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Abstract: In this paper an ANN based Adaptive Notch Filter 

(ANF) for grid tied solar PV system has been proposed. This 

proposed SPV energy conversion system is proficient in 

improving the power quality along with the aims of 

Maximum power Point Tracking and injecting that energy 

into the grid A combination of ANN and ANF controller is 

used to improve the %THD in the grid currents. ANN 

controller has more effect than other controller and will 

reduce the %THD in source current. The ANF controller 

successfully generates sinusoid of a possibly non-stationary 

nature from harmonics degraded load currents at PCC. The 

proposed structure helps in reducing distribution losses as it 

injects active power close to the load ends and balancing 

load regulation and mitigates harmonics. So, it is a multi-

functional grid-connected SPV energy conversion system. 

The conversion of dc-power to AC, will act as harmonics 

current elimination, reactive power compensation and load 

balancing. Combination of ANF with ANN control 

algorithm provides instantaneous values of the original 

signals. MATLAB/SIMULINK software is used for 

simulation results to verify the strength of the presented 

algorithm. The %THD of grid currents is well underIEEE-

519 standard even for the nonlinear loads also. 

 

Keywords:Solar Photovoltaic,ANN,Harmonics Elimination, 

MPPT, Reactive Power Compensation and Load Balancing. 

 

I. INTRODUCTION 

     Due to increasing cost of conventional sources of energy 

and because of environmental issuesthe use of Green and 

little carbon power is an urgent requirement nowadays. 

Compared with other renewable sources of energy like tidal, 

wind, geothermal etc, Solar Photovoltaic (SPV) energy 

renovation systems are gaining momentum due to 

appropriate government schemes, lessening prices and 

amplified research in this area. Solar PV systems can be of 

two types: standalone and grid-interfaced power generating 

systems. For reliable and efficient operation, Standalone 

systems require extra energy storage device but energy 

storage device (batteries etc.) increase both investment and 

maintenance costs of the system. Grid-interfaced solar power 

generating systems do not require any storage device. 

Combination of any renewable energy source to the grid 

system has to accomplish standard power quality necessities 

so that the grid is not contaminated due to such interface [1-

5]. In addition, with a lot of electronic devices (computers, 

electronic ballasts, adjustable speed drives, etc), the ratio of 

nonlinear load is growing in the distribution system. Because 

of these nonlinear loads, harmonic currents injection 

increased into the distribution system, this will causes 

distortion in the provided voltage waveform and may cause a 

number of other problems like mal-function of devices 

associated to that system, overheating of motor-load, etc [6]. 

Different custom power devices offer retrofit solutions to 

these power quality (PQ) problems. A variety of series, 

shunt, hybrid and shunt-series connected devices for power 

quality enhancement are proposed in [7-10].  

 

      The proposed scheme is a multi-tasking device, which 

addresses both the challenges visualized in the distribution 

system, i.e. energy scarcity and poor quality of the supplied 

power. This proposed SPV energy conversion system is 

proficient in improving the power quality along with the 

aims of Maximum power Point Tracking and injecting that 

energy into the grid. Much single stage as well as two stage 

grid interfaced SPV schemes are reported in the literature 

[11], and most of them are incomplete to use of PV inverter 

for injecting active power to the grid. Very few grid 

connected SPV systems with active power filtering and 

reactive power compensation are reported in [6-8] but they 

fail to provide load currents balancing. Verma et al [9] have 

presented SRF based control for grid interfaced SPV system 

with power quality improvement. Moreover, the SRF theory 

based systems experience from poor dynamic response 

because of low pass filters used for filtering. A 3-phase 

single stage multifunctional SPV energy conversion system 

is proposed in[10] in which a control algorithm using ILST 

is offered. The ILST based control algorithm uses 

unchanging central frequency for filtering of load current. 

Nevertheless, in this paper, a two-stage three-phase SPV 

energy conversion system is proposed with a three-leg 

Voltage Source Converter.  

 

    This proposed scheme uses an adaptive notch filter based 

ANN control algorithm, which is reasonably more 

appropriate for non-stationary environment. The frequency is 

always tracked in this method and the notch is accurately 

placed at the fundamental line frequency. Easy 
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implementation, fast dynamic response and robustness, due 

toeffortless mathematical functions are the main advantages 

of the proposed ANF based ANN control algorithm [1]-[2]. 

