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Abstract: The work delineated in this paper deals with the reduced sensor based operation of PV- 9 

DSTATCOM focusing on the voltage source inverter (VSI) switch current limiting control. Here, the 10 

VLLMS algorithm based soft computing technique of PV- DSTATCOM control is modified to incor- 11 

porate both reduced sensor as well as switch current limiting schemes. Fault condition and uncer- 12 

tain load demand increases the risk of transient or high current flowing through the DSTATCOM 13 

switches beyond its capacity which damages the switches and ultimately affects the performance of 14 

the system. DSTATCOM is predominantly used for improvement of current related power quality 15 

issues by providing non-real power (i.e. the reactive and harmonic component) of the load demand. 16 

Hence, by controlling the amount of non-real power flow from the DSTATCOM, the current 17 

through the VSI switches can be limited. During this transient or high current condition, the control 18 

transits from power quality improvement mode to protection mode and as a result unity power 19 

factor operation at P.C.C is compromised for that period or few cycles of transient condition. Effi- 20 

cient operation of any control demands proper information about the current and voltage of the 21 

system which are determined by using sensors but fault in these sensors may deteriorate the con- 22 

troller performance which eventually degrades the system efficacy. Therefore, to mitigate this issue 23 

the number of measurement units is reduced i.e. measurement of current of only two phases for 24 

load as well as grid and measurement of line voltages using two voltage sensors instead of three 25 

sensors for each phase. The reduction in number of sensors is done without compromising with the 26 

controller efficiency. The system is studied using MATLAB/Simulink under different condition of 27 

steady- state, varying solar irradiance, increasing load above rated capacity. Further, the proposed 28 

control is validated in the developed experimental prototype. 29 

Keywords: DSTATCOM, non-real power, power quality, protection, PV, reduced sensor, switch 30 

current limiting, VSI, VLLMS.  31 

1. Introduction 32 

Escalating interventions around power electronics based devices has amplified the 33 

use of power electronic based devices and loads in the distribution network and subse- 34 

quently, the power quality of the system is deteriorating. So, to compensate current re- 35 

lated power quality issues, power quality conditioners like DSTATCOM (distribution 36 

static synchronous shunt compensator) and UPQC (unified power quality conditioner) 37 

are being used in the system [1, 3, 4, 8]. DSTATCOM provides the reactive and harmonic 38 

part of the load current and assures purely sinusoidal load current and unity power factor 39 

operation at P.C.C (common point of coupling). Due to diminishing fossil fuel reserves 40 

and poor environmental condition, there is significant drift towards incorporation of pho- 41 

tovoltaic array (PV) into the existing distribution system. In case of DSTATCOM, the in- 42 

terconnection of PV is a progressive change since, no extra inverter is required for PV [2]. 43 

So, combination of PV-DSTATCOM is gaining much more demand due to its multifunc- 44 

tional approach.  45 
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Several control strategies for DSTATCOM and PV-DSTATCOM have been discussed 46 

in literature. Conventional technique like synchronous reference frame based has been 47 

discussed in [3] whereas this technique does not perform efficiently under dynamic con- 48 

dition due to presence of low power filters. Likewise, comparative study for different 49 

DSTATCOM control strategies is carried out in [4]. Adaptive and advance soft computing 50 

based control technique for DSTATCOM are delivering efficient performance in manag- 51 

ing power quality [1, 6, 12-16].   52 

Performance of any system not only depends on the efficiency of the controller but 53 

also on the efficacy and good health of installed devices (e.g. IGBT switches, sensors) and 54 

ancillary components (e.g. ICs used in the sensing unit). Subsequently, the accurate infor- 55 

mation of the power signals (voltage and current) is very much important for proper im- 56 

plementation of control scheme. So, sensors plays a pivotal role. But, fault in sensor leads 57 

to maloperation of the overall system. Few literatures are available where emphasis is 58 

given on reduction in sensor. In [5], the authors have reduced sensors for dc-link voltage, 59 

