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Abstract  

 

This paper presents a new load sharing control for use between paralleled three-phase inverters in an islanded microgrid based 

on the online line impedance estimation by the use of a Kalman filter. In this study, the mismatch of power sharing when the line 

impedance changes due to temperature, frequency, significant differences in line parameters and the requirements of the 

Plug-and-Play mode for inverters connected to a microgrid has been solved. In addition, this paper also presents a new droop 

control method working with the line impedance that is different from the traditional droop algorithm when the line impedance is 

assumed to be pure resistance or pure inductance. In this paper, the line impedance estimation for parallel inverters uses the 

minimum square method combined with a Kalman filter. In addition, the secondary control loops are designed to restore the 

voltage amplitude and frequency of a microgrid by using a combined nominal value SOGI-PLL with a generalized integral block 

and phase lock loop to monitor the exact voltage magnitude and frequency phase at the PCC. A control model has been simulated 

in Matlab/Simulink with three voltage source inverters connected in parallel for different ratios of power sharing. The simulation 

results demonstrate the accuracy of the proposed control method. 
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I. INTRODUCTION 

With the expansion of the electrical power grid, conventional 

power systems have become increasingly vulnerable when it 

comes to coping with the reliability requirements and the 

diverse demand of power users. Moreover, distributed 

generation (DG) has advantages such as pollution reduction, 

high-energy utilization rate, flexible installation location, and 

low-power transmission losses [1], [2]. DG units also have a 

higher degree of controllability and operability when compared 

to conventional generators, which allows microgrids to play a 

major and critical role in maintaining the reliability and 

stability of electric networks [3]-[6]. Therefore, microgrids will 

gradually become a strong and effective support for the main 

power grid and a potential trend for future power systems [7]. 
  

In fact, the renewable energy resources such as wind, solar 

and tidal energy are connected to conventional grids through 

converters and microgrids are formed before they are 

connected to grids [8]-[12]. In the grid-connected mode, the 

DG units are often controlled as follows. The most widely 

adopted control strategies for grid-following inverters are 

discussed in [4], [7], [13], [14]. When a microgrid is operating 

in the islanded mode, each of the DG units should be able to 

supply its share of the total load in proportion to its rating. 

The control strategies for this mode are usually divided into 

two main types [11], [15] as follows. The first type is made 

up of the communication-based control techniques including 

concentrated control, master/slave control and distributed 

control. These techniques can achieve an excellent voltage 

regulation and proper power sharing. However, these control 

strategies required communication lines between the modules 

which may increase cost of systems. Long distance 

communication lines are easier to disrupt, which reduces 

system reliability and expandability. The second type is 

based on the droop control technique without requiring 

communications, and it is widely used in conventional power 
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systems [2], [3], [8], [16]-[22]. The reason for the popularity of 

this droop control technique is that it provides a decentralized 

control capability that does not depend on external 

communication links. These techniques enable the “plug-and- 

play” interface and enhance the reliability of systems. However, 

communications can be used in addition to the droop control 

method to enhance the system performance without reducing 

reliability [23]-[30]. 

Traditional droop control techniques have some 

disadvantages such as a slow response to changes in the load, 

inaccuracy in power sharing, unbalanced harmonic current and 

dependent on the line impedance of inverters [11]. In addition, 

there are difficulties in the power sharing due to the following 

reasons: 

• The line impedances are not available and different from 

each other. This has a significant effect on power sharing 

due to different voltage drops. When the impedances of 

the lines connecting inverters to the common connection 

point are different, a current imbalance appears when the 

load sharing error increases [1]. 

• The heterogeneous line impedance, including the resistor 

and capacitance, is not suitable for conventional droop 

control with pure resistors or pure capacitance applying 

for the low voltage distribution [1], [22]. Moreover, with a 

heterogeneous line impedance, the active and reactive 

power interact with each other, which leads to difficulty 

for separate control [1]. 

• Since line impedance changes due to temperature, the 

installation position no longer makes the system response 

more accurate. 

Although frequency droop techniques can achieve accurate 

real power sharing, they typically result in poor reactive power 

sharing due to mismatches in the impedances of the DG unit 

feeders and the different ratings of the DG units [22]-[24]. 

Consequently, the problem of reactive power sharing in 

islanded microgrids has received considerable attention in the 

literature and many control techniques have been developed to 

address this issue [31], [32]. A comprehensive treatment of the 

concept of virtual impedance to mitigate errors in reactive 

power sharing is presented in [23]-[30]. This treatment has 

focused on the mismatch at the output impedances of the 

closed-loop controlled inverters that are used to interface with 

DG units. With a proper design of the voltage controller, the 

closed-loop output impedances are negligible at the steady state 

at around the nominal operating frequency. Therefore, the 

virtual impedance can result in accurate reactive power sharing. 

However, the analysis in [23]-[30] did not consider mismatches 

in the physical impedance of the feeders, including the 

transformers, cables and interface inductors associated with 

each DG unit. 

An interesting droop control strategy has been proposed in 

[21]. The control strategy is composed of two stages including 

an initial conventional droop-based control stage and a 

synchronized compensation stage. The frequency droop is used 

to control reactive power sharing and an integral control term 

is added to the voltage droop to maintain the accuracy of the 

real power sharing. However, load changes during the 

compensation period or between the compensation periods 

may result in a poor power sharing. On the other hand, the 

control strategy introduced in [33] requires that the feeder 

impedances be resistive. The obtained results from the control 

strategy reflect accurate power sharing if this condition is 

satisfied. However, in practice, the feeders may have both 

ineligible inductive and resistive components. Therefore, each 

DG unit should be able to supply the same rating as analyzed in 

[34]. If they have different ratings, the strategy will not work. 

