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Abstract: This paper describes synchronized control of 

distribution static compensator (DSTATCOM) and 

distributed generators (DG) in a Micro grid. With large 

diffusion of distributed sources and system with single 

phase operation system may even have disturbance in 

voltage quite often if crosses the permissible limit. 

Reactive power compensation cannot be always possible 

with the devices having three phases at place of good 

position with the feeders physically spread out. 

Communication with DSTATCOM in a loop with a simple 

control strategy is proposed in this paper. The main 

factors like power flow in the line and the voltage sag are 

considered in the proposed reactive compensation 

technique. In order to moderate the reactive 

compensation, communication can be done to 

DSTATCOM with the help of feeders located at different 

points having the voltage and power flow in line. 

Maximum power which is actively available is provided 

by DGs and the reactive power compensation is done in 

the phase having shortage of reactive power with the help 

of single-phase DSTATCOM. In order to increase the 

reactive power inoculation ability of the DGs, the 

maximum available active power is fixed to a value lower 

than maximum active power during the permissible limit 

of the reactive power of the DG. In case of 

communication failure, a part of reactive compensation is 

always required by a primary control loop based on local 

measurement in the DSTATCOM. Permissible voltage 

regulation is observed and ensured in the proposed 

method. To validate the proposed method, presentation of 

analysis of data circulation of the communication scheme 

and power network and communication network closed 

loop simulation are done. 

Key words: DSTATCOM,  Micro grid, Reactive power 

compensation, Islanding mode, autonomous mode. 

1. Introduction 

 Local power generation, power utility and 

consumers can be benefited by micro grid formed by 

installation of distributed generators (DGs) [1]. 

Proper location of DG can increase the capacity of 

the feeders but does not mandatorily improve on 

power quality (PQ) or system reliability [2]. Some 

action must be initiated to make DG automatically 

improves system reliability [3]. Synchronized 

control of compensating devices and the DGs can be 

one of the key actions required. Reliable micro grid 

main objective is to maintain the PQ during power 

generation in both grid-connected and islanded 

mode. Detection and easing of the PQ events in a 

modern micro grid can be attained by power 

electronic device control and through compensation 

[4]. Poor voltage regulation in a micro grid caused 

by large diffusion of DGs is one of the major PQ 

problems. Voltage drop permissible limit is usually 

10% in a micro grid [5]. Single-phase operation in a 

micro grid also involves the problem of voltage 

regulation. The major concern regarding PQ is 

increased by the micro sources having single phase 

in large number and single-phase converter-based 

DGs [6]. Feeders at the end usually have voltage 

regulation problem in a DGS having small capacity 

at photovoltaic rooftop position in a distribution 

network having lower voltage [7]. Voltage can be 

dropped below the permissible value on either side 

in a micro grid, with autonomous operations. So it is 

very essential for DGs and compensating devices to 

have synchronized parallel operation [8]. Control of 

voltage and load sharing in a micro grid is done by 

making the number of DGs operating in parallel by 

following various techniques of control proposed by 

the researchers [9]. Discussion in the control 

techniques which are decentralized is carried out for 

sharing of power and voltage support. Voltage 

support at fundamental frequency [10] can be 
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achieved by the converter providing real power to 

residential loads in city networks and reactive power 

injection into the grid [11]. Power regulation on the 

grid become more efficient and better by “source-

following” strategy compared with “grid following” 

strategy as shown and observed in [12]. Droop 

control techniques always involve operation of 

converter just like the synchronous machine in a 

micro grid.  

 Island operation is also possible with them [13]. 

Voltage source converters (VSCs) are affected 

strongly by the grid impedance in the grid-connected 

case [14]. Thus, in a micro grid, the essential 

requirement for the DG control is customized or 

changed depending on connection of grid in grid-

connected or island mode [15]. Implementations of 

purposefully-islanding and grid-connected 

operations of distributed power generation were 

done by proposing a control strategy in [16]. The 

influence of impedance in the line can be reduced 

with suitable choice of impedance at the output of 

the converter in decentralized parallel operation 

[17]. Investigation of resistive output impedance has 

a great influence on converter which is connected in 

parallel interfaced sources in an island micro grid in 

[18]. Demonstration of uninterruptible power supply 

system’s parallel operation in a micro grid is done in 

[19]. Smart grid architecture for regulation of 

voltage in a decentralized, non hierarchal manner is 

proposed in [20]. To achieve energy management in 

real time, investigation of possibility in renewable 

sources is done with the help of parallel 

communication architecture [21]. Flexible 

communication scheme with distributed generation 

can help in finding solutions to a problem which is 

shown with a varied network [22]. Proper 

synchronization of DGs will provide communicated 

measurement with synchronized control of the DGs. 