VSI current and load current. Indirect current control technique is used where only grid 60 

current is considered and dc-link voltage is estimated. Authors have reduced source volt- 61 

age and load current sensors in [6]. Phase lock loop (PLL) is used to generate unit tem- 62 

plates but using PLL can again bring issues of high cost, unstable operation under varying 63 

supply voltage, and also system complexity. In [7], grid voltage sensors have been re- 64 

duced and estimation of grid voltage is done using virtual flux technique but it depends 65 

on the system parameters such as inductance and resistance. But proper generation of unit 66 

voltage templates is very crucial for generating switching signals for VSI irrespective of 67 

parameter change of the system. In [8], the voltage sensors are eliminated and enhanced 68 

second order generalized integrator based voltage estimation technique is estimated for 69 

power quality improvement. Works related to reduced sensor discussed in the literature 70 

involves extra burden of estimating voltages and current for controller to operate, hence, 71 

involves estimation techniques for the determination of sensor-less quantities. 72 

 In case of PV-DSTATCOM, the correct information of power signals is very much 73 

crucial for power quality improvement otherwise the grid current will not track the refer- 74 

ence properly. Therefore, lesser number of sensor will have lesser probability of encoun- 75 

tering fault. Also, from economic point of view, reduced sensor operation causes reduc- 76 

tion in expenses in terms of cost per sensor and other ancillary components utilized for 77 

preparing a sensing unit for individual sensor. Hence, reduced sensor based control fos- 78 

ters the benefits of minimized system complexity, cost and noise. 79 

Proper operation of VSI (DSTATCOM) demands healthily operating power elec- 80 

tronic switches. Generally, when a system is designed the current handling capacity of the 81 

switches is considered very high to protect the power electronic switches from damage 82 

during transient or high current condition. As the current handling capacity or rating of 83 

the switches increases the cost of VSI increases but there still exists the chance of damage 84 

if the current goes beyond rating during any fault. In [9] detailed discussion is done on 85 

the sizing of the DSTATCOM (Shunt compensator). Power handling scheme of UPQC is 86 

implemented using SRF method. For the control of PV-DSTATCOM, there are various 87 

efficient and advance control techniques in the literature [10-15]. But, in all these studies 88 

scheme for VSI switch current limiting for the protection of DSTATCOM is absent. Only, 89 

during the sizing, safety factor for current rating is considered in the literature.  90 

    In order to protect the system, a current controlling factor or parameter must be there 91 

in the control algorithm of VSI. This factor will give authority to the controller to limit the 92 

current through the VSI switches to the rated value whenever the current through the 93 

system goes above the rated value. In the presented work, this controlling factor is ac- 94 

counted in the control algorithm of PV-DSTATCOM. DSTATCOM alone compensates for 95 

non-real (reactive and harmonics) component of load current to improve the current re- 96 

lated power quality issues of the system but when PV is involved, it has to handle the 97 

maximum PV power also. Therefore, in case of PV-DSTATCOM, while designing DSTAT- 98 

COM the maximum PV power and maximum non-real load power demand is considered. 99 



Energies 2022, 15, x FOR PEER REVIEW 3 of 16 
 

 

So, the amount of non-real power is the only factor which is to be controlled when it goes 100 

beyond the safe limit. During, transient or sudden increase in the load demand the limit- 101 

ing factor of the controller comes into action and shifts the control mode from power qual- 102 

ity improvement to current limiting mode without switching off the DSTATCOM. In the 103 

protection mode of operation, the limiting factor decides the amount of non-real power to 104 

be provided by DSTATCOM and grid to keep the current through the switches within the 105 

limit. Here, the objective of power quality betterment is subsided for certain period to 106 

safeguard the switches. Hence, there is no longer requirement of considering very high 107 

rating of switches rather a rating almost near to the system rating can be chosen which 108 

will significantly reduce the cost of the VSI.  109 

    The significant contributions of the proposed work are highlighted as below: 110 

I. A comprehensive study of PV-DSTATCOM for power quality improvement as well 111 

as power management of the system under steady state and dynamic condition of 112 

varying solar irradiance and varying load demand 113 

II. Reduced sensor operation by using simple law of KCL and KVL for determining the 114 

sensor-less quantities. It reduces the extra burden of estimating the sensor-less signals 115 

