frequency
modulation of the generator, and this strategy changes the
output power of the inverter by adjusting the grid voltage
and frequency. The principle of optimizing the PI parameters
of droop control is to establish the corresponding objective
function and then use intelligent algorithms to optimize the
parameters of the PI controller. In recent years, optimization
technology has continued to develop. Intelligent optimization
algorithms represented by PSO and genetic algorithms have
provided strong technical support for solving complex non-
linear problems. However, when using the PSO and genetic
algorithms to optimize the droop control PI parameters, mul-
tiple attributes must be updated; however, the calculation
process is relatively complicated, and the program is difficult
to implement. In comparison, the fruit fly algorithm update
strategy is simple, easy to implement, has a low level of calcu-
lation, and is more suitable for real-time online optimization.
In the preliminary research, after a large number of exper-
iments, it was found that the FOA-based droop control opti-
mization strategy has the following problems: (1) it causes the
inverter’s response speed to be slow, and the error is larger in
the steady state Fig. 1-(a). The reason for this is that the algo-
rithm cannot adaptively adjust the convergence and diversity.
When the algorithm falls into the local optimum, the diversity
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cannot be increased, and the algorithm cannot be jumAped
out of the local optimum. Therefore, the optimal PI parame-
ters have not been found to ensure microgrid performance.
(2) When there are many microsources, the FOA cannot
guarantee that each microsource can work normally, and the
output power of the inverter fluctuates greatly. The reason for
this is that the algorithm’s exploration ability is insufficient
when the solution dimension increases. (3) The optimiza-
tion result of the FOA cannot be improved by adjusting the
algorithm step size and number of iterations Fig. 1-(a) and
Fig. 1-(b). The reason for this is that the exploration and
exploration capabilities of the algorithm cannot be effectively
improved by changing the step size and number of iterations.
(4) By observing the convergence curve of the FOA, it is
found that the algorithm can achieve convergence accuracy
only after more than 80 iterations. With the increase in the
number of microsources, the dimensionality of the algorithm
solution is also increased, the FOA has a cliff-like conver-
gence in the optimization process Fig. 1-(c), the convergence
of each iteration cannot be guaranteed, and the convergence
of the FOA cannot be changed by increasing the number of
fruit flies. The reason for this is that the algorithm performs a
large number of invalid calculations, which do not contribute
to convergence.

C. IMPROVEMENT PROCESS

Through the above analysis and combined with the droop
control principle, it can be seen that PI control plays a vital
role in droop control and that PI parameters directly influence
the control effect. However, the standard fruit fly algorithm
cannot accurately calculate the PI parameters when faced
with complex systems, so an improved FOA is proposed,
the process of which is shown in Fig. 2. Based on the
innovation of three partitions, multiple strategies and self-
adaptation, this paper improves the algorithm into a closed-
loop control algorithm that can detect the optimization effect
in real time. In the target search, the algorithm can adaptively
adjust the fruit fly population and explore and develop in
an optimal way, expanding the scope of population explo-
ration; increasing the population diversity at the same time
can accelerate population convergence, taking into account
the diversity and convergence of the fruit fly population.
The improved FOA, in this article, is called the popula-
tion division multi-strategy adaptive fruit fly optimization
algorithm (MSAD-FOA).

Fig. 2 shows that the main purpose of the improvement is
to improve the convergence accuracy and convergence speed
of the fruit fly algorithm, the main tasks of which are as
follows: (1) improve convergence accuracy by: a) adopting
the update method of variable step size; b) introducing the
best individual flight experience for the fruit fly into the
updated formula and (2) improve convergence speed by:
a) adopting the idea of dividing the fruit fly population into
three regions, adopting different update strategies for fruit
flies with different performances, and giving full play to the
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optimization ability of each fruit fly; and b) detecting and
feedbacking the optimization effect in real time, forming
a closed-loop control system, and making negative feed-
back adjustments to the algorithm in time to avoid invalid
calculations.

According to the improved process in Fig. 2, combined
with the droop control principle, a diagram of an optimized
droop control system based on the MSAD-FOA is obtained,
as shown in Fig. 3. The droop control strategy includes double
closed-loop control of voltage and current, which is a type of
decoupling control of active and reactive power. In the event
of a sudden load change, the double closed loop of voltage
and current can control the inverter so that it tracks the load
power and control the voltage and current so that they are
stable.

According to Fig. 3, in droop control, the difference
between the given reactive power and the actual reactive
power is adjusted by n to obtain the d-axis voltage, and
the difference between the reference active power and the
actual active power is adjusted by m to obtain the g-axis volt-
age [27]. Then, the difference between the actual voltage and
the given voltage is sent to the PI controller (PI parameters are
set by the fruit fly algorithm), and the reference value of the
current inner loop control is obtained through the adjustment
of the outer loop controller. The adjustment formula is as
follows:

{idref = Cf(k; + k! /$)Warer — ug) — ©Cruy

; 2 g2 (2)
lgref = Cf(kq + ki /s)(uqref - Mq) + CL)Cqu

In Equation (2), ugrer and ug.r are the reference voltages,
ug and u, are the instantaneous voltages. k, and k; are the
proportional and integral parameters of the PI controller,
respectively. w is the grid angular frequency.

