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 This project illustrates the execution of a three-stage delivery static compensator (DSTATCOM) by using a back propagation 

(BP) control algorithm for its capacities, such as load balancing and zero voltage management of reactive power compensation 

under non-linear loads. We use BP-based control algorithm to obtain the critical dynamic weight estimate here. And the 

BP-based control algorithm is often used for estimating the receptive power portions of the load streams necessary for estimating 

the reference source streams. Regulation of power efficiency devices through neural networks is the new area of study in the field 

of power engineering. The extraction of the harmonic components defines the output of the balancing instruments. Here we use 

DSTATCOM and UPFC as balancing instruments. A DSTATCOM model is developed using a computerized signal processor and 

its implementation is focused on various working conditions. The execution of DSTATCOM is found to be suitable for various 

kinds of burdens with the proposed control algorithm. The BP-based control algorithm is used to derive the fundamental 

weighted value of the active and reactive power components of the load present. Back propagation algorithm trained by the 

sample will detect the power quality signal issue in real-time. Continuity, differentiability, non-decreasing momotomy are the 

key features of this algorithm. The process of UPFC is close to that of DSTATCOM, although the only difference is that it does not 

have the device shut down in worse circumstances. The simulation model is developed with ANFIS and its output is studied under 

different operating conditions. The output of ANFIS is found to be satisfactory with the proposed control algorithm for different 

types of loads. The suggested method shall be checked by the results of MATLAB/Simulink. 

 

Keywords: ANN (BP control algorithm), Harmonics (THD), Loadbalancing, Weights, Power quality and ANFIS, DSTATCOM, 

VSC MATLAB/Simulink. 

 
 

1. INTRODUCTION 

 Power quality is the biggest issue the distribution 

system is now dealing with. The quality of electricity 

provided to the end consumers is not up to par. There is 

a malfunction in the gadgets because of this. If we want 

to fix this issue, we're going to have to install some new 

equipment into our current transmission system. As a 

result of their employment in power converters, CPDs 

may be used to improve the quality of power by 

addressing issues including power factor correction 

and harmonic compensation, as well as transient 

reduction, voltage sag/swell compensation and 

resonance owing to distortion. Different configurations 

of DSTATCOM, DVR and UPQC may be found in these 
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CPDs. Soft computing techniques like as neural 

networks, fuzzy logic, and adaptive neuro-fuzzy may 

be used to provide non-model and training-based 

alternative control methods. A VSC-based DSTATCOM 

has been implemented to enhance power quality and 

hence improve power factor correction and keep the 

rated PCC voltage stable. A voltage source converter 

(VSC) based DSTATCOM has been favoured in 

distribution systems for power quality enhancement as 

power factor correction and to maintain rated PCC 

voltage. Using the BPT control method, a three-phase 

DSTATCOM was developed to test its performance in 

compensating nonlinear loads. The suggested BPT 

technique has been used to extract the reference source 

currents needed to create the switching pulses for the 

IGBTs of the VSC of DSTATCOM. In addition to 

harmonic removal and load, DSTATCOM has a number 

of other capabilities. The construction of a DSTATCOM 

simulation model and associated control method is 

done in MATLAB using the SIMULINK and SPS 

toolboxes. For this application, the performance of the 

DSTATCOM with the BPT method was found to be 

good since extracted reference source currents were 

able to accurately trace the detected source currents 

under both steady state and dynamic situations. There 

were no overshoots or undershoots in the DC bus 

voltage of the DSTATCOM during load fluctuation that 

was under different loads. Losses in distribution 

systems may be minimised experimentally by using 

UPFC, as shown in this research. Here, the key benefit 

of UPFC is the ability to manage the active and reactive 

capabilities separately, if necessary Any electrical 

device must have a way to increase its power quality. 

Disruptions in the distribution networks are the most 

common cause of poor power quality. Harmonic 

resonance is the most often encountered issue in low 

and medium level distribution systems. As a result, 

we'll need to use a few filters to get around this. 

Furthermore, it offers a wide range of advantages, 

including the most severe usage of electrical forms of 

gear and increased stacking ability. A conveyance 

system's subsystem may distinguish sources of 

low-quality electricity based on the burden they impose 

on buyers. 

