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Abstract. Recent researches show the importance of modeling 

and control the DC/DC and DC/AC power converters in order to 

obtain proper-islanded microgrids or safe connection of different 

generation sources to the utility grid. The control needs arise 

because the high penetration of the low scale generation may 

produce frequency and voltage deviations from desired levels. 

In this context, this paper develops a model of distinct power 

converters and proposes a decentralized control strategy to 

regulate the frequency and voltage in a microgrid with different 

generators and loads. Simulations show the application of the 

control strategy in a simple microgrid model with the evaluation 

of every control stage in the grid. 
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1. Introduction 

 
Interconnected microgrids must coordinate distributed 

generation sources (DGs) connected independently to the 

utility grid. The main characteristics of the microgrids, 

additional to the DGs penetration, are their structure and 

control capability and coordination [1]. These aspects are 

different if the microgrids are connected to the main grid or 

work in island. 

 

When the microgrid operate in islanded mode, the main 

problem is the frequency and voltage regulation. Connected 

to the utility grid, the microgrid take frequency and voltage 

set points from the grid, guaranteeing stability in the 

operation. However, in islanded mode, the network 

parameters must be controlled by using power electronics 

devices coupled to the available DGs, given that 

synchronous units are not common in microgrids [2], [3]. 

Some works solve this control problem with decentralized 

methods as in [2] and [4], where the generators and 

connection filters are modeled through of a space-state 

model. The first paper uses an 𝐻∞  control in the generator 

responsible of voltage regulation and PI controllers for 

current regulation. The second paper is based in a 

decentralized scheme with a droop control application 

acting over inverters to control the voltage levels. Oh the 

other hand, in [19] a microgrid central controller solves an 

optimization problem by defining a potential function for 

each DG unit and obtaining the minimum, which 

corresponds to the control objective of the generation units. 

Taking advantage of the renewable energy resources has 

motivated the research about DC/DC converters, mainly to 

reach the maximum power point (MPPT) of the 

photovoltaic generators. For instance, [5] and [6] propose 

different methods to reach the MPPT. The first one is based 

on fuzzy control combined with a search algorithm so-

called perturb and observe (P&O). This algorithm changes 

iteratively the duty cycle of the DC/DC converter until it 

achieves the maximum generation power. Otherwise, the 

second paper proposes a method to obtain the MPPT using 

sliding mode control (SMC) by developing a space-state 

model and analyzing the converter dynamics without 

considering the converter set point. 

Inverters are necessary devices to adequate the connection 

of DGs to the main grid or couple the action of other 

generators. The authors in [7] propose a new three-phase 

inverter topology capable to reach high frequency 

commutation reducing the output filter size. Moreover, in 

[8] and [9], an analysis of the traditional three-phase 

inverter topology is presented, focusing in the suppression 

of the DC current injected to the utility grid and an adequate 

design of the LCL output filter. 

This work proposes a novel method to reach the MPPT in 

photovoltaic generators using a model that allow the power 

converters to find the maximum power voltage. Besides, 

we present a decentralized strategy through current control 

in each generator´s inverter by modeling each converter, 
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from the source to the connection point (PCC), and 

applying lineal and nonlinear control methods. The main 

goal of designed control is to achieve voltage and frequency 

regulation over the load connected at PCC when the 

microgrid is operating in islanded mode using only local 

controllers about the subsystems. 

 

2.  Secondary Control 
 

The secondary control solves the energy management 

problem in a microgrid connected to the utility grid. 

Instead, when the microgrid is operating in islanding mode, 

the control is in charge of the voltage and frequency 

regulation [10]. We present a decentralized control that 

provides the most possible autonomy for all DG units and 

avoids the implementation of a large and complex 

communication system to coordinate the entire microgrid. 

 

A. Microgrid Basic Model 

Figure 1 shows an islanded system composed by two DG 

units, which could be photovoltaic panels (PV), energy 

storage systems (ESS), and low power synchronous 

generators, among others. Each DG is connected at the PCC 

through of inverters and LCL filters that avoid faults due to 

possible differences in output voltages. A RLC load is used 

for simulation with step variations considering the 

generation limits. The LCL filter model is analyzed as in 

[2] and [4] for a microgrid with decentralized control. 