In the current inner loop, the difference between the ref-
erence value of the current inner loop and the feedback
current is adjusted by the inner loop PI controller to obtain
the dg-axis voltage, the adjustment formula of which is as
follows:

ug = (k3 + k' /$)idref — ia) — wLia + ua

. . . 3)
Uy = (k;1 + k;‘/s)(lqref —ig) — wLiy +uy

By establishing the corresponding objective function,
intelligent algorithms are used to optimize parameters
kb ki k2 k2 k3 k3 Kkt Kk} of the four PI controllers in
Equations (2) and (3).

IIl. IMPROVEMENT AND REALIZATION OF THE FOA

A. DIVISION OF THE FRUIT FLY POPULATION

In order to improve the performance of the algorithm, this
paper proposes a method of population partition, which
divides fruit flies with different performances into different
regions, and then proposes a multi-strategy update mode
according to the performance of the region. When the two-
partition method is used to conduct an experiment, it does
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not increase the algorithm convergence speed because this
method takes into account only a very small number of the
best fruit flies, and general performance is not distinguished
from poor performance. There is a phenomenon of blurred
partitions, and the performance of each fruit fly cannot be
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fully utilized. When experimenting with a multipartition
method, the number of partitions increases. Moreover, the
number of fruit flies needs to be increased to ensure that there
are a larger number of fruit flies in each area, which leads
to a substantial increase in the calculation of the algorithm.
Therefore, the partition strategy must not only ensure that
fruit flies of different performance levels can be distinguished
and avoid the phenomenon of blurred partitions but also
consider that increasing the number of partitions could bring
with it an enormous amount of calculation. The population
division method is proposed in this article according to the
characteristics of the partition.

This article takes the optimization minimum as an exam-
ple. After the algorithm is iterated 5 times, a population
division diagram of the population is generated, as shown
in Fig. 4. Fruit flies in the population are ranked based on
the output performance of the droop control inverter. The
population division formula is as follows:

1 rank(f(t)) <« -n
region(f(t)) =yl o-n<rank(f@)) <B-n 4
Il rank(f(t)) > B -n

In Equation (4), o and B are positive numbers between
0 and 1, and n is the number of fruit flies. The fruit fly
population is divided into three regions based on the values
of o and B, and the number of fruit flies in each region is
determined.
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B. DETERMINATION OF MULTIPLE STRATEGIES

According to the different performances of fruit flies, differ-
ent renewal strategies are formulated to enhance the explo-
ration and exploration ability of fruit fly populations.

(1) The fruit flies in zone I perform well and are the closest
to the optimal target, which shows that the PI parameters
in zone I optimize the output of the microgrid inverter,
and its elite fruit fly population should be maintained.
The degradation phenomenon of fruit flies in zone I
cannot occur, and the local PI parameter search ability
should be increased. This paper introduces the concept of
historical individual optimality in the fruit fly algorithm
by referring to the PSO formula [28]. The updating of PI
parameters is jointly guided by the global optimal fruit
fly and the individual optimal fruit fly. Then, the updated
formula for zone I is as follows:

t—1

¢ =1/2 x (1 + cos( x )

Xitjl = Xit»j +¢-L-(rand, (XpbeStil‘j)
+rand2(ng65tit,j - Xit,j))

Yitj,l _ Yltd + ¢ L. (mndl(Ypbesti”j)
+randy(Ygbest; ; — Y} )

&)

In Equation (5), ¢ is the weighting factor, which
decreases with the number of iterations. ngestl.”j,
ngesti”j represent the global fruit fly optimal posi-
tion at time 7, and Xpbesti’yj, Ypbest; ; represent the
optimal position of the individual fruit fly at time .
This equation shows that for the fruit fly population
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of zone I, the update direction of the fruit fly posi-
tion at the next moment is always towards the optimal
position.

(2) The fruit flies in zone II behave normally, which shows

that the PI parameters of zone II make the output effect
of the microgrid inverter normal. However, after a few
iterations, the fruit flies in zone II can be very close to
the optimal target position, making the microgrid output
better. In fact, the average fruit flies account for the
majority and contain both slightly superior fruit flies and
slightly inferior fruit flies. In the process of optimization,
these fruit flies serve as “midstream pillars”. There-
fore, this article does not distinguish the performance of
this portion of fruit flies, taking into account, instead,
diversity and convergence. The updated formula is as
follows:

Xgbest{ ;+¢ - L -randy, rand;j > G

X;J.H =X/, + ¢ -L-randy - (Xgbest] ; — X[ ), (6)
rand;j < G

Ygbest];+¢ - L -randy, rand;j > G

Vi = 1Y+ 6 L-randy - (Ygbest]; — Y[)., (D)

rand;j < G

In Equation (6) and (7), G is the evaluation index of
population convergence and diversity.

(3) The fruit flies in zone III perform poorly; this group

of fruit flies makes almost no contribution to the entire
fruit fly population and is far away from the opti-
mal target, showing that the PI parameters in zone III
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Dimension 2

FIGURE 4. Schematic diagram of population zoning.

make the inverter output the worst. The fruit flies in
this area should accelerate convergence so that the PI
parameters can be quickly updated to a better condition
and the output performance of the microgrid inverter
can be rapidly enhanced. The updated formula is as

follows:
t+1
Xl,] 1 = Xl{j +¢ - L (rand, (Xpbesti”j — Xl{j) ®
lj+ = Yifj +¢-L- (randg(ngesti{j — Yil,j)