 Straight loads, nonlinear loads, and mixed loads are 

all terms used to describe these kinds of buyer burdens. 

As a result, we are utilising UPFC to address the issues 

that DSTATCOM has ignored. UPFC is made up of two 

converters, one in series and the other in shunt, which 

are linked together via a shared DC connection. Back 

Propagation (BP) has been used in order to circumvent 

these restrictions. On the consumer side of three-phase 

consumer loads, an improved Back Propagation control 

method and a linear sinusoidal tracer control technique 

are developed on a DSTATCOM. We may easily alter 

the algorithm's internal parameters, which have a clear 

physical knowledge, to the desired value. The 

simplicity of this algorithm is shown by the fact that it is 

constantly being trained. Using artificial neural 

networks in the distribution system has the additional 

benefit of not affecting the ILST's frequency and 

time-domain properties when the external environment 

changes. After modifying the algorithm's internal 

settings, it is possible to fine-tune the detection 

accuracy and dynamic reaction speed. Refined network 

source currents are recovered in this approach, and 

they precisely follow the nonlinear distribution 

system's real source currents at any given time. When 

the load is perturbed, a three-phase source current 

exhibits a smooth fluctuation in current. A DSTATCOM 

is used to compensate for linear and nonlinear loads on 

the distribution system lines using this control 

technique. These systems have the following 

advantages: Changes in the system's circumstances and 

the limitations of human experience and judgement 

will not impair this method's ability to self-tune. It is 

possible to improve dynamic system performance by 

means of voltage regulation and power factor 

correction (ii). (iii)As the number of sensitive loads on 

the end user side grows, so does the focus on power 

quality concerns. Many of these loads rely on 

technology that is very sensitive to supply voltage 

fluctuations. If the system fails or the whole grid is shut 

down, this is not acceptable. In many areas on the 

distribution system, regulations are in place that restrict 

customers' ability to introduce distortion, transients, 

and imbalanced circumstances. Customers may be 

required to install compensators (filters) as a result of 

these rules. For clients that have sensitive loads, a 

utility must provide a low distortion balanced voltage, 

since higher distortions might lead to system burnout 

on the customer's end. DSTATCOM is a voltage source 

inverter (VS1) based power electrical device. A DC 

capacitor provides the short-term power needed to run 
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this gadget. The fact that a capacitor is a kind of energy 

storage device is known to us. Back to back connections 

have been made. Whenever a DSTATCOM is connected 

to a certain load, it may inject compensating currents, 

which are also referred to as injection currents. The 

reason for this is because we are introducing these 

currents into a system that is out of whack. To ensure 

that the whole demand for utility connection is met. An 

additional transformer provides adjustment of the 

shunt converter's bus voltage shunt reactive power and 

DC capacitor voltage by connecting it in parallel to the 

transmission line. In addition, it can remove any 

imbalance, overshoots, transients, and harmonic 

distortion from a utility bus's voltage. There are two 

methods in which power quality issues might be 

mitigated. Either the utility or the client may implement 

this. Load conditioning and line conditioning are the 

two primary methods in use. 

 

2. SYSTEM CONFIGURATION AND CONTROL 

ALGORITHM 

 Consideration must be given to the creation of the 

reference compensator currents that are drawn from the 

load line when utilising DSTATCOM for load 

compensation These three-phase currents are injected 

into the AC system by the compensator, which follows 

the reference currents and, as a result, reduces the 

effects of load fluctuations in the distribution system. A 

common belief is that the voltage at the common 

coupling point is tightly regulated and can't be 

influenced by the current injected by the shunt device 

that is connected externally on the distribution system. 

With an inverter, the DC link voltage may be converted 

to an alternating one by changing the magnitude and 

phase of the inverter's output voltages. Basically, it is 

linked close to the load so that dc components may be 

injected into the load directly. In this case, we're using 

an inverter that converts DC to AC and back. The 

schematic diagram of a VSC-based DSTATCOM is 

given below, which is linked in shunt to the distribution 

network with the controller. 

 

Fig 1. Schematic diagram of VSC based DSTATCOM 

 

 A DSTATCOM may be used in two distinct ways. 

