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A B S T R A C T 

With the endless growth of renewable energy sources recently, the integration of these 

sources into factories, public infrastructures (airports, train stations, hospitals, etc.) 

forming microgrid systems is becoming a trend in the evolution of modern power 

systems. However, the increasing participation and expansion of renewable energy 

sources into the power system still faces many challenges due to the instability, 

oscillation and unpredictability of these type of generators. In order to ensure the quality 

criteria of a standard grid (frequency stability, voltage stability, ...), this paper proposes a 

H-infinity robust control method for the purpose of controlling distributed generators in 

microgrids, particularly energy storage systems, because this approach is suitable for 

controlling objects with various uncertainties. Then, the analysis and evaluation are 

given through simulation results with different penetration levels of renewable energy 

sources using Matlab/Simulink software, thereby emphasizing the role of the H-infinity 

robust controller in microgrids with the expansion of renewable energy. 

 

1. INTRODUCTION  

Microgrid, a popular concept that appeared in previous 

studies of power system technology, is now becoming an 

inevitable trend in the electricity industry in the context of 

the continuous development of generators in general and 

renewable energy sources in particular. Microgrid was 

created to overcome global energy challenges, to meet the 

demand of power consumption, power quality and 

environmental issues worldwide. In the Microgrid 

structure, the power sources are located close to the power 

consumers so it brings us many advantages such as 

reducing transmission losses, reducing requirements on 

transmission and distribution infrastructure, increasing 

reliability, reducing emissions, improving power quality 

and reducing electricity costs. Specially, the rise of 

renewable energy sources in the power system has brought 

not only benefits but also negative impacts to providers as 

well as consumers when penetrating to existing power 

systems. 

The concept of Microgrid has been defined and 

mentioned in many studies [1]-[3]. In general, Microgrid is 

a small-scale power grid consisting of distributed 

generators (DG) combined with energy storage systems 

(ESS) that provide electricity to loads (industry, household, 

lighting, ...). DG and ESS in Microgrid include 

dispatchable and non-dispatchable units. Dispatchable units 

are generation units which can adjust their power to the 

reference value and respond to disturbance changes during 

operation. Non-dispatchable units are those with their 

power dependent on external factors (weather, physical 

nature, ...) and cannot be controlled to the preset values. 

Thus, non-dispatchable units always delivery maximum 

capacity to fully exploit its potential.  

Most of renewable energy sources are non-dispatchable 

units, so high proportion of renewables in the power 

system is the main cause of power fluctuation as well as 

poor dynamic stability. Especially, when Microgrid 

operates in islanded mode, there are no support or auxiliary 

solutions from the utility grid to maintain the stability of 

the Microgrid. As a result, the ESS with their high-power 

exchange density can be the key of power balance and 

dynamic stability in Microgrid against the uncertainty of 

renewables. Compared to large-scale power systems, 

islanded Microgrid has low system inertia due to the high 

integration of renewable energy sources and ESS. 

Therefore, this paper aims to find an approach to increase 

the penetration rate of renewable energy sources while 

achieving multiple objectives such as ensuring frequency 

and voltage stability, improving power quality and adaptive 

controller design to ensure power balance in the system 

with uncertain factors [4]. 
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In [5], [6], the basic and simplest control method for 

islanded Microgrid has been presented, which is called 

droop control method. However, the traditional droop 

method in primary frequency control still has many 

limitations such as low response rate, trade-off between 

voltage regulation and load sharing and difficulties in 

integrating renewable energy sources [7]. In addition, some 

studies on the application of the H-infinity robust control 

algorithm in Microgrid were also illustrated in [8]–[12], 

but only in terms of power quality (voltage, frequency), 

uncertainty factors in the Microgrid system without 

mentioning the penetration rate of renewable energy 

sources in the system. This paper proposes a H-infinity 

control approach integrated into the ESS of Microgrid in 

islanded mode and then consider different penetration 

levels of renewable energy sources (namely photovoltaic 

solar power) to assess the stability of the system with the 

expansion of renewable energy sources, thereby leading to 

the construction and development of power systems using 

entirely renewable energy sources. 

2. SYSTEM DESIGN 

2.1 Studied system model 

During the study, authors focused on controlling the energy 

storage system to ensure power sharing in islanded mode 

(or off-grid mode). Therefore, the units in the system are 

selected and modeled in accordance with this operating 

mode. To meet the goal of power balance and transient 

stability when operating in islanded mode, the studied 

system is shown in Fig. 1, including a diesel generator 

(using Automatic Voltage Regulator - AVR), a 

photovoltaic system and a storage system. 