Therefore, the communication network is used as in [35], [36] 

to facilitate the estimation of the feeder impedances, which are 

then used to set the virtual impedances to ensure accurate 

reactive power sharing. The feeder impedance is estimated at 

the local DG controller by utilizing the point of common 

coupling (PCC), where the voltage harmonic data is transferred 

via a communication link. This is based on the assumption that 

the phase angle difference between the voltages at the PCC and 

the inverter output is negligible. This assumption may not hold 

for long feeders or for higher power levels. 

This paper proposes a new method for droop control 

allowing an accurate load sharing ratio between the parallel 

inverters in islanded microgrids with the line impedance 

estimated online in terms of the conventional resistor. 

Moreover, the line impedance may vary depending on the 

temperature or frequency at the same time as significant 

differences between the inverters. The estimation blocks 

provide the line impedance parameters in real time for the 

proposed droop controller, which was built based on the 

minimum squares algorithm combined with a Kalman filter. In 

addition, secondary control loops are designed to restore the 

voltage amplitude and frequency of the microgrid by using a 

combined nominal value SOGI-PLL with a generalized 

integral block and phase lock loop to monitor the exact voltage 

magnitude and frequency phase at the PCC. Therefore, the 

proposed adaptive droop control method can be an alternative 

for load sharing control in islanded microgrids. 

 

II. ISLANDED MICROGRID STRUCTURE 

The structure of an islanded microgrid composes of many 

inverters connected in parallel. In Fig. 1, a block diagram of 

two inverters is provided. Each inverter is connected to a 

common bus at the PCC through the line impedance. In 

addition, the loads of the microgrd are also connected to the 

common bus. The droop controller contains two control loops, 

where the outer loop power control divides the capacity of 

each inverter and the inner loop control makes the voltage 

and current output of the inverters similar to the references. 

The parameter estimation block provides the line impedance 

parameters in real time. Voltage and current signals from the  
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TABLE I 

PARAMETERS FOR THE CONTROLLERS 

Parameters
 

Values Parameters
 

Values 

Input source  

voltage Vcd (V) 

600 

 

Rate frequency  

f0 

(Hz) 
50 

Filter inductance  

Lf (mH) 

1.2 

 

Rate power 

 (kVA) 
5 

Filter resistance  

Rf (Ω) 

0.2 

 

Rate voltage  

VAC, p (V) 
310 

Filter capacitance 

C (μF) 

50 

 

Droop coefficient  

mq 

(rad/s/Var) 
2.5e-4

 

Switching 

frequency 

f0 

(kHz) 

10 

 

Droop coefficient  

mp (V/W) 
1.7e-3

 

 

TABLE II 

LINE PARAMETERS OF TWO INVERTERS 

Line parameters
 

Inverter 1 Inverter 2 

Resistance R (Ω) 1 1 

Inductance L (mH) 5 5 

 

TABLE III 

LINE PARAMETERS OF TWO EINVERTERS 

Line parameters
 

Inverter 1 Inverter 2 

Resistance R(Ω) 

t = 0-3s 0.8 t = 0-3s 1 

t = 3-6s 0.4 t = 3-6s 0.5 

t = 6-9s 0.6 t = 6-9s 0.7 

Inductance L(mH) 

t = 0-3s 0.8 t = 0-3s 1 

t = 3-6s 0.4 t = 3-6s 0.5 

t = 6-9s 0.6 t = 6-9s 0.7 

 

A. Loads Change with Fixed Line Parameters of Two 

Inverters  

 In this case, the line parameters of the two inverters are 

given in Table II. The simulation results for this case 

including the real power output, reactive power output, 

resistance estimation, inductance estimation, and load voltage 

are shown in Fig. 13. 

Figs. 13(a) and 13(b) show the real and reactive power 

sharing of each inverter. Figs. 13(c) and 13(d) show the 

accuracy of the line impedance estimation method, and Figure 

13€ shows the voltage quality at the PCC. Figs. 13(a) and 

13(b) show that the power sharing performance is really good 

even when the load changes with the proposed strategy and 

that the voltage quality is always guaranteed. The line 

impedance estimation block can provide the exact resistance 

and inductance of the line parameters. The line resistance and 

inductance are estimated by the LSM method as shown in Fig. 

13(c) and 13(d), respectively. However, there are some noises. 

Therefore, a Kalman filter is used to reduce these noises. It 

can be seen that the red line always has better performance 

than the blue line in the figures.  

 

 

 

 

 
Fig. 13. (a) Real power; (b) reactive power; (c) resistance 

estimation; (d) inductance estimation; (e) load voltage. 

 

B. Line Parameters Change with a Fixed Load 

1) Simulation Results with the Proposed Droop Control 

In this simulation, the line parameters of the two inverters 

are provided in Table III. The results obtained from the 

simulation are given in Fig. 14. 
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Fig. 14. (a) Real power with the line impedance estimate; (c) real 

power without the line impedance estimate; (b) reactive power 

with the line impedance estimate; (d) reactive power without the 

line impedance estimate; (e) resistance estimation; (f) inductance 

estimation; (g) load voltage. 

    

 

 

 

 

Fig. 15. (a) Active power when the line impedance does not 

change; (b) reactive power when the line impedance does not 

change; (c) active power when the line impedance changes; (d) 

reactive power when the line impedance changes. 
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TABLE IV 

LINE PARAMETERS OF TWO INVERTERS 

Line parameters
 

Inverter 1 Inverter 2 

Resistance R (Ω) 

t = 0-3s 0.8 t = 0-3s 1 

t = 3-6s 0.4 t = 3-6s 0.5 

t = 6-9s 0.6 t = 6-9s 0.7 

Inductance L (mH) 

t = 0-3s 0.8 t = 0-3s 1 

t = 3-6s 0.4 t = 3-6s 0.5 

t = 6-9s 0.6 t = 6-9s 0.7 

 

From Figs. 14(a) and 14(b), it can be seen that the proposed 

droop control method with the line impedance estimation 

provides a good sharing power performance for the two loads. 