In a micro grid, DGs involves different ways of 

synchronization techniques [23], [45]. At other 

harmonic frequencies considering other sequence 

components for grid-connected power converters, a 

new multi resonant frequency-adaptive 

synchronization method is proposed in [24]. Many 

residential consumers have many DGs operate with 

maximum power injections in single-phase 

distribution lines. Active power generation factor is 

considered for tax exception [25]. Participation of 

DGs in voltage regulation is not involved in the 

IEEE 1547 feeder [26]. Active voltage regulation at 

the point of common coupling (PCC) cannot be done 

by the Distributed Resources (DR) [IEEE 1547, 

section 4.1.1]”.). An optional or an improvement of 

the customary electric power system (EPS) is 

achieved by small scale power generation 

technologies such as DR systems [27]. By using a 

power electronic interface sometimes, they are 

connected to the grid. EPS area is connected to local 

EPS even at the permissible voltage limits  at the 

PCC in which the DR cannot participate in the active 

voltage regulation specified in ANSI C84.1 Range A 

[28]. Reactive support with load growth by 

increasing the power rating of DGs is not always 

possible because of changes in device rating of 

power electronic device with utility converter 

interfaced DGs. Voltage support requirement and 

PQ enhancement can be provided by the distribution 

static compensator (DSTATCOM). Ease of variation 

in the positive and negative sequence voltages at the 

fundamental frequency and ride through capability 

during transients is provided by DSTATCOM is 

proposed in [29-30]. Voltage regulation in the 

network having lower voltages must consider both 

the active power and reactive power because they 

are strongly coupled [31]. In distribution system, 

compensation of reactive power and load unbalance 

are studied and well observed in [32]. With the help 

of synchronous reference frame method, the 

instantaneous reactive power method is covered. 

Electric distribution system having four wires for PQ 

enhancement is described in [33]. DSTATCOM 

involves a current-controlled voltage source inverter 

with a DC bus capacitor [34]. Supply power factor 

improvement, harmonic elimination, and load, 

terminal voltage improvement at the PCC and load 

balancing is done by the DSTATCOM [35]. PI 

controllers have the feedback signals provided by 

the DC bus voltage of the DSTATCOM and three-

phase voltages at PCC. Either voltage or current 

control modes are involved in the operation of 

DSTATCOM [36]. Balanced sinusoidal voltage will 

be occurred at the distribution bus by the 

DSTATCOM in the voltage control mode. Harmonic 

distortion caused by the various loads will be 

eliminated in the current control mode. 

DSTATCOM and DGS must be operated in a 

voltage control mode in a micro grid to achieve 

reactive power harmonization.  Compensation of 

reactive power cannot be possible frequently by the 

device having three phases operating in single-phase 

at suitable location in which the feeders are far apart 

in nature [37].  

 Communication infrastructure is a very essential 

requirement for exchange of information and 

coordinate control between the DGs and 

DSTATCOM.  Power utility demands for distributed 
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energy resources are well maintained by increasing 

communication setup infrastructure [38]. The 

voltage improvement with DSTATCOM and DGs 

will be made possible easily by using 

communication infrastructure. In a low voltage 

network, the converters which are interfaced with 

micro sources and loads which are physically apart 

from each other with a total power consumption of 

720-kW shared among three communities, each with 

several hundred domestic consumers provided by 

the off grid renewable connection at the Anangu 

Solar Station of South Australia [39]. Device current 

rating must consider supply reactive power and rated 

power supplied by the micro sources in this paper. 

The reactive power drawn by the DGs reach to the 

maximum limit and the voltage regulation falls 

below the permissible limit during a high loading 

period [40]. The reactive compensation must act 

punctually with the voltage change due to the 

frequent change in load and continuous change in 

power generation of the DGs [41].The voltage 

influence is caused mainly by the change in line 

power flow, so the adjustment of reactive 

compensation depending on line power flow will be 

profitable [42-45]. With the help of synchronized 

control of DGs and DSTATCOM with 

communication infrastructure for a micro grid, the 

reactive compensation and power quality 

improvement will be successfully done and this is 

the main contribution of the paper. The reactive 

compensation will be acted quickly depending upon 

power flow in the line within the permissible voltage 

regulation limit by the proposed control. The Stable 

operation will involve the converter control and data 

traffic analysis with integrated communication 

network. 
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DG-2a

Ld2a

DG-3a

Ld3a

DSTAT a DG-4a

Ld4a

DG-1b
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Fig. 1. System under consideration 

 

2. Structure of Micro Grid system 

 The DGs and loads are connected with three 

feeder sections which form the system under 

consideration shown in Fig. 1. The first DG attached 

to phase a as DG1a. The DGs are interfaced with 

voltage source converters (VSC). The maximum 

available power and any additional power required 

by loads will be supplied by DGs and power utilities 

during the grid connected mode. The total demand in 

power will be provided by DGs during island 

operation. Partial load shedding is done to meet the 

power balance, based on the condition if the power 

demand in the island mode is more than the total 

power output of the DGs. Representation of Loads is 

given by Ld1a, Ldb1, etc. The single phase 

compensating devices (DSTATCOM) at various 

locations are represented as DSTAT a, DSTAT b, 

and DSTAT c. The impedance of the feeder 

impedance will be also taken into account. Tables’ 
I–IV shows all the system parameters and DG 

ratings. Sections II and III show the control 

techniques of the compensating devices and DGs 

 

Table-I: Grid and load in the micro grid 
Grid   

Voltage 401 V L-L RMS 

Frequency 50 HZ 

Line impedance R=0. 1 Ω, L= 0.001 H 

Load Type 

 Resistive Single phase resistive 
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3.  Reactive power compensation improvement by 

communication and control 

Communication and control principle of the 

DGs and DSTATCOM is described in this section. 

