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1- Introduction
Hybrid AC/DC microgrids will be the future energy 
distribution networks and a reliable alternative for existing 
AC power systems. An increase in the energy demand 
and black-out problems in conventional power networks 
are boosting the market and research attention towards 
distributed and renewable power generation systems like 
PV systems [1]. The technology advancements in renewable 
energy resources, power electronic interfaces and conversion 
methods provide broad utilization of DC power. It is required 
to guarantee  the integration of this type of power with the 
conventional AC system. In the real world, hybrid microgrids 
facilitate the bi-directional conversion technology between 
AC and DC powers.
Distributed energy concept and decentralized control system 
cannot be implemented by the conventional power system. 
In general power network, there is an integrated network 
of generators, loads, and transmission lines. This topology 
establishes a power system with a high sensitivity to 
disturbances which occur in each part of the network. Hybrid 
microgrid enables the overall power network to be more 
flexible and reliable because of the islanded and connected 
operating modes and, also, convertible powers. The hybrid 
network can generate a large amount of DC power like 
PVs with the capability of conversion technologies. Hybrid 
microgrid provides acceptable reliability for the power 
systems and the required power quality for different loads. 
The considerable challenges in hybrid system with PV units 
are both basic and advanced issues related to harmonic 
control and stability and at the system level, synchronization 
with the grid, detection of islanding condition for PV power 
systems, and control under grid faults [2].   
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The major problem of a hybrid microgrid is the complexity 
of frequency and voltage control because of the absence 
of power grid in different working conditions and island 
modes especially. Another point is the method of pulse width 
modulation (PWM) switching to ensure the power quality by 
accurately converting both AC and DC powers. Therefore, 
the hybrid microgrid frequency and voltage control and also, 
the central controller (supervisory controller) schemes are 
almost the major challenges in the most of recent papers.
Some of these studies applied different methods and controllers 
for different designs of hybrid networks considered as 
possible future distribution structures [3],[4]. In [5], a voltage 
control strategy using a multi-PR controller is implemented 
to regulate the voltage of a multi-level inverter in the 
presence of uncertainties of the hybrid system. The paper [6] 
proposes a control method to remove  the circulating current 
of the converter in the power sharing moments when a hybrid 
system is operated in an island mode. The proposed controller 
of this work includes a droop controller for autonomous 
power sharing and a virtual impedance controller for 
reducing the power sharing deviation. Also, a robust optimal 
power management system is developed for a hybrid AC/DC 
microgrid system in [7]. The DC bus voltage fluctuations are 
damped by a two-level controller which was used to consider 
the power of the battery banks. In the proposed strategy of 
[8], a multi-segment adaptive power/frequency characteristic 
curve adapts the power of a PV source in a hybrid unit. The 
control method is based on a multi-loop controller to  provide  
a flexible operation of hybrid system in island mode.    
The control of hybrid microgrid system depends on the 
structure of the network and the complexity of the controller, 
and various control methods were suggested in recent studies. 
Among the new schemes [9],[10], this paper works on a 
modern architecture of hybrid microgrid (renewable resources 
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as the main suppliers) and applies a novel hybrid microgrid 
management system (HMMS) based on the application of PR 
and PI controllers. In this study, a hybrid microgrid structure 
is designed for an automatic interconnection between 
different sources. A novel control plan is introduced to  damp 
the system disturbances precisely and connect the sources of 
microgrid to each other with a high reliability and without 
any network failures in power sharing moments. In this way, 
the practicality and effectiveness of applied controller in the 
current study are examined and compromised with other 
studies. The prominent feature of the proposed scheme is the 
high response rate of HMMS to unpredicted changes. In the 
real world, the demand response concept has been realized 
correctly. This advantage is obtained by applying a hybrid 
controller composed of PI and PR controllers with different 
characteristics.   
This paper studies the hybrid AC/DC microgrid system in 
island mode to control the system power sharing and load 
requirement. To survey the stability and reliability, the transient 
modes and disturbances are simulated by exchanging between 
six Z constant loads. The HMMS strongly associates with the 
system and PR and PI controllers’ parameters. Therefore, the 
controllers’ parameters are acquired by minimizing a proper 
cost function. The integrated time-weighted absolute error 
(ITAE) method is used to this end.
This paper is organized as follows. Section 2 involves the 
hybrid microgrid challenges in island mode. In this section, 
the routine power system circuit equations are represented for 
system analysis. In Section 3, the main structure of HMMS is 
discussed for load requirements in the island mode. Section 4 
introduces a new control method based on the transient mode 
of PR and PI controllers. Section 5 shows the results of the 
implementation of this effective method for voltage control 
in this paper. In section 6, there is a synopsis argument  on 
the control methods and uncertainties because of the various 
working modes.
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Fig. 1. Schematic diagram of hybrid AC/DC microgrid system