Neural networks take a special approach to problem solving 

than that of conventional computers. Conventional 

computers use an algorithmic procedure i.e. the computer 

follows a set of commands in order to resolve a problem. 

Unless the definite steps that the computer needs to follow 

are acknowledged, the computer cannot solve the problem. 

That restricts the problem solving potential of conventional 

computers to problems that we previously understand and 

know how to work out. But computers would be so much 

more helpful if they could do things that we don't accurately 

know how to do. Neural networks process the information in 

a similar way as the human brain does. The network is 

collected of a large number of extremely interconnected 

processing elements called neurons, working in parallel to 

resolve a definite problem. A neural network learns from 

examples. They cannot be programmed to carry out a precise 

task.  

 

      The examples must be chosen carefully otherwise useful 

time is exhausted or even worse the network might be 

execution wrongly. The disadvantage is that the network 

finds out how to solve the problem by itself, but its operation 

can be unpredictable. On the other side, usual computers use 

a cognitive approach to problem solving; the manner the 

problem is solved must be known and acknowledged in 

minute unmistakable instructions. The proposed structure 

helps in reducing distribution losses as it injects active power 

close to the load ends. Furthermore, the net rms current in 

the distribution line is more reduced because of features such 

as balancing of grid currents, harmonics mitigation and local 

reactive power generation. The load-balancing and 

harmonics mitigation features also help in improving voltage 

quality at the point of common coupling. Therefore 

considering these benefits, the multi-functionality of the 

proposed scheme helps in fast recuperation of cost of power 

converters. The proposed solar PV energy conversion system 

has been simulated. Furthermore, a wide range of results are 

shown to exhibit all the features of the proposed system. The 

grid currents are fairly balanced even under severe 

unbalanced loading condition. The proposed two-stage 

circuit arrangement for this reason provides greater 

flexibility and superior capacity utilization of VSC as 

compared to single-stage case where the VSC needs to be 

overvalued due voltage deviation of solar PV panels with 

insulation and temperature. 

 

II. PROPOSED SYSTEM 

     A schematic diagram of two-stage grid interfaced SPV 

generating system is shown in Fig.1. The proposed system 

consists of SPV panels, a dc-dc boost converter, and a three 

leg VSC. A two-stage grid connected SPV energy 

conversion system is used in this work. In first stage, the 

solar photovoltaic modules are connected in a suitable series 

parallel combination to get the desired voltage and current 

rating from the panels. The PV array is connected at input of 

boost converter. The boost converter performs the functions 

of electrical MPPT (Maximum Power Point Tracking) and 

boosts the array voltage to 700V while feeding power to the 

dc link. In second stage, a three-leg VSC is used for 

interfacing the DC-link with the AC supply system. This 

VSC performs the functions of converting DC power to 

suitable AC voltages, load balancing, harmonics current 

elimination and reactive power compensation. To reduce 

ripple currents in the VSC filter inductors are used to 

interface VSC and grid. A three phase ripple filter is also 

connected in shunt at PCC (Point of Common Coupling). 

The ripple filter absorbs high frequency switching noise 

generated by VSC. 

 
Fig 1. System configuration. 

 

III. CONTROL ALGORITHM 

   Fig2 shows the block diagram of proposed adaptive notch 

filter based control algorithm. In this algorithm, phase PCC 

voltages (vsa, vsb, vsc), grid currents (isa, isbisc), load 

currents (iLa, iLb, iLc), dc-link voltage (vdc), PV-array 

voltage (vpv) and PV-array current (ipv) are required for the 

estimation of reference grid currents (isa*, isb*, isc*). The 

reference grid currents are further used for generation of 

switching logic. Mathematical and logical expressions for 

formulation of proposed control algorithm are given in the 

following section.  