Depending upon line power flow and line voltage, 

the regulation of compensation will be done to 

improve reactive compensation in the proposed 

method. The active and reactive power flow in 

feeders will be varied with the voltage due to the 

frequent switching of load and variable output power 

of DG in a micro grid. The power flow in the control 

of DSTATCOM is very profitable to achieve a better 

and faster control of voltage profile. The following 

assumptions are being made which are given below. 

a. Based on converter safe operating area, the 

reactive power generation is limited by the 

reactive current limit and the maximum 

available power is brought in by DGs in the 

micro grid. The active current (d axis) and 

maximum current rating will involve the 

reactive current limit.  

b. In islanded mode due to low reactive power 

demand, the DGs reactive power is shared in 

proportional to their rating.  

c. DSTATCOM will generate the equivalent 

amount of reactive power when a maximum 

reactive power limit is reached by DG and the 

bus voltage at DG falls below the voltage 

regulation limit. 

d. Reactive power limit in DG if stays for five 

cycles then the real power generation in its 

limit will be lowered by increasing the 

capability of reactive power. 

e. There will be a limit for possible reactive 

power generation or absorption by the 

DSTATCOM. The converter maximum rating 

and its parameters in the circuit is related to 

this limitation [4]. 

The active and reactive power relations are 

first formed in a two machine example as shown in 

Fig. 2. Reactive power compensation is later 

considered in a configuration of multi machine. The 

DGs and DSTATCOM control principle formation 

is discussed in these two examples. The 

consideration of operations of both the grid-

connected and islanded modes is taken into account

Table –II: Controller and converter parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-III: Gains of DG controller parameters 

Power controlled Proportional Gain Kp 0.001 

Power controlled Integral Gain Tn 0.01 

Reactive power controller Proportional Gain Kq 0.0013 

Reactive power controller Integral Gain Tn 0.011 

d Axis Current Controller Proportional Gain Kid 2 

d Axis Current Controller  Integral Gain Tn 0.01 

q Axis Current Controller Proportional Gain Kid 2 

q Axis Current Controller  Integral Gain Tn 0.012 

Voltage controller gain m1 0.016 V/Var 

No. of converters in Phase A 
 

4 
 

No. of converters in Phase B 
 

3 
 

No. of converters in Phase C 
 

3 
 

Rated output power of DGs Phase A Phase B Phase C 

 
DG- 1 

 
1.5 KW 4.0 KW 5.0 KW 

 
DG- 2 

 
4.0 KW 4.0 KW 1.5 KW 

 
DG- 3 

 
5.0 KW 3.0  KW 5.0 KW 

 
DG- 4 

 
5.0 KW xx xx 

Converter structure Single phase H bridge Inverter 

Converter loss R= 0.1 Ω Per phase 

Transformer 0.400/0.230 KV, 0.5 MVA, Ltr=4.4 mh 

LC Filter Lf = 49.8 mH, Cf= 50 μF 
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 Preflim and Qreflim represents the DG-1 maximum 

available active and reactive power and V1mag 

represents the converter voltage reference of DG-

1which is given by the generation of reference 

voltage shown in next section. The voltage reference 

for DG-1 converter is regulated with droop control 

in islanded mode [25] as  

V1ref = V1mag − m1Q1     (1) 

where Q1 is limited to maximum reactive power 

value Q1max.  Now, the power flow from Bus 1 for 

system shown in Fig. 2 can be written as  

P1 =η [RD1 (V11 − V cos(δ11 − δ) + XD1V sin(δ11 − δ)] 

 

Q1 =η [−RD1V sin(δ11 − δ) + XD1 (V11 − V cos 

(δ11 −δ)] 

where η = V11/(R
2
D1 + X 

2
D1).  

From the above equation, multiplying Q1 by RD1 and 

subtracting the product of the multiplication of P1 

and XD1, we get 

XD1P1 − RD1Q1 = V11V sin(δ11 − δ)   (2) 

In a similar way, we also get 

RD1P1 + XD1Q1 = 𝑉112   - V V11 cos(δ11 − δ)  (3) 

The voltage magnitude control of the load and its 

angle is not associated with the DG-1.Thus, the 

linearization of (2) and (3) around the nominal 

values of V110 and δ110 results in  

XD1ΔP1 − RD1ΔQ1 = (V110V) (Δδ11 − Δδ)  

+ (δ110V) ΔV11       (4) 

RD1ΔP1 + XD1ΔQ1 = (2V110 − V) ΔV11  (5) 

where Δ indicates the perturbed value. From (4) and 
(5), the output voltage magnitude and angle of a 

DG-1 can be written in terms of real and reactive 

power as 

[∆𝛿11 − ∆𝛿∆𝑉11 ]= K (V) [𝑋𝐷1𝑍1 −𝑅𝐷1𝑍1𝑋𝐷1𝑍1 𝑅𝐷1𝑍1 ] [∆𝑃1∆𝑄1] 

=K (V) T[∆𝑃1∆𝑄1]         (6)                                                                    

Where the impedance Z1 and the matrix K (V) are 

given by 

Z1=√𝑅𝐷12 + 𝑋𝐷12        

 K (V)  = Z1[𝑉110𝑉 𝛿110𝑉0 2𝑉110 − 𝑉]−1
 

Thus, the change in voltage of Bus 1 can be 

written in terms of change in power flow as given in 

(5). If we need to provide reactive compensation at 

the load point in Fig. 2, it would be beneficial to 

consider the change in real and reactive power flow 

at Bus 1 due to change in voltage V. Linearizing (4) 

around the nominal voltage V0, we get 

RD1∆𝑃 1+XD1∆𝑄1= -V11V0∆𝑉 ∆𝑉 = -
𝑅𝐷1∆𝑃1 +𝑋𝐷1∆𝑄1𝑉11𝑉0                (7) 