The aim of the control system is to regulate frequency and 

voltage at the PCC of a microgrid in islanding mode only 

with local controllers used on each DG. From Figure 1, the 

linear dynamic model of the microgrid is defined by the 

matrices 
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with state variables 𝑥1 as the load voltage (𝑉𝑎𝑏𝑐), 𝑥2 and 𝑥5 

are the output currents 𝑖1 and 𝑖2, respectively, 𝑥3 and 𝑥6 are 

the voltages in capacitors 𝐶1 and 𝐶2, and 𝑥4 is the current 

through of load inductor. The inputs or control signals are 

given by 𝑈1 (control of generator 1 (𝑖𝑢1)) and 𝑈2 (control 

of generator 2 (𝑖𝑢2)). Finally, the parameters 𝑅, L, and C 

represent the resistance, inductor, and capacitor of the load, 

𝐿1, 𝐶1 and 𝐿2, 𝐶2 are the output inductors and capacitors of 

generator 1 and 2, and 𝑅1 and 𝑅2 are the internal resistance 

of inductors 𝐿1 and 𝐿2. 

Taking into account that inputs are the currents supplied by 

inverters in each generator, and that PCC voltage and 𝐷𝐺2 

output current 𝑖2 are the model outputs, the system can 

further be represented by [2] 
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[
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] = [

𝐶1 0
0 𝐶2

] [
𝑥𝐷𝐺1

𝑥𝐷𝐺2
]  (2) 

where 𝑥𝐷𝐺1 = [𝑥1 𝑥2 𝑥3 𝑥4]𝑇, 𝑥𝐷𝐺2 = [𝑥5 𝑥6]𝑇. 

The space-state equations (1) and (2) form an 

interconnected composite system. An interesting 

characteristic of this system is that if it is controllable and 

observable for all parameters, then it is stabilizable by using 

only local controllers in each subsystem [2], [11]. Because 

of the linearity of the representation, this property can be 

extended to bigger systems with more generators connected 

at the PCC. The control for the state variables 𝑥𝐷𝐺1 must 

deal with frequency and voltage regulation at the microgrid 

PCC in islanding mode (i.e., 120 𝑉𝑟𝑚𝑠 and 60 𝐻𝑧). On the 

other hand, the control applied to 𝑥𝐷𝐺2 regulates the current 

that generator 𝐷𝐺2 supplies to the load. 

 

B. Control in 𝑫𝑮𝟏 and 𝑫𝑮𝟐 

To achieve the frequency and voltage regulation, we 

propose a model predictive control (MPC), whose discrete 

model (𝑨𝒅, 𝑩𝒅) is obtained from equations (1) and (2) with 

a fixed sampling time. Hence, the optimization problem is 

𝑚𝑖𝑛 ∑‖𝑟 − 𝑥𝐷𝐺1(𝑘)‖𝑄 + ‖𝑈1‖𝑅

𝐻𝑝

𝑘=1

 (3) 

s.t.  

𝑥(𝑘 + 1) = 𝐴𝑑𝑥𝐷𝐺1(𝑘) + 𝐵𝑑𝑈1(𝑘) (4) 

0 < 𝑈1 < 1 (5) 

The objective function (3) seeks to minimize the control 

input and reduce the stationary state error between 

reference and the output, weighted by 𝑅 and 𝑄, 

respectively. The system output can be the load voltage or 

the output current. Equation (4) restricts the future states 

ensuring that the prediction is coherent with the discrete 

system model. Finally, condition (5) restricts the 

normalized applied control signal, where 1 represent the 

maximum output current which depend on the capacity of 

each generator. The controller reference signal is given by 

𝑟, and 𝐻𝑝 is the prediction horizon. 

A similar optimization problem is formulated for the 

system representing the dynamics of the second generator 

that regulates the current of the load. In this case, the 

control signal 𝑈2 is obtained as result. Once the controller 

performs the optimization procedure, the obtained control 

inputs 𝑈1 and 𝑈2 are the set points to the three-phase 

inverters in charge of supplying the necessary currents for 

voltage regulation on the load. The control strategies for the 

intermediate power converters and inverters are described 

in the next section. 

 

3. Control of the Power Conversion Stages 
 

Each generator is modeled as a constant source connected 

to a three-phase inverter, which is connected to a LCL filter 

as it is shown in Figure 1. However, between the source and 

the inverter there are some power conversion stages that 

adapt the voltage and current signals to obtain a final 60 Hz 

sine-wave, and obtain the maximum power from the 

primary source. The control of these stages is usually so-

called local or primary control [10], [12]. This section 

presents each power conversion stage. 
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Figure 1 Islanding system scheme with tow generators connected in parallel. Adapted from [2] 

 

A. Three-Phase Inverter 

A three-phase-half-bridge inverter is used along with a LCL 

filter to obtain a low-harmonic sine-wave signal with 

120𝑉𝑟𝑚𝑠 and 60𝐻𝑧. This inverter is selected because of its 

simplicity and high performance [8], [9]. Each phase of the 

three-phase inverter is modeled independently in order to 

design only one controller to be replied in each line. The 

model to represent the dynamics of phase A, applying 

voltage and current Kirchoff laws is given by 
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𝑈 = {𝑉1, −𝑉1}, 

where 𝑉1 is the inverter DC input voltage; 𝐿𝑎, 𝐶𝑎, and 𝑅𝑎 

are the inductor, capacitor, and resistance at the inverter 

output; 𝑥1 is the current through inductor 𝐿𝑎; 𝑥2 is the 

voltage on capacitor 𝐶𝑎 (output of the converter); and 𝑈 is 

the on-off control signal for the switching devices of the 

inverter. 

