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Abstract: The deployment of a Static Synchronous Compensator within a microgrid can facilitate

voltage and reactive power regulation, leading to enhanced stability and reliability. Within a

microgrid setting, a STATCOM can effectively balance power supply and demand, and mitigate

voltage fluctuations caused by the intermittent nature of renewable energy sources. To ensure the

successful integration of a STATCOM within a microgrid, coordinating the control system with other

Distributed Energy Resources, especially when multiple control strategies are employed, can be a

challenging task. Therefore, a meticulously designed control system is indispensable to guarantee the

microgrid’s efficient and effective operation. The use of GA in LSTM tuning can accelerate the process

of finding optimal hyperparameters for a specific task, obviating the necessity for time-consuming

and computationally expensive grid search or manual tuning. This method can be particularly

advantageous when handling large data sets and complex models. In this paper, an attempt has

been made to model the STATCOM to communicate with the microgrid tuned using LSTM-GA for

effective calculation of real and reactive power support during grid disturbances.

Keywords: algorithm; GA; PSO; PSO-LSTM; search space

1. Introduction

A microgrid is a type of electrical system that can operate independently or in coordination with

the main grid. It consists of one or more distributed energy resources (DERs) such as solar panels,

wind turbines, batteries, or generators, which are used to generate or store electricity. Microgrids

are designed to provide reliable, efficient, and eco-friendly power to local communities, businesses,

and institutions, particularly in remote or off-grid areas where access to the main grid is limited or

unreliable. Additionally, they can function as a backup source of power during emergencies, such as

grid outages or natural disasters.

Voltage fluctuations are a common power quality issue in microgrids, especially those that

incorporate renewable energy sources like solar and wind. These sources have variable outputs,

causing voltage fluctuations that can negatively impact the stability and performance of the microgrid.

Voltage fluctuation can be addressed based on voltage regulation. Voltage regulation is the process

of keeping the voltage level in an electrical system stable and constant. This process is particularly

important in microgrids, where voltage regulation is critical to ensuring dependable and efficient

system operation, especially when intermittent renewable energy sources are present. To ensure

voltage regulation in a microgrid, voltage regulators such as automatic voltage regulators (AVRs) or

static VAR compensators (SVCs) can be used. These devices can regulate voltage levels in real time by

increasing or decreasing the reactive power output of the system.
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The STATCOM (Static Synchronous Compensator) is a power electronics device that is frequently

used for voltage regulation and reactive power compensation in electrical power systems. It is a kind

of flexible AC transmission system (FACTS) device that can introduce reactive power into the system to

enhance power quality and voltage stability. With the capacity to supply both capacitive and inductive

reactive power, the STATCOM can react quickly to changes in system conditions, making it a versatile

device that is appropriate for various applications, including microgrids.

Ping He et al. [1] in their paper presents a coordinated control strategy for PSS and STATCOM,

two critical power system devices. The goal of this approach is to enhance power system stability

and damping, particularly in the presence of disturbances like faults or sudden load changes. The

study employs a multi-machine power system model and simulation techniques to evaluate the

effectiveness of the proposed coordinated control strategy in various scenarios. According to the

simulation outcomes, the strategy significantly improves power system stability and damping and

outperforms other control methods that disregard coordination between PSS and STATCOM.

Kaliaperumal Rukmani et al. [2] introduces a new approach to optimize the allocation of

Distribution Static Compensators (D-STATCOMs) in distribution systems where there is uncertainty.

D-STATCOMs are crucial in enhancing the power quality and stability of distribution systems by

injecting reactive power. The proposed method involves a combination of fuzzy logic and particle

swarm optimization (PSO) algorithms to determine the optimal locations and sizes of D-STATCOMs.

Fuzzy logic is utilized to manage uncertainties in the system parameters, while the PSO algorithm is

utilized to locate the optimal solution.