Thus the power change is related to changes in load 

and the load voltage will change according to the 

reactive power injection at load point as shown in 

(7). The reference voltage of the DSTATCOM is 

then derived as 

Vstatref=V0-mSTATQSTAT+ 

K1

𝑅𝐷1𝑃1 +𝑋𝐷1𝑄1𝑉11𝑉0 +K2

𝑅𝐷2𝑃2 +𝑋𝐷2𝑄2𝑉22𝑉0         (8) 

Where QSTAT   represents the available 

maximum capacity, QSTATLIM represents limited 

capacity of DSTATCOM, and mSTAT   represents the 

gains. The reference voltage of DSTATCOM always 

kept within permissible voltage regulation limits by 

choosing the values of K1, and K2 with maximum 

real and reactive power flow. Two control loops are 

involved in the proposed method of control. The first 

two terms in (8) indicate the primary control loop 

based on the local measurements, while the 

secondary control loop is based on the voltages and 

power flow in the line. The next section shows the 

DSTATCOM converter control in detail. The 

arrangement of the multi machine is shown in Fig. 3. 

Four buses have four DGs connected to it and the 

Bus DSTAT has one DSTATCOM connected to it. 

Pii,Qii  represents the generation of active and 

reactive power and PLi,QLi represents the power 

demand in load at each bus. Pi, Qi represents the 

power flow at each bus. Similar to (8), the voltage 

reference for DSTATCOM is derived as  

 

Vstatref=V0- m STAT Q STAT+ K1

𝑅𝐷1𝑃1 +𝑋𝐷1𝑄1𝑉11𝑉22 + 

K2

𝑅𝐷2𝑃2 +𝑋𝐷2𝑄2𝑉22𝑉33 + K3

𝑅𝐷3𝑃3 +𝑋𝐷3𝑄3𝑉33𝑉𝑠𝑡𝑎𝑡 + K2

𝑅𝐷4𝑃4 +𝑋𝐷4𝑄4𝑉44𝑉𝑠𝑡𝑎𝑡  (9) 
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The feeder at the far end has more drops in 

voltage and the reactive current limit is reached 

earlier by the DGs at the far end. Based on the 

current rating, reactive power generation will be in 

small amount supplied by the DGs near to the utility 

connection. The voltage at any location will fall 

below the permissible voltage regulation limit in 

autonomous mode. The DGs which are close to 

DSTATCOM will run in proportional to slope of 

reactive power within voltage regulation and the 

DGs which are far to DSTATCOM with the 

operation of DSTATCOM on either side may reach 

their reactive power limit. The injection of more 

amount of reactive power is not possible by a DG if 

it reaches the reactive power limit. The voltage of 

the buses of DSTATCOM and adjacent 

DSTATCOM will be improved by the injection of 

reactive power. The location of feeder however will 

not be influenced by it far from them. The increase 

in injection of the reactive power of DG will give 

rise to increase in improvement of voltage nearby. 

The reactive current limit of the converter must be 

increased in order to increase the injection of 

reactive power above the reactive power limit and 

this is possible only by lowering the generation of 

active power within a limit based on the bus voltage 

as 

P1ref = P1maxavail −lim [0, 0.05 pu, kpr (V110 − V11)] 

if (V110 > V11)                                                (10) 

Where the RMS value of nominal bus voltage is 

indicated by V110 and the RMS value of actual 

voltage is indicated by V11. The reference power 

reduction stays within permissible limits with 

minimum voltage and gain kpr. Under voltage 

condition is effective only when this is limited to 

positive error. 

 

Table –IV: Gains of DSTATCOM controller parameters 

Power controller Proportional Gain Kps 0.0013 

Power controller Integral Gain Tns 0.012 

Reactive power controller Proportional Gain Kqs 0.0034 

Reactive power controller Integral Gain Tns 0.04 

d Axis Current Controller Proportional Gain Kid 2.5 

d Axis Current Controller  Integral Gain Tn 0.016 

q Axis Current Controller Proportional Gain Kid 2 

q Axis Current Controller  Integral Gain Tn 0.012 

Voltage controller gain m STAT 0.012  V/Var 

11QP 22 QP

LLQP

11 V 22 V

1111 V
2222 V

V

1fL 2fL
1DL

2DL
1DR 2DR

DG- 1
DG- 2L

o
adBus 1 Bus 2

 
Fig.  2. Two machine system 
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3333QP
4444QP
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2222 V 4444 V

11 LL QP
22 LL QP 33 LL QP 44 LL QP

1DL 2DL
3DL 4DL

1fL 2fL 3fL 4fL

1DR
2DR 3DR

4DR

DG-1 DG-2 DG-3 DSTAT a DG-4

Bus -1 Bus -2 Bus -3 Bus -4

3333 V

 
Fig.  3. Multi machine system 
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Fig.  4. Single phase DQ transformation 

The reactive current reference is then calculated as 

ireactivelimit=√(𝑖𝑚𝑎𝑥2 − 𝑖𝑑2)               (11) 

where, imax represents the rating of maximum 

current in converter current rating and id represents 

the active power current of converter at d axis. The 

voltage at local bus and this limit of new reactive 

current involves the generation of reference of 

reactive power. The low voltage buses more 

relaxation of reactive current limit as observed from 

(10). The reduction in generation of active power is 

minimal when the voltage closes to minimal values. 