by using any complex techniques. Delivers the benefit of minimized probability of 116 

fault due to more number of sensor unit, reduced complexity of the system, reduced 117 

cost due to reduction in sensors and ancillary components for sensor unit. 118 

III. A scheme to limit the VSI switch current to protect the DSTATCOM from damage 119 

during transient and high current due to uncertain load demand by introducing a 120 

limiting factor into the controller. It prevents the switches from uncertain risk of dam- 121 

age due to the current of value higher than the safety factor considered while design- 122 

ing. This schemes enables to consider the size of DSTATCOM or VSI almost near to 123 

the rating or the requirement of the system. Hence, economically reduces the unnec- 124 

essary burden of considering comparatively higher rating of switches for safety of the 125 

switches.   126 

IV. Power management between grid, load, PV and DSTATCOM for both active as well 127 

as reactive power of the system is carried out smoothly even during the transition of 128 

the operating mode of DSTATCOM from power quality mode to protection mode.  129 

 130 

    Thus, the focus of the proposed work is the operation of the grid integrated PV- 131 

DSTATCOM with reduction in the number of sensors and protection of the VSI switches 132 

along with power quality improvement and power management. The arrangement of the 133 

work in the paper is as follows: Section I is the introduction followed by system configu- 134 

ration in section II, proposed scheme is elaborated in section III with result and discussion 135 

in section IV and conclusion is in section V. 136 

 137 

2. System Configuration 138 

Fig. 1 displays the system considered for the presented work. A 3ph-3W system is 139 

taken with grid, single staged PV system, DSTATCOM and non-linear load. PV is directly 140 

connected to DSTATCOM through a DC –link capacitor Cdc with DC-link voltage of Vdc. 141 

DSTATCOM is connected at P.C.C through coupling inductor Lcoup. R-C filters are used at 142 

P.C.C to eliminate ripples generated due to the switching of VSI (DSTATCOM). Perturb 143 

and Observe technique is implemented to track maximum power point [2]. 144 
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 145 

                       Figure 1. System Configuration  146 

   147 

3. Proposed Scheme 148 

The proposed work based on reduced sensor based shunt VSI current limiting based 149 

control algorithm involves estimation of fundamental active component and reactive 150 

component of load current, calculation of harmonic component, determination of re- 151 

quired current and voltages with reduced number of sensors and computation of limiting 152 

factor to control the current. 153 

 154 

3.1. Sensor Reduction: 155 

Fault in the sensor causes DSTATCOM to deteriorate power quality rather than im- 156 

proving it due to inadequate information provided to controller. In this work, total seven 157 

number of sensors are used instead of 10 number of sensor. Two sensors for sensing line 158 

voltage of grid Vsab and Vsbc; two sensors for load phase current ILa and ILb; two sensors for 159 

grid phase current Isa and Isb; and one sensor for DC-link voltage Vdc. The phase voltage of 160 

all the three phases are required to determine the unit vector template. Hence, following 161 

equation is used to get Vsa, Vsb and Vsc  from line voltage 162 

. 163 

      
2 2

, ,
3 3 3

sab sbc sab sbc sab sbc
sa sb sc

V V V V V V
V V V

+ − + − −
= = =              (1) 164 

           165 

Here, the current sensors are used to sense any two phases of the load and grid cur- 166 

rent but current of all the three phases are important to estimate active and reactive com- 167 

ponent and to generate switching signals. Therefore, the basic Kirchhoff’slaw of current 168 

(KCL) is applied at the source side and load side to get the rest of the phase current as in 169 

(2). 170 

               ( ), ( )sc sa sb Lc La LbI I I I I I= − + = − +                   (2) 171 

  172 
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 173 

          Figure 2. Proposed control scheme 174 

 175 

Therefore, there is reduction of three number of sensors. In the physical system Hall 176 

effect current and voltage transducers are used to sense current and voltage. The cost of 177 

one Hall Effect voltage transducer (LEM LV 25-P) is $76.46 and cost of one Hall Effect 178 

current transducer (LEM LA 55-P) is $29.44 [10]. As the current and voltage rating in- 179 

creases the cost will also increase. Hence, in the present work total cost reduced is given 180 

as:  181 

 182 

                   
2 ( ) 1 ( )

