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ABSTRACT                                                                                                                                                           As non-linear loads are used, the power system faces many consequences, among which the quality of power is contemplated as a major concern. Hence it is vital to deliver the power without any disturbances which paves the way for this work, here PV fed DSTATCOM is employed, which also mitigates the harmonics. Instantaneous adaptive P-Q theory-based ANN is utilized for generating the reference current and the harmonic components are extractedusingthe gating sequence of the three-phase VSI. Thus, the opposite harmonics are injected atthe point of common coupling (PCC) using three-phase VSI, therebythe active and reactive power flow in the distribution system is controlled. The proposed methodology is validated by using MATLAB simulation.                                                                                                                                                              Keywords: DSTATCOM; ANN;Instantaneous adaptive PQ theory; PI Controller.
I. INTRODUCTION
The standard power system is obtained by power quality (PQ) and the increase of non-linear loads in distributed system results in PQ problems. The PQ problems comprises electrical harmonics, low power factor, voltage sag or swell and flickers, among these issues’ harmonics are most harmful and it is generated by the electronic equipment’s [1] [2]. Due to harmonics, the supply voltage in distributed system is distorted and the sensitive load operation is distressed [3].To overcome these quality issues FACTS(Flexible AC transmission systems) devices are employed and through the FACTS application, the features like, power flow, stability, voltage profile, power factor and loss minimization are enhanced. The popular FACTS devices are Static Var Compensators (SVC) and Thyristor Controlled Series Capacitors (TCSC), here, the SVC is represented as shunt compensation and TCSC is represented as series compensation [4].
	Initially the power quality issue is achieved by two modes of SVC (i.e. voltage regulation as well as volt ampere reactive control mode) through which the voltage is regulated as required by the system and susceptance is maintained as constant [5]. The SVC is capable of providing the reactive power rapidly and downside of SVC is slow dynamic response. Further TCSC is utilized to overcome the SVC complications, TCSC is achieved in both high voltage (HV) and extra high voltage (EHV). In power system the power flow control is enhanced by TCSC, as it limits the current by improving the voltage,through which the voltage sag is recognized [6]. The advantage of TCSC is that, it restricts short circuit current and it switches to controllable inductance from controllable capacitance and the downside of TCSC, which yield parallel resonance among the capacitors. To overcome the drawbacks of these two FACTS, Static synchronous compensator (STATCOM) [7] is utilized which increases the capacity of power transmission and in the downside of this FACTS, the energy storage is impossible. To overcome these FACTS issues, here Distribution static compensator (DSTATCOM) is used.
	In power system, the reference current is generated by utilizing some theories, initially synchronous reference frame (SRF) theory is employed. SRF is achieved in series active filter, by which the reference voltage is generated for dynamic voltage restorer. However, it is easy to compute but it is extremely hard to extract the harmonics accurately [8]. Another theory, which is employed to overcome SRF issue is P-Q theory through which the active power filter is controlled and alsoit analyzes the distorted voltage issues. However, the accurate harmonics are extracted but the execution is complex [9], to overcome these both issues, adaptive P-Q theory is used. 
This work presents a section of MPPT and DSTATCOM. Generally, FACTS devices are utilized to rectify the PQ issues like voltage sag and swell [10-15]. When supply is given to the load side, it produces power quality problems. To overcome this problem, DSTATCOM fed PV is used in this proposed work whichimproves power factor and reduces THD. At the DSTATCOM side, a  VSI is utilized which convert DC to AC. Here, a PV panel is used as DC source. An instantaneous adaptive P-Q theory-based ANN is used for the generation of current and harmonics extraction. Now, the extracted harmonics are given to PWM generator and it generates pulse which is given to three phase voltage source inverter that injects opposite harmonics to PCC and therefore it reduces harmonics in source current.
1. Proposed System
The proposed block diagram comprises 3Ф AC source, PV system, Luo converter, ANN based MPPT, PWM generator and non-linear load. The proposed block diagram is depicted in Fig 1.
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Figure 1. Proposed block diagram