Figs. 14(c) and 14(d) show the active power and reactive 

power of the two loads without using the line impedance 

estimation algorithm. From 0 to 3s, the line parameters are set 

to their real values. Therefore, the response of the sharing 

power of the two loads is very good. However, the real value 

of the line parameters changes from 3 to 9 s. It can be seen that 

the power sharing of the two loads cannot be implemented. 

Only the proposed strategy with the line impedance 

estimation block in Figs. 14(e) and 14(f) can share accurate 

real and reactive power with a 1:1 ratio. The voltage drop is 

always in the limit as shown Fig. 14(g). 

2) Simulation Results with the Conventional Droop Control 

In order to improve the performance of the reactive power 

sharing under the effect of the line impedance, some 

simulation tests have been carried out with the same scenario 

as in B1. However, the conventional droop control method is 

applied as shown in (5) and (6). The simulation results are 

shown in Fig. 15.  

As shown in Figs. 15(a) and 15(b), the conventional 

method has a good performance for the case of a line 

impedance that is not changed. However, in the case of the 

line impedance changes, as shown in Table III, the active and 

reactive power sharing is not accurate. The line resistor does 

not have an effect on the reactive power sharing. However, a 

variation of the line resistor effects the system stability.  

C. Line Parameter and Load Changes 

The line parameters of the two inverters for this 

simulation are provided in Table IV. Simulation results are 

given in Fig. 15. 

Figs. 16(a) and 16(b) show the high performance of the 

active and reactive power sharing when the proposed droop 

control method uses the line impedance estimation. The 

simulation results shown in Figs. 16(c) and 16(d) are for the 

case without using the line impedance estimation. It can be 

seen that the performance of the active and reactive power 

sharing is not good in the duration from 3s to 6s. Only the 

proposed strategy with the line impedance estimation block in 

Figs. 16(e) and 16(f) can share accurate real and reactive 

power with a 1:1 ratio. 

 

 

 

 

 

 

 

 

 

0 1 2 3 4 5 6 7 8 9
0

1000

2000

3000

4000

5000
P(W)

(a)                              t(s)

 

 

P1

P2

0 1 2 3 4 5 6 7 8 9
-500

0

500

1000

1500
Q(Var)

(b)                      t(s)

 

 

Q1

Q2

0 1 2 3 4 5 6 7 8 9
0

1000

2000

3000

4000

5000
P(W)

(c)                                  t(s)

 

 

P1

P2The line parameters are

changed

0 1 2 3 4 5 6 7 8 9
-500

0

500

1000

1500
Q(Var)

(d)                               t(s)

 

 

Q2

Q1

The line parameters are

changed

0 1 2 3 4 5 6 7 8 9
0

0.2

0.4

0.6

0.8

R(Ohm)

(e)                                 t(s)

R-actual=0.8(0-3s);0.4(3-6s);0.6(3-9s)

R-LSM

R-Kalman



244                       Journal of Power Electronics, Vol. 18, No. 1, January 2018 

 

 

 
Fig. 16. (a) Real power with the line impedance estimation; (b) 

reactive power with the line impedance estimation; (c) real 

power without the line impedance estimation; (d) reactive power 

without the line impedance estimation; (e) resistance estimation, 

(f) inductance estimation; (g) load voltage. 

 

D. Line Parameter and Load Changes 

1) Simulation with the Proposed Droop Control 

In this case, the rated power ratio of the inverters is 1:2, 

and the line parameters of the two inverters are provided in 

Table V. The obtained results from the simulation are given 

in Fig. 17. 

As shown in Figs. 17(a) and 17(b), the response of the active 

and reactive power sharing with a ratio of 1:2 is very good 

even when both the load and line parameters change. Figs. 

17(c) and 17(d) show simulation results of the active and 

reactive powers of the two loads in the case without using the 

line impedance estimation. From the duration 0 to 3s, the 

power sharing is good due to the fact that a real value is used. 

However, in the duration 3s-9s, if the real values of the line 

parameters are changed (shown in Table V), the power sharing 

is not good. The active and reactive powers of the two loads 

cannot reach the reference values.  

2) Simulation with the Conventional Droop Control 

Fig. 18 shows simulation results when the conventional 

droop control is applied with a power sharing ratio of 1:2. In 

the case where the three resistors are the same, the active 

power sharing is exactly equal to the ratio of 1:2 by the 

conventional method as shown in Fig. 18(a). However, the 

reactive power sharing is not good as shown in Fig. 18(b). In 

the case where the three resistors are different, as shown in 

Table V, power sharing with a ratio of 1:2 is not guaranteed. 

The conventional method cannot be applied to power sharing 

when the line impedances are different. 

TABLE V 

LINE PARAMETERS OF TWO INVERTERS 

Line parameters
 

Inverter 1 Inverter 2 

Resistance R(Ω) 

t = 0-3s 1 t = 0-3s 1 

t = 3-6s 0.4 t = 3-6s 0.8 

t = 6-9s 0.5 t = 6-9s 1 

Inductance L(mH) 

t = 0-3s 1 t = 0-3s 1 

t = 3-6s 0.4 t = 3-6s 0.8 

t = 6-9s 0.5 t = 6-9s 1 

 

 

 
 

 

 

 

0 1 2 3 4 5 6 7 8 9
-5

-3

-1

1

3

5

7

9
10

x 10
-4 L(H)

(f)                                          t(s)

L-actual=0.8mH(0-3s);0.4mH(3-6s);
                 0.6mH(6-9)
L-LSM
L-Kalman

0 1 2 3 4 5 6 7 8 9
-100

0

100

200

300

400

V
L
 (V)

(g)                     t(s)

0 1 2 3 4 5 6 7 8 9
-2000

-1000

0

1000

2000

3000

4000

5000
P(W)

(a)                                    t(s)

 

 

P2=2960;3240;4180

P1=1480;1620;2090

0 1 2 3 4 5 6 7 8 9
-500

-300

-100

100

300

500

700

900

1100

1300

1500

Q(Var)