Tariq, M. et al. [3] in their article describe a new approach for voltage regulation and power

quality improvement using Static Synchronous Compensators (STATCOMs). The proposed method

involves adjusting the phase angle between current and voltage using a simple PI controller to control

the output voltage of the STATCOM. The effectiveness of the proposed method is evaluated through

simulation studies, which show that it can successfully regulate voltage and improve power quality.

Anil Bharadwaj et al. [4] proposes a novel approach to tune PI and PID controllers in power

systems equipped with various types of Flexible AC Transmission System (FACTS) devices, including

STATCOM, SSSC, and UPFC. The proposed method aims to minimize the damping of oscillations

in the power system by adjusting the parameters of the controllers. To evaluate the performance of

the proposed tuning method, the authors use a multi-machine power system model and conduct

simulation studies. The results indicate that the proposed method can effectively improve the damping

of oscillations in the power system and outperform other tuning methods that do not consider the

presence of FACTS devices.

Sarath Perera et al. [5] presents a framework for reducing power network oscillations with

the use of Static Synchronous Compensators (STATCOMs) and synthesizing H2/H∞ controllers.

The framework employs an H2/H∞ synthesis technique to design the controller and improve the

stability of the power system. The paper evaluates the effectiveness of the proposed framework

through simulations using a power system model with a STATCOM, and the results indicate that the

framework can effectively reduce oscillations in the power system and enhance its stability.

Claudia Battistelli et al. [6] suggests using the Whale Optimization Algorithm (WOA) to develop

power system stabilizers for multi-machine power systems. The goal of this method is to enhance the

stability of the system by designing power system stabilizers that minimize oscillations. The authors

evaluate the proposed method by simulating it using a multi-machine power system model, and the

findings show that the WOA-based stabilizers can effectively damp oscillations in the power system

and enhance its stability [7].

Liangce He et al. [8] proposes a method to optimize the economic and environmental performance

of an integrated regional energy system by incorporating integrated demand response into the

environmental economic dispatch process. The proposed method optimizes the dispatch of different

energy sources to minimize the total cost and emissions of the system while considering the impact of

DR on the load demand. The effectiveness of the proposed method is evaluated through simulations,

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 May 2023                   doi:10.20944/preprints202305.1070.v1

https://doi.org/10.20944/preprints202305.1070.v1


3 of 14

which show that it can effectively reduce the total cost and emissions of the system while considering

the impact of DR.

D. Ranamuka et al. [9,10] proposes a strategy for controlling power flow in distribution systems

using coordinated control of distributed solar-PV and battery energy storage units. The objective is to

enhance the stability and efficiency of distribution systems through real-time power flow control by

distributed energy resources. The proposed method is evaluated using a distribution system model

with solar-PV and battery energy storage units, and simulation results demonstrate its effectiveness in

improving the stability and efficiency of the distribution system [11,12].

The paper [13,14] proposes a Power System Stabilizer (PSS) design for damping low-frequency

oscillations in a multi-machine power system with the integration of renewable power generation.

The proposed PSS design is based on eigenvalue analysis and aims to optimize the damping of

low-frequency oscillations in the system [15,16]. To evaluate the effectiveness of the proposed PSS

design, simulations are conducted using a multi-machine power system model with renewable power

generation. The simulation results indicate that the proposed PSS design can effectively dampen

low-frequency oscillations and enhance the stability of the power system [17,18].

The performance of Particle Swarm Optimization (PSO) in controlling Static Synchronous

Compensators (STATCOMs) in power systems may be limited by multiple factors [19,20]. One

of these factors is the high sensitivity of the PSO algorithm to initial conditions, which may lead to

suboptimal solutions or getting stuck in local optima. The solution to this problem can be achieved by

starting with a good initial population and modifying the parameters of the PSO algorithm [21,22].

Another limitation is the inability of PSO-STATCOM to handle uncertainties in the power system such

as variations in renewable energy sources or changes in load demand. As a result, this may result in

suboptimal STATCOM operation and reduced performance in controlling the power system [23,24].