2- Problem Statement
We study a simulated model of a hybrid power network in 
the distributed level to represent a flexible system with a 
high reliability in all working modes. The control purpose 
is to damp the deviations of the AC and DC powers from 
nominal values. In some studies, e.g. [5], various types of 
controllers are applied to manage the operation of a hybrid 
system. To have an overview of the impact of each part of the 
controller on the system overall performance, the controller 
architecture has a modular structure. The control design for 
each converter is carried out individually and two similar PI 
controllers are proposed for the super capacitor (SC) and fuel 
cell (FC) controllers. Also, a multi-PR controller compensates 
for the harmonics of nonlinear loads to provide a regulated 

voltage. The main shortcoming of this scheme is the large 
close-looped transfer function of the system controller which 
increases the inertia of controller response. In addition, 
the PI and PR control parameters were not selected by the 
optimization algorithms. 
In [3], inverter current control strategy was used to trigger  
the PWM inverter to supply the demanded AC or DC power. 
Although this model of controller has the ability to work 
in both island and connected modes, new control schemes 
are equipped with the island mode detection tools [13],[20]. 
Hence, the system frequency is fixed in the island mode and  
phase-locked loop (PLL) will be a useless block. In addition, 
PLL decreases the control system response rate because of 
the delay of its inner structure. Moreover, the proposed model 
includes two abc-dq transfer functions which generate extra 
harmonics and errors in control system responses. 
Although the discussed studies proposed several models for 
hybrid microgrid systems, all requirements and criteria of 
power systems and loads are not satisfied or considered. In 
this study, the control idea is established based on a practical 
and efficient method to ensure the stability, reliability, and 
demand response. The analysis of the introduced controller 
performance is carried out in the island mode with a fixed 
frequency based on island detection ability. Therefore, a 
modern control concept is recommended using an accurate 
coordination between PI and PR controllers in a current 
control form in order to regulate the AC and DC bus voltages 
and also power sharing management in the hybrid mode.  
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Fig. 2. 3-phase electrical diagram of hybrid system

Fig. 1 shows a sample hybrid AC/DC microgrid network. In 
this schematic diagram, the inner structure of the  system is 
determined with a configuration of two AC and DC sources 
and loads. A PV source with energy storage system is 
connected to the DC bus and there is a DG source with AC 
load in AC bus. The total system is considered to operate in 
island mode. 
Two mentioned buses are not separated from each other 
and the power sharing between them creates an integrated 
network. In the proposed schematic diagram, PV is the 
first source as a renewable energy supplier and DG has 
a supplementary role. The major problem for this island 
network is the regulation of AC and DC buses voltages 
and the correct power transformation between these buses 
considering  the load demand.
Since the main function of the proposed hybrid microgrid is in 
AC system, all formulation and control design are made in AC 
framework. In order to analyze the operation of the proposed 
system, two scenarios are discussed for probable islanded 
operating modes. In these scenarios, PV is considered as the 
main source because of the utilization of renewable energy 
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resources; furthermore, DG is solely for critical conditions 
when the demanded power is higher than PV rated power.    
In Fig. 2, an electrical diagram of PV and DG sources with 
AC load is shown. The mathematical formulation of 3-phase 
power circuit equations for this hybrid system is given by

• Scenario 1: normal condition
 When & 0PV bus DGI I I= =

3 cos( )PV PVP V I θ=                                                              (1)

3 sin( )PV PVQ V I θ=                                                             (2)

• Scenario 2: critical condition
 When bus PV DGI I I= +

3 cos( )bus busP V I θ=                                                               (3)

3 sin( )bus busQ V I θ=                                                            (4)

lr iL lrgL

fC

dr

Low Pass Filter

Fig. 3. Single line diagram of LPF

where P & Q  are the exchanging active and reactive powers, 
respectively. θ  is the power angle. ,PV DGV V and busV  are the 
root-mean-square (RMS) voltages of inverter output, DG 
source, and bus-bar. ,PV DGI I and busI  are the currents of  PV, 
DG sources, and local load.