Voltage mode and current mode are the two modes. In 

a voltage control mode, the DSTATCOM is linked to a 

utility bus in order to maintain a balanced voltage at 

that bus, regardless of the imbalance or distortion on 

either side of the connection. In this mode, the utility is 

in charge of ensuring that the DSTATCOM is running 

well. Regardless of the imbalance and distortion in 

voltage on the supply side or line current, it may make 

the voltage of the bus to which it is attached a balanced 

sinusoid. As an alternative, the DSTATCOM adjusts for 

any imbalance or distortion in the load in the present 

control mode. For optimal operation, the load current 

drawn from the system should be a balanced one, 

regardless of any imbalance or harmonics on either side 

of it. The same may be said for the source side currents 

while operating in a current control mode. 

Additionally, it is anticipated that the DSTATCOM is 

installed on a utility bus for the client. Controlling vi's 

output voltage phase is similar to controlling Vs's 

distribution system voltage phase (thyristor-based 

inverter). 

 Both bus voltage and line current may be 

compensated using DSTATCOM. Buses for three loads. 

These buses are thought to be a source of supply for 

customers. Whether it belongs to the utility or a specific 

customer, a DSTATCOM may be linked to any of these 

buses. Customers on both buses 3 and 4 are affected if 

the voltage on bus 3 is altered. Clean up the voltage on 

this bus by installing a DSTATCOM. Let's say, on the 

other hand, that the consumer at bus 4 has loads that 

draw an uneven and distorted source of current. 

DSTATCOMs may be installed on a customer's 
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premises in order to ensure that the current drawn from 

bus 4 is balanced. Modern power electronics 

controllers, such STATCOM, DVR, and HVDC-VSC 

stations, rely heavily on VSCs with PWM controllers. 

With PWM control, VSCs may create quasi-constant 

voltage waveforms, with practically any desired phase 

relationship to an existing AC system waveform, which 

dictates the direction and amplitude of the active and 

reactive power exchanged with the system. Real-time 

harmonic filters may not be able to completely filter out 

high harmonic frequencies produced by the VSC in 

practise, or they may not even be able to filter them out 

at all in real time. In addition, there will always be 

harmonic interactions between the VSC and the electric 

network. Harmonic resonances may be produced as a 

result of this interaction, which can only be anticipated 

using accurate models of the VSC and electric network. 

In the open literature, comprehensive models for power 

converters have been described. The commutation time 

of the thyristors has been incorporated in the switching 

functions in studies of power systems harmonics, when 

converters based on thyristors are being modelled. 

Convertibles based on GTOs or IGBTs may also benefit 

from switching functionalities, which have shown to be 

more effective than in the previous use. 

 

3. CONTROL ALGORITHM 

 To find the smallest error function in weight space 

using gradient descent, the back propagation algorithm 

uses the back propagation algorithm. Various scenarios 

made use of this numerical approach. Error function 

minimization is seen as an answer to this issue. In order 

for this strategy to work, we must ensure that the error 

function is continuous and able to be differentiated at 

each iteration. Because the error function of 

interconnected perceptron's is discontinuous, we must 

employ a different activation function than the step 

function utilised in perceptron's. In order for this 

strategy to work, we must ensure that the error function 

is continuous and able to be differentiated at each 

iteration. We'll need some form of activation function to 

get things going. As an activation function, we're use 

the sigmoid function. Multiple layers of computing 

units allow for a greater variety of Boolean functions to 

be computed than networks with only one layer of 

units. But the computing work required to discover the 

proper weight combination grows significantly as more 

parameters and more complex topologies are 

evaluated. The back propagation technique is a 

well-known approach for dealing with large-scale 

learning challenges. Numerical methods have been 

applied in a variety of situations throughout the years, 

and the PDP group's work in 1985 led to their inclusion 

in connectionist artificial intelligence. When it was first 

developed, it became a popular algorithm for neural 

network learning. 

A. Estimation of weighted value of average 

fundamental load active and reactive power 

components  

To find the smallest error function in weight space 

using gradient descent, the back propagation algorithm 

uses the back propagation algorithm. As a result, this 

technique is both more generic and simpler to 

understand than the conventional analytical 

derivations, which exclusively deal with specific 

network topologies. Error function minimization is 

seen as an answer to this issue. In order for this strategy 

to work, we must ensure that the error function is 

continuous and able to be differentiated at each 

iteration. Since linked perceptrons create discontinuous 

composite functions and error functions, we must 

employ a different activation function than that utilised 

in perceptron's. 