 

4. DSTATCOM and DG’S converter control 

operation 

The structure of the converter and control of 

DG and DSTATCOM is described in this section. A 

technique of transformation for single phase is 

explained by DQ transformation in three phases. The 

transformation of current and voltage in 

DSTATCOM and DG is done by using the same 

technique. Fig. 4 shows the implementation of the 

transformation of current and voltage. The 

harmonics at switching frequency are first 

eliminated by the low pass filter, a product of sin 

(wt) and another by cos (wt) and finally then to 

increase the frequency of line twice a notch filter is 

used in order to cancel the terms of this frequency 

that appeared due to the previous stage. A phase-

locked loop will give a precise synchronization. 

V (t) =VmSin(wt − Φ) 

V (t) =VdSin(wt) − VqSin(wt) 

Where, Vd (t) = VmCos (Φ) and  

Vq (t) = VmSin (Φ). 

A. DG 
The control and structure of all the 

converters of DGs are same. Description of Control 

and the structure of the converter of Only DG-1 are 

done here. The structure of the converter for DG-1 is 

shown in Fig. 5. Four IGBT switches are required 

for forming the single phase converter and the 

output as side voltage e of the converter is connected 

through the transformer to the output filter capacitor 

(CF) as shown in Fig. 5. Rtr and Ltr represent the 

transformer loss and inductance. The PCC will have 

the DG is connected to it through output inductance 

Lf. Table II shows the data of the converter. DG-1 

has the scheme of control of the converter shown in 

Fig. 6. The control of frequency due to generation of 

reference voltage is shown in Fig. 6. Depending on 

the converter current limit, the generation of active 

and reactive power is done and is shown in Fig. 7 

and its current loop is shown in Fig. 8. The island 

mode of operation involves active regulation of 

frequency and voltage and is shown by last block in 

Fig. 6. The voltage angle and its magnitude are 

controlled by active power output [25] and 

regulation of reactive power as shown in (1). The 

voltage reference calculation block will generate a 

reference voltage which is directly fed to the 

converter in a grid-connected mode. With the help of 

communication network shown, the measured power 

and voltage are communicated to DSTATCOM. 

Based on current limit and power available, the 

power reference generation block shown in Fig. 7 

will generate the reference active and reactive 

power. The measured and reference power will 

generate the reference current as shown in Fig. 8. 

The d and q axis reference currents are calculated by 

using the error in active power and reactive power. 

The generation of reference voltage of the converter 

is shown in Fig. 9. The current errors are passed 

through the PI controller and added to the d-q axis 

voltage reference as shown in Fig. 9.  
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B. DSTATCOM 

 The DSTATCOM has the structure of the 

converter is shown in Fig. 10. Table IV shows the 

parameters of DSTATCOM. The H Bridge has the 

DC side capacitor connected to it. The output of 

filter capacitor at the AC side voltage estat  is 

connected through a transformer. iSTAT and Vstat 

represents the DSTATCOM output current and 

voltage. DSTATCOM has the converter control 

scheme shown in Fig. 11. The reference output 

voltage of DSTATCOM is represented as Vstatref and 

is given in (9). The fixed value of DC voltage is 

represented as Vcref. The generation of reference is 

shown in Fig. 12. The generation of d and q axis 

reference currents is obtained by using error in dc 

capacitor voltage through a PI controller and error in 

DSTATCOM output voltage as shown in Fig. 12. 

The DGs and DSTATCOM have the methods of 

control which are shown in Fig. 13. The maximum 

available power will be supplied by the DG in grid-

connected mode. The island mode will have the 

activation of regulations of droop voltage and 

frequency. The reference of active power will be 

changed according to (10) when the reactive power 

limit is reached by DG. The operation of 

DSTATCOM op using both communicated and local 

measurements is described in (9). The strategy of 

control has the overview diagram is shown in Fig. 

14. The other DGs have the same control strategies 

just like DG-1. The communication network will 

provide the power flow and voltage of the DG buses 

by DSTATCOM as shown. The reactive 

compensation usually involves the feeder having a 

single DSTATCOM at the far end. Installation of 

Multiple DSTATCOM must involve control of 

voltage and power flow based on the diffusion of 

DG in the micro grid. Multiple DSTATCOM 

arrangements will have modified. control strategies. 

The feeder can be divided in one way for reactive 

compensation in different zones where each 

DSTATCOM takes care of its own zone. The 

DSTATCOM will have communication with the 

DGs in that zone. The improvement of voltage 

profile and control of the zone will be done by 

communication of DSTATCOMs with each other 
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Fig.  5. DG-1Converter structure 
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Fig.  7. Reference power generation 
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Fig.  8. Reference current generation 
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Fig. 9. Reference voltage generation 
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Fig. 11. Converter control scheme for DSTATCOM 

 

