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Abstract – A Dynamic Voltage Restorer (DVR) model is proposed to eliminate the short-term 
voltage disturbances that occur in the grid-connected mode, the switching between grid-connected 
mode and the stand-alone mode of a Microgrid. The proposed DVR structure is based on a 
conventional cascaded H-bridge multilevel inverter (MLI) topology; a novel composite control 
strategy is presented, which could ensure the compensation ability of voltage sag by the DVR. 
Moreover, the compensation to specified order of harmonic is added to implement effects that zero-
steady error compensation to harmonic voltage in specified order of the presented control strategy; 
utilizing wind turbines-batteries units as DC energy storage components in the Microgrid, the 
operation cost of the DVR is reduced. When the Microgrid operates under stand-alone mode, the DVR 
can operate on microsource mode, which could ease the power supply from the main grid (distribution 
network) and consequently be favorable for energy saving and emission reduction. Simulation results 
validate the robustness and effective of the proposed DVR system. 
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1. Introduction 
 
Although the Microgrid has numerous technical and 

economical advantages, it is usually located in tail of the 
main grid, which is very vulnerable to various disturbances 
of power quality [1-2]. Microsources (e.g. wind power, 
solar photovoltaic cells and fuel cells, etc.) alone are 
insufficient in meeting users’ requirements of output 
voltage and frequency, and require the help of power 
electronic technology in Microgrids. However, the use of 
power electronic equipments, to enhance the harmonic 
level, have been causing more or less negative effects on 
the power quality of critical loads.  

The Microgrid is operated under two modes: (1) grid-
connected and (2) stand-alone. When a switch between 
the two operation modes occur, there is a process of 
instantaneous voltage sag or swell, which negatively 
influences the microsources and power quality of critical 
loads in the Microgrid. In such, incalculable economic 
losses would be ensure if the appropriate control strategies 
and related equipments aren’t employed. As it has been 
noticed, the negative drawbacks of the Microgrid could 
outweigh its’ advantages [3-5].  

Dynamic Voltage Restorers (DVRs) are effective 
equipments commonly used to regulate power quality 
disturbances [6,7]. In the past decade, a large number of 
research has focused on how to make DVR work more 

efficiently and at a lower operation cost, mainly aimed at 
DC energy storage [8,9], the topological structure [10-12] 
and the compensation schemes or control strategies of 
DVR [13-17], etc. However, the bulk of current literature 
on DVR has focused chiefly on the main grid, and there 
has not been a similar extensive body of literature on the 
analysis and synthesis of DVR in Microgrids. With the 
further popularization of Microgrids, it is of significance to 
speed up the study work of DVR in Microgrids, maximize 
the role of Microgrids, weaken its’ negative effects on 
critical loads and reduce economic losses. 

In this paper, a suitable model of DVR in the Microgrid 
is proposed to address power quality disturbances caused 
during the two operation modes. (1) The proposed DVR 
system is based on a conventional cascaded H-bridge 
multilevel inverter (MLI) topology. (2) In the aspect of 
control strategy of MLI, a Sinusoidal Pulse Width 
Modulation (SPWM) based on composite control strategy 
composed of double closed-loop Proportional- Integral (PI) 
and Modified Proportional-Resonant (MPR) is presented to 
raise the operation performance of MLI and allow the DVR 
to further reduce the voltage harmonic characteristics of the 
system when compensating load voltage. Applying SPWM 
into the topology of MLI could obtain a higher equivalent 
switching frequency and lower switching losses. The 
inner closed-loop of current control with PI based on 
synchronous speed rotating coordinates could realize real-
time tracking and compensation for load voltage, ensure 
that the load voltage is maintained at the rated value and 
improve the power quality and reliability (PQR). The outer 
closed-loop of voltage control with MPR, which has 
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infinite open-loop gain at the point of resonant frequency, 
could theoretically achieve zero-steady error control and 
suppression to harmonic voltage in a specified order in 
the Microgrid, moreover, it could avoid the complex 
coordinate transformation, decoupling control and feed-
forward compensation control of conventional PR control 
and multiple-PI control, reduce the amount of calculation 
and simplify the complexity of the control system. (3) 
Utilizing wind turbines-batteries units as DC energy storage 
component in the Microgrid, would not only provide the 
required compensation energy handily but also avoid the 
use of additional energy storage devices of DVR. Such a 
design could simplify volume, reduce the operation and 
maintenance cost of the DVR. (4) When the Microgrid 
works under stand-alone mode, the DVR can operate in 
microsource mode, which could reduce the power supply 
from main grid and be favorable for energy saving and 
emission reduction. The theoretical analysis and simulation 
results based on Mat-lab/Simulink platform all validate the 
robustness and accuracy of the proposed DVR model. 