 

 
Fig 2. ANF based control algorithm of a two-stage, three-

phase grid interfaced SPV system. 
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  There are various MPPT algorithms available in the 

literature[3],like P&O(Perturb&Observe),InCA (Incremental 

conductance Algorithm), fuzzy based MPPT, PSO (Particle 

Swarm Optimization) etc. Here, a simple and yet effective 

MPPT method, InCA [24] has been used for MPPT. In this 

method, PV array voltage and current are sensed and are fed 

to the controller in which change in sensed PV voltage and 

PV current is calculated as, Comparing instantaneous 

conductance (Ipv/Vpv) with incremental conductance 

(dIpv/dVpv), a suitable reference voltage is generated based 

on the following conditions, 

 
    This Vpvref(k) is used to determine a suitable duty cycle 

for the boost converter used as 1st stage. This duty cycle is 

used to generate the pulse for the boost converter. Their 

amplitude of three phase PCC voltages is estimated using 

PCC phase voltages (vsa, vsb, and vsc). The expression for 

amplitude estimation is as, 

 
     So, the in-phase unit templates (uap, ubp, ucp) can be 

estimated using, 

 
     And the quadrature unit templates (uaq, ubq, ucq) can be 

generated as, 

 
  The load current mainly consists of fundamental, harmonics 

and dc components. The fundamental portion of load current 

can be further divided into current in-phase and 90° shifted 

with respect to respective phase voltage. An adaptive theory 

based notch filter [20]-[21] with adaptive frequency is used 

to estimate the fundamental part of load current of phase “a” 

(iLfa), as shown in the block diagram of Fig. 2. An adaptive 

notch filter (ANF) based control technique is used to 

estimate average power consuming component of load 

current. In conventional notch filter, the notch frequency is 

kept constant whereas in case of ANF the grid frequency is 

estimated and notch is placed at estimated grid frequency 

(ϴ). For nth order harmonic the notch frequency is nϴ. The 

dynamic equations for notch filter for nth order harmonic 

are, 

 
   Where α and K are positive real numbers which decide 

accuracy and convergence speed. The estimation of 

frequency is a first order differential equation and ANF is 

characterized by second order differential equation. The 

output of ANF1 (x
.
1) is fundamental frequency component of 

input signal in phase with input signal. The amplitudes of 

average power consuming component of load currents (Ifpa, 

Ifpband Ifcp) are extracted by taking absolute value of 

fundamental load currents at the positive and negative hit 

crossings of quadrature-phase unit template (uqa) of PCC 

voltages. A hit crossing detector (HCD) provides the trigger 

pulses to sample and hold logic (SH). The input signal of SH 

(fundamental load current) is then sampled and hold at every 

zero crossing of uaq. The absolute value of the output of SH 

is can be considered as the amplitude of fundamental 

average power consuming component of load current. 

Similarly, the amplitude of fundamental average power 

consuming component of load current is extracted for other 

two load phases. The instantaneous compensation term for 

solar PV power is given as, 

 
     A PI (Proportional Integral) controller is used to keep the 

DC link voltage at the set reference value. The error between 

the sensed and reference dc link voltages is given to PI 

controller. The output of which denotes the loss component 

or current needed to maintain the DC link voltage to 

reference value. The governing equations in discrete domain 

is as, 

 
     Where Iloss is output loss component from PI controller, 

Kp is proportional gain. Ki is integral gain and vdcerroris 

error the sensed and reference DC link voltage. The net 

average power-consuming component of current to be 

extracted from the grid is estimated as, 

 
  For balanced grid currents in all three phases the Ipnet is 

divided by 3 and reference grid currents are given as, 

 
     These reference currents so derived are compared with 

sensed grid currents and a hysteresis current controller is 

used for inner current control loop. 

 

IV. ARTIFICIAL NEURAL NETWORK 

     Artificial Neural Networks are relatively crude electronic 

models based on the neural structure of the brain. The brain 

basically learns from experience. It is natural proof that some 

problems that are beyond the scope of current computers are 

indeed solvable by small energy efficient packages. This 

brain modeling also promises a less technical way to develop 

machine solutions. This new approach to computing also 

provides a more graceful degradation during system 

overload than its more traditional counterparts. These 

biologically inspired methods of computing are thought to be 

the next major advancement in the computing industry. Even 

simple animal brains are capable of functions that are 

currently impossible for computers. Computers do rote 

things well, like keeping ledgers or performing complex 

math. But computers have trouble recognizing even simple 

patterns much less generalizing those patterns of the past 
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into actions of the future. Now, advances in biological 

research promise an initial understanding of the natural 

thinking mechanism. This research shows that brains store 

information as patterns. Some of these patterns are very 

complicated and allow us the ability to recognize individual 

faces from many different angles. This process of storing 

information as patterns, utilizing those patterns, and then 

solving problems encompasses a new field in computing.  