C. IMPLEMENTATION OF THE ADAPTIVE MODE

In algorithms, the convergence and diversity contradict each
other to a certain extent. However, adaptively adjusting
the convergence and diversity according to the algorithm
environment can enhance the comprehensive performance
of the algorithm. Some fruit flies are randomly selected
from zone II to update the convergent position. This update
method accelerates the convergence of individual fruit flies
and makes the PI parameters rapidly develop in the direction
of enhancing inverter output performance. Another group of
fruit flies carries out diversity position updates to explore
the diversity of PI parameters in line with droop control.
In Equation (9), when the random number is greater than
G, the first update formula is selected. This update formula
is the standard update formula of the fruit fly algorithm.
This update formula has a global search capability to ensure
population diversity. Otherwise, the second update formula
is chosen, the update direction of which is that of the indi-
vidual fruit fly moving towards the global optimal fruit fly,
and the flight distance decreases due to the number of iter-
ations. This update method accelerates the convergence of
individual fruit flies. Therefore, the algorithm convergence
and diversity can be automatically adjusted according to the
adaptive G value. An evaluation index of the AIl of the
fruit fly population is proposed in this paper as a basis for
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adaptive adjustment.
1 n dim ) )

DI(t) = - ((X(t), — Xpbest))

+(Y(t)€. - Ypbesz{))

n dim
1 . )

—1H=- -1 - / 9
DI(t—1) =~ ;J;((X(t 1Y, — Xpbest]) ©

+(Y( — l)i: — Ypbestlz))
All =DI(t)—DI(t —1)
G=n-All

In Equation (9), DI(t — 1) is the dimensional difference
between the fruit fly position at the previous moment and
the historical optimal position, and DI(¢) is the dimensional
difference between the fruit fly position at the current moment
and the historical optimal position. AIl is the increase in the
difference in the current moment and previous moment. 7 is
the weighting factor. G is the adaptive adjustment parameter.
When the fruit fly updates its position to be near the optimal
position, DI decreases. In contrast, when the fruit fly updates
its position to be far away from the optimal position, DI
increases. A smaller AII(G) means that the fruit fly popula-
tion is closer to the optimal position of the fruit fly at the
current moment compared with that in the previous moment.
In this case, the diversity of the fruit fly population should be
increased, thereby enhancing the exploitation ability of this
population. Similarly, when AII(G) is large, the convergence
of the fruit fly population should be accelerated, thereby
enhancing the exploratory capabilities of this population.
At the same time, the dimensional difference of the position
is used for calculation, and the dimensional weighting of the
best and worst PI control performance can be carried out to
offset the emergence of extreme situations.
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D. IMPLEMENTATION STEPS OF THE MSAD-FOA
According to the improvement method of the abovemen-
tioned population division, multistrategy, and self-adaptive
methods, the optimization steps of the MSAD-FOA are
obtained.

Step 1: Initialize the maximum number of iterations,
partition parameters, population size and other relevant
parameters.

Step 2: Calculate the fitness value of each fruit fly, and
update the global optimal position Xgbest! . i and ngest’ the
historical individual optimal position Xpbest and Ypbest
according to Equation (10).

Xgbest = X;(bestIndex)
Ygbest = Y, (bestIndex)
(10)

IF  bestSmell; < smellbest {

: . | Xpbest! = X!
IF  pbest; < smell' poest ! (11)
Ypbest; =Y}

Step 3: Calculate the convergence evaluation index of the
AII(G) of the fruit fly population, rank the values based on
the fitness value, and divide the fruit fly population into three
zones according to Equation (4).

Step 4: Update the position of the fruit fly according to the
different update strategies for different zones, as indicated in
Equations (5), (6), (7) and (8).

Step 5: Determine if the algorithm has reached the max-
imum number of iterations. If the maximum number of
iterations has been attained, then output the optimal result;
otherwise, repeat steps two through four.

In Equation (10) and (11), smellbest is the global opti-
mal odour concentration, bestSmell; is the current optimal
odour concentration, pbest,i is the current individual odour
concentration, and smell’ is the historical individual opti-
mal odour concentration. bestIndex is the returned position
coordinate.

E. COMPLEXITY OF ALGORITHM CALCULATION

Assuming that the population size is N, the dimension to
solve the problem is D, and the number of iterations is
T, we can easily get the computational complexity of each
part. The computational complexity of fitness value is O(N),
the computational complexity of fitness value sorting is
O(NlogN) (assuming the quick sort method is used), the
complexity of population partition is O(N), and the position
of fruit flies is updated. The complexity is O(ND), and the
calculation complexity of the adaptive evaluation index is
O(ND). The computational complexity of this algorithm is
O(NT(2+D+logN)).

Compared with other PSO and GA, the additional com-
putational complexity of the proposed algorithm is mainly
due to the proposed multi-strategy and adaptive methods.
However, it is acceptable that the significant improvement of
optimization benefits bring by the increase of computational
complexity(shown in Table 5).
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FIGURE 5. Power oscillations and offsets.

IV. ONLINE OPTIMIZATION STRATEGY FOR DROOP
CONTROL BASED ON THE MSAD-FOA

A. DETERMINATION OF THE OBJECTIVE FUNCTION

In traditional PI controller optirnization the PI error eval-
uation performance index Ipur fo t | e(t) dt is
often used as the objective function [29]. Con51der1ng droop
control, the change in the output power is realized by adjust-
ing the frequency and voltage, the stability of which can
ensure the stability of active and reactive power. Therefore,
the frequency deviation Af and voltage deviation A u are
introduced into the objective function. Specifically, A f =
f — frr and Au = u — upr, where Af and Au are
the system reference values. The objective function is as
follows:

Ei(t) = [f | error | dt,f [ f = fref | dt,f | u— uper | dt]
o1 =1[1,1,11"
(12)

In Equation (12), error is the error of the PI controller, and
0 is the weight matrix of the droop control.