)/11( nsps STK 
+

-
P controller

)/11( nsps STK 
+

-
q controller

drefi

qrefi

crefV

cmeasV

statmeasV

statrefV

 
Fig.  12. Converter reference current generation 

5. Communication network information transfer 

study 

 The study, performance analysis and limitations 

of the communication scheme are described in this 

section. The implementation of communication 

network is done by using Qualnet [26] as shown in 

Fig. 15. The simulation of communication networks 

in wired and wireless packet mode is done by using 

a network simulation tool called Qualnet.The 
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communication between DGs and DSTATCOM is 

indicated by green lines and the dark, thick lines 

show the geographical spans of the phases. Phase A 

has four single-phase DGs, Phase B has three single 

phase DGs and Phase C has single-phase DG as 

mentioned earlier as shown in Fig. 15. DSTAT-a, 

DSTAT-b, and DSTAT-c represents the 

DSTATCOM in single-phase operation as shown in 

Fig. 15. The DSTATCOMs and the DGs will have 

the network communication of low bandwidth 

between them. Table V shows the parameters of the 

Communication network. Communication of 

DSTATCOM along the different phases having flow 

of real power and reactive power is done. The total 

data packet will be sent from each communication 

node with the help of network communication as 

shown in Fig. 15 and Fig. 16, the packet of total data 

received by each communication node as shown in 

Fig. 17 

Grid-Connected 

mode

Injection of maximum 

available real power by 

DG

Island mode ?

Fall in voltage and 

frequency regulaion

DG reactive 

power limit > 5 

cycles ?
Reducing the Generation of 

real power based on equation 

10

Control of DSTATCOM 

based on Equation 9

yes

No

No

yes

 
Fig. 13. Control methods 

The positions of DSTATCOM are represented by 

nodes 1, 2, and 3. The delay of end-end is shown in 

Fig. 18. The delay of end to end is within 1.5 ms is 

observed.  

Communication Bandwidth: The delay of end to 

end is influenced by communication bandwidth. 

Consideration of communication of a 10 MB/s is 

described in Fig. 18. Consideration of phase a 1 

MB/s, in phase b 100 kB/s, and in phase c 10 KB/s 

bandwidth is done to analyze and shows the 

influence on bandwidth. The delay of end to end is 

shown in Fig. 19. 20 ms (phase a), 0.1 s (phase b), 

and 1.0 s (phase c) are varied and controlling of 

main frequency is done by having a bandwidth more 

than 100 KB/s. The essential requirement will give 

an exact choice of bandwidth. The data packets 

received by each communication node will be same 

as shown in Fig. 20. All the phases receive the same 

number of data packets from communication node.  

Table - V: Communication Network parameters 

Number of Nodes 16 

Link Type Wired 

MAC Protocol Abstract MAC Link 

Bandwidth 100 kbps 

Link propagation delay 1 ms 

Header Size 224 bits 

 

Communication Failure:   The DSTATCOM works 

only with primary control based on local 

measurement in case of a communication failure. 

The information about power flow before node 15 is 

not communicated to DSTAT-a due to failure of 

node 15 (DG-3a) which lead to the investigation of 

the impact of node failure. The communication 

nodes will have total packets of data received as 

shown in Fig. 21. The control of secondary loop will 

have less accuracy and more packet loss due to node 

failures. The primary control loop is used for the 

phase based on local measurements in case of a node 

failure in DSTATCOM location (node 1, node 2, or 

node 3). The communication node 1 will have the 

total packets of data received as shown in Fig. 22. 

The primary control loop has operation of DSTAT-a 

as no information is communicated to node 1. 

6. Simulation of power and communication 

network in a closed-loop 

The simulation of the power network and 

communication network in a closed-loop is 

described in this section. By using SIMPOWER and 

TRUETIME, the power network and communication 
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network are simulated. The MATLAB Platform in 

SIMULINK as shown in Fig. 23. The different 

situations in test system shown in Fig. 1 as follows 

a. Situation 1: Reactive compensation is not 

included 

b. Situation 2: Local measurement, including 

reactive compensation. 

c. Situation 3: Proposed method involving reactive 

compensation. 

d. Situation 4: DG has the failure of 

communication node. 

e. Situation 5: DSTATCOM has the failure of 

communication node. 

f. Consideration of a similar set of change in 

output power of DG and sequence of switching 

the load is done to compare the controller 

performance for all the situations. The 

effectiveness of the proposed method is tested 

by three different series of phenomenon. Series-

1, Series-2, and Series-3  

 

Represents the three testing series  

 Series-1: Operation in a grid-connected 

mode. 

 Series-2: Operation in an autonomous 

mode. 

 Series-3: Operation in grid-connected 

followed by islanding mode. 

 
Fig. 14. Control overview of the scheme 
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Fig. 15. Communication network 

 
Fig. 16. Packets of total data sent 
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Fig. 17. Packets of total data received 

 
Fig. 18.  10 MB/s delay end to end 

 
Fig. 19. End-to-end delay phase a −1 MB/s, phase b 100 kB/s, and phase c 10 kB/s
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                  Fig. 20. Total packet received with phase a −1 mb/s, phase b 100 kb/s, and phase c 10 kb/s. 