 
 

2. System Description 
 
The block diagram of the proposed DVR in the 

Microgri-d is shown in Fig. 1. 
The proposed system consists of wind-turbines, AC/DC 

converter, batteries, low set-up DC/DC converter, cascaded 
H-bridge MLI, control system for MLI, rectifier with Power 
Factor Correction (PFC) circuit and semiconductor switches 

1S , 2S , 3S , circuit breaker (CB) and Point of Common 
Couple (PCC), the supply-side voltage SU  and the load-
side voltage LU . In details, switch CB is a bidirectional 
one, which is used to control the DVR operation mode, 
when the SU  is normal, CB is normally closed and DVR 

is under standby condition. On the contrary, when the SU  
fails, the CB is open and DVR is under working condition. 
Switch 1S  is used to control the operation of wind turbines. 
Switches 2S  and 3S  are used to control batteries charging. 
All the switches are operated by Energy Management 
System (EMS).  

The proposed DVR system could operate in three modes 
in accordance with the Microgrid. Therefore, it could 
improve the utilization rate of equipments compared with 
the conventional ones in main grid. According to the 
changes of the measuring point voltage, through the status 
of system switches, it is clear to decide which mode the 
DVR operates in. The control logic of the DVR system 
operation modes is shown in Table 1, where single “1” 
means open and single “0” means closed, voltage MGU  is 
the Microgrid voltage. 

 
2.1 Grid-connected mode (compensation mode) 

 
In the grid-connected mode, the Microgrid remains 

connected to the main grid totally, and imports power from 

 

 
Fig. 1. The block diagram of the proposed DVR Model in a Microgrid 

Table 1. The control logic of the DVR system operation 
modes 

Operation 
Modes 

Measuring 
point 

Voltager (V)
Status of switches Wind 

speed 
Status of
Batteries

US=380 
UL=220  1  1 0 1 0 ─ ChargingCompensation

Mode US<380 
UL<220  1  0 1 1 0 Stronger Charging

UPS mode UMG<220
UL<220 1~0 0 0 0 1 ─ Dicharging

US=0 
UL=220  0  0 1 0 0 Stronger ChargingMicrosource

mode US=0 
UL<220  0  0 0 0 1 Weaj Dicharging



Yonghong Huang, Junjun Xu, Yukun Sun and Yuxiang Huang 

 http://www.jeet.or.kr │ 1647

the main grid to supply its critical loads, whereas switches 
CB and PCC are closed. When the voltage LU  is normal, 
switches 1S  and 3S  are closed and 2S  is open, batteries 
could be charged by the rectifier and low set-up DC/DC 
converter, wind-turbines could also charge the batteries 
through the AC/DC converter during appropriate weather 

conditions. In case of voltage sag in the main grid, switch 
CB should be open quickly and the DVR needs to operate 
in compensation mode so that it could ensure the PQR for 
priority loads in the Microgrid. The operational flowchart 
of EMS is shown in Fig. 2 (a).  

Note that, the wind-turbines keep charging the batteries 

 
Fig. 2. The operational flowchart of EMS in all modes 
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whether the wind is strong or not, so as to optimize the 
State of Capacity (SOC). 

 
2.2 In the process of modes switching (UPS mode) 

 
When the Microgrid operates from grid-connected mode 

to stand-alone mode, instantaneous voltage disturbances 
would appear in the process of two modes switching and 
cause negative effects to the PQR of priority loads. In this 
mode, the proposed DVR could provide uninterrupted 
power supply for priority loads in order to ensure the 
Microgrid seamlessly switches between the two modes. 
When the Microgrid switches over to stand-alone mode, 
switch 3S  is open accordingly, so as to let batteries be in a 
discharge state. The operational flowchart of EMS in this 
mode is shown in Fig. 2 (b). 

 
2.3 Stand-alone mode (Microsouce mode)  

 
The Microgrid should switch over to stand-alone mode 

when there is a case of power fail in the main grid or 
during a period excess power generation. The proposed 
DVR operating in microsource mode, presents two 
advantages over previous DVR models：1) it allows 
power to be exported to the priority loads and 2) it allows 
excess energy to be stored. Therefore, the proposed DVR 
has higher utilization rate than conventional one in 
distribution networks. The operational flowchart of EMS in 
this mode is shown in Fig. 2 (c). 