As found in many simulation experiments in the early
stage, when Equation (12) is used as the objective function
to optimize the microgrid, the result is the unstable output
of the microgrid, as shown in Fig. 5. In particular, when the
value of the objective function is very small, the output power
of the microgrid starts to oscillate, increase slightly, decrease
slightly, and then oscillate continuously. This phenomenon
is not conducive to the stable operation of the microgrid.
In the actual simulation, we found that methods such as
increasing the number of algorithm iterations, resetting the
initial parameters, and adjusting the step length cannot be
revised to effectively suppress this phenomenon. However,
we also found that the situation shown in Fig. 5 corre-
sponds to the PI error curve; that is, the change in PI error
affects the change in power output. Therefore, as long as
it is ensured that the PI error curve does not appear in the
situation in Fig. 5, the stable output of the inverter can be
guaranteed.
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For this reason, the error derivation absolute value integral
term is introduced into the objective function f | %dt |
When the PI error oscillates or offsets, the value of the objec-
tive function continues to increase, and the unstable output is
suppressed in the optimization iteration. The new objective
function is shown in Equation (13):

E@)=1[ | error | dt, [ | de;:or l,
[ 1f = frep 1t [ ]t = e | dr] (13)

0=111,1,1]7

B. OPTIMIZATION STRATEGY AND PROCESS

The idea behind optimizing the PI parameters of the micro-
grid is to convert the online optimization into a mathematical
problem by solving the nonnegative minimum of the objec-
tive function. In droop control, the PI controller adjusts the
outer loop voltage and inner loop current according to the
active power and reactive power required by the load. Then,
the dg-axis voltage is obtained through the Park change,
and a sine wave pulse width modulation (SPWM) signal is
generated so that the inverter provides matching active and
reactive power to the load and stabilizes the voltage and
frequency within the allowable error range. Based on this
principle, the MSAD-FOA is applied to the droop control
of the microgrid, and the algorithm optimization process is
shown in Fig. 6.

When the MSAD-FOA module detects changes in micro-
grid parameters, the algorithm online optimization process
is as follows: (1) the voltage and frequency on the bus are
collected through the information acquisition module, and
the PI errors of the voltage outer loop and the current inner
loop are collected; (2) the weighted calculation module is
used to obtain the deviation information; (3) with refer-
ence to the interval time of the clock module, the deviation
information is fed back into the MSAD-FOA in real time;
(4) the MSAD-FOA module divides the fruit fly population
into three regions according to the feedback information and
adopts a multistrategy adaptive update mode according to
the different characteristics of each region, updates the PI
parameters, and adjusts the PI parameters in the droop control
in time. By doing this, the algorithm enhances the control
effect of the voltage outer loop and the current inner loop
and improves the output performance of the inverter until the
optimization ends.

V. EXPERIMENTAL RESULTS AND ANALYSIS

A. MSAD-FOA VERIFICATION

To test the performance of the proposed algorithm, this paper
compares the MSAD-FOA with the FOA [30], PSO algo-
rithm, and genetic algorithm (GA). The test functions are
typical unimodal (Sphere, Rosenbrock, Ackley) and multi-
modal (Rastrigin, Griewank, Schwefel) functions. These six
functions have different characteristics and can be used to
examine the optimization performance of the algorithm for
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different types of problems and to verify the convergence
speed and accuracy of the algorithm. In the experiment, the
number of iterations and population initialization of the four
algorithms are all set to 100. The dimensions are setto 2, 5, 8,
and 10. Fifty experiments are performed on each dimension to
calculate the average value of convergence accuracy (mean)
and the standard deviation of the optimal value (std.). The
algorithm is realized by MATLAB R2020a.

1) VERIFICATION OF THE VALUES OF PARTITION
PARAMETERS « AND 8

The convergence and diversity of fruit flies in zone II can be
adaptively adjusted according to the algorithm environment,
so how to determine partition parameters and affects the
overall algorithm performance. Fig. 7 shows the change curve
of the AIl evaluation index of and when the proposed algo-
rithm solves the Ackley and Griewank functions. The value
schemes are as follows: case 1: « = 0.1N, § = 0.9N; case 2:
o =0.2N, B =0.8N;case3: « = 0.3N, 8 =0.7N.

Fig. 7 shows that with the increase in the number of fruit
flies in zone II, the algorithm convergence speed gradually
slows down; in contrast, it speeds up the algorithm conver-
gence speed. When the number of fruit flies in zone II is
large, the range of AlI(G) change is large, and the fluctuation
is more obvious, indicating that the algorithm has large diver-
sity; in contrast, there is small diversity when the number of
fruit flies is small. In Fig. 7-(a), in case 3, the number of fruit
flies in zone II smaller, and AZI(G) has smaller fluctuations,
steep declines, and poor algorithm exploration capabilities.
In case 2, the number of fruit flies increases, the range
of AIl(G) changes increases, and algorithm performance is
improved. It can also be seen from Fig. 7-(b) that when the
number of fruit flies in zone II is reduced to a certain extent,
the algorithm convergence speed is not increased, but too
much of an increase causes the algorithm to converge slowly.
To ensure the exploration and exploration performance of the
algorithm, the values of the partition parameters o and § in
this paper are 0.2 and 0.8, respectively.