	A 3Ф AC supply is fed to non-linear load which produces PQ issues like voltage sag and swell. Generally, the voltage and current areinphase, but due to non-linear load, harmonic problem occurs and it affects the source current. If THD occurs above, the life time of load and generator gets reduced. To overcome this problem, Distribution static compensator (DSTATCOM) is used. To inject harmonics at PCC, a 3Ф VSI is implemented on DSTATCOM and the PCC is connected with a 3Ф VSI through the coupling inductor. In order to give DC supply to three phase VSI, a PV panel is used. The PV panel output voltage is  DC and this voltage is given to input of Luo converter. Due to change in temperature and intensity,the output voltage of PV panel is varied and so, by using Luo converter it will boost up the voltage to a  DC. MPPT is used to extract maximum power from PV panel. MPPT based Artificial Neural Network is used to maintain output voltage as constant. Now, this voltage is given to three phase VSI that converts DC to AC. An instantaneous adaptive P-Q theory based ANN is used for generating reference current and the harmonics extraction. Now, the extracted harmonics are given to PWM generator and it generates the pulse which is given to the three-phase voltage source inverter which injects opposite harmonics to PCC and therefore it reduces harmonics and compensates the reactive power.
II.MODELLING OF PROPOSED SYSTEM
A. ANN based Instantaneous adaptive P-Q theory for reference current generation
Instantaneous adaptive P-Q theory based ANN is utilized for generating reference current and to compensate current harmonics and reactive power which are generated by non-linear loads. According to this theory, the  powers are measured and their termsin AC and DC are instantaneously divided. The instantaneous powers are measured from  frame and it is expressed as,
                             (1)
The source voltage in  frame is deduced by the common expression as,
                             (2)
The block diagram of reference current generation system is depicted in Fig 2.
[image: ]
Figure2. Block diagram of reference current generation system
The symmetrical components of extraction system are depicted in Fig 3.
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Figure3. Symmetrical components extraction system
The fundamental direct voltage element is also attained from by means of unit amplitude currents, which provides from a direct fundamental element and DC terms of associated fictitious powers.
                             (3)
The fictitious powers  are calculated from currents  and  space voltages which is expressed in below equation.
	  (4)
Where the Clark and coordinate matrixes are denoted as.
The sum of harmonics element is expressed as,
                             (5)
Equation (4) is rewritten with a linearly separable equation which is noted in below equation and it approximated by an ANN. It is expressed as,
                             (6)
Where the input and weights vectors are denoted as, Output of ANN is denoted as, which is based on supervised learning. The input vector  is obtained from sinusoidal signals multiple of the fundamental element. At iteration, ANN’s output of  is compared with desired value. The error obtained is, this is utilized by an optimal least mean square learning algorithm, which is used to correct weights of  for the next sampling time to convergence. The of elements after training denotes power amplitudes that results from direct voltages at frequency  and the currents are obtained from equation (2). Finally, by transforming the first two elements of, i.e. the DC parts of the instantaneous powers, into the voltage space with equation (1) and by multiplying them with, the fundamental direct voltages of the system are obtained. With the same concept, the fictitious reactive power is also obtained.
B. Reference current generation
In  systems, the instantaneous current and voltages are transformed into instantaneous space vectors. These vectors are simply transformed into  orthogonal coordinates and it is expressed as,
                             (7)
The instantaneous real and reactive power with AC and DC termis represented as,
                             (8)
The DC values of  are generated with positive sequence element of load current and AC values of  are generated with harmonic component of load current. Now equation (23) is transformed as,
                             (9)
Where 
The compensating currents ( on  frame are measured using  in order to compensate harmonics and instantaneous reactive power and it is expressed as, 
                             (10)
Where,  is known as added power in order to attain voltage capacitor  at the side of DC inverter. The compensating reference currents in  co-ordinates is expressed by the following equation are,
                         (11)
In this work, the reference current signals are generated by Instantaneous adaptive P-Q theory-based ANN and this signal is given to PWM generator which compares reference signal with carrier signal and generates pulses which are given to  VSI through coupling inductor through which opposite harmonics are injected to PCC and therefore reduces harmonics and compensates the reactive power.
III. RESULTS AND DISCUSSIONS
The performance of proposed system is scrutinizedvia simulation in MATLAB. The harmonic reduction is achieved by means of instantaneous PQ theory with ANNand the DC-link voltage is maintained as constant. The parameters used for the simulation are given in Table 1.
Table 1 Design parameters
	Parameters
	Values