3- Hybrid Microgrid Management System (HMMS)
This paper improves the previous methods based on the 
system circuit equations which are combined with PI and PR 
controllers to respond the load demand. Here, a novel scheme 
of the current controller which has two series sections of PI 
and PR is introduced. 

3- 1- PI Control Strategy
The first part of the control structure is a new application of 
a PI controller. In the hybrid systems, the DC bus voltage is 
a crucial index to recognize  each change or disturbance in 
the network. The other advantage is that the DC bus voltage 
has definite values in normal and critical conditions and its  
variations in transient modes are a practical feedback for 
the control loop. Also, it is easier to control a DC parameter 
compared to AC one. Hence, the variations of DC bus voltage 
as DCV  are used for PI controller input. Considering that the 
general controller is modeled in 3-phase frame work, the 
DC value of PI controller output must be converted to AC 
analogue signal. Since  the islanded hybrid network frequency 
is fixed on 50Hz, an AC reference signal can be generated for 
coupling the DC part to AC system. This signal as refS  is 
applied to PI output. The PI control equation is defined as

( ( - ) ( - ))ref ref ref
inv ref i DC DC p DC DCI S K V V dt K V V= +∫                     (5)

where, iK  and  pK  are the integral and proportional coefficients, 
respectively. The measured DC bus voltage is DCV and ref

DCV  is 
the reference value which is set on 750V. ref

invI  is the reference 
inverter current for the next PR controller.

3- 2- Determining the PR Controller Parameters
In order to start the design of the current controller, it is 
necessary to determine the type of appropriate controller. 
Proposed current controller applies a PR control strategy to 
precisely control the inverter parameters.
The PR controller includes two separate proportional and 
resonance parts which have a considerable influence on the 
overall performance of PR. The transfer function of this type 
of controller is described as:

2 2
0 02

c
c i
p

K s
PR K

s sξω ω
= +

+ +                                                  (6)

In the transfer function of PR, 0ω is the resonance frequency, 
thus, it value is equal to 50Hz. The value of c

iK  and ξ  is 
strictly dependent  on the behavior of transfer function in the 
condition that c

pK  is zero. Therefore, the variation of ξ  is  
studied in the cases that c

iK  is assumed to be fixed and vice-
versa. By assigning a range of numbers for both mentioned 
parameters, the result is that ξ  must have a very low value 
(about zero), but the system frequency fluctuations are an 
obstacle for this hypothesis. Based on a trade-off between 
these two points, ξ  is valued 0.01.

c
iK  has a direct impact on the system speed and inverse 

impact on the system error. It is assigned 10000 by try and 
error method.  
The proportional factor c

pK  is associated with the system 
stability analysis. This means that the value of c

pK  must 
be selected while other parameters are given to assure the 
system stability. Therefore, c

pK  is calculated by surveying the 
stability of open loop transfer function (OLTF) in the next.

3- 3- Low Pass Filter
To remove the extra harmonics, a low pass filter (LPF) is 
embedded in the output of the inverter. The values of the 
LPF parameters are selected based on the filter designing 
methods [2]-[15]-[23]. In Fig. 3, a single line diagram of LPF 
is shown. Also, the values of the inverter and LPF parameters 
are determined in Table. 1. 

Table 1. Parameters of inverter and LPF

Parameter Value Parameter Value

switchingf 7 kHz iL 5 - 3 e H

ratedf 50 Hz gL 1 - 3 e H

L LV − 380 rmsv fC 3 - 5 e F

PVP 17 KW dr 5 Ω

DGP 30 KW PC 5 - 6 e F
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Fig. 4. Block diagram of HMMS for hybrid AC/DC system