(b)                                         t(s)

 

 

Q2=590;1100;630

Q1=295;550;315

0 1 2 3 4 5 6 7 8 9
-2000

-1000

0

1000

2000

3000

4000

5000
P(W)

(c)                              t(s)

 

 

P2=2960;3280;4260

P1=1480;1580;2010

The line parameters

are changed

0 1 2 3 4 5 6 7 8 9
-500

-250

0

250

500

750

1000

1250

1500

Q(Var)

(d)                                        t(s)

 

 

Q2=590;1050;540

Q1=295;600;405The line

parameters are

changed



Fi
re
po
w
(f)

 

0

0

0

0

0

0

0

0

1

-8

-6

-4

-2

0

2

4

6

8

10

-

5

10

15

20

25

30

35

40

45

50

-4

-

-

-

4

ig. 17. (a) Real 
eactive power w
ower without th

without the line im
f) inductance esti

0 1 2
.2

.3

.4

.5

.6

.7

.8

.9

1

.1

0 1 2
8

6

4

2

0

2

4

6

8

0

x 10
-4

0 1
-100

0

100

200

300

400

0 1 2
0

500

000

500

000

500

000

500

000

500

000

  

 

0 1
4000

3000

2000

1000

0

1000

2000

3000

4000

           

 

Line Im

power with the 
with the line im
he line impedanc
mpedance estim
imation; (g) load

3 4

R(O

(e)                     

R-a
R-L
R-K

3 4
(f)              

L(

L-LSM

L-Kalman

L-actual=1mH

2 3 4

V
L

(g)            

2 3 4

P(

                 (a)           

2 3 4

Q(

              (b)              

mpedance Estim

line impedance
mpedance estim
ce estimate; (d) 

mation; (e) resista
d voltage. 

5 6

Ohm)

                     t(s)

actual=1(0-3s);0.4
LSM
Kalman

5 6
          t(s)

H)

H(0-3s);0.4mH(3-6

5 6

L
(V)

              t(s)

5 6

W)

                             t(

5 6

(Var)

                                

mation Based A

e estimation; (b) 
mation; (c) real 

reactive power 
ance estimation, 

7 8 9

4(3-6s);0.5(6-9s)

7 8 9

6s);0.5mH(6-9s)

7 8 9

7 8 9
(s)

 

P1

P2

7 8 9
         t(s)

 

Q1

Q2

Adaptive Droop

r

Fig. 18. (a
reactive p
power wh
power whe

 

Fig. 19. H

 

V. HA

In this 

testing the

consists o

HX 20P a

as shown

0
0

500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000

 

0
-4000

-3000

-2000

-1000

0

1000

2000

3000

4000

 

p Control Metho

a) Active power 
ower when the 

hen the three lin
en the three line r

ardware setup fo

RDWARE IMP
TMS

paper, a pract

e proposed met

of three 3-phase 

and LV–25P are

in Fig. 19. Th

1 2 3
    (c)         

1 2 3
                  (d

od for …      

when the three 
three resistors a

ne resistors are 
resistors are diffe

or the experimen

LEMENTATIO
S320F28335 

tical model has

thod. The devel

inverters, drive

e used as voltag

he proposed con

4 5

P(W)

                                

4 5

Q(Var)

d)                              

             

resistors are sa
are different; (c)
the same; (d) r

erent. 

nt. 

ON USING A D

s been develop

loped hardware

ers of Semikron

ge and current s

ntrol method ha

6 7 8
             t(s)

6 7 8
                  t(s)

  245 

 

 

 
ame; (b) 
) active 
reactive 

 

SP 

ped for 

 model 

n, LEM 

sensors 

as been 

9

 

P1

P2

9

 

Q1

Q2



24

 

im

re

Te

m

be

lin

ha

fo

ob

th

A.

1:

pr

th

po

93

th

B.

po

pr

th

po

lim

P1

re

sy

co

C

w

ac

W

be

D

in

of

th

E.

In

Ra

46          

mplemented on 

esults obtained f

ektronix TDS20

meter. To mainta

een used with 

nes are used as

as been carried 

or real and reac

btained from th

he proposed con

. Case Study 1

and the Load

For this case, 

:1:1 for the 

re-determined v

he three inverter

ower outputs fo

35 W and P3 = 

his case are very

. Case Study 2:

the Load Ch

Limits 

This case corre

owers being 1

re-determined li

he three inverter

ower outputs f

mits as P1max = 

1min = 100 W, 

esults have dem

ystem based on

ontinuously cha

C. Case Study 3:

The active po

with a power sha

ctive powers of

W, 1747W and 2

e shared very w

D. Case Study 4

and the Load

Fig. 23 shows

nverters in case 

f the active and

he load increase

. Case Study 5

Temperature

n this case stud

actual = 4.9Ω an

            

a TMS320F28

from the experi

014B oscillosco

ain the load dem

a parallel outp

s a communicat

out on three te

ctive powers of

e experiment ha

ntrol method thr

1: P1:P2:P3 =

d is Fixed at a P

the ratio of the

three inverters

value. The meas

rs are shown in

or the three inv

945 W. The ac

y small. 

: P1:P2:P3 = 1

hanges with S

esponds to the r

:2:3 and load

imits. The meas

rs are shown in

for the three i

2025 W, P2max

P2min = 125 W

monstrated the

n the new con

anges online wit

: P1:P2:P3 = 1:

wer of the thre

aring ratio of 1

f the three inver

2630 W. As ob

well. 