	Input Frequency
	50Hz

	Input voltage
	415V

	Input Source resistor 
	1Ω

	Input Source inductor 
	0.1mH

	DC-link capacitance 
	2200µF

	Ref. Voltage 
	1200V

	Coupling Inductor 
	3mH



The AC source voltage and current waveforms are depicted in Fig 4&5 accordingly. From the Fig 4,it is noted that the input voltage of  is maintained. When this is given to a non-linear load, initially harmonics will occur in the source current and after the time of  the waveform becomes sinusoidal due to DSTATCOM whichreduces harmonics.
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Figure4. AC source voltage waveform
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Figure5. AC source current waveform



As depicted in Fig 6, the waveform of current injected at the PCCwithout using the proposed inverter and its control circuits will contain severe harmonics due to the non-linear nature of the load. It is therefore necessary to eliminate all these harmonics by injecting the opposite phase harmonics at the PCC using the inverter circuit. The output voltage of  voltage source inverter is injected to the PCC via coupling inductor to reduce the source current harmonics. 
[image: ]
Figure6. Injected PCC current waveform
After injecting the inverter output voltage at the PCC, the Load voltage and current waveformsbecome sinusoidal is depicted in Fig 7&8 accordingly. It is also observed that the load voltage is maintained constant and after the time of the initially existedharmonicsin load current is disappearedthe waveform becomes sinusoidal.
[image: ]
Figure7. Load voltage waveform  	Figure8. Load current Waveform
The input voltage and current waveform is depicted in Fig 9. From this waveform, it is observed that initially the input voltage and current are not in in-phase and after the time of it becomes sinusoidal.
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Figure9. Input Voltage and Current waveform
The Load Real and Reactive Power are depicted in Fig 10&11 respectively. The amplitude of harmonics defines the level of real and reactive powers in the line. For the given load, the real power lies above 16000W and the reactive power has the value that ranges between -170VAR to -50VAR.
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Figure 10. Waveform for Load Real Power
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Figure 11. Waveform for Load Reactive Power




The source current THD is depicted in Fig 12. From this figure, it is observed that the THD attained in source current is. 
[image: ]
Figure12. Source current THD with ANN controller
The source voltage THD with ANN controller is depicted in Fig 13. From this figure, it is observed that the source voltage of THD with ANN controller attained is .
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Figure13.Source Voltage THD with ANN controller

	
Figure14. Comparison of THD 



The comparison of Total Harmonic Distortion is depicted in Fig 14.
From the Figure, it is observed that the source current THD with ANN is considered as a best when comparing to PI and FLC since it has the reduced value. The value attained is .
IV. CONCLUSION
Because of the usage of non-linear loads, the power system has faced numerous disturbances and among these disturbances, harmonics is an important factor that affects the quality of power. In this work a PV fed D-STATCOM is employed for the mitigation of   harmonics. The generation of reference current and harmonics are extracted by instantaneous adaptive P-Q theory and thus the gating sequence for three-phase VSI is generated. By means of three-phase VSI, opposite harmonics are injected to PCC. Thus the reactive power flow through the distribution system is controlled thereby mitigating the harmonics and compensating the reactive power. The proposed methodology is simulated using MATLAB and the results obtained are satisfactory.      
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THD COMPARISON
PI	FLC	ANN	4.95	4.63	3.61	
THD
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