Fig. 8 shows the adaptive G-change curve with 6 test func-
tions and 10 dimensions when case2 is selected. Three typi-
cal unimodal functions (F1-F3) and three typical unimodal
functions (F4-F5) are used (F1-Sphere, F2-Rosenbrock,
F3-Ackley, F4-Rastrigin, F5-Griewank, F6-Schwefel).
To prevent excessive divergence and convergence of the
MASD-FOA, the range of variation of the adaptive G is set
between 0.2 and 0.8. The change curve is determined accord-
ing to the proposed evaluation index of the average individual
increment of the fruit fly population. When G > 0.5, the
diversity of the algorithms is maintained. When G < 0.5,
the convergence of the algorithm is maintained. As shown
in Fig. 8, the algorithm maintains a high diversity in the early
stage, and the algorithm maintains a high convergence after
fewer adjustments and iterations. Therefore case2 is chosen
so that the algorithm has better convergence.
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2) ALGORITHM COMPARISON RESULTS AND ANALYSIS
The experimental results are shown in Table 1 and Table 2.
In 24 experiments, the MSAD-FOA achieved the opti-
mal average 21 times, and the optimal standard deviation
was achieved 16 times. The optimization effects of the
MSAD-FOA are far higher than those of other algorithms.
The Griewank function has the characteristic that the
peak shape is undulating and jumping, and higher dimen-
sions can better detect algorithm convergence. Therefore,
a 10-dimensional test was performed on the Griewank func-
tion to compare the algorithm convergence speed and accu-
racy. The results are shown in Fig. 9. The 2-D line plot
reflects the fastest convergence speed of the MSAD-FOA.
The log-log scale plot reflects that the MSAD-FOA has the
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highest convergence accuracy of all algorithms tested. Based
on Fig. 9, the MSAD-FOA converges uniformly, which is
caused by the algorithm’s adaptive adjustment of its conver-
gence and diversity according to the optimized environment.
The multistrategy update mode improves the exploration and
exploration capabilities of the algorithm.

B. MICROGRID SIMULATION EXPERIMENT

1) SIMULATION EXPERIMENTAL DESIGN

To verify the effectiveness of the control strategy proposed
in this article, this paper builds a microgrid droop control
simulation model based on the microgrid experimental plat-
form of a university in Zhengzhou. Simulation experiments
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are performed on the MATLAB/Simulink platform. The oper-
ating structure diagram of the microgrid is shown in Fig. 10,
and the simulation parameters are shown in Table 3. The line
impedance is negligible, and the microgrid operates in an
off-grid manner.

2) SIMULATION RESULTS AND ANALYSIS

a: OBJECTIVE FUNCTION VERIFICATION

To verify that the introduction of the PI error derivation abso-
lute value integral term in the objective function can effec-
tively suppress the oscillation and deviation of the inverter
power output, microsource 1 runs alone for 0.2 seconds
(to more clearly show that the microgrid starts the instant
the inverter of the output waveform starts), using the
MSAD-FOA to optimize microsource 1, with a load of
3,000 W and 1,000 Var. One uses Equation (12) as the
objective function, and the other uses Equation (13) as the
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objective function. A comparison of the results is shown
in Fig. 11 and Fig. 12.

The figure shows that whether is the output is active or
reactive power, using the objective function of Equation (13)
makes the inverter output power fluctuate slowly in a small
range, and the fluctuation range is constant. However, the
experiment uses Equation (13) for optimization; there is a
large oscillation in the power output when the system is
started, and the power output continues to oscillate at a high
frequency in the steady state. As the running time increases,
the output power gradually becomes stable, but there is still a
small deviation.

b: CONTROL EFFECT VERIFICATION

To verify the performance of the MSAD-FOA online opti-
mization PI control strategy, the topology of the microgrid
is changed in the experiment. At O seconds, microsource 1
works independently; load: 3,000 W, 1,000 Var. After
0.5 seconds, microsources 1 and 2 simultaneously oper-
ate with loads of 8,000 W and 3,000 Var, respectively.
Equation (13) is used as the objective function. In the exper-
iment, the MSAD-FOA is compared with the FOA, PSO
algorithm, GA and traditional methods. Traditional method 1
does not adjust the PI parameters, while traditional method 2
manually adjusts the PI parameters.

Figures Fig. 13 and Fig. 14 are waveform diagrams of the
inverter output frequency and voltage. When the microsource
is started or the topology changes, the MSAD-FOA is used to
make the inverter respond quickly. In terms of frequency, the
inverter output is stable, and there is no frequency overshoot.
In terms of voltage, the inverter voltage output is stable, with-
out small-scale fluctuations, and the error is very small. The
other four algorithms have small oscillations in frequency and
voltage. For example, after GA optimization, the microgrid
fluctuates greatly at the instant of starting frequency, and
the overshoot reaches 0.3 Hz. Although the frequency output
performs well after PSO, the output frequency differs greatly
from the reference frequency.
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TABLE 1. The convergence accuracy of different algorithms and the standard deviation of the optimal value.