4: P1:P2:P3 =

d Changes 

s the active and

of load change

d reactive powe

s and decreases

5: Estimating t

e is 20oC 

y, the actual va

nd Lactual = 0.0

 Journal of Po

8335 DSP cont

iment have been

ope and a Fluke

mand, the three

put connection

tion network. T

est cases with 

f 1:1:1 and 1:2

ave verified the

rough case studi

= 1:1:1, Q1:Q2

Pre-determined

e active and rea

s with a loa

sured active pow

n Fig. 20. The o

verters are P1 =

ctive power sha

1:1:1, Q1:Q2:Q

Steps Within P

ratio of the activ

d changes with

sured active pow

n Fig. 21. The o

inverters increa

x = 2045 W, P3

W and P3min = 

e response cap

ntrol strategy w

th a constant rat

:2:3 

ee inverters for

:2:3 is shown i

rters are determ

bserved, the act

= 1:1:1, Q1:Q2

d reactive powe

es. It can be see

ers is still kept 

s. 

the R and L Va

alues of R and 

0069H. Fig. 24

ower Electronic

troller and the

n captured by a 

e 345 PQ clamp 

 inverters have 

n while RS485 

The experiment 

different ratios 

:3. The results 

e advantages of 

ies. 

2:Q3 = 1:1:1, 

d Value 

active power is 

d fixed at a 

wer outputs for 

obtained active 

= 945 W, P2 = 

aring errors for 

Q3 = 1:1:1, and 

Pre-determined 

ve and reactive 

h steps within 

wer outputs for 

obtained active 

ase within the 

3max = 2025 W, 

125 W. These 

pability of the 

when the load 

tio. 

r Case study 3 

in Fig. 22. The 

mined to be 865 

tive power can 

2:Q3 = 1:1:1,

ers of the three 

en that the ratio 

at 1:1:1 when 

alues when the 

L are given as 

4(a) shows the

cs, Vol. 18, No

 

a 

 

 

 

 

 

f 

 

 

a 

 

 

r 

d

d 

 

r 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20. R

 

Fig. 21. A

 

estimation

the variat

errors are

measurem

. 1, January 20

eal power of the

ctive power of th

n of the R valu

tion of this valu

e caused by th

ments. The R va

018 

 three inverters f

he three inverter

ue by using the

ue is from 4.8

he noise of the

alue shown in F

for Case study 1

rs for Case study

 SLM method,

8Ω to 4.935Ω.

e current and v

Fig. 24(b) is ob

 
. 

 

y 2. 

 where 

 These 

voltage 

btained  



Fi

 

Fi

re

by

pe

ac

0.

is 

ig. 22. Active po

ig. 23. Three inv

eactive power. 

  

y applying a 

eak-to-peak var

Fig. 25(a) sh

ccuracy value fo

.007065H. In or

applied and the

Line Im

ower of the three

(a)

 

(b)

verters for Case

Kalman filter

riation is reduce

hows that the 

for L. The variat

rder to reduce t

e estimated valu

mpedance Estim

e inverters for Ca

) 

) 

e study 4: (a) ac

r. It can be 

ed. 

LSM method

tion of L is from

this variation, a

ue of L is shown

mation Based A

ase study 3. 

ctive power; (b) 

seen that the 

d provides an

m 0.00674H to 

a Kalman filter

n in Fig. 25(b).

Adaptive Droop

 

 

 

 

Fig. 24. E

method; (b

 

Fig. 25. E

method; (b

 

F. Case 

Temp

The ex

to 42
0
C. T

method, t

26(b) in c

with a K

proposed 

These ex

analysis. 

p Control Metho

Estimated value o

b) using the LSM

Estimated value o

b) using the LSM

Study 6: Es

erature is 420C

periment is rep

The actual value

he estimated va

case of using th

Kalman filter, re

method can pro

xperimental res

 

od for …      

(a) 

(b) 

of R in the case

M method and ap

(a) 

(b) 

of R in the case

M method and ap

timating the 

C 

peated for the te

e of R is 5.5Ω. B

alue of R is sho

e LSM method

espectively. It 

ovide a good es

sults have ver

             

e of: (a) using th

pplying a Kalman

e of: (a) using th

pplying a Kalman

R Value Whe

emperature incr

By using the pr

own in Figs. 26

d and the LSM m

can be seen th

stimation for R

rified the theo

  247 

 

 

 

he LSM 

n filter. 

 

 

he LSM 

n filter.  

en the 

reasing 

roposed 

(a) and 

method 

hat the 

and L. 

oretical 



24

 

Fi

m

an

in

on

lin

fr

th

im

co

al

lin

ra

ac

Si

su

ra

th

is 

[1

[2

[3

[4

48          

ig. 26. Estimated

method; (b) using

 

This paper has

n accurate load 

n islanded micr

nline in terms o

ne impedance m

equency at the 

he inverters. T

mpedance param

ontroller, which

lgorithm combi

ne impedances 

ate is fast enou

ccuracy power

imulink and ha

uperiority of th

atio. 

 

The authors w

he Power Electr

funded by VN

 

1] H. Han, X
Guerrero, “
islanding op
Grid, Vol. 7

2] K. Moslehi 
smart grid,”
57-64, Jan. 

3] R. H. Lasse
Soc. Winter

4] R. H. Lass

            

d value of R in 

 the LSM metho

VI. CONCL

s proposed a new

sharing ratio be

rogrids with th

of the conventio

may vary due 

same time as si

The estimation

meters in real-t

h was built bas

ined with a Ka

and load chang

ugh to keep the

r sharing. Sim

ardware experim

he proposed str

ACKNOWLE

would like to ac

ronics Researc

NU-HCM under 

REFERE

X. Hou, J. Yan
“Review of powe
peration of AC m
7, No. 1, pp. 200
and R. Kumar, 

” IEEE Trans. S

2010. 
eter, “Microgrid
r Meeting, pp. 30
seter and P. Pa

 Journal of Po

the case of: (a) 

od and applying a

LUSION  

w method of dr

etween the para

he line impeda

onal resistor. In

to changes in 

ignificant differ

n blocks prov

time for the p

sed on the min

alman filter. Ev

ge at the same ti

e system stabil

mulation result

ments have dem

rategy in any 

EDGEMENT 

cknowledge the

ch of HCMUT.

grant number B

ENCES 

ng, J. Wu, M. 
er sharing contr
microgrids,” IEE

0-216, Jan. 2016.
“A reliability pe
Smart Grid, Vo

ds,” in Proc. IEE

05-308, 2002. 
aigi, “Microgrid

ower Electronic

using the LSM 

a Kalman filter. 

oop control for 

alleled inverters 

ance estimated 

n this study, the 

temperature or 

rences between 

vide the line 

roposed droop 

nimum squares 

ven though the 

me, the refresh 

le with a high 

ts in Matlab/

monstrated the 

case with any 

e support from 

. This research 

B2016-20-07. 