4- NEW CONTROL METHOD
In [5], two current controllers were used based on the d-q 
technique. In each section, a PR controller was applied to 
control the d-axis and q-axis parameters. Two transformation 
processes were needed to d-q/a-b-c conversion, and, hence, 
the dimension of the control block diagram transfer function 
will be bigger and bring about an inapplicable system. This 
issue strongly decreases the system speed and increases the 
extra harmonics in the system signals through the d-q/a-b-c 
conversion. On the other hand, the new hybrid systems are 
equipped by island detection controllers to fix the system 
frequency on nominal value in island modes. Here, this has 
been done by generating a reference signal which is capable 
of setting all system AC signals, e.g. voltage and current, on 
nominal frequency.
As mentioned, the control scheme proposed in [5] is not 
capable to stabilize the system states in the accepted settling 
time which is defined in controlling processes while the 
end-user requires a fixed profile voltage and the nominal 
frequency with a high reliability in a very little time to pass 
the transient states. To establish such condition, this paper 
proposes a novel control scheme which includes HMMS with 
two different operations of PI and PR controllers.
The block diagram form of HMMS is shown in Fig. 4. In 
this design, ref

invI  is the PI output which is a desirable current 
signal for PR.. To facilitate  the control process and enhance  
the system response to the variations and disturbances, an 
applicable operation of PR control concept is proposed. The 
current control is designed for only one phase in a 3-phase 
reference framework. The controlling signals of the other 
phases are produced by a 3-phase module which generates 
the 3-phase signals from one phase of PR output by shifting 
the angle input signal in 120 and 240 degrees.
Here, the OLTF is represented to  survey the system stability. 
The formulation of this transfer function is given by

2 2
0 0

3 2

( ) ( ) ( ) ( )

(K )( )
2

1
( ).

( ) ( )

c
ci i

P p

f d

i g f f d i g i g

TF s PI s PR s LPF s
K K s

K
s s s

sC r
s L L C s C r L L s L L

ξω ω

= =

+ +
+ +

+

+ + + +

                           (7)

As shown, the transfer function includes three sub transfer 
functions as PI, PR, and LPF and all parameters are specified 
except c

pK . The procedure is that c
pK  is determined in a 

way to verify the system stability. According to the stability 
studies for OLTF, the c

pK =100 satisfies the system stability 
from the control viewpoint. In addition, the selected control 
parameters support the system stability for both scenarios 
which were described in section 2.
In the following, the stability study is performed for two 
AC and DC working scenarios, which cover all probable 
modes of the hybrid system. The OLTF must be considered 

by parameters which are available in Tables I and II. The 
OLTF that is obtained from mathematical computation can 
be written as:

4 3 2

6 5 4 3 2

( )
168.8 s  + 1.421e06 s  + 2.056e09 s  + 5.388e11 s + 2.776e13  
 7.5e-07 s  + 0.004505 s  + 30.1 s  + 632.6 s  + 2.961e06 s  
 
 

TF s =
       (8)

The poles of OLTF are obtained from (8) as:

[ 68.9, 455.5, 1126.9 6798.3 , 1614 1537i]X i= − − − ± − ±   

Fig. 5. Roots locus analysis for open loop transfer function 
when Kp

c=100

Fig. 6. Open-loop bode diagram for
 
Kp

c=100

Fig. 5 shows the open-loop pole loci when all parameters 
are invariable and c

pK  is searched to have a value to confirm  
the system stability. According to the explanations above, 
the system sensitivity is controlled by c

pK . Also, the bode 
diagram the OLTF when 100c

pK =  is depicted in Fig. 6. As 
can be seen, the selected value for c

pK  preserves the system 
stability in a point in which the gain margin is 9.76 dB and 
the phase margin is 31.7 degree. These are acceptable values 
according to control texts.
A detailed structure of HMMS is displayed in Fig. 7. Generally, 
HMMS is formed by a combination of a DC bus controller 
and a current controller. The first part is a simple application 
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of PI controller with two pK  and iK  control parameters. In 
the next part, the current controller works using a generated 
reference current by PI. The connector operator between DC 
and AC controller is refS  Which is made by a sine wave with 
frequency 50 Hz.  The PR controller parameters have a high 
impact on the performance of inverter in these types of hybrid 
system controllers. Therefore, it is essential to carefully 
check the system stability and its sensitivity to the variation 
of the PR controller parameters. These requirements will be 
evaluated in the next.
The significant characteristic of the proposed control 
scheme is to simplify the complexity of conventional hybrid 
system controllers by removing the extra d q− /  a b c− −  
transformations which were applied in previous papers. refS
either links the DC and AC control parts or  synchronizes the 
DG operation with PV unit. All the time, refS  is applied to DG 
to prepare it for critical conditions and DG follows the angle 
of refS  in all working modes. 