. 2 dim 5 dim
Function
MSAD-FOA FOA PSO GA MSAD-FOA FOA PSO GA

Sphere Mean 7.03e-21 1.87e-04 1.06e-04 1.22e-06 3.38e-20 1.01e-03 2.21e-09 3.41e-10

Std 4.15e-20 1.01e-05 1.49e-11 2.18e-07 2.02e-19 4.24e-05 6.80e-09 1.51e-15
Rosenbrock Mean 7.03e-21 1.87e-04 1.06e-04 1.22e-06 3.38e-20 1.00e-03 2.21e-09 3.41e-10

Std 9.41e-04 1.10e-03 6.56e-09 2.65e-01 1.93e-01 1.70e-01 1.45 1.64e-03
Ackley Mean 9.56e-11 4.30e-02 2.35e-06 8.88e-16 1.21e-10 6.70e-02 7.57e-05 2.24e-09

Std 1.99¢-10 2.55e-01 5.48e-06 3.88e-09 3.30e-10 1.80e-03 1.64e-01 3.06e-08
Rastrigin Mean 7.93e-15 3.79-2 2.93e-09 1.85e-10 7.11e-15 7.22e-03 3.78 5.03e-12

Std 0 3.92e-01 9.95e-03 0 7.11e-14 1.15 1.78 3.99¢-09
Griewank Mean 1.01e-16 6.31e-05 2.01e-08 1.26e-13 1.11e-16 2.13e-04 1.55e-02 3.13e-03

Std 0 2.71e-03 3.32e-03 0 0 1.6e-03 1.15e-02 8.93e-04
Schwefel Mean 8.37e+02 7.48e+02 8.31e+02 1.90e-03 1.9¢+03 2.04e+03 2.08e+03 2.08e+03

Std 2.21e-02 5.22e+02 4.91e-12 2.95e-01 1.84e+01 7.27e+02 1.50e-09 1.74
TABLE 2. The convergence accuracy of different algorithms and the standard deviation of the optimal value.

. 8 dim 10 dim
Function
MSAD-FOA FOA PSO GA MSAD-FOA FOA PSO GA

Sphere Mean 1.69¢-20 2.40e-03 2.31e-07 4.21e-08 3.31e-19 3.63e-03 3.12e-06 7.78e-06

Std 1.10e-19 1.33e-04 2.28e-07 8.25e-08 5.79¢-19 1.86e-06 3.36e-06 4.17e-05
Rosenbrock Mean 6.85 5.45 331 6.86 8.22 7.69 7.23 8.89

Std 1.41e-02 2.01e-01 2.03 1.68e-01 8.35¢-02 2.84e-01 1.12e+01 2.52e-01
Ackley Mean 1.65¢-10 8.52e-02 2.667e-01 4.93e-04 6.08¢-10 9.47e-03 6.01e-01 2.50e-03

Std 2.53e-10 2.41e-03 6.67e-01 2.74e-04 4.33e-10 2.80e-03 8.05e-01 3.60e-03
Rastrigin Mean 1.42e-14 1.43 8.40 1.49¢-04 1.42¢-05 231 1.33e+01 2.01e-02

” Std 3.81e-02 2.37 4.43 8.70e-03 6.04e-01 2.67 5.87 1.04e-01

Griewank Mean 4.28¢-08 3.58e-04 3.17e-02 1.30e-03 1.78¢-14 4.64e-04 3.09e-02 2.01e-03

Std 0 1.57e-05 3.09¢e-02 1.92e-03 1.00e-03 5.91e-02 2.34e-02 3.91e-03
Schwefel Mean 3.15¢+03 3.28e+03 3.33e+03 3.33e+03 4.16e+03 4.09+03 4.15e+03 4.16e+03

Std 2.72e+01 1.34e+02 1.33e-07 2.47 3.96e+01 4.74e+01 5.26e-01 2.74
TABLE 3. The convergence accuracy of different algorithms and the standard deviation of the optimal value.
Parameter Name Numerical value Parameter Name Numerical value
DC side voltage /V 800 Rated frequency /Hz 50
Filter Inductors /H 1.35x 1073 Rated voltage /V 311
Filter Capacitor /F 50 x 1070 Active power droop factor le™*
Reference active power 3000 W Reactive power droop factor 34
Reference reactive power ovar ——

Fig. 15 is the waveform diagram of the inverter out-
put power. It can be seen from the figure that when the
microsource is started or the topology changes, the GA
decreases the inverter response speed; the standard FOA
makes the inverter steady-state error larger and the response
speed slower; and PSO leads to the output power of the
inverter oscillating when it is started. However, the MSAD-
FOA enables the inverter to respond quickly, with almost
no overshoot; can quickly follow the load change; and can
ensure the accurate output of the inverter power in the steady
state. It can be seen from the partially enlarged view that
the MSAD-FOA makes the response state of the inverter a
smoothly rising curve, while PSO causes the output power
of the inverter to oscillate during startup. It can be seen at
0.5 seconds that after MSAD-FOA optimization, the inverter
stabilizes to a stable state for a very short time, and there is no
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overshoot phenomenon. Other algorithms cause the inverter
to fail to enter the steady state in time.

In addition, as seen from Figures Fig. 13, Fig. 14 and
Fig. 15, in traditional method 1, there is no online optimiza-
tion of PI parameters, which causes enormous fluctuations
in the frequency, voltage, and power output by the inverter,
and then, the microgrid cannot work normally. In traditional
method 2, PI parameters are appropriately adjusted according
to human experience, but the manual adjustment accuracy
is not high, especially with the increase in the number of
microsources. The adjustment difficulty increases, resulting
in the high-frequency oscillation of the inverter output voltage
and frequency and the large-scale oscillation of the inverter
output power.