2 $29.44 $76.46

$135.44

Total cost reduced

cost of onecurrent sensor cost of onevoltage sensor=  + 

=  +

=

     (3) 183 

 184 
So, lesser number of sensors provide benefits w.r.t cost, maintenance, simplified cal- 185 

ibration, reduces probability of fault, lesser number of ancillary components for sensing 186 

unit, lesser complex circuit and noise reduction. 187 

 188 
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3.2. Estimation of real, reactive and harmonic component of load current using VLLMS 189 

algorithm: 190 

VLLMS (variable leaky least mean square algorithm) is a soft computing technique based 191 

on neural network [16]. VLLMS based algorithm is used to determine the fundamental 192 

real and reactive component of load current. The steps involved in the estimation of these 193 

components using VLLMS is discussed in detail in [1]. The Fig. 2 depicts the control 194 

architecture of the proposed work. This figure provides information regarding the 195 

implementation of VLLMS in estimation process. Then by using the magnitude of 196 

estimated real (Wpa, Wpb and Wpc)and reactive part (Wqa, Wqb and Wqc,), the magnitude of 197 

harmonic component (Wha, Whb and Whc ) is calculated.  198 

The in-phase and quadrature unit templates are used in the estimation process and are 199 

given in  200 

      , ,sa sb sc

pa pb pc

sp sp sp

V V
j j

V V V

V
j = = =           ( where, 

2 2 22
( )

3
sp sa sb sc

V V V V= + + )  (4) 201 

      
3 ( ) 3 ( )

, ,
2 23 2 3 2 3

.
pb pc pa pb pc pa pb pc

qa qb qc

j j j j j j
j j

j j
j

− + − − −
= = + = +           (5) 202 

These unit templates and the magnitude of fundamental real and reactive component are 203 

used to get the fundamental real current and reactive current is obtained as in (6) and (7) 204 

               , ,pa pa pa pb pb pb pc pc pcI W j I W j I W j=  =  =                 (6) 205 

               , ,qa qa qa qb qb qb qc qc qcI W j I W j I W j=  =  =                     (7) 206 

Then the harmonic current coponent of load current is calculated as: 207 

    
2 2 2 2 2 2 2 2 2( ), ( ), ( )ha La pa qa hb Lb pb qb hc Lc pc qcI I I I I I I I I I I I= − + = − + = − +      (8) 208 

 209 

3.3. Determination of Nlimit to limit VSI switch current: 210 

In Fig. 3, the algorithm for determination of current limiting factor Nlimit is shown. In order 211 

to limit the VSC switch current based on the proposed work, a power limitation strategies 212 

is introduced to the VLLMS based control of PV-DSTATCOM controller to limit the flow 213 

of power through the converter, so that the switches can be protected even if the load 214 

demand increases beyond the rated value. Here, the DSTATCOM handles the non-real 215 

power (i.e. harmonic and reactive power) of the load demand and maximum possible 216 

power power produced by PV. By keeping this in mind, Design and sizing of the VSC is 217 

done as given in (9). The grid provides the active power demand of the load. However, 218 

during uncertain increase in the non-real power demand of load, the current through the 219 

switches will be more than the rated and will damage the switch. To resolve this 220 

unwanted scenario, a controlling parameter (N𝑙𝑖𝑚𝑖𝑡) is introduced to control the flow of 221 

non-real power from the VSC. 222 
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               224 