Su, and J. M. 
ol strategies for 

EE Trans. Smart 

. 
erspective of the 
l. 1, No. 1, pp. 

EE Power Eng. 

: A conceptual 

cs, Vol. 18, No

 

 

 

 

 

 

 

 

 

 

 

h 

 

 

 

 

 

r 
t 

 

 

 

solu
428

[5] J. R
“Co
Tran

Nov
[6] A. M

and 
sma
No. 

[7] F. B
“Ov
distr
Elec

[8] Q.-C
prop
para
128

[9] R. L
Win

[10] G. W
repe
IEE

Jan.
[11] J. G

Gar
base
Tran

200
[12] S. V

gene
a m
Vol

[13] J. Ju
DC 
revi
387

[14] M. A
pow
revi
112

[15] J. G
and 
para
load
No. 

[16] P. P
mic
(200

[17] M. 
of p
syst
136

[18] J. M
strat
line
Vol

[19] J. H
flux
mic
pp. 

[20] L. Y
synt
Tran

201

. 1, January 20

ution,” in Proc. I

5-4290, 2004.
Rocabert, A. Lu
ontrol of power 
ns. Power Elect

v. 2012. 
Molderink, V. B
G. J. M. Smit, 

art grid technolo
2, pp. 109-119, 

Blaabjerg, R. Teo
verview of con
ributed power g
ctron., Vol. 53, N
C. Zhong, “Ro
portional load 
allel,” IEEE Tran

1-1291, Apr. 20
Lasseter, “Micro
nter Meeting, pp.
Weiss, Q.-C. Zh
etitive control o

EE Trans. Power 

 2004.  
Guerrero, J. Va
cía de Vicuña, “
ed on parallel 
ns. Ind. Electro

9. 
V. Iyer, M. N.
eralized computa
ulti-inverter mic
. 25, No. 9, pp. 2
usto, F. Mwasil

microgrids w
ew,” Renew. S

-405, 2013. 
A. Eltawil and Z

wer systems: Te
ew,” Renew. Su

-129, 2010. 
Guerrero, L. Gar

J. Miret, 
allel-connected 
d-sharing control
4, pp. 1126-113

Piagi and R. H
rogrids,” in Pr
06), pp. 8-15. 
C. Chandorkar, 
parallel connecte
tems,” IEEE Tr

-143, 1993. 
M. Guerrero, J. 
tegy for flex
-interactive UPS
. 56, No. 3, pp. 7

Hu, J. Zhu, D. G
x droop method -
rogrids,” IEEE T

4704-4711, Sept
Y. Lu and C. C. 
thesis for multip
ns. Power Syst.,
5. 

018 

IEEE Power Ele

una, F. Blaabje
converters in A

tron., Vol. 27, N

Bakker, M. G. C.
“Management a

ogy,” IEEE Tran

Mar. 2010. 
odorescu, M. Lis
ntrol and grid
generation system
No. 5, pp. 1398-
obust droop co
sharing among 
ns. Power Electr

13. 
ogrids,” in Proc. 

 305–308, 2002.
hong, T. C. Gre
of DC-AC conv
r Electron., Vol. 

squez, J. Matas
“Control strategy
line-interactive 
n., Vol. 56, No

. Belur, and M
ational method t
crogrid,” IEEE T

2420-2432, Sep. 
lu, and J. Lee, “
ith distributed 
Sustain. Energy

Z. Zhao, “Grid-
echnical and po
ustain. Energy Re

rcía de Vicuña, 
“Output imp
UPS invert

l,” IEEE Trans. 

35, Apr. 2005. 
H. Lasseter, “A
roc. Power Eng

D. M. Divan, a
ed inverters in 
rans. Ind. Appl.

C. Vasquez, a
ible microgrid

S systems,” IEEE

726-736, Mar. 20
G. Dorrell, and J.

- A new control 
Trans. Power El

t. 2014. 
Chu, “Consens

ple DICs in isola
, Vol. 30, No. 5

ectron. Spec. Co

rg, and P. Rod
AC microgrids,”
No. 11, pp. 473

 Bosman, J. L. H
and control of do
ns. Smart Grid, 

serre, and A. V. T
d synchronizati
ms,” IEEE Tran

1409, May 2006
ontroller for a

inverters opera
ron., Vol. 60, No

IEEE Power En

. 
een, and J. Lian
verters in micro
19, No. 1, pp. 2

s, M. Castilla, 
y for flexible mi

UPS systems,”
. 3, pp. 726-736

M. C. Chandork
to determine stab
Trans. Power Ele

2010. 
“AC microgrids

energy resour
y Rev., Vol. 2

connected photo
otential problem
ev., Vol. 14, No

J. Matas, M. C
pedance desig
ters with w
Ind. Electron., V

Autonomous con
g. Soc. Gen. M

and R. Adapa, “C
standalone AC 
, Vol. 29, No. 

and J. Matas, “C
d based on p
E Trans. Ind. Ele

009. 
. M. Guerrero, “
strategy of inve

lectron., Vol. 29

sus-based droop 
ated micro-grids,
5, pp. 2243-2256

onf., pp. 

driguez, 
” IEEE 

34-4739 

Hurink, 
omestic 
Vol. 1, 

Timbus, 
on for 
ns. Ind. 