 
 

3. The Proposed Composite Controller 
 
In fact, microgrids are small-scale, low-voltage supply 

networks designed to supply electrical and heat loads [18]. 
Inconsideration of a cost effective means to improving the 
efficiency of the proposed DVR system, a transformless 
structure is used in the proposed DVR system and this 
structure could avoid the harmonic pollution caused by 
series transformer. However, the microsources in Microgrids 
must be equipped with power electronic interfaces (PEIs) 

and controls to provide the required flexibility and reliable 
power, the abundant use of PEIs also cause much harmonic 
to the power supply. In this paper, a composite controller 
for the proposed DVR system in the  

Microgrid is presented, which could ensure the 
compensation ability of voltage sag or other disturbance 
and compensate harmonic voltage in the specified order by 
DVR. The complete block diagram of the proposed 
composite control strategy is shown in Fig. 3.  

In Fig. 3, SU  is distorted voltage and LU  is 
undistorted voltage, DVRU  is the actual output voltage of 
the DVR and voltage *

DVRU  is the reference voltage. The 
cascaded H-bridge MLI is series connected with the system 
using a LC filter (Lf and Cf). The dq detection algorithm 
and pre-compensation methods have been used in the 
voltage sag detection part and the reference voltage 
generated part, respectively. 

 
3.1 Analysis and design of parameters 

 
The introduction of proposed Modified Proportional-

Resonant (MPR) controller is based on the conditions that 
the bandwidth of conventional PR controller is relatively 
narrow and the characteristic of anti-frequency offset is not 
so satisfied [19]. The transfer function of MPR controller is 
expressed as (1). 

 

 2 2
3,5,7 0

2( )
2 ( )

r c
MPR p

k c

K sG s K
s s k

ω
ω ω= ⋅⋅⋅

= +
+ +∑  (1) 

 
where Kp and Kr are proportional and resonant gain, 
respectively, cω  is cut-off frequency and 0ω is resonant 
frequency, k is harmonic in specified order. 

When Kp =10, 015, 25rad / s, 100 rad / sr cK ω ω π= = = , 
the bode diagrams of MPR controller and PR controller are 
illustrated in Fig. 4 (a). The comparative analysis of 
amplitude-frequency curves in Fig. 4 (a) shows that MPR 
controller has a much wider bandwidth than the PR 
controller, which means that the MPR controller could 
produce a large amplitude gain when the system frequency 

 
Fig. 3. The complete block diagram of proposed composite control strategy 
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offset occurs. As (1) shows, the factor influencing the 
performance of the MPR controller is not unique. To obtain 
better dynamic and static performance, the rational design 
of the controller parameters is especially significant. To 
analyze the effect of every single parameter on the MPR 
controller, two of the three parameters were kept constant 
and the third one was altered. The influence of each 
parameter to the amplitude-frequency characteristic of 
MPR controller is demonstrated in Fig. 4 (b), (c) and (d), 
respectively. As is shown in Fig. 4 (b), the magnitude of 
MPR controller increases with the increase of Kp. As a 

result, the parameter Kp mainly affects the proportional 
gain of MPR controller. In Fig. 4 (c), when rK  increases, 
the amplitude-frequency curve shifts upward. The magnitude 
of MPR controller at resonant frequency also increases, 
while the bandwidth remains the same. Therefore, rK  
plays a role in reducing steady-state error. As is shown in 
Fig. 4 (d), when cω  changes, the magnitude at resonant 
frequency remains relatively without change. Whereas the 
magnitudes and bandwidths at other frequencies increase 
with cω . Thus, the bandwidth of the improved PR 
controller is mainly affected by cω . 

 
Fig. 4. The parameters analysis of MPR controller using bode diagram: (a) is the bode diagram of MPR controller and PR 

controller; (b) is the bode diagram of MPR controller in case of varying Kr ; (c) is the bode diagram of MPR 
controller in case of varying ωc ; (d) is the bode diagram of MPR controller in case of varying Kp 

 

*
DVRU
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Fig. 5. The equivalent block diagram of proposed composite control strategy 
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3.2 Analysis of compensation performance 
 
To facilitate the analysis, Fig. 3 is converted equivalently 

into Fig. 5. The transfer function of DVRU  could be 
obtained by using Mason gain formula as (2) described, 
where ( )PIG s  and ( )MPRG s  are described as formula (3). 
Detailed derivation of the transfer function is provided in 
the Appendix. 