LSTM, which stands for Long Short-Term Memory, is a type of recurrent neural network

specifically designed to learn long-term dependencies in data [25,26]. While regular RNNs may

suffer from the vanishing gradient issue, LSTMs address this problem by introducing a set of "gates"

that allow the network to selectively retain or discard information over time, thereby preserving a

memory of past inputs and focusing on relevant data for the current task [27].

The combination of LSTM and Genetic Algorithm (GA) can have diverse applications, including

time-series prediction, anomaly detection, and optimization problems [28,29]. For time-series

prediction, LSTM can be utilized to forecast future values based on historical data, while GA can

be used to optimize the hyperparameters of the LSTM model such as the learning rate and the

number of LSTM cells. In anomaly detection, LSTM can learn the regular patterns in data and identify

any deviations from them, and GA can optimize the threshold for detecting anomalies [30,31]. In

optimization problems, LSTM can serve as a surrogate model for evaluating the objective function,

and GA can search for the optimal solution [32,33].

In this paper, an attempt has been made to design STATCOM, particularly in Microgrid to

provide voltage and reactive power support under variation of environmental parameters. The LSTM

has been used to store the previous memory and historical data of the power quality issues and

amount of reactive power support whereas the genetic algorithm provides support for hyperparameter

optimization. The objectives of the research can be summarized as follows.

• Design of LSTM-GA mathematical modeling for STATCOM microgrid analysis.
• Modelling of the proposed system using MATLAB Simulink model and its validation under

dynamic non-linear loading conditions and PV output variation with respect to environmental

parameters.
• A detailed comparative analysis with the other established benchmarking model.

2. Problem Formulation and Solution Methodology

The single-line multi-machine Bus (SIMB) microgrid implementing STATCOM is shown in

Figure 1
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Figure 1. SIMB architecture for Microgrid

This architecture is widely used for STATCOM performance evaluation under, the microgrid

model [34,35]. The model mainly consists of an infinite Bus connected to a synchronous generator

at one side through a two-winding transformer and at the other side to a microgrid architecture

supported with STATCOM and PV source. The STATCOM under investigation is a GTO-based voltage

source converter (VSC) [36,37]. Here the VSC will generate a controllable voltage in accordance with

leakage reactance. Now the voltage difference between the STATCOM terminal and Bus will decide

the power exchange such as Active Power and Reactive Power between the two devices. The amount

of Reactive Power Exchange can be controlled using Voltage and Phase angle δ.

Therefore, the no-linear equation between STATCOM voltage and Current becomes,

I∗LO = ILoad + jILoq (1)

and

V0 = CVdc(cosθ + jSinθ) (2)

In Equation (1), ILO, ILoad and ILoq represent the STATCOM load current, load current with respect to

the d-axis and q-axis respectively. Similarly Vdc represents DC-ref Voltage at the input of STATCOM.

Further Equation (2) can be modified as

V0 =
C2

Cdc
Vdc

̸ θ[ILoadCosθ + IloqSinθ] (3)

Equation (3) represents the output voltage equation of STATCOM, expressively designed based on

the d and q-axis current level. Here ”c” represents the ratio between AC and DC voltage. Again in

order to calculate virtual electrical torque, the speed deviation has been taken into consideration δω.

Therefore, the new damping controller can be designed as a lead-lag compensating controller.

Based on Equation (3) it is understood that proper tuning of STATCOM parameters such as θ and

C is required to minimize the damping at injected voltage level. Therefore, the optimization objective

function can be formulated as,

J =
Np

i=1

∫ t

0
|δωi|tdt (4)

In Equation (4), t represents the simulation time for the model and that of Np represents the number of

the population in the genetic algorithm. The objective is to minimize the cost function and thereby

improve the settling time and overshoot.

During Cost function optimization using GA, there is a state called fitness function or value

evaluation which requires probability evaluation of each chromosome pair in the objective function.