            Figure 3. Block diagram determining Nlimit 225 

   226 

       227 

                                𝑆𝑠ℎ = √𝑃𝑃𝑉
𝑀𝑃𝑃 2

+ 𝑄𝑙𝑜𝑎𝑑_𝑚𝑎𝑥
2 + 𝐻ℎ𝑎𝑟_𝑚𝑎𝑥

2  228 

                                    = √(1490)2 + (0.4 ∗ 1100)2 + (0.2 ∗ 0.9 ∗ 1100)2 229 

            = 1566.17 𝑉𝐴 = 1.56 𝑘𝑉𝐴                                      (9) 230 

Where, 𝑄𝐿𝑜𝑎𝑑_𝑚𝑎𝑥  is the maximum reactive power requirement of the load (as maximum 231 

load of 1.1 kVA 0.9 P.F is considered) and 𝐻ℎ𝑎𝑟_𝑚𝑎𝑥 is the maximum harmonic power 232 

corresponding to maximum load i.e. here, 20% of the real power is considered as 233 

maximum harmonic power.  234 

The algorithm required to calculate the limiting factor Nlimit is presented in Fig. 3. Let us 235 

calculate Nlimit per phase, 236 

             
_ _

2 2
1 1

non real max non real max

limit

non real loadrms realrms

I I
N

I I I

− −

−

= − = −
−

                  (10) 237 

 238 

Where, 𝐼𝑛𝑜𝑛−𝑟𝑒𝑎𝑙_𝑚𝑎𝑥 is the maximum nominal non-active current required by the load,  239 

𝐼𝑛𝑜𝑛−𝑟𝑒𝑎𝑙  is the actual non-active current required by the load and 𝐼𝑙𝑜𝑎𝑑  is the total load 240 

current. Then, 𝑁𝑙𝑖𝑚𝑖𝑡  should be introduced in the evaluation of the reactive component of 241 

the reference grid current and in the reference active component of grid current for 242 

considering harmonic current as shown in the contrl architecture in Fig. 2.  If 𝑁𝑙𝑖𝑚𝑖𝑡  > 0, 243 

then the total non-real part of load demand is fulfilled by the shunt VSC. If 𝑁𝑙𝑖𝑚𝑖𝑡 < 0, then 244 

the extra amount of non-real part of the load demand is provided by grid.  So, in case of 245 

transient or high demand of non-real power, both DSTATCOM and grid fulfills the 246 

requirement. Hence, by controlling 𝑁𝑙𝑖𝑚𝑖𝑡  the VSC current can be limited. 247 

 248 
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3.4. Generation of switching pulses for PV-DSTATCOM: 249 

   The overall control algorithm for generation of switching signal for VSI is shown in 250 

Fig.2. The generated fundamental real, reactive, harmonic component and the switch 251 

current limiting factor are then further utilised to generate reference grid current signal 252 

to get the required pulses for switching of VSI. 253 

    Firstly, the average of fundamental real component (Wpavg) and reactive component  254 

(Wqavg) are calculated by using the magnitude real and reactive component of each phase  255 

         
3

pa pb pc

pavg

W W W
W

+ +
=        

3

qa qb qc

qavg

W W W
W

+ +
=              (11) 256 

Then, the DC loss component is considered which is provided by the grid to regulate the 257 

DC-link voltage and is given as: 258 

 259 

        ( 1) ( ) { ( 1) ( )} ( 1)loss loss p dc dc i dcW W k e e k e    + = + + − + +           (12) 260 

Where,  is the discrete time instant, kp as the proportional constant and ki as the integral 261 

gain constant of DC link PI controller. The amount of PV power contributed to the system 262 

is depicted as: 263 

                                                       
2

3

PV
PV

sp

P
W

V
=                                  (13) 264 

Finally, the magnitude of total in-phase and quadrature component of reference grid is    265 

obtained as in (14) and (15): 266 

                                                  
sp pavg loss PVW W W W= + −                           (14) 267 

                                                    
limitsq qavgW W N= −                             (15)  268 

Here, in case of reactive component in (15) switch current limiting factor is introduced to 269 

control the amount of reactive power contribution by grid during steady state and high 270 

current or transient condition. 271 

Also, during few cycles of transient or high current condition the higher value of harmonic 272 

current component of load current is needed to be fulfilled by the grid in order to prevent 273 

DSTATCOM from damage. Therefore, the harmonic component obtained in (8) is incorpo- 274 

rated with the reference grid current as in (16) 275 

                   

