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Abstract: An important issue in power grid systems is the enhancement of harmonics. Managing the harmonics event 
and its major impacts on power quality is the focus of this research. It is presented and used as a distributed static 
synchronous compensator, where AI is used as a novel method of control (DSTATCOM). Reduce and/or attenuate 
harmonic amplification in power system networks with the help of DSTATCOM, a FACTS device that is capable of 
achieving very effective reactive power compensation. The MATLAB/Simulink software is used to run simulations and 
collect results. 
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1. Introduction  

 

Because of outages, electricity experts are now quite worried 
about system stability. In a flexible alternating current 
transmission system (FACTS), a distributed synchronous 
condensers compensator (DSTATCOM) is a device that is shunt 
linked to the system. By injecting shunted present in tandem with 
the line voltage, the dynamic compensator (STATCOM) may 
electrically simulate the reactor and capacitor. Power system 
networks often use nonlinear loads. However, the resonant of L 
and PF placed in household capacitors and employed as power 
systems presents a significant challenge known as "harmonics."  
 
The transmission and distribution portions of the power system 
utilize FACTS devices to dampen harmonic amplification [1, 2]. 
DSTATCOM has been shown to be a genuine FACTS device in 
power system networks, and it achieves its effects by injecting 
VAR into such networks. Reactive power and imbalanced loads 
in distribution systems may be mitigated at an affordable price 
with the help of DSTATCOM's bespoke power electronics, like 
the dynamic voltage restorative and UPQC conditioner. 
Consumers' happiness with their electrical energy infrastructure 
hinges on fixing the power quality problem. There will likely be 
more problems with control quality as the use of control devices 
and nonlinear loads proliferate. For this problem, FACTS has a 
strategic solution to provide. Speedy and trustworthy 
transmission parameter control innovations are required. Because 
of this, we set out to develop a web-based, learning-based 
controller for a power inverter in order to enhance its efficiency 
and reduce its THD output (THD). To better the performance of 
the controller of SAF, researchers have turned to ANN methods 

and traditional backpropagation algorithms [3-5]. However, there 
is no online adaptability in the currently used algorithms, and the 
algorithms' performance under various load situations has not 
been measured. Power system hardware is affected by 
transmission line flaws of any distance [6, 7]. Voltage problems 
and weakened client equipment are the result of flaws in 
transmission line networks and appropriation control 
frameworks [8]. This research resulted in the enhancement of the 
power framework efficiency of FACTS devices. These FACTS 
controllers may be utilized in normal and anticipated settings to 
maximize the corresponding capacity. STATCOM, UPQC, SVC, 
SSG, TCR, TSC, TSR, and SSSC are all variants of FACTS. In this 
research, we focused only on DSTATCOM. The amount of 
reactive power available at STATCOM's terminals is dependent 
on the reliability of the power supply. In the budgeting process, 
this STATCOM is referred to as electronic data exchange. Similar 
control methods have been implemented in the intensity 
feedback controller of generators to enhance the system 
frequency range and smooth the variations brought on by the 
widespread incorporation of wind, photovoltaics (PVs), and/or 
electric vehicles (EVs), as shown in the aforementioned studies 
[10–12]. However, few research has looked at the difficulties of 
using an ADP-based controller to regulate the current in a power 
electronic spwm modulator (PWM) [13]. 
 

2. Literature Survey 
 
The damping of harmonic transmission in power distribution 
systems: management strategy and site selection of such a shunt 
active filter [1] by H. Akagi. In 1997, IEEE's Trans. Power. Deliv. 
[http://dx.doi.org/10.1109/61.568259] The focus of this study is on 
a parallel active filter that will be built by a utility company, with 
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specific attention paid to the optimal placement of this filters on a 
feeder inside a power system network and the control technique 
that will be used to optimize its operation. Rather than 
attempting to reduce ac voltages throughout the feeder, the goal 
of the shunt apf is to damp harmonic transmission, which is 
caused by harmonic resonance between numerous capacitors for 
power quality improvement and lines inductors in the feeder. 
Suppressing the spread of harmonics is a "side effect" (or 
"feature") of the series active power filter that is often 
appreciated.  
 
This study indicates that the optimal location is not the starting 
terminal but the end termination of the main line in the feeder, 
and that the series active power filter based on voltage sensing at 
the time of installation provides the most stability.  
 
In order to ensure the safety and reliability of the shunt active 
filter, which is often installed on a feeder of a distribution grid in 
a residential area, a computer simulation is done using an analog 
circuit simulator. Using neural network technology for active 
power filter control: [2] P. S. Vazquez. IEE Proc.-Electr. Energy 
Appl. 54(1): 61-76. The use of neural networks is described for the 
regulation of an active power filter. Current and voltage 
harmonic are on the rise due to nonlinear loads in today's power 
networks. Harmonic distortion may be mitigated, and the power 
factor of the loaded equipment is improved with the help of 
active power filters (APFs). The suggested control architecture is 
a two-block neural network-based pulse width modulation 
(PWM) controller. It is the job of adaptive networks to make an 
educated guess about the standard compensation currents. On 
the other hand, a hysteresis band comparator based on a 
multilayer neural feedforward network (trained using a 
backpropagation technique) is used. Using Matlab-Simulink, we 
demonstrate two use cases for testing the effectiveness of the 
proposed control scheme.[3] An Integrated Artificial Neural 
Architecture for Power Systems. Abdeslam DO, Wira P, Flieller 
D. IEEE Transactions on Industrial Electronics 54(1):61-76. 
[http://dx.doi.org/10.1109/TIE.2006.888758] 
 

3. Proposed System 
 

A block schematic of the DSTATCOM's ANN controller is shown 
in Figure 1. The configuration of the system's components, 
including the DSTATCOM and the ANN controller, is shown in 
the image below. DC link capacitance (storage and energy), 
Voltage Source Inverter (VSI), and passive filter are the three 
main components of the DSTATCOM. SPWM technology 
regulates the VSI. 
 