 
Fig. 21. Packets of data received with failure of NODE 15 

 
Fig. 22. Packets of data received with failure of NODE 1 
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Fig. 24. Simulation layout 

Table-VI: Simulation results showing rms voltages of phase A 

Case Description Sq/ Figure 
Initial value 

(V) 
In Step1 (V) In Step2 (V) 

Final value 

(V) 

Case 1 
No reactive 

compensation 

Sq1- Fig 26(a) 

Grid connected 

Ut.S =234 

MF=211 

FE=200 

N/A N/A 
Ut.S =223.5   

MF=189   

FE=183   

Case 1 
No reactive 

compensation 

Sq2- Fig 27(a) 

autonomous 

Ut.S =215.5 

MF=212.7 

FE=200.3 

N/A V 
Ut.S =210.8 

MF=207.1 

FE=200.2 

Case 2 

Reactive 

compensation on 

local measurment 

Sq1- Fig 28 

Grid connected 

Ut.S =217.1 

MF=218.4 

FE=217.4 

N/A N/A 
Ut.S =221.2  

MF=203.4 

FE=196.8 

Case 2 

Reactive 

compensation on 

local measurement 

Sq2- Fig 29 

autonomous 

Ut.S =219.8 

MF=220.0 

FE=208.2 

N/A N/A 
Ut.S =218.8  

MF=216.5 

FE=213.6 

Case 2 

Reactive 

compensation on 

local measurement 

Sq-3 Fig 30(a) 

Islanding 
Ut.S =227.2 

MF=215.3  

Ut.S=216.7 

MF=217.2 

Ut.S=214.6 

MF=213.9 

Ut.S =227.7 

MF=215.4 

Communication 

network in true time

Power network in 

simpower

Measured signals

Communication signals

 
Fig. 23. Simulation of communication network and 

power network in a closed loop 

The information for the three testing series is given 

below 

Series-1: Operation of utility connected mode is 

described in this system.  The steady state operation 

of DGs will have the rated power to which the loads 

are connected and the phase a, (DG-1a, DG-2a, and 

DG-3a) have the power output of three DGs 

connected to it which are limited to 2 kW each. The 

limitation of reactive power is done to 300 VAr. 

Series-2: The operation of islanding mode is 

described in this system. The steady state operation 

of DGs will have the rated power to which the loads 

are connected and the three DGs connected at Bus 2 

of all three phases (DG a2, DGb2, and DG c2) will 

have a power output limited to 2 kW each. The 

limitation of reactive power is done to 400 VAr. 
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Series-3: The operation of utility connected mode is 

described in this system. The steady state operation 

of DGs will have the rated power to which all the 

loads are connected and the islanding operation of 

the micro grid has taken place at 0.8 s. The demand 

in load will be supplied by DGs. DG-2a, DG-2b, and 

DG-2c will have the power output which is limited 

to 2 kW at 1.1 s. The loads connected at Bus 1 of the 

phase A and phase B (Ld1a and Ld1b) are 

disconnected at 2.0 is to decrease the demand in 

power in the micro grid. The different series 

described above are used in each test situation. The 

layout of simulation is given in detail as shown in 

Fig. 24. The following sections show the results of 

simulation obtained at each situation. Table VI 

shows the initial, intermediate, and final steady-state 

values of phase A. 

A. Situation 1: Reactive compensation is not 

included:  Reactive compensation is not included in 

this situation and the DGs and utility (in grid 

connected mode) or only by the DGs (in 

autonomous mode) will; have to supply the total 

reactive power. The power output of the DGs 

connected to phase A and three phase voltage profile 

for series-1are shown in Fig. 25 and Fig. 26. The 

problem of voltage regulation is more in the far end 

compared to feeders in the middle. The utility 

connected side will have the voltage sag limited 

within 2%. Series-2 and Series-3 will have the 

voltage unbalance and RMS voltage which are 

shown in Fig. 27. The drop in voltage is far more 

than permissible values which lead to problems in 

voltage regulation. 

 
B. Situation 2: Local measurement, including 

reactive compensation: The operation of 

DSTATCOM in a conventional way is described in 

this situation. The local bus voltage of the 

DSTATCOM is considered for the injection of 

reactive power. Series-1 has the RMS voltage as 

shown in Fig. 28. The injections of reactive power 

by the DSTATCOMs are shown in Fig. 29. Series-2 

and Series-3 have the RMS voltages which are 

shown in Figs. 30. The improvement of voltage 

profile is observed compared to the situation where 

the reactive compensation is not included. In some 

situations the voltages are below the limit and the 

operation of reactive power compensation is 

observed well when very close to DSTATCOM. 

C.  Situation 3: Proposed method involving reactive 

compensation: The compensation of reactive 

compensation is described by (9) – (11) where, 1) 

The modulation of voltage bus at local loads and the 

power flow in the line can be done by compensation 

of reactive power by using DSTATCOM.2) Range 

in the injection of reactive power is increased by 

modulating the injection of DGs real power 

depending on the voltage sag. The phase A having 

RMS voltages in Series-1 are described in Fig. 31 

(a). The profile in the improvement of voltage is 

observed within 10% tolerance with the proposed 

method. Fig. 31(b) shows the injection of in phase A 

by using DSTAT-a and DGs. DG3a and DG4a 

reactive power change and validation is described by 

(10). Series-2 has the response of the system with 

the controller described in Fig. 32. The well 

organized and system with stable operation in phase 

A involves injection of reactive power and voltage 

from different DSTATCOM. Phase A voltages in 

series-3 are described in Fig. 33. The observation of 

voltages within the permissible limits by 

compensation of reactive power is achieved 

successfully by using the proposed method. 

D. Situation 4: DG has the failure of communication 

node: DG-1a describes the failure of communication 

node in this situation. The operation of system is 

performed in series-1 by the proposed method of 

control. The response of the system is described in 

Fig. 34. Series-1 describes the change of voltage in 

the phase A at 1.1 s with a range of limit of power of 

DG. Simulation of failure of communication node 

failure is done at 1.75 s and observation in the fall of 

voltages at utility side is seen. No visibility changes 

occur in the feeder voltages at the middle and far 

end. 