 

   This field, as mentioned before, does not utilize traditional 

programming but involves the creation of massively parallel 

networks and the training of those networks to solve specific 

problems. This field also utilizes words very different from 

traditional computing, words like behave, react, self-

organize, learn, generalize, and forget. Whenever we talk 

about a neural network, we should more popularly say 

Artificial Neural Network (ANN), ANN are computers 

whose architecture is modelled after the brain. They 

typically consist of hundreds of simple processing units 

which are wired together in a complex communication 

network. Each unit or node is a simplified model of real 

neuron which sends off a new signal or fires if it receives a 

sufficiently strong Input signal from the other nodes to 

which it is connected. Traditionally neural network was used 

to refer as network or circuit of biological neurones, but 

modern usage of the term often refers to ANN. ANN is 

mathematical model or computational model, an information 

processing paradigm i.e. inspired by the way biological 

nervous system, such as brain information system. ANN is 

made up of interconnecting artificial neurones which are 

programmed like to mimic the properties of m biological 

neurons. These neurons working in unison to solve specific 

problems. ANN is configured for solving artificial 

intelligence problems without creating a model of real 

biological system. ANN is used for speech recognition, 

image analysis, adaptive control etc. These applications are 

done through a learning process, like learning in biological 

system, which involves the adjustment between neurones 

through synaptic connection. Same happen in the ANN.  

 

A. Working of ANN 

  The other parts of the art of using neural networks revolve 

around the myriad of ways these individual neurons can be 

clustered together. This clustering occurs in the human mind 

in such a way that information can be processed in a 

dynamic, interactive, and self-organizing way. Biologically, 

neural networks are constructed in a three-dimensional world 

from microscopic components. These neurons seem capable 

of nearly unrestricted interconnections. That is not true of 

any proposed, or existing, man-made network. Integrated 

circuits, using current technology, are two-dimensional 

devices with a limited number of layers for interconnection. 

This physical reality restrains the types, and scope, of 

artificial neural networks that can be implemented in silicon. 

Currently, neural networks are the simple clustering of the 

primitive artificial neurons. This clustering occurs by 

creating layers which are then connected to one another. 

How these layers connect is the other part of the "art" of 

engineering networks to resolve real world problems. 

 
Fig 3. A Simple Neural Network. 

 

V. SIMULATION RESULTS 

 
Fig4. simulation diagram of proposed SPV energy 

conversion system. 

 

     Simulation results are presented using MATLAB/ 

SIMULINK software for the proposed grid interfaced SPV 

energy conversion system. The fig. 4 shows the simulation 

diagram of proposed SPV energy conversion system. In fig. 

5 ANF with ANN based control algorithm of a two-stage, 

three-phase grid interfaced SPV system is presented. Three 

conditions have been chosen for validation of the proposed 

system. 

 
Fig 5. Simulation diagram of ANF with ANN controller. 
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Fig6. Simulated performances under linear load conditions. 

 

 

 
Fig7.Simulated performance under nonlinear load conditions. 

     Fig 6 shows simulated waveforms of Grid voltage, Grid 

current, load current, filter current, DC link voltage, PV 

voltage and PV currents of the linear load condition. Fig 7 

shows simulated waveforms of Grid voltage, Grid current, 

load current, filter current, DC link voltage, PV voltage and 

PV currents of the Non-linear load condition. Fig 8 shows 

simulated waveforms of Grid voltage, Grid current, load 

current, filter current, DC link voltage, PV voltage and PV 

currents of the change in solar insolation level. 

 
Fig 8. Simulated performance under change in solar 

insulation level. 

 

Fig 9. FFT analysis under linear load conditions. 
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Fig 10. FFT analysis under Non-linear load conditions. 

 

VI. CONCLUSION 

     In this paper a combination of ANF with ANN control 

algorithm has proposed to improve the %THD in the grid 

currents. So, this paper presents an ANN based Adaptive 

Notch Filter (ANF) for grid tied solar PV system. The 

presented Solar PV system is a multi-functional grid-

connected SPV energy conversion system. The conversion of 

dc-power to AC, will act as harmonics current elimination, 

reactive power compensation and load balancing. And also 

this multifunction grid connected SPV system is capable to 

save significantly money investment, space and maintenance 

cost. Combination of ANF with ANN control algorithm 

provides instantaneous values of the original signals.The 

result shows the PI controller not having much effect on 

%THD, but the ANN controller has huge effect and reduced 

the %THD. Finally, the proposed concept was validated with 

the simulation results. 
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