This requires running the iteration in order to evaluate fitness value. Therefore, in order to reduce

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 May 2023                   doi:10.20944/preprints202305.1070.v1

https://doi.org/10.20944/preprints202305.1070.v1


5 of 14

the optimization time in evaluating the constraints at each step, long short-term memory (LSTM) has

been introduced. The LSTM will hold the best solution for subsequent levels of iteration and thereby

reduces the optimization time by tn−best, where tn is the total duration of iteration, which has been

reduced to tn−best based on the best solutions.

Figure 2 shows the GA − LSTM architecture for STATCOM PI controller optimization. As

observed the GA produces two sets of Optimized data related to electrical torque reference value

and c value which is nothing but the ratio of dc injected voltage to AC-injected voltage. The LSTM

encoder will hold the best-optimized value during GA iteration along with the time stamp. Therefore,

during the decoding process, the same timestamp can be utilized for reactive power generation and

subsequent voltage support along with SSR damping.

Figure 2. GA+LSTM architecture for STATCOM PI Controller post Optimization

In order to properly train the model, it is highly recommended to activate each layer in the

LSTM architecture using the appropriate activation function. The inputs to the activation layer are

represented by f and V, while the output is represented by V ̸ δ. Generally, each layer in the activation

module evaluates the weighted sum of all its input connections and maps it to an output, as shown in

Equation (5), where λ represents the layer of the input module.

Vλj
= ∑

i

V ̸ δλji
yi f or λ ∈ { f , V, Q, P} (5)

The recurrent connection between each layer λ can be varied by changing the unit of i. By

applying the squashing function fλi on yi, the output for the each layer λ can be modeled as

yλj
= fλi(Vλj) f or λ ∈ { f , V, Q} (6)

Each memory cell unit in LSTM holds the previous state in the same proportion as the activation

in the forget layer gate. Therefore, the current state vector Scj updates itself based on the modulus of

the activation function at the input gate. Hence

Scj = YψjŜcj + yijxcj (7)
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Based on Equation (7), the learning rate can be made more effective by designing each layer to

track the activity flow over time. To achieve this, an eligibility trace module has been provided to trace

the most recent activity value, as presented in Equation (8).

∑ λji = Yi .....∀λ ∈ [v ̸ δ, θ] (8)

Similarly, the memory cell and forget gate can be modeled as

∑ Pji = Yϵi ϵ̂Pji + Yl jYi (9)

To develop a robust algorithm for tracking the required output against predicted output, a time

range of [0, 1] has been implemented. The cross-entropy function has been used to quantify the error

between the predicted and actual output of the LSTM module. The pseudo code for the implementable

algorithm is presented at Algorithm 1.

Algorithm 1 Voltage and Angle error evaluation-Training Pseudo code

Require: Ver,Ider, θs
Ensure: 3 Variable state transition pattern

for Vt = 1 do
for f=-1 do

for Ver = 0 do
Evaluate Ver and θs

end for
end for

end for
Weight wi=min(δTer, δWer,θs )
θxVx = max(θx−1Vx−1, θxVx)

if (Mt0
L−1 − M

t1
L ) ≤ 0.02 then

break
else

(Mt0
L−1 − M

t1
L ) ≤ 0.02

end if

3. Result Analysis

The proposed LSTM-GA model has been designed using MATLAB Simulink model as per the

architecture shown in the Figure 3

Figure 3. Simulink model for STATCOM microgrid coordinated control action using LSTM and GA

Here the LSTM module will process the id, iq, and v∗ values to determine the required amount of

reactive power for the grid which STATCOM needs to produce. The LSTM will share the hyperplane

with GA optimized module to evaluate the agent position and initialize the chromosome parameter

with four different variables.
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Table 1 shows the STATCOM model parameters, which have been used in the Simulink model

to do the analysis. All the set points especially AC voltage reference magnitude, and DC voltage set

point are assumed to be per unit. All the AC and DC regulator gains have been evaluated based on a

genetic algorithm ensembled with the classical Ziegler-Nicholas method.