Fig. 4 (a) shows the transfer function of MPR controller 
( )MPRG s  could obtain infinite gain values at the frequency 

0ω , which leads to a deduction of (2) expressed in the 
simple expression as 

 
 *

DVR DVRU U≈  (4) 
 
It is apparent by observation in (4) that the proposed 

composite controller could achieve zero-steady error of the 
compensation voltage. 

 
3.3 Analysis of harmonic compensation  

 
To avianize the influence of specified harmonic on 

system voltage, the function of compensation to harmonic 
voltage in specified order is designed in presented composite 
controller. The structure diagram and bode diagram of 
voltage-loop MPR controller with compensation to harmonic 
voltage in specified order are shown in Fig. 6 (a) and (b), 
respectively. As is illustrated in Fig. 6, it is clear to see that 
since the resonance response is produced only in the 
designated resonant-frequency point, and the resonance 
response of specified harmonic do not interfere with each 
other. 

 
 

4. Simulation results 
 
As a first approach to verify the performance of the 

proposed DVR system in the Microgrid, a simulation 
model is built using the Matlab/Simulink’s Sim Power 
Systems platform. A 1kVA/380V/50Hz system is selected 

for the simulation and complete list of numeric parameters 
is presented in Table 2. Simulation is carried out in 
accordance with the above three modes and the results of 
analysis are as follows. 

 
4.1 Compensation mode 

 
An illustrative set of waveforms is present in Fig. 7, and 

the DVR is turned-on at t=0.07 s. As shown in Fig. 7 (a), 
with the system operating in the steady state, a five-cycle 
sag of 0.2 p.u. occurs in all the phases of supply voltage at 
t=0.07 s. The sag is cleared at t=0.14 s. The detection 
voltage and actual output voltage of DVR are shown in Fig. 
7 (b) and (c), respectively. Fig. 7 (d) shows the undistorted 
voltage of critical load, it is obvious that the load-side 
voltage is effectively regulated to its nominal value. When 
the sag occurs, the load voltage is recovered to 1 p.u. even 
during the transition states at the beginning and ending 
instants of the sag. The results reflect the accurate 
performance of the proposed DVR system in the Microgrid. 

Fig. 8 shows the performance of harmonics com-
pensation of the proposed controller compared with other 
existing controller of DVR. The line-to-neutral voltage at  

 
Fig. 6. The Structure and bode analysis of MPR controller with harmonic compensation: (a) is the structure diagram and (b) 

is the bode diagram 

 
Table 2. Simulation parameters 

Description Parameter Value 

AC supply Nominal voltage 
System frequency 

380 V 
50 Hz 

Transformer Capacity 
Voltage rating 

2.5 MVA 
380/220 V 

Wind turbines Maximum power 0.8 MW 

Battery bank Nominal voltage 
Capacity 

24 V 
800 Ah 

Priority load Resistance 
Inductance 

20 Ω   
100 mH 

Casecaded H-bridge
MLI 

DC bus 
DC capacitance 
Filter inductance 
Filter capacitance 

Switching frequency 

520 V 
2000 uF 
100 mH 
4.7 μ f 
5 kHz 

MPR controller , ,p r cK K ω  10, 500, 20 rad/s 
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Fig. 7. The simulation results: (a) is the distorted supply-side voltage; (b) and (c) are the detection voltage and actual output 

voltage of proposed DVR, respectively; (d) is the undistorted load-side voltage. 
 

 

 
Fig. 8. The simulation results. (a) is the supply-side voltage without DVR, (b) and (c) are the supply-side voltage with DVR 

using existing open-loop controller and multi-loop controller, respectively, and (d) is the supply-side voltage with 
DVR using the proposed controller. (e) is the THD analysis of supply-side voltage without DVR, (f) and (g) are the 
THD analysis of supply-side voltage with DVR using existing open-loop controller and multi-loop controller, 
respectively, and (h) is the THD analysis of supply-side voltage using the proposed controller 
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the PCC is illustrated in Fig. 8 (a) when the main grid 
voltage is polluted with harmonics. The results of the FFT 
applied to those waveforms are depicted in Fig. 8 (e) for 
key harmonics. The THD of supply-side is 5.44%, which 
clearly exceed the IEC limits [20]. Fig. 8 (b) and (c) 
illustrate the supply-side voltage waveforms by using 
existing open-loop and multi-loop controller, respectively. 
Their FFT analysis could be seen in Fig.8 (f) and (g), 
respective [21]. The observation can be clearly seen that 
open-loop controller could hardly restrain the harmonic 
component effectively. When restraining the harmonic 
component, the proposed controller in [21] called multi-
loop controller needs wider bandwidth of the current loop 
controller and faster response speed, which limits its ability 
to compensate the harmonic voltage [22]. Note that those 

two existing controller all hold the voltage compensation 
ability. Fig. 8 (d) and (h) are the supply-side voltage 
waveforms with proposed DVR and its FFT analysis. 
Clearly, using the proposed DVR model, the THD is 
drastically reduced to 2.17% and conforms to the IEC 
limits. 