2.2 Unit modelling 

As mentioned above, the studied system model is provided 

for the control of the storage system, so other units (Load, 

Diesel, PV) will act as a disturbance signal of the system. 

More specifically, the modelling from the storage system 

to the AC bus will include the storage system 

(characterized by capacitance Cs, serial resistance Rs and 

parallel resistance Rp), DC/DC bidirectional converter 

(characterized by inductance Lc and resistance Rc of the 

coil, capacitance Cdc at DC bus and two power electronic 

valves), DC/AC converter and filter coil (characterized by 

inductance Lf and resistance Rf). 

In the studied model, the PV system is frequently 

fluctuated due to many factors (weather changes, shading 

phenomenon, ...), leading to large power fluctuations. In 

Fig. 1, the PV system is integrated with the maximum 

power point tracking (MPPT) algorithm to maximize the 

generation capacity of the solar source and minimize the 

power burden on other sources. Modelling of PV system 

with MPPT algorithm has been proposed, studied and 

analyzed in [13]–[15], so the PV model is simply shown in 

Fig. 1, the PV system is integrated with the maximum 

power point tracking (MPPT) algorithm to maximize the 

generation capacity of the solar source and minimize the 

power burden on other sources. Modelling of PV system 

with MPPT algorithm has been proposed, studied, and 

analyzed in [13]-[15], so the PV model is simply shown in 
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Fig. 1:  Studied model of the Microgrid system. 
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Fig. 1. 

Diesel generator model in Fig. 1 includes speed governor 

controlled by droop method, diesel engine and other 

transmission parts (actuator, coupling shaft). In addition, 

the diesel generator uses the AVR to ensure the terminal 

voltage remains stable during operation. The transmission 

stages in the diesel generator are characterized by a time 

constant Tdiesel and the droop control stage is characterized 

by the droop coefficient sdiesel, shown in Fig. 2. 
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Fig. 2.  Dynamic model of diesel generator. 

 

2.3 Microgrid dynamic model 

In the operation of the Microgrid, to ensure system 

frequency stability, the power balance between the sources 

and the load should be maintained. In the dynamic model 

of the system is presented in Figure 3. According to that, 

the system is characterized by two constants H (system 

inertia constant) and D (load damping) [16]. Assuming that 

the power values are noise values, the dynamic model of 

Microgrid is derived as (1): 

( )
1

2
PV diesel ESS load

d f
P P P P D f

dt H

D
= D +D +D -D - Dè øê ú  (1) 

where: Df is the frequency deviation of the system, 

, , ,PV diesel ESS loadP P P PD D D D are respectively the active power 

difference of PV system, diesel generator, ESS and load. 

Applying Laplace transform to (1), the dynamic equation 

of the Microgrid is obtained as follow: 

[ ]
1

( ) ( ) ( ) ( ) ( )
2

PV diesel ESS loadf s P s P s P s P s
H D

D = D +D +D -D
+

  (2) 

3. H-INFINITY ROBUST CONTROL 

In this section, an overview of the robust control theory 

applied in the paper will be demonstrated. The advantage 

of a robust control system is that the quality of the control 

objects in the system is always kept stable according to the 

pre-set criteria, regardless of the change of system 

parameters as well as the disturbance value on the system. 

Furthermore, the robust controller is optimized for multi-

input multi-output (MIMO) systems, so is suitable for 

applying to the studied model.  
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Fig. 3.  Dynamic model of studied Microgrid system. 

 

Based on the classical closed-loop feedback control 

problem shown in Fig. 4, the general control structure of 

the robust control system is given in Fig. 5, also known as 

the P-K control structure. Robust control using P-K 

structure based on mixed-sensitivity problem, that is, 

finding suitable weighting functions for error signal z  that 

satisfy the performance conditions in order to synthesize 

the controller K [17]. 

From Fig. 5: 

                                     .z N w=   (3) 

where: v

u

W S
N

W KS

è ø
=é ù
ê ú

 is the transfer function from z to w , S 

is the sensitivity function, Wu and Wv are the performance 

weighting functions of input and output signal of controller 

K respectively [17]. 

The problem is minimizing the value of the error signal 

z, that is, to find the minimum of the infinity norm of the 

transfer function N, denoted by min ( )
K

N K
¤

. 