5- Case Studies
This paper studies the control performance of HMMS in 
probable working mode. Actually, the case study is designed 
for surveying the power management strategy of DG and PV. 
To survey the performance of the proposed control structure, 
the system frequency is set on 50Hz for island mode, in 
addition, deviations of all AC and DC buses voltage are 
represented in all conditions which may exist  in islanded 
hybrid systems. Two PI and PR controllers cover both AC 
and DC sub-grids. The reason for using DC parameters (like 
DC bus voltage) as inputs of PI controller is the fact that 
they have constant values and their variations are as step. 
Actually, DCV  is the best indicator for having a feedback of 
load behavior and system condition. In this methodology, 
the main challenge is transforming the AC and DC control 
parameters to each other without using a conventional d-q 
technique which is implemented in previous studies. Island 
detection technology in modern hybrid systems creates this 
capability to connect the AC and DC control environment just 
by generating a reference signal.
PR has the task of controlling the inverter current using a 
reference current which is supplied by PI controller. This part 
of current controller manages the AC parameters deviations 
by utilizing the PR characteristics. 
Considering the proposed case study, the hybrid system 
works in these ways; the base source is PV due to the priority 
usage of renewable features and DG is a secondary resource. 
In the first scenario when demanded power is lower than the 
produced PV power, DG will be out of service and it injects 
no power to the system. In the next scenario, in which the 

consumable power exceeds the PV nominal power, DG is 
employed and synchronized with the system by the reference 
signal refS . The novelty of this study is the application of 
renewable energy resources as the main supplier while the 
DGs have this role in the similar networks of previous studies.   
The control parameters and power sharing values of sources 
and loads are represented in six simulated transient states in 
Table II. The coefficients of PI are set on values which are not 
the optimum values. The system output signals have a lower 
deviation by optimal values for PI control parameters. This 
discussion can be considered for future studies. To  have  a 
better view of the effectiveness of the proposed method, the 
crucial results of HMMS are represented. 
Fig. 8 shows the active and reactive power variations of 
DG, PV and load considering  the six load changes. The 
total simulation time is 1.8 seconds and for each variation, 
the values of active and reactive powers are strictly fixed on 
a given measure. The limited active power of PV is about 
17KW. Therefore, the demanded power of more than this 
amount is provided by DG. In addition, when DG is in 
service, load reactive power is often supplied by DG. The 
exact values of DG, PV and load are represented in Table II. 
In the first variation between 0-0.3, load active power is 
20KW. PV injects its maximum power 17KW and the rest 
is provided by DG. As is clear in Fig. 8, DG approximately 
generates all load reactive powers. For the next variation 
between 0.3-0.6, the load active power goes below the PV 
rated power. Therefore, DG is out of service and the PV 
responds to the requested active and reactive power. This 
performance of the DG and the PV is exactly repeated for the 
various amounts of the load powers.
Fig. 9 shows the DC bus voltage amplitude varying between  
750V and 850V. The profile of DC bus voltage is matched 
with the power-sharing procedure between sources. In this 
study, the PV unit operation is evaluated by the DC bus 
voltage. The normal DC voltage drop is limited by 750V 
when the load power raises above the PV nominal power. On 
the other hand, the requested load power reduction causes 
the controlled DC bus voltage to reaches at 850V. With this 
feedback of DC voltage, the PV unit can sense each working 
mode of the system and regulate its  operation based on the 
available system condition and load requirement. Finally, the 
DC voltage 750V is for the maximum injected power by PV 
and 850V is for the reduced load demanded power under the 
PV rated power. 

×

refS
invI

DCV

ref
DCV

+

−
pk

ik1 S

+

+ −

02ξω

kc
i

+
1 S

kc
p

0 Sω

+ −

−
+ref

invI +
to PWM

Current ControllerDC Bus Controller

Fig. 7. Detailed control diagram of HMMS for a hybrid AC/DC microgrid network
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Fig. 8. Active and reactive powers of DG, PV, and load