Table 1. STATCOM module parameter for Simulink model used in Microgrid Architecture.

Sr. No. Name of Parameter Rating Remarks

1 Coupling Capacitor 420 micro F Storage
2 PWM Frequency 2.33 kHz Under Modulation
3 Coupling TFR 210:800 Centre Tap
4 AC voltage Reference 1 pu 707V
5 DC ref. Voltage STATCOM 750 V -
6 AC voltage Regulator Gain [0.52 0.39] ZNM
7 DC voltage Regulator Gain [0.03 0.27] ZNM-GA
8 Current Regulator Gain [0.11 0.17] GA-LSTM

As observed the regulator gain for AC voltage is [0.52 0.39], which is evaluated through the

Ziegler-Nicholas Method (ZNM), and the of corresponding DC voltage gain is evaluated through

ZNM and GA. Now the current regulator gain, which is a function of both AC voltage and DC

voltage regulation gain has been evaluated through ZNM-LSTM ensembles with GA. So that a single

hyperplane can be maintained throughout the analysis.

Figures 4 and 5, represent the LSTM-GA performance analysis for two different values of µ such

as 0.11 and 0.18 respectively. As observed the objective of the LSTM-GA is to forecast the requirement

of reactive power support for the microgrid which is 15.58% and 12.10% respectively in this case. With

the increase in chromosome size, the system could able to accurately predict the amount of required

reactive power support for the grid. In the subsequent discussion, the performance analysis has been

carried out with µ of 0.18.

Figure 4. GA Performance µ = 0.11 a) FACTS location Initialization b) Reactive Power Support Range

c) Percentage of Reactive Power Support d) Best Solution History.
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Figure 5. GA Performance µ = 0.18 a) FACTS location Initialization b) Reactive Power Support Range

c) Percentage of Reactive Power Support d) Best Solution History.

Figure 6, represents the STATCOM DC link voltage for three different models such as

Fuzzy-PI-STATCOM, PSO-PI-STATCOM, and proposed LSTM-GA-PI-STATCOM (LGPS). As observed

the "LGPS" model produces a standard optimized DC-Link voltage of 700.24V, which is 0.32% less

as compared to the Fuzzy model and 0.23% less as compared to the PSO-STATCOM model. This

reduction in voltage percentage will also reduce the voltage stress on the switch.

Figure 6. STATCOM DC link Voltage referred from Microgrid Side.

Figure 7 represents the STATCOM -DC-link-Current for all the models. Here it is observed that

with the Fuzzy-STATCOM model, the system exhibits sub-synchronous resonance (SSR) between 0.002
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to 0.005 sec and that of a similar kind of SSR was also noticed with PSO-STATCOM from 0.006 to 0.008

sec. However, an SSR limit of 2.8% has been noticed with the hyperplane concept using LSTM and GA.

As compared to Fuzzy and PSO-STATCOM models; the SSR has been reduced by 7.2% and 9.43% with

the proposed "LGPS" model. The SSR also reduces the voltage swell at the point of common coupling

and thereby indirectly supplying the reactive power compensation in the line.

Figure 7. STATCOM DC link current referred from Microgrid Side (a)Fuzzy-PI-STATCOM,

(b)PSO-PI-STATCOM and (c) LGPS.

Figure 8 represents the STATCOM injected current and Figure 9 represents STATCOM injected

Voltage at the point of common coupling. As observed the injected current using the proposed model

is 11.23 Amp. Similarly, a voltage level of 188V has been maintained at PCC against 200V and 197V in

the case of the Fuzzy and PSO-enabled PI controller. Similarly, the THD level of all the 3-model for

injected current is shown in Figure 10. With the proposed model the THD has been reduced to 11.44%

against 15.04% in Fuzzy-PI STATCOM and 12.39% in PSO-PI STATCOM.