 A BP training algorithm is used to estimate the three 

phase weighted value of load active power current 

components (Wap,Wbp,Wcp) and reactive power current 

components (Waq,Wbq,Wcq)  from polluted load currents 

using the feed forward and supervised principle. In this 

estimation, the input layer for three phases (a, b, and c) 

is expressed as  

The detail application of this algorithm for the 

estimation of various control parameters is given as 

follows. 

Ilap=WO+iLauap+iLbubp++iLcucp    (1) 

Ilbp=WO+iLauap+iLbubp++iLcucp   (2) 

Ilcp=WO+iLauap+iLbubp++iLcucp     (3) 

Where Wo is the selected value of the initial weight and 

(uap,ubp,ucp)  are the in-phase unit templates. In-phase 

unit templates are estimated using sensed PCC phase 

voltages (Vsa,Vsb,Vsc)  It is the relation of the phase 

voltage and the amplitude of the PCC voltage (Vt). The 

amplitude of sensed PCC voltages is estimated as  

𝑽𝒕 =  𝟐(𝒗𝒔𝒂
𝟐 + 𝒗𝒔𝒃

𝟐 + 𝒗𝒔𝒄
𝟐 )/𝟑  (4) 
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The in-phase unit templates of PCC voltages 

(uap,ubp,ucp)  are estimated as 

 𝒖𝒂𝒑 =
𝒗𝒔𝒂

𝒗𝒕
𝒖𝒃𝒑 =

𝒗𝒔𝒃

𝒗𝒕
𝒖𝒄𝒑 =

𝒗𝒔𝒄

𝒗𝒕
 (5) 

The extracted values of  ILap, ILbp,ILcpare passed through a 

sigmoid function as an activation function, and the 

output signals Zap,Zbp,Zcpof the feedforward section are 

expressed as 

zap = f  Ilap      (6) 

zbp = f  Ilap     (7) 

zcp = f  Ilap                                            (8) 

The estimated values of Zap,Zbp,Zcpare fed to a hidden 

layer as input signals. The three phase outputs of this 

layer ILap1, ILbp1, ILcp1 before the activation function are 

expressed as 

Ilap1  =wO1+wapzap+wbpwbp++wcpucp    (9) 

Ilap1 =  wO1+wapzap+wbpwbp++wcpucp   (10) 

Ilap1 =  wO1+wapzap+wbpwbp++wcpucp                   (11) 

Where ( W01, Wap,Wbp,Wcp) are the selected value of the 

initial weight in the hidden layer and the updated 

values of three phase weights using the average 

weighted value (Wp) of the active power current 

component as a feedback signal, respectively. The 

updated weight of phase “a” active power current 

components of load current “Wap” at the nth sampling 

instant is expressed as 

𝒘𝒂𝒑 = 𝒘𝒑 𝒏 + µ 𝒘𝒑 𝒏 − 𝒘𝒂𝒑𝒍 𝒏  𝒇′ 𝑰𝒂𝒑𝟏 𝒛𝒂𝒑 𝒏  

where (n) and (n) are `the average weighted value of 

the active power component of load currents and the 

updated weighted value of phase “a” at the nth 

sampling instant, respectively and wap1(n) and Zap(n) are 

the phase “a” fundamental weighted amplitude of the 

active power component of the load current and the 

output of the feed forward section of the algorithm at 

the nth instant, respectively. f(Iap1) and μ are represented 

as the derivative of Iap1 components and the learning 

rate. Similarly, for phase “b” and phase “c,” the 

updated weighted values of the active power current 

components of the load current are also expressed as 

same. The extracted values of Iap1, Ibp1, and Icp1 are passed 

through a sigmoid function as an activation function to 

the estimation of the fundamental active components in 

terms of three phase weights wap1, wbp1, and wcp1 as  

 zap 1 = f  Ilap 1     (13) 

.      zbp 1 = f  Ilap 1    (14) 

     zcp 1 = f  Ilap 1   (15) 

 

4.  SIMULATION RESULTS AND DISCUSSION 

 To minimise the DC link voltage across the 

self-supported capacitor of a voltage source converter 

(VSC), a neural network-based control strategy 

employing the Back propagation (BP) algorithm for a 

three-phase two-level distribution static compensator 

(DSTATCOM) is used (VSC). Use of a suggested control 

approach to create reference source currents provides 

weighted values for basic active and reactive 

components of load currents. In addition, the 

DSTATCOM's VSC is activated using these currents. 