The relative error of the above experiment was calculated,
as shown in Table 4. Table 4 shows that the performance
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FIGURE 11. Output of active power.

of the MSAD-FOA is slightly inferior to that of the other
algorithms in terms of overshoot and is better than that of
the other algorithms in terms of error and response speed.
Although it is not the best algorithm in terms of overshoot, its
overshoot value is very small, which meets the requirements
for microgrid operation. From the perspective of steady-state
time, after MSAD-FOA optimization, the system can enter
a steady state in 0.005 and 0.008 seconds, which is nearly
40 times faster than other algorithms.

3) COMPARISON OF RUNNING TIME

It is difficult to design a reasonable experiment to explain the
computational complexity or computational time of the algo-
rithms. Many methods have been proposed [10], [31], [32].
A general and simple one is adopted in this paper, that is, the
running time of the algorithms under the same environmental
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platform and the same maximum number of iterations. On the
basis of comparing the convergence and diversity, the running
time of each algorithm is measured simultaneously to fairly
demonstrate the computational complexity of the pro-posed
MSAD-FOA algorithm.

In this article’s optimization strategy: All algorithms set the
maximum number of iterations to 60; In the first optimization,
each algorithm will give the same initial value range. The
initial value range of the next optimization is determined by
the optimal value of the previous optimization, this strategy
is called optimal delivery strategy(ODS); The sampling time
of the algorithm is 0.001 seconds. The adaptive strategy
proposed in this paper can detect the environment of the
algorithm, and the algorithm stops optimization when the
detection environment indicators converge. For an algorithm
without an adaptive strategy, the objective function F is used
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FIGURE 14. Comparison chart of inverter output voltage.

to determine whether the convergence is completed, the opti-
mization is stopped when the convergence is completed, and
the optimization is stopped when the maximum number of
iterations is reached if the convergence is not completed.
The comparison of different algorithms for the computational
time is presented in Table 5.

It can be seen from Table 5 that the optimization strategy
proposed in this paper is much shorter than other strategies
in terms of optimization time, because the strategy proposed
in this paper greatly reduces the number of iterations of
the algorithm and makes the algorithm converge quickly.
In particular, the method of determining the algorithm initial
value of this time based on the optimal value of the previ-
ous time can significantly reduce the number of iterations.
This is because the use of ODS can reduce the range of
optimization to a certain extent, and adaptive adjustment
will also intensify the convergence of the algorithm, con-
verging rapidly in the optimal direction. Therefore, adap-
tive regulation strategy plays an important role in on-line
optimization.
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C. ANALYSIS OF ACTUAL CALCULATION EXAMPLES

1) ACTUAL EXPERIMENTAL PLATFORM

To verify the effectiveness and feasibility of the MSAD-
FOA for practical applications, this article relies on the
Henan Province Science and Technology Project and con-
ducts experiments on the microgrid experimental platform of
a university in Zhengzhou. The experimental environment is
shown in Fig. 16.

In the experiment, monocrystalline silicon photovoltaic
power generation and vertical-axis wind turbine power gen-
eration are used, the power supply is inverted according to
the MSAD-FOA optimization droop control strategy, and this
method is used to provide power to the load. The load adopts
intelligent air conditioners and resistive load circuit (RLC)
programmable load, which makes the load parameters consis-
tent with those of the simulation experiment. The equipment
parameters are as follows: the installed capacity of photo-
voltaic panels and wind turbines is 200 KW, the rated power
of smart air conditioners is 1.18 KW (3 units), and the range
of the RLC programmable load is 0:100 KW and 0:100 KVar.
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TABLE 4. The convergence accuracy of different algorithms and the standard deviation of the optimal value.
CA Ms active power reactive Frequency Voltage Pil Pi2 Over tir'ne Sst
power power shoot Rise
MASD Ms 1 1.061 1.428 5.35e-03 1.063e-01 4.554e-01 6.871e-01 1.04e+02 5e-03 5e-03
-FOA Ms 2 2.17e-01 3.463e-01 8.681e-05 1.558e-02 4.24¢-01 3.649¢-01 3.3e+01 8e-03 8e-03
FOA Ms 1 1.062e+01 1.089e+01 4.618e-02 3.513e-01 1.085e+01 6.532 0 2.35e-01 2.35e-01
Ms 2 7.067 7.254 3.628e-02 2.077e-01 6.02 3.169 0 2.5e-01 2.5e-01
PSO Ms 1 1.182 2.798 1.648e-01 3.784e-01 6.387e-01 8.562e-01 3.69¢e+03 5e-03 2.2e-01
Ms 2 3.488e-01 6.297e-01 8e-02 2.251e-01 5.632¢e-01 5.424¢-01 9.5e+01 5e-03 2e-01
GA Ms 1 4.673 5.191 5.449¢-02 3.764e-01 5.205 3.64 0 2e-01 2e-01
Ms 2 3.736 3.848 5.112e-02 2.247e-01 2.241 1.421 0 2e-01 2e-01
Tm 1 Ms 1 3.123e+02 6.411e+02 1.55 5.454 2.831e+01 3.505e+01 3.028e+03 - -
Ms 2 9.658 9.79 2.511e-02 1.958e-01 1.032e+01 1.835 9.52e+02 — —
Tm 2 Ms 1 7.256 7.9132 1.519¢-01 5.81e-01 7.842 7.385 0 3e-01 3e-01
Ms 2 5.618 5.869 1.256e-01 4.31e-01 6.89 6.235 0 3e-01 3e-01

“CA stands for Comparison Algorithm; Tm stands for Traditional method.
"M stands for microsource.
bSst stands for Steady state time.

photovoltaic power
generation and wind
power generation

Wind turbine
inverter

FIGURE 16. Microgrid experimental platform.