 
4.2 UPS mode 

 
The Microgrid remains connected to the main grid at the 

beginning state, and it switches over to stand-alone mode 
at t=0.05 s, this period lasts 0.05 s. Fig. 9 (a) and (b) show 
the load-side voltage in the Microgrid without and with 
DVR, respectively. By contrast, it is obvious that the 
proposed DVR can operate in the UPS mode, eliminate 

 
Fig. 9. The simulation results: (a) is the load-side voltage without DVR; (b) is the output voltage of proposed DVR; (c) is 

the load-side voltage with DVR and (d) is the output active power of batteries.  
 

 
Fig. 10. The simulation results: (a) is the supply-side voltage; (b) and (c) are the output active power and reactive power of 

wind turbines, respectively and (d) is the load-side voltage with proposed DVR. 



Yonghong Huang, Junjun Xu, Yukun Sun and Yuxiang Huang 

 http://www.jeet.or.kr │ 1653

negative effects to the load-side voltage effectively and 
avoid the economic losses caused by the operation modes 
switching of the Microgrid. Fig. 9 (c) is the output active 
power of batteries in this mode. 

 
4.3 Microsource mode 

 
When the Microgrid operates in stand-alone mode, the 

proposed DVR system could act as the role of power 
supply. It could export the power to those priority loads 
during excess power generation on wind turbines. In this 
case, the supply-side voltage is shown in Fig. 10 (a). Fig. 
10 (b) and (c) show the output active power and reactive 
power of wind turbines, respectively, and (d) is the load-
side voltage with the proposed DVR. This could reduce the 
power supply from main grid and be favorable for energy 
saving and emission reduction. 

 
 

5. Conclusion 
 
To dissatisfied voltage quality of the Microgrid, a DVR 

model based on wind-turbine generation and battery units 
is proposed in this paper. Three operating modes of the 
pro-posed DVR, namely the compensation mode, the UPS 
mode and the micro-source mode, are put forward. 
Compared to other conventional types of DVR models in 
distribution networks, the proposed DVR has higher 
utilization rate. The proposed DVR system is based on a 
conventional cascaded H-bridge MLI topology, and a new 
composite control strategy composed of double closed-loop 
PI controller and Modified MPR controller is presented to 
make the DVR enable to further reduce voltage harmonic 
characteristics of the system when making compensation of 
load voltage. The theoretical analysis and simulation 
results all validate the robustness and accuracy of the 
proposed DVR model. 
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Appendix 
 
When only considering *

DVRU  acting on the entire 
system, there is a single forward path and three separate 
closed-loop paths:  

 

 1 2

( ) ( )MPR PI SPWM

f f f f

G s G s Kp
L C s R C s

=
+

, 1 1Δ =  (1) 

 
In this case, using Mason gain formula analysis, the 

transfer function of the control system can be written as  
  

 1 1

*
1 2 3

( ) ( )
1 ( + ) ( )

DVR MPR SPWM PI

DVR

U p G s K G s
U L L L H s

Δ
= =

− +
  (2) 

 
2( ) ( )

         ( ) ( ) 1
f f f f f SPWM PI

MPR SPWM PI

H s L C s R C s sC K G s
G s K G s

= + +
+ +

 (3) 

When only considering LI  acting on the entire system, 
there is a single forward path and a single closed-loop path: 

 

 1
1
f

p
C s

= − , 1 1Δ =  (4) 

 1 2

( )PI SPWM

f f f f

G s KL
L C s R C s

=
+

 (5) 

 
In this case, using Mason gain formula analysis, the 

transfer function of the control system can be written as 
 

 1 1

11 ( )
f fDVR

L

L s RU p
I L H s

+Δ
= = −

−
 (6) 

 
2( ) ( )

         ( ) ( ) 1
f f f f f SPWM PI

MPR SPWM PI

H s L C s R C s sC K G s
G s K G s

= + +
+ +

 (7) 

 
Therefore, the transfer function of the entire system can 

be expressed as  
 

 *( ) ( )
( ) ( )

f fMPR SPWM PI
DVR DVR L

L s RG s K G sU U I
H s H s

+
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= + +
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 (9) 
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