Simulations using MATLAB/SIMULINK and the sim 

power system tool boxes show the efficiency of this 

control strategy. A real-time digital simulator is used to 

implement DSTATCOM in real-time. These findings 

demonstrate that the proposed DSTATCOM is able to 

handle a wide range of loading circumstances and 

maintain the overall harmonic distortion of the source 

current under the IEEE-519 standard's limit of 5%. 

 
Fig2.DSTATCOM using BP algorithm 

 

Results under varying load condition. 

 nominal load [3000 0.9] [current (RMS) power 

factor] 

 modulation [2000 5] [amplitude current (RMS) 

frequency (Hz)] 

 nominal voltage 600 [volts (RMS)Phase to 

phase] 
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Fig3.DSTAT voltage and current 

 
Fig4.active/reactive power, Vdc Voltage 

 
Fig5.power, voltage and current after DSTATCOM 

 
MATLAB results for (i) System performance using BP 

control technique-based DSTATCOM, (ii) Harmonic 

spectra of source current, (iii) Harmonic spectra of 

load current and, (iv) Waveform of a-phase source 

voltage and source current. 

 

5. CONCLUSION 

 VSC-based DSTATCOM was shown to be the most 

preferred solution for power factor correction and PCC 

voltage maintenance. A three-phase DSTATCOM has 

been developed to adjust for non-linear loads. The BPT 

control algorithm is used to determine whether or not it 

is effective. Switching pulses for DSTATCOM VSC 

IGBTs were generated using the suggested BPT control 

technique. With DC voltage management of 

DSTATCOM, several DSTATCOM functionalities 

including harmonic exclusion and load balancing have 

been shown. DSTATCOM and its control algorithm 

have been determined to be suitable for nonlinear load 

adjustment based on simulation and implementation 

results. ANFIS is used to create the simulation model, 

which is then tested under a variety of operational 

situations. ANFIS's output is determined to be 

compatible with the suggested control method for a 

variety of loads. The retrieved reference source currents 

successfully monitor the perceived source currents in 

both steady-state and dynamic circumstances, proving 

its efficiency in this application. There were no 

overshoot or undershoots in the DSTATCOM's DC bus 

voltages under load fluctuation. Training durations for 

sophisticated methods, the collection of the number of 
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hidden layers in the system are a disadvantage of this 

technique. 

 The other transformation methods like linear, 

Walsh and coordinate methods can be 

implemented for pre-processing stage in expert 

system. It can be applied for any industries that 

require power quality monitoring system. 

 Various evolutionary algorithm can be 

implemented for the tuning process of the 

controller implemented in the custom power 

devices. 

 At micro grids, the Power quality issues can be 

assessed and mitigated using various energy 

storage systems. 

Energy storage system like super capacitors, fly 

wheel storage systems can be implemented in custom 

power devices to have a better performance. 

 

Conflict of interest statement 

Authors declare that they do not have any conflict of 

interest. 

 

REFERENCES 

[1] R. C. Dugan, M. F. McGranaghan and H. W. Beaty,Electric 

Power Systems Quality, 2ed Ed., McGraw Hill,New York, 2006. 

[2] Alfredo Ortiz, Cristina Gherasim, Mario Manana, 

Carlos J. Renedo, L. Ignacio Eguiluz and Ronnie J. 

M.Belmans,“Total harmonic distortion ecompositiondepending 

on distortion origin,”IEEE Transactions onPower Delivery, vol. 

20, no. 4, pp. 2651-2656, October2005. 

[3] Tzung Lin Lee and Shang Hung Hu,“Discrete 

frequency-tuning active filter to suppress harmonic 

resonances of closed-loop distribution power 

systems,”IEEETransactions on Power Electronics, vol.26, no. 1, 

pp. 137-148, January 2011 

[4] K. R. Padiyar, FACTS Controllers in Power 

Transmission and Distribution, New AgeInternational,New 

Delhi, 2008. 