To get a sine-wave signal from a DC input, the inverter 

switches are activated to allow the change of the input 

voltage between 𝑉1 and −𝑉1. The control aim is to obtain a 

60𝐻𝑧 sine-wave output current with the set point given by 

the MPC described in the previous section. A sliding mode 

control (SMC) is used in this stage because of its discrete 

output. This method is widely used for systems with 

switching structure as the inverter. The SMC strategy is 

given by 

𝜎(𝑥) = 𝐾(𝑥1 − 𝐼𝑟𝑒𝑓) + 𝐾𝑖 ∫(𝑥1 − 𝐼𝑟𝑒𝑓)𝑑𝑡 (6) 

𝑈 = {
𝑉1 𝑠𝑖 𝜎(𝑥) < 0

−𝑉1 𝑠𝑖 𝜎(𝑥) > 0
 (7) 

 

where 𝐼𝑟𝑒𝑓 is the set point given for the secondary control 

(i.e., 𝑈1 and 𝑈2), 𝐾 and 𝐾𝑖 are constant to define a sliding 

surface 𝜎(𝑥) (often so-called proportional and integral 

constants because of the equation (6) shape). To use an 

equivalent control method of sliding mode, first we 

determine the sliding surface 𝜎(𝑥) that allow output current 

control. From Lyapunov analysis, the system stability is 

obtained when the inequality 𝐾𝑅𝑎 > 𝐾𝑖(𝐿𝑎 − 𝑅𝑎
2𝐶𝑎) holds 

[13]. This condition determines the constants 𝐾 and 𝐾𝑖, and 

the global stability is ensured selecting 𝐾 >> 1 and 0 <
𝐾𝑖 < 1. Finally, the applied input is determined by Equation 

(7). 

B. Boost Converter 

In order to provide a DC input signal to the inverter with 

the less possible variation, a DC/DC boost converter is 

proposed to obtain a continuous voltage signal despite of 

input variations. The model of a typical boost converter is 

presented in [18] and is given by 

�̇�1 =
𝐸

𝐿
−

𝑈

𝐿
𝑥2 

�̇�2 =
𝑈

𝐶
𝑥1 −

𝑥2

𝑅𝐶
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Where 𝑥1 is the current through inductor 𝐿, 𝑥2 is the 

voltage on capacitor 𝐶 (output of the converter), 𝐸 is the 

input voltage, 𝐿 and 𝐶 are the internal inductor and 

capacitor in the boost, 𝑅 is the load resistor, and 𝑈 is the 

control signal applied to a transistor with two possible 

states [18]: 

𝑈 = {
𝑡𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟 𝑜𝑝𝑒𝑛 = 1
𝑡𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟 𝑐𝑙𝑜𝑠𝑒 = 0

 

Given that the control goal is to maintain a constant input 

of 240 𝑉𝑟𝑚𝑠 in the inverter, we propose a simple state-

feedback control with integrator to obtain the desired 

voltage from the boost converter. Due to the system in (8) 

is nonlinear and time-variant because of the change of 𝐸 

and 𝑅, the pole-placement strategy requires the 

linearization of the system for different operating 

conditions. In this case, variations of 𝐸 are among 
[1𝑉 200𝑉] and of 𝑅 in [2.4Ω 1.2Ω] are considered to 

emulate real loads. The final two dominant poles of the 

closed-loop system are chosen to obtain a fast response of 

the controller and null oscillations. 

 

C. MPPT Control 

The design of any generation system based on 

photovoltaic (PV) energy depends greatly of the maximum 

power point tracking (MPPT), due to the power supply 

depends on the operation voltage. The MPPT control 

allows the power converter to extract the maximum 

possible power of the generator at any operating condition 

for the incident solar irradiance and temperature over the 

photovoltaic modules. 

 

1) Model of a PV Generator: a single-diode, shunt 

and series resistance gives a simple model of a PV cell. 