2) ACTUAL EXPERIMENTAL DESIGN
(1) Experimental environmental conditions: test time is
10:32-10:42 in the morning; outdoor temperature is 30 °C;
breeze (wind speed is 5.4 m/s), sunny and cloudless.
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(2) Experimental object: AC microgrid 1, solar energy and

wind energy.

(3) Experimental

process:

before

the experiment,

AC microgrid 1 is separated from the system grid and
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TABLE 5. Comparison of different algorithms for the computational time (all results were averaged on 30 independent runs).

time MSAD-FOA FOA PSO GA

Number of iterations OOSSS ;,:; gg Zg gg
S 0S 2.15 3.00 3.00 3.00
Optimization time (s) 05S 135 3.00 245 270
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Fig. 17-(e) Active power change curve
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Fig. 17-(g) Voltage change curve

FIGURE 17. Experimental waveform diagram of microgrid.

operated in island mode. The monocrystalline silicon photo-
voltaic panel is started at 10:32, using solar power; the load is
3,000 W, 1,000 Var. The vertical-axis fan is put into operation
at 10:37, using solar and wind energy to supply power at the
same time, load: 8,000 W, 3,000 Var.

3) EXPERIMENTAL RESULTS AND ANALYSIS
The experimental results mainly compare the changes in the
inverter output active power, reactive power, voltage and
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frequency during the actual operation of the microgrid. The
results are shown in Fig. 17, and the analysis is as follows.
(1) When the topology and load change, the PI parameters
are manually adjusted to lower the inverter output accuracy.
Especially from Fig. 17-(c) and Fig. 17-(d), it can be seen that
when the number of PI controls increases, manual adjustment
makes the voltage and frequency oscillate, and the oscillation
range is larger. However, the MSAD-FOA optimized droop
control strategy makes the active power and reactive power
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output by the inverter fluctuate less, the voltage and frequency
be more stable, and the inverter respond faster.

(2) From Figures Fig. 17-(g) and Fig. 17-(h), it can be
seen that when PI control is higher, the strategy proposed in
this article can still find the best PI parameters to ensure the
operation of the microgrid, so that the output of the inverter
is within the allowable range.

(3) It can be seen from Fig. 17-(a), Fig. 17-(b), Fig. 17-(e)
and Fig. 17-(f) that the strategy proposed in this paper makes
the fluctuation range of the active power and reactive power
output by the inverter smaller, and the output is more stable.
The response speed is faster and better than that of traditional
method 2. In summary, in the actual application process, the
strategy proposed in this article is used to obtain the frequency
fluctuation range of +0.02 Hz and the voltage fluctuation
range of +£0.12 V. The MSAD-FOA can optimize the PI
parameters of the microgrid in time to ensure the stable output
of the inverter.

In summary, It can be seen from the simulation verification
and actual experiments that the control strategy proposed in
this paper can effectively improve the output effect of the
inverter. When the topology changes, MSAD-FOA will re-
optimize the droop control to obtain accurate PI parameters,
making the inverter’s response speed faster, the error smaller,
and the output more stable. During the operation of the micro-
grid, whether the microsource changes or the load changes,
the control strategy proposed in this paper can ensure the
stable output of the inverter, making the microgrid safer and
more stable.

VI. CONCLUSION

An improved population division MSAD-FOA to optimize
the droop control strategy is proposed in this paper and
applied to an actual microgrid. This paper mainly studies
the response speed, output power, voltage and frequency
stability of the inverter in microgrid droop control. The main
conclusions are as follows:

(1) The comparison of the MSAD-FOA with the FOA,
PSO algorithm, and GA shows that the algorithm in this
paper can give full play to the exploration and exploration
capabilities of each fruit fly when solving different problems,
so that the convergence speed and accuracy of the algorithm
are improved.

(2) When the topology of the microgrid changes, the strat-
egy proposed in this paper can optimize multiple PI param-
eters in parallel in the droop control of the microgrid in real
time so that the robustness of the droop control is improved;
the inverter responds faster, the error is smaller, and the output
is more stable.

(3) The error derivation absolute value integral term is
introduced into the objective function, which can effectively
suppress the oscillation and offset of the inverter output
power.

(4) In non-initial optimization, the combination of adap-
tive strategy and ODS greatly reduces the number of iter-
ations of the algorithm, thereby reducing the time for
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online optimization. The comparison between the MSAD-
FOA control strategy and the traditional manual adjustment
of PI parameters shows that the strategy proposed in this
paper also achieves better control effects in actual applica-
tions; the adjustment method is convenient, the algorithm is
easy to transplant, and the promotion is strong.

Although the comprehensive researches on the optimal
droop control strategy of the population division multi-
strategy adaptive fruit fly algorithm have conducted in this
paper, its potential is far more than that. The population
division multi-strategy adaptive fruit fly algorithm can be
applied to more scenarios. In the future, more attention is
paid to adaptive methods. Better adaptive methods can more
accurately balance the convergence and diversity of algo-
rithms, and have achieved better optimization results. We will
continue to devote ourselves to its research and improvement.
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