[5] IEEE Recommended Practices and requirement forHarmonic 

Control on electric power System, IEEEStd.519, 1992. 

[6] Tzung-Lin Lee, Shang-Hung Hu and Yu-Hung 

Chan,“DSTATCOM with positive-sequence admittanceand 

negative-sequence conductance to mitigate voltagefluctuations 

in high-level penetration of distributedgeneration 

systems,”IEEE Transactions on IndustrialElectronics, vol. 60, no. 

4, pp. 1417-1428, April 2013 

[7] B. Singh, P. Jayaprakash and D.P. othari,“Power 

factor correction and power quality improvement in 

thedistribution system,”Journal of Electrical India, pp. 40-48, 

April, 2008. 

[8] Jinn-Chang Wu, HurngLiahngJou, Ya Tsung Feng,Wen Pin Hsu, 

Min Sheng Huang, and WenJetHou,“Novelcircuit topology for 

three-phase active power filter,”IEEETransactions on Power 

Delivery, vol. 22, no. 1, pp. 444-449, January 2007. 

[9] Z Yao and L. Xiao,“Control of single-phase gridconnected 

inverters with nonlinear loads,”IEEE 

Transactions on Industrial Electronics, vol. 60, no. 4, 

pp.1384-1389, April 2013. 

[10] .Ali A. Heris, E. Babaei and Seyed H. Hosseini,“A newshunt 

active power filter based on indirect matrixconverter,”in Proc. of 

20th Iranian Conference ElectricalEngineering, 2012, pp.581-586. 

[11] M. Sadeghi, A. Nazarloo, S.H. Hosseini and E. 

Babaei,“A new DSTATCOM topology based on 

StackedMulticell converter,”in Proc. of 2nd Power 

Electronics,Drive Systems and Technologies Conference, 

2011,pp.205-210. 

[12] Grzegorz Benysek and Marian Pasko, Power 

Theories for Improved Power Quality, Springer-Verlag,London, 

2012. 

[13] B. Singh and J. Solanki,“A comparison of controlalgorithms for 

DSTATCOM,”IEEE Transactions onIndustrial Electronics, vol. 

56, no. 7, pp. 2738-2745, July2009. 

[14] C.H. da Silva, R.R. Pereira, L.E.B. da Silva, G. LambertTorres, 

B.K. Bose and S.U. Ahn,“A Digital PLL scheme forthree-phase 

system using modified synchronousreference frame, IEEE 

Transactions on IndustrialElectronics, vol.57, no.11, 

pp.3814-3821, Nov. 2010. 

[15] Salem Rahmani, Abdelhamid Hamadi and Kamal AlHaddad,“A 

Lyapunov-function-based control for a threephase shunt hybrid 

active filter,” IEEE Transactions onIndustrial Electronics, vol. 59, 

no. 3, pp. 1418-1429,March 2012. 

[16] S. Rahmani, N. Mendalek and K. AlHaddad,“Experimental 

design of a nonlinear controltechnique for three-phase shunt 

active power 

filter,”IEEE Transactions on Industrial Electronics, 

vol.57, no.10, pp.3364-3375, Oct. 2010. 

[17] S.N. Sivanandam and S.N. Deepa,“Principle of 

SoftComputing,”Wiley India Ltd, New Delhi, 2010. 

[18] Jyh Shing Rogor Jang, Chuen Tsai Sun and Eiji 

Mizutani,“in Proc. Of Neuro fuzzy and soft 

computing:AComputational Approach to Learning and 

MachineIntelligence, Person Education Asia, Delhi, 2008. 

[19] Parmod Kumar and Alka Mahajan,“Soft computingtechniques 

for the control of an active power filter,”IEEETransactions on 

Power Delivery, vol. 24, no. 1, pp.452-461, January 2009. 

[20] Avik Bhattacharya and Chandan chakraborty,“Ashunt active 

power filter with enhanced performanceusing ANN-based 

predictive and adaptivecontrollers,”IEEE Transactions on 

Industrial Electronics,vol. 58, no. 2, pp. 421-428, February 2011. 