Figure 8. STATCOM Injected Current at PCC into Microgrid (a)Fuzzy-PI-STATCOM,

(b)PSO-PI-STATCOM and (c) LGPS.
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Figure 9. STATCOM Injected Voltage at PCC into Microgrid (a)Fuzzy-PI-STATCOM,

(b)PSO-PI-STATCOM and (c)LGPS.

Figure 10. Total Harmonic Discussion of Current Waveform at the terminal of PCC.

Figure 11, represents the voltage waveform of the r-phase of the microgrid. The percentage of

harmonics injected by STATCOM becomes 18% and that of by proposed model it becomes 12.03%.

Table 2, shows the power quality analysis of the STATCOM microgrid. It is observed that

maximum harmonics have been produced with Fuzzy-PI STATCOM of the order of 15.43% and that

of least harmonic is 11.22% with the proposed model. In all three cases, the broadband has been

maintained for the notch. As compared to all the algorithms, with LSTEM-GA-PI-STATCOM least DC

offset has been noticed. Similarly, Table 3, represents the time domain analysis of the STATCOM-PI

controller. The proposed algorithm produces 8.84% of overshoot, which is also the least among all the

bench-marking models.
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Figure 11. Voltage waveform of r-phase of microgrid.

Table 2. Power Quality Analysis of STATCOM-Microgrid.

Sr. No. Technique Power Quality Attribute Magnitude

01
Fuzzy-PI
STATCOM

DC-Offset 0.21%

Harmonic Current 15.34%

Inter Harmonics 1.87%

Notching Broad Band

Noise 0.82%

02
PSO-PI
STATCOM

DC-Offset 0.14%

Harmonic Current 12.72%

Inter Harmonics 1.25%

Notching Broad Band

Noise 0.57%

03
LSTM-GA-PI
STATCOM

DC-Offset 0.07%

Harmonic Current 11.22%

Inter Harmonics 0.87%

Notching Broad Band

Noise 0.44%

Table 3. Time-Domain Analysis of STATCOM-PI Controller.

Sr. No. Technique Parameters Magnitude Remarks

01
Fuzzy-PI
STATCOM

Delay Time 0.58

Marginally Stable
Critically Damped

Rise Time 0.62
Peak Time 0.77
Settling Time 2.23
Max. Overshoot 14.44%

02
PSO-PI
STATCOM

Delay Time 0.49

Asymptotically Stable
Critically Damped

Rise Time 0.53
Peak Time 0.65
Settling Time 1.90
Max. Overshoot 12.27%

03
LSTM-GA-PI
STATCOM

Delay Time 0.35

Stable
Rise Time 0.38
Peak Time 0.47
Settling Time 1.36
Max. Overshoot 8.84%
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4. Conclusion

The Optimal and coordinated performance of STATCOM and Microgrid using the LSTM-Genetic

algorithm has been evaluated in this article using the simulation methods under normal and abnormal

operating conditions. Both the AC and DC voltage gain of the STATCOM has been optimized by

using LSTM-GA. It is observed that using critically tuning the parameter the DC-Offset for LSTM-GA

STATCOM has been reduced drastically to 0.07% against 0.21%, this also avoids SSR to an extent of

17%.

The Harmonic and inter-harmonic components using LSTM-GA methodology reduce the burden

on the transmission line and thereby reduce the overheating of the conductor in a microgrid system

under load variation conditions. In order to maintain proper system balance with respect to IEC and

IEEE standards, a notching level of the broadband range has been maintained. During time domain

analysis, the proposed LSTM-PI-GA model shows less settling time as compared to the other two

benchmarking models under the step-changing mode of operation.

The optimized STATCOM device has been presented as a dependable solution for improving the

stability of microgrid systems, regardless of whether they are functioning normally or abnormally.

This device is capable of suppressing transient oscillations in power and frequency while managing

voltage fluctuations caused by external disturbances or changes in load demand. Overall, STATCOM

is a highly effective resource for ensuring the consistent and stable performance of microgrid systems.
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