E. Situation 5: DSTATCOM has the failure of 

communication node: DSTATCOM describes the 

failure of communication node in this situation. 

DSTAT-a describes the response of system to a 

failure of communication node as shown in Fig. 35. 

Series-1 describes the DG power limit at 1.1s and 

the operation of system with the proposed controller. 

The simulation of failure of communication node is 

done at 1.75 s and observation of feeders having fall 

of voltages in utility side, middle, and far end are 

seen. Failure of communication node make DSTAT-

a operate just like situation 2 with the confined 

measurements. The improvements in the voltages 

are compared to situation 2 by modulating the real 

power of DG as shown in (10). Regulation of 

voltage within the permissible limits is achievable in 

all situations with the proposed controller is shown 

in above simulation results and Table VI. The 

comparison of proposed controller performance in 
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different operating modes is done.  

•The fall in voltage below permissible limit happens 
with exclusion of compensation of reactive power in 

grid-connected mode as seen in situation 1, Fig. 26 

(a). The improvement in voltage profile in middle 

end of feeders is done by compensation of reactive 

power depending on confined measurement as 

shown in situation 2, Fig. 28 But at the far end of the 

feeders the improvement in the voltage profile is not 

good. The compensation of suitable reactive power 

and voltage within permissible limits can be 

achieved successfully by the proposed controller as 

described in situation 3, Fig. 31 (a). 

•The fall in voltage below permissible limit happens 

with exclusion of compensation of reactive power in 

autonomous mode as described in situation 1, Fig. 

27 (a). The improvement in voltage profile is done 

by compensation of reactive power depending on 

confined measurement as described in situation 2, 

Fig. 29(a). The Improvement in voltage profile is 

further observed by the proposed as described in 

situation 3, Fig. 32 (a). Compensation of reactive 

power in situation 3 is achieved better by the 

proposed controller as described in situation 3, Fig. 

33) compared to confined compensation of reactive 

power as described in situation 2, Fig. 30 (a) in the 

islanding sequence of operation. The efficient 

improvement in the voltage profile is observed in 

operation of grid in autonomous modem by the 

proposed controller. 

 
Fig. 25.  phase A DGs ouput power 

 
Fig. 26. Different phases RMS voltages. (a) phase A RMS voltages (b) phase B RMS voltages. (c) phase C 

RMS voltages. 
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 (a) 

 
(b) 

Fig. 27.  Series-2 and Series-3 describing RMS voltages. (a) Series-2 describing phase A RMS voltages. (b) 

Series-3 describing phase B RMS voltages. 

 

 
Fig. 28. DSTATCOM describing series-1 phase A RMS voltage 
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(a) 

 
(b) 

Fig. 29.  Series-2 describing RMS voltages and injection of reactive power. (a) Phase RMS voltages in 

different location. (b) DSTATCOM describing injection of reactive power three different phases. 

 

 
(a) 
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(b) 

Fig. 30. Series-3 describing RMS voltages. (a) Series-3 describing phase A RMS voltages. 

 (b) Series-3 describing phase B RMS voltages 

 
(a) 

 
(b) 

Fig. 31. Series-1 describing RMS voltages and injection of reactive power. (a) Series-1 describing phase A 

RMS voltages with the proposed method. (b) DSTATCOM and DGs describing injection of reactive power 
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(a) 

 
(b) 

Fig. 32.  Series-2 describing RMS voltages and injection.  (a) Series-2 describing phase A RMS voltages.  

(b) DSTATCOM describing injection of reactive power injection in three phases. 

 

 
Fig. 33. Series-3describing phase A RMS voltages 
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Fig. 34. Series-1 describing phase A RMS voltages at failure of communication node at DG 

 
Fig. 35. RMS voltages of phase A in Sq-1 followed by a DSTATCOM node failure 

failure of communication node occurred at the utility 

side of DG as described in situation 4, Fig. 34. 

Ceasing of communication with all DSTATCOM 

happened to made very large influence on failure of 

communication node at DSTATCOM as described 

in situation 5, Fig. 35.  

 
Fig. 36. Drop in average voltage with inclusion and 

exclusion of reactive compensation 

The absence of DSTATCOM communication has 

made it just like situation 2 within confined 

measurements only.  The range of reactive limit is 

achieved and works properly by the adaptation of 

the DG. Simulation of different situations by 

proposed method shows the average drop in voltage 

within permissible limits in all the situations. With 

absence of compensation the average drop in voltage 

with modern DSTATCOM, and with the proposed 

method as described in Fig. 36. 

7. Conclusion 

The operation of DSTATCOM with 

communication has a new control technique is 

proposed in this paper. The small communities 

which are physically far apart are covered by feeders 

having single phase loads by the application aimed 

for micro grid. Depending on the line power flow 

and local measurement, the proposed reactive 
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compensation is achieved. The voltage regulation is 

maintained with a large diffusion of DGs by 

effectively reducing the drop in voltage and is 

shown by the proposed method. The requirement of 

transfer of data is verified by the communication set-

up for information transfer study. The performance 

of DSTATCOM is superior under different 

operating conditions is shown by the simulations of 

the power network and the communication network 

in a closed loop. 
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