[18].  The equations that models the current variation in 

this circuit are given by [14], [15]: 

𝐼𝑚 = 𝐼𝑝ℎ − (
𝐼𝑝ℎ

𝐴
) (𝑒

𝑉𝑚+𝐼𝑚𝑅𝑠
𝑉𝑇 − 1) (9) 
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𝑉𝑚 = 𝑉𝑜𝑐 − 𝐼𝑚𝑅𝑠 − 𝑉𝑇 ln (
𝑉𝑚
𝑉𝑇

+ 1) 

where 𝐴 ≔ 𝑒
𝑉𝑜𝑐
𝑉𝑇 − 1, 𝑉𝑇 is the thermodynamic voltage, 𝑅𝑠 

is the series resistance, 𝐼𝑝ℎ is the photo-generated current, 

𝑉𝑚𝑝 and 𝐼𝑚𝑝 are the voltage and current at peak power, and 

𝑉𝑜𝑐  is the open circuit voltage. 

Equation (9) allows us to calculate the current and voltage 

MPPT for different irradiance and temperature values [16], 

and obtain the voltage (𝑉𝑚) that determines the point of 

maximum power. This voltage is used as reference for a 

SEPIC converter (Figure 2) to obtain the maximum energy 

extraction from PV generator. 

 

2) SEPIC Converter: This converter has some 

advantages to achieve the MPPT in PV systems due to its 

non-inverted output voltage, low input current ripple, and 

high MPPT efficiency [6], [17]. The model of the converter 

shown in Figure 2 is given by 
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Where 𝑥1 and 𝑥3 are the voltages in capacitors 𝐶𝑖 and 𝐶1; 𝑥2 

and 𝑥4 are the currents through inductors 𝐿1 and 𝐿2; 𝑥5 is 

the voltage in capacitor 𝐶2 (converter output) 𝐶𝑖  is the input 

capacitor; 𝐿1, 𝐶1, 𝐿2, and 𝐶2 are internal inductors and 

capacitors, 𝑅 is the PV internal resistance, 𝐼𝑝𝑣 is the PV 

current, and 𝑈 is the control signal with two possible states: 

 

𝑈 = {
𝑡𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟 𝑜𝑝𝑒𝑛 = 1
𝑡𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟 𝑐𝑙𝑜𝑠𝑒 = 0

 

 

 
Figure 1 Scheme of a SEPIC converter coupled to a photovoltaic 

generator. Adapted from [6] 

The model in Equation (10) represents the nonlinear 

dynamics of the SEPIC converter. Furthermore, these 

equations can be considered time-variant because of the 

changing value of 𝐼𝑝𝑣 according to the solar irradiance.  The 

control objective is to reach the reference voltage (𝑉𝑚) given 

by Equation (9) to extract the maximum power of PV 

generator. In this case, we propose the same state-feedback 

strategy used in the boost converter due to the similar 

characteristics of the models, with 𝐼𝑝𝑣 changing in the 

interval [0.4𝐴 130𝐴]. An integrator is also aggregated to 

the controller to obtain an asymptotic tracking without 

steady-state error.  

In Figure 2, the PV source is modeled by using a Norton 

equivalent circuit, where the parameter 𝑅𝑑 is the 

differential resistance of the source in its operating point 

and the current 𝑖𝑝𝑣 depends on the irradiance level and on 

the PV output voltage [6]. 

 

4. Simulations  

 
A. Results 

Figure 3 shows the simulation results for the secondary 

MPC control with load variations from 8 𝑘𝑊 to 10 𝑘𝑊 

and then from 10 𝑘𝑊 to 12 𝑘𝑊. In a), it is noticed that the 

voltage magnitude over the load maintains its value 

despite the load changes, providing asymptotic tracking 

with very low steady-state error. The decrease in voltage 

when the load increases is perceived, however, the stable 

state error remain in acceptable limits. The output PV 

current is shown in d), which is constant given that the 

incident irradiance and temperature are considered 

constant.  

When the power increases from 8 𝑘𝑊 to 10 𝑘𝑊, the 

current through the load increases from 31 𝐴 to 39 𝐴 

(Figure 3 b)), because of the control over 𝐷𝐺2. It keeps the 

output PV-current constant and the control over 𝐷𝐺1 

allows an increase from 13 𝐴 to 21 𝐴 in the output current 

(Figure 3 c)). Given that 𝐷𝐺2 cannot supply more current 

because of the irradiance limit, the 𝐷𝐺1 have to supply the 

rest of the needed current. Thus, 𝐷𝐺1 must be dispatchable 

to avoid a collapse caused by load variations. In this sense, 

𝐷𝐺1 is in charge of load voltage regulation. The simulation 

is performed with a synchronous generator of 20 𝑘𝑊 and 

a PV generator of 5 𝑘𝑊𝑝. 