_

_

_

sp a sp pa limit ha

sp b sp pb limit hb

sp c sp pc limit hc

i W I

i W I

i W I

j N

j N

j N

= + 

= 

= 

+

+

                            (16) 276 

              
_ _ _, ,sq a sq qa sq b sq qb sq c sq qci W i W i Wj j j= = =                   (17) 277 

           * * *
_ _ _ __ _, ,sa sp a sq a sc sp c sq csb sp b sq bi i i i i i i i i= + = + = +             (18) 278 
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Then, the generated reference grid current is compared with sensed grid current and the 279 

error signal is the forwarded to hysteresis current controller (HCC) to get the switching 280 

pulses for DSTATCOM. 281 

4. Results and Discussion 282 

The proposed controller involving scheme for VSC switch current limiting of PV-DSTAT- 283 

COM is implemented and analyzed with the help of MATLAB/Simulink. The parameters 284 

involved in the following studies are given in table I. The analysis is carried out under 285 

different cases of steady state, varying load and varying irradiance. 286 

4.1. Operation of the proposed work under steady-state condition: 287 

The performance of grid integrated PV-DSTATCOM with proposed control scheme is 288 

studied under steady state condition with constant demand of 850 W, 100 VAR of three 289 

phase nonlinear load. The PV system is working at irradiance of 500W/m2 as in Fig. 4(a). 290 

Here, the load demand is within the maximum switch current limit of DSTAT-COM. So, 291 

it can be seen in the Fig. 4(b) that the DSTATCOM performs the multiple op-eration of 292 

reactive power compensation, regulation of DC-link voltage and eliminating harmonics  293 

from the grid current. The real power demand of load is fulfilled both by grid and PV as 294 

in Fig. 4(c). Also, DSTATCOM manages the non-real power demand of load as in Fig. 4(d). 295 

Therefore, in Fig. 4(e) it can be seen that grid voltage and current are in phase and unity 296 

power factor operation is obtained at P.C.C. 297 

 298 

(a)                                                (b) 299 
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 300 

 301 

  (c)                                                     (d) 302 

                               (e) 303 

Figure 4. Under steady–state condition (a) PV voltage and current at 500W/m2; (b) Performance of 304 
PV-DSTATCOM; (c) Real power balance between PV, grid and load; (d) Reactive power balance 305 
between PV, grid and load; (e) Phase relation between voltage and current.   306 

4.2. Operation of the proposed work under varying solar irradiance condition: 307 

The performance of grid integrated PV-DSTATCOM with proposed control scheme is 308 

studied under changing irradiance condition from 500 W/m2 to 1000w/m2. In Fig. 5(a), it 309 

is observed that with the change in irradiance there is negligible change in PV voltage 310 

whereas PV current is increased and the power contributed by PV array is also increased. 311 

As the switch current limit of DSTATCOM is decided by considering the maximum PV 312 

current and maximum non-real power demand of the load. So, at t = 0.25 sec, when there 313 

is increase in PV current due to increment in irradiance the system operation is not ef- 314 

fected and DSTATCOM performs its function as shown in Fig. 5(b).  315 
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                                                              (e)                               319 

Figure 5. Under varying solar irradiance from 500W/m2 to 100W/m2 (a) PV voltage and current (b) 320 
Performance of PV-DSTATCOM; (c) Real power balance between PV, grid and load; (d) Reactive 321 
power balance between PV, grid and load; (e) Phase relation between voltage and current. 322 

4.3. Operation of the proposed work by varying the load demand from rated value to very high 323 

value such that the switch current is beyond the limit at solar irradiance of 500 W/m2: 324 

             Figure 6.  Performance of PV-DSTATCOM under varying load demand 325 
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       In Fig. 6, from period t = 0 sec to t = 0.25 sec the load demand is 1019 VA (1000 W, 326 

200 VAR) where the reactive power demand is less than designed reactive power handling 327 

capacity of DSTATCOM i.e. 300 VAR. Therefore, under this condition the controller is 328 

operating for power quality improvement and power management of the system.  329 

     Figure 7. Real power management between grid load and PV under varying load demand 330 

But, at t = 0.25 sec, there is sudden increase in load demand of value 2453 VA (2400W, 510 331 