6. 
accurate 
ated in 
o. 4, pp. 

ng. Soc. 

g, “H∞ 
ogrids,” 
219-230 

and L. 
icrogrid 
” IEEE 

6, Mar. 

kar, “A 
bility of 
ectron., 

 versus 
ces: A 
24, pp. 

ovoltaic 
ms – A 
o. 1, pp. 

Castilla, 
gn of 
wireless 
Vol. 52, 

ntrol of 
Meeting 

Control 
supply 
1, pp. 

Control 
parallel 
ectron., 

“Virtual 
erters in 
, No. 9, 

control 
,” IEEE 

6, Sept. 



[2

[2

[2

[2

[2

[2

[2

[2

[2

[3

[3

[3

[3

[3

[3

21] J. He and Y
sharing stra
No. 9, pp. 3

22] W. Yao, M
the droop c
the impact
sharing,” IE
576-588, Fe

23] Hisham M
“Accurate r
using adapt
Electron., V

24] J. M. Guerr
“Advanced 
Part I: De
Trans. Pow

Apr. 2013. 
25] J. M. Guerr

and M. Cas
ac and dc
standardizat
1, pp. 158-1

26] M. N. Marw
distributed 
control,” IE
1551-1561,

27] J. C. Vas
Eloy-Garcia
design of 
parallel thre
Ind. Electro

28] M. Savagh
Guerrero, 
unbalanced 
microgrid,”
797-807, M

29] M Savaghe
Guerrero, 
enhancemen
3, No. 4, pp

30] M. A. Ab
“Line-intera
Electron., V

31] Juan C. Va
Rodríguez, 
control app
grid-connec
Electron., V

32] D. De and
operation o
loads,” IEE

3015-3025,
33] Y. W. Li 

strategy f
generation 
microgrid,”
pp. 2977-29

34] H. Mahmo
reactive po
adaptive v
Electron., V

35] J. He, Y. W
Blaabjerg, “
scheme enh
Proc. IEEE

Line Im

Y. W. Li, “An en
ategy,” IEEE Tr

3984-3995, Sep. 
M. Chen, and J. M

ontrol method fo
t of the compl
EEE Trans. Ind.

eb. 2011. 
Mahmood, Denni

reactive power s
tive virtual imp

Vol. 30, No. 3, pp
rero, M. Chando
control architec

ecentralized and
wer Electron., V

rero, J. C. Vasqu
stilla, “Hierarchi
 microgrids - 
tion,” IEEE Tra

172, Jan. 2011. 
wali, J.-W. Jung
generation syst

EEE Trans. Powe

 Jun. 2004. 
squez, J. M. 
a, and R. Teodor

stationary-refer
ee-phase voltage
on., Vol. 60, No.
hebi, A. Jalilian

“Secondary c
compensation i

” IEEE Trans. S

May 2012. 
ebi, A. Jalilian
“Secondary c

nt in microgrids,
p. 1893-1902, M
busara, J. M. G
active ups for m
Vol. 61, No. 3, pp
squez, Josep M.

and Remus 
plied to voltage
cted and islande
Vol. 56, No. 10, p
d V. Ramanaray
of inverters shar
EE Trans. Power

 Dec. 2010. 
and C.-N. Kao

for power-elec
units operating

” IEEE Trans. Po

988, Dec. 2009. 
ood, D. Michae
ower sharing in
virtual impedan
Vol. 30, No. 3, pp
W. Li, J. M. Gu
“An islanded mi
hanced by progr
E Int. Symp. Po

mpedance Estim

nhanced microgr
rans. Power Ele

2012. 
Matas, “Design 
or parallel invert
lex impedance 
 Electron., Vol.

is Michaelson, 
haring in an isla

pedances,” IEEE

p. 1605-1618 M
orkar, T.-L. Lee,
cture for intellige
d hierarchical 
Vol. 60, No. 4, 

uez, J. Matas, L
ical control of d
A general app

ans. Ind. Electron

g, and A. Keyha
tems – Part II
er Electron., Vo

Guerrero, M. 
rescu, “Modelin
rence frame d
e source inverter
 4, pp. 1271-128
n, J. C. Vasqu
control scheme
in an islanded d
Smart Grid, Vol

n, J. C. Vasqu
control for v
,” IEEE Trans. S

ay 2012. 
Guerrero, and 
microgrids,” IEE

p. 1292-1300, M
. Guerrero, Alva
Teodorescu “A

e-source inverte
ed modes,” IEE

pp. 4088-4098, O
yanan, “Decent
ring unbalanced
r Electron., Vol. 

o, “An accurate 
ctronics-interface
g in a low-vo
ower Electron., V

elson, and J. Ji
n an islanded m
nces,” IEEE 

p. 1605-1617,  
uerrero, J. C. V
icrogrid reactive
ammed virtual i
ower Electron. D

mation Based A

rid load demand 
ctron., Vol. 27, 

and analysis of 
ters considering 
on the power 

. 58, No. 2, pp. 

and Jin Jiang 
anded microgrid 
E Trans. Power 

Mar. 2015. 
, and P. C. Loh, 
ent microgrids -
control,” IEEE 

pp. 1254-1262 

L. G. de Vicuna, 
droop-controlled 
proach towards 
n., Vol. 58, No. 

ani, “Control of 
: Load sharing 

ol. 19, No. 6, pp. 

Savaghebi, J. 
ng, analysis, and 
droop-controlled 
s,” IEEE Trans. 

80, Apr. 2013.
uez, and J. M. 
e for voltage 
droop controlled 
l. 3, No. 2, pp. 

uez, and J. M. 
voltage quality 
Smart Grid, Vol

S. M. Sharkh, 
EE Trans. Ind. 

Mar. 2014. 
aro Luna, Pedro 
Adaptive droop 
rs operating in 
EE Trans. Ind. 