Figure 2 Response for the secondary decentralized control with 

two generators (𝐷𝐺1: diesel generator and 𝐷𝐺2: PV generator) 

Figure 4 a) shows the output voltage magnitude of the 

three-phase inverter with load variations from 1 𝑘𝑊 to 

6 𝑘𝑊 in time intervals of 2 𝑠. Due to the high frequency 

switching, the signal around the reference present an 

amplitude-limited noise. With higher switching frequency 

the harmonic distortion is reduced in the output. Besides, 

the noise presents a peak less than 1 𝑉 with a duration of 

less than 50 𝑚𝑠. In b), a close up is realized to the output 

inverter voltage at 𝑡 = 2 𝑠, where a load change occurs 
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from 1 𝑘𝑊 to 2 𝑘𝑊. Note that the output signal has 

minimal error for the reference tracking and harmonic 

distortion. In c), it is observed that the output current 

increases when the load increases. However, the 

disturbance due to the load changes is low. 

Figure 3 Responses to the control over the three-phase inverter 

Figure 5 shows the simulation results for the DC/DC boost 

converter with voltage variations at the input in the shape 

shown in c), and the load variation presented in b). The first 

one represents the possible voltage variation due to 

irradiance changes and MPPT tracking, while the second 

one represents the load change that could occur at the 

output. In a), the controlled voltage is presented along with 

the reference signal. The controlled voltage has 

disturbances due to changes in the input voltage in steps of 

10 V. However, the control is fast and effective to track the 

output to the reference value in less than 300 ms. It is 

possible to reduce the voltage peak produced by 

perturbations with a higher inductance in the output of the 

converter, trading-off with low settling times. Then, the 

disturbance recovery time is less to 1 s and the voltage peaks 

are not over 10 V, acceptable conditions for appropriate 

function of the system.  

Figure 4 Voltage control in the BOOST converter 

Figure 6 presents the control results for the SEPIC 

converter with irradiance variations from 100 𝑊/𝑚2  
until 1.2 𝑘𝑊/𝑚2 (Figure 6 e)) and ambient temperature 

among  15℃ and 25 ℃ (Figure 6 f)). Figure 6 a) shows 

the MPPT voltage tracking, where the control tracks the 

reference given by the model in (9). However, the noise is 

also present in this case because of the high frequency 

switching in the converter. Nevertheless, it is possible to 

reduce noise in trade-off with speed of the response 

modifying the input capacitance 𝐶𝑖 in the Figure 2. In this 

case a capacitor of 50 𝜇𝐹 is selected to have a fast 

response and to maintain the commutation noise in a low 

level.  

Figures 6 b) and c) represent the output current and the 

maximum power of the PV generator in function of the 

irradiance variation. The use of the model in (9) allows to 

achieve the MPPT taking as reference the information in 

the datasheet of the PV modules. In this case, a power peak 

of 5 𝑘𝑊 can be obtained with an incident irradiance of 

1 𝑘𝑊/𝑚2. Comparing b), c), and e) it is worth noticed that 

the power and current generated are proportional to the 

irradiance, contrary to the voltage in a). This is due to the 

physical properties of the PV modules based on 

semiconductors. 

 

Figure 5 MPPT control in SEPIC converter 

Figure 6 d) shows the change of the current and voltage at 

the SEPIC output. Comparing b), c) and d), it is clear that 

the output voltage is greater than the input voltage, while 

the output current is less than input current because of the 

control actions over the SEPIC converter. The controller 

regulates the input voltage as it is shown in a) and only one 

switch acts to perform the control action. Then, it is 

difficult to control both inputs and outputs at the same 

time. In consequence, the SEPIC output changes 

according to variation in the input, and for this reason a 

stable boost converter must be used to maintain a stable 

voltage at the inverter input. 
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5. Conclusion 

 
In this work we propose a model to describe a microgrid 

composed by two distributed generators with possible 

extension to more units. Starting with analyzing the 

interconnection filter among generators, a state-space 

model is obtained, whose inputs are the output currents of 

the inverters. The application of a MPC control, the 

frequency and voltage levels at the load are maintained to 

expected levels. 

Each generator is composed by a distributed source and 

power converters (i.e., two DC/DC converters and a three-

phase inverter). A model is proposed along with the control 

of each converter. For PV generators, the MPPT control 

provides appropriate inputs to the inverter through a state-

feedback control of the boost and SEPIC converters, 

guaranteeing also desired AC voltage levels over the load. 

Furthermore, the achieved MPPT points are verified by 

means of a PV model with real datasheet parameters. 
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