VAR) where the reactive power requirement of the load is very high as compared to the 332 

rated capacity of the DSTATCOM which will eventually led high current to flow through 333 

the switches hence damaging it. So, in order to prevent the switches from damage the 334 

switch current limiting part of the controller will come into action. Now, the extra amount 335 

of non-real power which is above the rated value of the DSTATCOM is provided by the 336 

grid. Though the real power demand of the load is also high but this will not affect the 337 

VSI switch. This is because the share of the real power demand that is contributed by PV 338 

is within the real power handling capacity of the switch and the maximum power pro- 339 

duced by PV is taken into consideration while the designing of DSTATCOM. The rest of  340 

 341 

                                 Figure 8. Reactive power management between grid load and PV under varying load demand 342 
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the real power requirement of the load is provided by grid. Therefore, under this transient 343 

condition, the total reactive power demand of the load is managed by grid and DSTAT- 344 

COM and total real power demand is fulfilled by PV and grid as shown in Fig. 7 and 8 345 

respectively. 346 

                                        Figure 9. Phasor relation between grid current and grid voltage 347 

In Fig .9, it can be observed that before t = 0.25 sec the current through the DSTATCOM 348 

is within the safe limit as a result unity power factor operation is obtained. But, from t = 349 

0.25 sec, when the current is beyond the safety limit then the priority shifts towards pre- 350 

venting DSTATCOM from damage instead of power quality improvement. Therefore, in 351 

this high current period the grid supports DSTATCOM by feeding extra amount of non- 352 

linear current to load. Eventually, the grid current and grid voltage deviates from their 353 

in-phase condition. 354 

                     Table 1. Parameters for simulation 355 

Parameters Value 

Grid 110 V (line-line) RMS, 50 Hz 

Interfacing inductor (shunt VSC) 4 mH 

DC link capacitor 4.4 mF 

DC link voltage 200 V 

Non-linear load           (i) 850 W, 100 VAR 

(ii) 2400 W, 510 VAR 

(iii) 1000 W, 200 VAR 

SPV voltage and current at MPP 203 V, 7.35 A 

SPV power at MPP 1.49 kW 

 356 

5. Conclusion 357 

An innovative analysis of PV-DSTATCOM control with reduced number of sensors and 358 

incorporated switch current limiting scheme is carried out here. Three sensors have been 359 
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reduced with reduction in $135.44 from the sensor expenses without vitiating with the 360 

effectiveness of the controller. The introduction of switch current limiting scheme has also 361 

protected the system from irreversible damage during transient and high current condi- 362 

tion even under dynamic condition of varying load and solar irradiance. The current lim- 363 

iting factor is efficiently synchronized with the controller operation such that it success- 364 

fully switches from power quality enhancement mode to switch protection mode till the 365 

transient persists. Henceforth, no need to take unnecessarily higher rating switches, so, 366 

subsequently the rating of the DSTATCOM is reduced leading to reduced cost of the over- 367 

all system. The system is able to economically maintain the power quality of the system 368 

along with power management with reduced sensors and switch current limiting strategy.  369 

                          6. References 370 

1) P. Ray, P. K. Ray and S. K. Dash, "Power Quality Enhancement and Power Flow Analysis of a PV Integrated UPQC 371 

System in a Distribution Network," in IEEE Transactions on Industry Applications, vol. 58, no. 1, pp. 201-211, Jan.- 372 

Feb. 2022,  373 

2) D. Sera, L. Mathe, T. Kerekes, S. V. Spataru and R. Teodorescu, "On the Perturb-and-Observe and Incremental 374 

Conductance MPPT Methods for PV Systems," in IEEE Journal of Photovoltaics, vol. 3, no. 3, pp. 1070-1078, July 375 

2013. 376 

3) K. Metin, O. Engin, “Synchronous-reference-frame-based control method for UPQC under unbalanced and distorted 377 

load conditions,” IEEE Transactions on Industrial Electronics, vol. 58, no. 9, pp. 3967–3975, 2011. 378 

4) B. Singh and J. Solanki, “A comparison of control algorithms for DSTATCOM,” IEEE Transactions on Industrial 379 