The weighting functions for control input signal v  and 

control output signal u of controller K  are based on the 

transfer function of first-order filter (which is called the 

performance weight) that is given in [17]: 

                             
*

*
( ) B

B

s M
W

A
s

s

w

w

+

+
=   (4) 

where, A is the maximum steady-state tracking error, M is 

the maximum peak magnitude of S, *
Bw  is the minimum 

bandwidth frequency (defined as the frequency where 

)(S jw  crosses 0.707 from below). Typically, we select 

2M= , A º 1[17]. 
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Fig. 4.  Block diagram of classical closed-loop feedback 

control. 
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Fig. 5.  Block diagram of P-K structure robust control .    

4. APPLICATION OF ROBUST CONTROL IN 

STUDIED SYSTEM 

In this section, the author will provide the steps to apply 

the H-infinity algorithm for analyzing the primary 

frequency stability with the expansion of PV power. The 

control object is defined as the ESS and control signals are 

modulation indices of DC/DC bidirectional converter and 

DC/AC converter. As such, the controller is designed to 

have one input (system frequency) and multiple outputs 

(modulation indices). The proposed control scheme is 

shown in Fig. 6. Accordingly, three-phase values will be 

converted to dq-frame values to reduce complexity in the 

calculation equations. 

In summary, the process of applying robust control 

algorithm to the system is given as follows: 

¶ Building state-space model of the control object 

through derivative equations derived from the 

modelling of generation units. 

¶ Selecting weighting functions for controller input and 

output signals. 

¶ Computing controllers using calculation toolbox from 

Matlab/Simulink software. 

¶ Simulation of the Microgrid with different penetration 

rates of PV source when using robust controller. 

4.1 Building state-space model 

Building the state-space model of the ESS will be based on 

the equivalent circuit modelling shown in Fig. 6. 

Considering the averaged small-signal model, related 

equations are derived as follows [16], [18]: 

1 1
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Fig. 6.  Proposed Robust H-infinity control scheme. 
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1
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2e ed dc fsd
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f f f

m V Rd I
V m I f I

dt L L L
p
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= D + D - D + D   
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esqI fp+ D  (8) 

2e eq dcsq f

dc q sq e sd

f f f

m Vd I R
V m I f I

dt L L L
p

D
= D + D - D + D   

2
esdI fp+ D  (9) 

From the dynamic equations in Section 2, equivalent 

equations of the diesel generator with droop control and 

Microgrid system are given: 

1 1
  diesel

diesel

diesel diesel diesel

d P
P f

dt T T s

D
=- D - D  (10) 

( )
1

  2
2 e e esc s s s s sc diesel

d f
V R I I I V P

dt H

D
è= - D + D +D
ê

   

] 
2

PV load

D
P P f

H
+D -D - D  (11) 

In these above equations, units with subscript "e " 

represent the value at the equilibrium point. 

From the averaged small-signal model of storage system, 

diesel generator and Microgrid, equation (5) to (11) could 

be combined to build the state-space model with the 

following general form as follows: 

                 1 2

1 2

x A x B u B w

y C x D u D w

ë
ì
í

D = D + D + D

D = D + D + D
  (12) 

where:  

                       
T

sc s dc sd sq dieselx V I V I I P fè øD = D D D D D D Dê ú
is the 

input state vector. 

       
T

dsc qu m m mè øD = D D Dê ú
is the control signal vector 

(output of the controller). 

PV loadw P P-D =D D is the input disturbance vector. 

y fD =D is the output signal vector (input of the controller). 

As a result, state-space matrices A, B1, B2, C, D1, D2 are 

obtained in Fig. 7. 

 

 

Fig.7.  State-space model matrices of robust control system. 
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4.2 Selecting weighting functions 

Based on (4) and *
Bw  is defined as 2, the weighting 

functions for the controller input signals (Df) and the 

controller output signals ( scmD , dmD ,
qmD ) are selected 

respectively as follows: 

                       2
:
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0,5
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+

+
=D   (13) 

                   
1

1
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1
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3
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0, 25
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q u

s
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+
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4.3 Computing H-infinity controller 

To compute the H-infinity controller, we use hinfsyn 

command in Matlab software. The calculation result is the 

minimum value of min ( )
K

N Kg
¤

=  The command is [K, CL, 

gamma] = hinfsyn(P, NMEAS, NCON, 'GMIN', 1) [19]. 

After many trials, min 1g =  is selected (corresponding to 

 

Fig.8.  Computing H-infinity controller in Matlab software . 