.  
Fig:1 Diagram of the power model with DSTATCOM 

When a voltage sag develops across Zth, the voltage drop may be 
corrected by injecting Ish. As can be shown in Eqs., the Ish value 
may be modulated by that of the VSC output (1-3). The amount of 
electricity that DSTATCOM adds to the electrical grid is given by 
Eq. (4). 
 

    (1) 

  (2) 

 (3) 
   (4) 

 
DSTATCOM makes adjustments to the power supply based on 
the Zth values or failure level of the connected load if there is an 
increase in fluctuation because of voltage dips. Whenever the Ish 
level is decreased, the after-correction voltage is attained without 
adding a power factor into the system.  
 
The success of DSTATCOM's voltage-control efforts depends on 
how accurately Zth is predicted to change. By keeping the shunt-
infused current Ish in unison with VL, the voltage output remedy 
may be achieved without adding any active power to the system, 
provided that the estimate of Ish is constrained. As shown in Fig. 
(1), a simple two-level VSC that is regulated by using NN to 
generate ordinary sinusoidal wave width modification (PWM) 
[16] is required for DSTATCOM connection. 
 

3.1. NN Control Algorithm 
 
The NN controller used in this study is a multilayer neural 
network, as illustrated in Fig.2.The PWM output is compared to a 
carrier signal using a comparator and then used as an input. 
 

 
 
Fig:2 Single Line Diagaram Of The Neural Network Controller 
 
Figure 3 shows the Neuron in the Matrix from Each Layer. Any 
inaccuracies in the filtering process will be corrected by feeding 
the output back into the system. It is essential in feedforward 
design to ensure both the tracking speed and the peace and 
stability (or boundedness) of all variables.  
 
Instability & and unboundedness of impulses are only two of the 
major issues that may arise from not doing so, leading to the 
complete breakdown or destruction of the closed-loop system. 
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Fig: 3 Neuron in Matrix from Each Layer 
 
The weights (Wij) of this NN shift depending on the underlying 
biases (Bj). The NN output is trained using a mean squared error 
of 0.0001, which can be calculated using Eq (5). 
 

     (5) 
 

  (6) 
                                                   (7) 

     
     (8) 

Overall, it is inadequate to use a single neuron fed by several 
inputs. The parallel operation sometimes requires and over 10 
neurons (a layer) (3). As seen in Fig. 4, the connection between 
neurons may be shown to have several levels. 
 

 
 

Fig: 4 Three Layer Neural Network 
 

4. Simulation Results 
 

 
 
Fig.5.MATLAB/SIMULINK circuit diagram of the proposed 
system 

 
Fig.6.Control system 
 

 
Fig.7 (a) Source current (b) Load current (c) Injected current 
The DSTATCOM is simulated first by using Hysteresis current 
controller for current injection. The load current waveform is 
shown in Fig7 and its corresponding THD is shown in Fig10 
which shows that THD is 3.36%. Fig9 shows the waveform of 
the reference current. 
 

 
Fig.8 Inverter voltage 
 
The waveforms of unbalanced load current are shown in Fig. 8. 
The DSTATCOM has to inject an unbalanced compensating 
current as shown in Fig. 8 to maintain the absorbed PCC 
current to be balanced and sinusoidal the PCC voltage during 
the excursion of heavy inductive load as shown the voltage is 
sinusoidal due to the compensation of DSTATCOM. 
 

 
Fig.9 Source current THD%(18.88%) before compensation 
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Fig.10 Source current THD%(3.46%)after compensation 
 

As shown in Figure 9 and Figure 10, the THD of both the source 
voltage and load voltage is reduced to 18.88%, which is identical 
to the THD of the source voltage. THD level for supply current is 
observed to be 3.46% as shown in Figure 10. The proposed 
DSTATCOM can compensate for the harmonics present in the 
load current. The THD level of the load current is almost 
constant. The voltage waveform of the nonlinear load is 
improved and its THD of the nonlinear load voltage is reduced to 
3.46% as shown in Figure 10. The THD  of nonlinear load currents 
is increased to 18.88% and is presented in Figure 9. An increase in 
the THD of nonlinear load currents illustrates that the proposed 
DSTATCOM can compensate for the harmonics present in the 
source bus.   

 
5. Conclusion 

 
It is possible for a consumer to have harmonic issues as a result of 
voltage distortion. In this work, we present a DSTATCOM 
controller that is based on a multilayer neural network that 
operates in discrete time. By filtering the error of the complete 
closed-loop system, the network weights were adaptively 
changed in real-time. The static compensator in the distribution 
system provided the more common series shunt correction. With 
the goal of lowering harmonics, a distribution control system 
model was developed. As a component of the power 
infrastructure, the control quality study was developed and 
carried out in Simulink.  
 
The results of this study studied the impacts of voltage sag and 
the mechanisms that exert influence on the waveforms of the field 
voltage and current. The goal of the DSTATCOM test is to 
improve voltage stability in distribution systems having 
nonlinear loads by eliminating noise at the generator. The 
installation of power system network-compatible equipment has 
helped alleviate the issue of poor power quality. 
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