Electronics, vol. 56, no. 7, pp. 2738–2745, July 2009. 380 

5) S. Sharma and V. Verma, "Modified Control Strategy for Shunt Active Power Filter With MRAS-Based DC Voltage 381 

Estimation and Load Current Sensor Reduction," in IEEE Transactions on Industry Applications, vol. 57, no. 2, pp. 382 

1652-1663, March-April 2021. 383 

6) S. Sharma, V. Verma and R. K. Behera, "Real-Time Implementation of Shunt Active Power Filter With Reduced 384 

Sensors," in IEEE Transactions on Industry Applications, vol. 56, no. 2, pp. 1850-1861, March-April 2020. 385 

7) S. Mukherjee, V. R. Chowdhury, P. Shamsi and M. Ferdowsi, "Grid Voltage Estimation and Current Control of a 386 

Single-Phase Grid-Connected Converter Without Grid Voltage Sensor," in IEEE Transactions on Power Electronics, 387 

vol. 33, no. 5, pp. 4407-4418, May 2018. 388 

8) C. D. Sanjenbam, B. Singh and P. Shah, "Reduced Voltage Sensors Based UPQC Tied Solar PV System Enabling 389 

Power Quality Improvement," in IEEE Transactions on Energy Conversion, 2022 390 

9) L. B. G. Campanhol, S. A. O. da Silva, A. A. de Oliveira and V. D. Bacon, "Power Flow and Stability Analyses of a 391 

Multifunctional Distributed Generation System Integrating a Photovoltaic System With Unified Power Quality 392 

Conditioner," in IEEE Transactions on Power Electronics, vol. 34, no. 7, pp. 6241-6256, July 2019. 393 

10) A. Dash, U. R. Muduli, S. Prakash, K. A. Hosani, S. R. Gongada and R. K. Behera, "Modified Proportionate Affine 394 

Projection Algorithm Based Adaptive DSTATCOM Control With Increased Convergence Speed," in IEEE Access, 395 

vol. 10, pp. 43081-43092, 2022. 396 

11) P. A. Afsher, M. V. Manoj Kumar, C. M. Nirmal Mukundan and K. Shyju, "A PV-DSTATCOM With Adaptive DC- 397 

Link Voltage for Grid Integration and PQ Enhancement," in IEEE Transactions on Industry Applications, vol. 58, no. 398 

5, pp. 6471-6484, Sept.-Oct. 2022. 399 



Energies 2022, 15, x FOR PEER REVIEW 16 of 16 
 

 

12) S. K. Sahoo, S. Kumar and B. Singh, "Wiener Variable Step Size With Variance Smoothening Based Adaptive 400 

Neurons Technique for Utility Integrated PV-DSTATCOM System," in IEEE Transactions on Industrial Electronics, 401 

vol. 69, no. 12, pp. 13384-13393, Dec. 2022. 402 

13) G. S. Chawda and A. G. Shaik, "Enhancement of Wind Energy Penetration Levels in Rural Grid Using ADALINE- 403 

LMS Controlled Distribution Static Compensator," in IEEE Transactions on Sustainable Energy, vol. 13, no. 1, pp. 404 

135-145, Jan. 2022. 405 

14) R. K. Agarwal, I. Hussain and B. Singh, "Application of LMS-Based NN Structure for Power Quality Enhancement 406 

in a Distribution Network Under Abnormal Conditions," in IEEE Transactions on Neural Networks and Learning 407 

Systems, vol. 29, no. 5, pp. 1598-1607, May 2018. 408 

15) S. R. Arya and B. Singh, "Performance of DSTATCOM Using Leaky LMS Control Algorithm," in IEEE Journal of 409 

Emerging and Selected Topics in Power Electronics, vol. 1, no. 2, pp. 104-113, June 2013. 410 

16) B. Subudhi, P. K. Ray and S. Ghosh, "Variable leaky least mean-square algorithm-based power system frequency 411 

estimation," in IET Science, Measurement & Technology, vol. 6, no. 4, pp. 288-297, July 2012. 412 

 413 

 414 

 415 

 416 

 417 