Table 1.  Simulation Parameters of Studied System 

Case 
Unit  power  

Load PV system Diesel generator ESS 

Case 1 1,2 MW 
Initial: 200 kW 

Maximum: 200kW 
Initial: 1 MW 

Initial: 0 W 

Maximum: infinity (assumed) 

Case 2 1,2 MW 
Initial: 400 kW 

Maximum: 400kW 
Initial: 800 kW 

Initial: 0 W 

Maximum: infinity (assumed) 

Case 3 1,2 MW 
Initial: 600 kW 

Maximum: 600kW 
Initial: 600 kW 

Initial: 0 W 

Maximum: infinity (assumed) 
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the 'GMIN',1 option in the hinfsyn command). Here the 

value min 1g =  is used for simulation because it is small 

enough to give the optimal controller while ensuring the 

quality of the system. Then, the controller K  can be 

determined in the Matlab software in Fig. 8. 

5. SIMULATION RESULTS  

The parameters of each unit in studied Microgrid model 

used for simulation process are assumed in Table I. 

Different penetration levels of PV system are considered in 

the simulation. Specifically, the PV power is increase from 

200kW (Case 1) to 400kW (Case 2), then 600kW (Case 3) 

at last. The load power demand stays remain during the 

simulation. The maximum capacity of ESS is assumed to 

be infinity, that means it can response to any changes of 

PV power. For PV system, the input irradiance scenario is 

given in Fig. 9 (assumed that the input temperature is 25ᴈ 

all the time). 

The perturb and observe (P&O) MPPT algorithm is 

applied to the PV system. Moreover, the previous research 

of droop controller in [6] is also considered to compare 

with the designed H-infinity controller. 

In Fig. 9, solar irradiance drops to 100 W/m
2
 at the 5

th
 

second and remains until the 11
th
 second. Then, it rises 

again to 1000 W/m
2
 from the 11

th
 second to the 12

th
 second. 

However, the P&O algorithm in the PV system cannot track 

the maximum power point during the rising of solar 

irradiance because of short rising time. As the result, the PV 

power does not reach the maximum at that time, as shown 

in Fig. 10. 

 

  

Fig. 9.  Solar irradiance scenario. 

 

 

Fig. 10.  Output PV power with corresponding solar 

irradiance. 

 

The simulation results, including the frequency of the 

system and the response of DG units, for three different 

cases of PV penetration levels are shown from Fig. 11 to 

Fig. 16. 

 

 

Fig. 11.  Frequency of the system in Case 1. 

 

 

 

Fig. 12.  Response of DG units in Case 1. 

 

 

Fig.13.  Frequency of the system in Case 2. 

 

 

 

Fig. 14.  Response of DG units in Case 2. 
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Fig.15.  Frequency of the system in Case 3. 

 

 

Fig. 16.  Response of DG units in Case 3. 

 

As can be seen from simulation results, with different 

cases of PV power, the frequency of the system shows 

better response when using the H-infinity controller. When 

the PV power changes suddenly and sharply, at the 12
th
 

second, the H-infinity controller responds quickly to the 

power fluctuation and keeps the frequency around the 

nominal value (50 Hz). With the droop controller, the 

system cannot bring the frequency back to its nominal 

value from the 5
th
 second to the 12

th
 second and the peak 

value of the frequency goes extremely high at about the 

12
th
 second. Especially, in Case 3, the frequency remains 

stable and the frequency fluctuation is not decent with H-

infinity control. In contrast, the frequency fluctuation when 

using droop control is strongly aggressive, thus the 

frequency is out of the acceptable range (from 49.8 Hz to 

50.2 Hz). 

Moreover, from the results of DG units’ response, there 

are differences in the power sharing between diesel 

generator and ESS. With the droop control, the power 

injected to the system is divided equally between both DG 

units. With the H-infinity controller, Microgrid only 

receives power from ESS while the diesel generator does 

not participate in the power sharing. This remarkable 

aspect will be considered in the calculation of DG units for 

an optimal and relevant control strategy when using robust 

H-infinity control method. 

6. CONCLUSION 

The theory of Microgrid and robust control was briefly and 

concisely presented in the paper. Robust H-infinity control 

method for Microgrid has been proposed and shown 

through figures and equations as well as simulation process 

using Matlab/Simulink software. The simulation results 

show that, when increasing the capacity of the renewable 

energy source, the system frequency will fluctuate and 

exceed the acceptable limit. Therefore, H-infinity 

controller was designed to solve that problem to expand the 

penetration of renewable energy into the system. Compared 

to traditional method (droop control), H-infinity controller 

shows remarkable performance in the frequency stability of 

the Microgrid. However, H-infinity controller is too 

complicated because of its high order, so it is not practical 

to make hardware application. In the future, authors will 

study to reduce the complexity of the H-infinity controller 

for practical application. In addition, other advanced 

algorithms will be considered to apply for islanded 

Microgrid control. 
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