Fig. 9. DC bus voltage changes for HMMS operation

In Fig. 10, the 3-phase DG and PV voltage is depicted for 
closely surveying the harmonics, frequency, and amplitude of 
power energy which is received by the end-user.  
Fig. 11 shows the bus RMS voltage fluctuations based on 
the load changing. This scenario proves that the PI and PR 
controllers are able to firmly stabilize the voltage of hybrid 
microgrid system in each variation of working modes.
In Fig. 11, the bus voltage profile truly follows the changes 
in local load and becomes quickly stable on the nominal 
value. The bus voltage stays on 220V except in 0.3, 0.9 and 
1.5 seconds. According to the 3-phase wavefroms which are 
represented for DG and PV voltage in Fig. 10, it is obvious that 
DG voltage is stable in all states and it is ready to just inject 
the required power to the system. Moreover, the PV voltage 
is set on the nominal voltage but it drops in the mentioned 
times in which PV solely supplies the load demand and DG is 
not in service. Hence,  the fluctuation which exists in the bus 
voltage is due to the PV voltage. In fact, the bus voltage is an 
indication for hybrid microgrid system stability despite the 
many uncertainties in island mode. 

Fig. 10. Waveform of (a) DG and (b) inverter bus voltages

 Fig. 11. AC bus RMS voltage transient deviations

The waveform of DG, PV and load currents are shown in Fig. 
12 to clearly show  the performance of the sources. Also, the 
supplementary role of DG is proved in the situations which 
consumed power by the load is provided by the PV unit when 
the DG current is zero.
Fig. 13 depicts the RMS currents of the hybrid system. Since 
the profile voltage for all AC buses is fixed on nominal value, 
the current behavior of DG, PV, and load is similar to the 
power waveform. This validates the studied hybrid microgrid 
system operation based on the power grid requirements.
Although the HMMS strongly depends on the system 
structure, the tested control scheme is applicable in expanded 
hybrid networks.
To investigate the operation of the HMMS, a comparison is 
made among the methods in [3], [5], and the proposed one in 
Table III. This analogy is based on both control and power 
system indexes. It is clear that HMMS totally has better 
simulation results for hybrid system.

Table 2. Hybrid Microgrid Parameters

Mode VIMode VMode IVMode IIIMode IIMode I
1.5-1.81.2-1.50.9-1.20.6-0.90.3-0.60-0.3time

0.02,5
100,450

0.01

0.02,5
100,450

0.01

0.02,5
100,450

0.01

0.02,5
100,450

0.01

0.02,5
100,450

0.01

0.02,5
100,450

0.01

,  p iK K
,  c c

p iK K
ξ

10,0
0,0

17,0.25
7,0.75

13,1.4
0,0

17,0.25
11,1.75

14,1
0,0

17,0.25
3,2.25

,   inv invP Q
,   DG DGP Q

10,024,113,1.428,214,120,2.5,   load loadP Q

( rated ratedP =30 KW,V =380 V & ratedf =50 Hz ) 
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Fig. 12. 3-phase system performance based on exchanged 
currents

Fig. 13. RMS currents for hybrid system sources (DG&PV) and 
load

Table III. Comparison of results 
[3] [5] This study

Settling time 
Medium

(About 0.3 
sec)

Low
(About 2 sec)

Fast
 (Under 0.02 

sec)
Over/Under 

shoots
Low 

(About 5%)
High 

(About 50%)
Low 

(About 10%)
Time for each 

change 1 sec 6 sec 0.3 sec

High-frequen-
cy harmonics Low High Almost with-

out harmonic
DC bus volt-
age fluctua-

tions 
Low High Low

Controller
Extra d-q 

transforma-
tion

Extra d-q 
transforma-

tion

3-phase 
framework 

System 
response to 

changes
Medium Slow Fast

6- Conclusion
In this paper, a new control method was proposed based on 
the distributed approach for hybrid microgrid systems. The 
control scheme was a combination of two different PI and 
PR controllers for DC and AC frameworks. The proposed 
HMMS could compensate for the hybrid system disturbances 
and transient modes which were simulated by load changing. 

Also, verification of the system stability and reliability was 
precisely performed in different modes. The main focus of 
this study was on designing a practical architecture for hybrid 
microgrid systems to create a network for more participation 
of renewable energy resources in the modern power grids. 
The concentration of this study was on the control of island 
working mod and also island detection method for hybrid 
system. In this way, an integrated control scheme which 
consists of a DC and an AC controller was proposed. The 
practicality and the performance of the proposed method 
were verified by the simulation results.
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