Oct. 2009. 
tralized parallel 
d and nonlinear 

25, No. 12, pp. 

power control 
ed distributed 
oltage multibus 
Vol. 24, No. 12, 

iang, “Accurate 
microgrid using 
Trans. Power 

Mar. 2014. 
Vasquez, and F. 
e power sharing 
impedances,” in 

Distrib. Gener. 

Adaptive Droop

 

f 
 

r 
 

 
 

r 

 
 

E

 

 
 

f 
 
 

 
 

 

 
 
 
 

 

. 

 
 

 

n 
 

 
r 
 

 
 
 
 

 
 

r 

 
 

 

Syst

[36] J. H
Vas
usin
Tran

Nov
 
 
 

 

 

a Lecture
Engineerin
Chi Minh 
power co
electronics

 

 

 

renewable

 

 

 

Montreal, 
DC/DC co

 

 

 

microgrids

p Control Metho

t. 2012, pp. 229-
He, Y. W. Li, J.

quez, “An island
ng enhanced virt
ns. Power Elect

v. 2013. 

Phuon

1973. 
Engine
Kharko
degree
Electro
Nation
Ukrain

er in the Fac
ng, Ho Chi Min
City, Vietnam. 

onverters in m
s, power convert

Xuan 

degree
of Tec
in 20
Depart
Engine
Indust
2002. 

e energy interface

Huy M

Vietna
M.S. 
Engine
Univer
Vietna
is pre
degree

QC, Canada. H
onverters and ren

Duc D

1991. 
Electri
Minh C
Minh 
presen
Electri
interes

s and renewable 

od for …      

235. 
 M. Guerrero, F
ding microgrid p
tual impedance 
tron., Vol. 28, N

ng Minh Le wa
He received M.

eering from Kh
ov, Ukraine, in

e from the Dep
omechanical 
nal Technical 
ne, in 2001. He 
culty of Electr
nh City Univers
His current rese

microgrids, renew
ters, and motor d

Hoa Thi Pha

e from the Hoch
chnology, Ho Ch
006. She has 
tment of Elec
eering at the 
try, Ho Chi Min
Her current res

es, microgrids an

Minh Nguyen w
am, in 1989. He

degrees in 
eering from the
rsity of Technolo
am, in 2012 and 
esently working
e at École de T
His current rese
newable energy. 

Duy Vo Hoang w
He received 

ical Engineerin
City University 
City, Vietnam, 

ntly working tow
ical Engineering
sts include p
energy. 

             

F. Blaabjerg, an
power sharing ap
control scheme,

No. 11, pp. 5272

as born in Vietn
.S. degree in El

harkov State Ac
n 1997; and the
partment of Aut

Systems, K
University, Kh

is currently wor
rical and Elec

sity of Technolo
earch interests i
wable energy, 
drives.  

am received th
himinh City Un
hi Minh City, V

been a Lectu
ctrical and Ele

University of
nh City, Vietnam
search interests 
nd power quality

was born in Dong
e received his B

Automatic C
e Ho Chi Min
ogy, Ho Chi Mi
2014, respectiv

g towards his
echnologie Sup
earch interests 
 

was born in Viet
his B.S. deg

ng from the H
of Technology, 
in 2016, wher

ward his M.S. de
g. His current r
power converte

  249 

 

nd J. C. 
pproach 
” IEEE 

2-5282, 

nam, in 
lectrical 
cademy, 
e Ph.D. 
tomated 

Kharkov 
harkov, 
rking as 
ctronics 
ogy, Ho 
include 

power 

e M.S. 
iversity 

Vietnam, 
urer of 
ectronic 
f Food 
m, since 
include 

y.  

g Thap, 
B.S. and 

Control 
nh City 
nh City, 

vely. He 
Ph.D. 

érieure, 
include 

nam, in 
gree in 
Ho Chi 
Ho Chi 
e he is 
egree in 
esearch 
ers in 



25

 

En
cu
m
co

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50          

ngineering, Ho 
urrent research 

machine drives, 
onverters and mi

            

Tuyen Dinh 

Binh Dinh, V
the B.S. degre
Ho Chi Minh 
Vietnam, in 2
the University
2012. He is c
in the Faculty

Chi Minh City 
interests includ
low-cost invert

icrogrids. 

 Journal of Po

Nguyen (M’13
Vietnam, in 198
ee in electrical en
City University 
004, and the Ph
y of Ulsan, U

currently workin
y of Electrical a
University of T

de power electro
ters, renewable 

ower Electronic

3) was born in 
82. He received 
ngineering from 
of Technology, 

.D. degree from 
Ulsan, Korea in 
ng as a Lecturer 
and Electronics 

Technology. His 
onics, electrical 
energy, matrix 

cs, Vol. 18, No

 
 
 
 
 

n 
r
 
 
 
 

Field of S
Faculty of
City Univ
research 
optimizati
analysis, 
restructuri

. 1, January 20

Dieu 

M.Eng
from 
Techn
1995 a
degree
Techn
2007. 

tudy, AIT and H
f Electrical and 
ersity of Techno
interests are ap
on, power system

and power 
ing. 

018 

Ngoc Vo rece
g. degrees in 
Ho Chi Minh
ology, Ho Chi M
and 2000, respe
e in energy fro
ology (AIT), Pa
He is Research

Head of Departm
Electronic Engi

ology, Ho Chi M
pplications of 
m operation and
systems unde

eived his B.En
electrical engi

h City Univers
Minh city, Vietn

ectively and his 
om Asian Insti
athumthani, Thai
h Associate at 

ment of Power Sy
ineering, Ho Ch

Minh city, Vietna
AI in power 

d control, power 
er deregulation

ng. and 
neering 
sity of 
nam, in 
D.Eng. 

itute of 
iland in 
Energy 
ystems, 

hi Minh 
am. His 
system 
system 

n and 


