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Abstract

These grid interaction solar PV-battery systems can handle unbalanced and balanced three-phase
four-wire (3P-4W) nonlinear loads as well as single-phase loads of various types. AL-BP control
is capable of automatically adjusting complex nonlinear systems including grid-interactive 3-
phase, 4-wire systems that have critical imbalance, and feeding highly nonlinear loads, without
requiring any additional tuning. A robust control mechanism is needed to improve performance of
the system and power quality for solar array solar energy conversion systems. The module neural
network management incorporates DSTATCOM functions such as minimizing harmonics,
balancing of load, and improving power factor. The fuzzy logic control technique delivers superior
precision due to the neural network's combinational neural structure. This validation validates that
the system is capable of maintaining power quality, according to IEEE-519 requirements. This
approach significantly increases the steady-state and dynamic capabilities of a grid-connected 3-
phase, 4-wire (3P-4W) PV-battery system. For verification, a real-time DSP processor has been
used to implement the AL-BP control technique.

Index Terms— Seolar PV, V8C, power guality, norn-

linear loads, integrated s)ysternr.

I INTRODUCTION

Environmental concerns, technical advances, and price reductions have led to considerable growth
in

solar-photovoltaic (PV) powered power generation in the last few years. Greenhouse gas emissions
produced by thermal power plants are substantial. Due to the availability of renewable energy,
solar-photovoltaic power plants have shown to be more suitable and superior to conventional
electrical power generation methods.
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pertaining to one's geographical position While adaptive control systems are more suitable for
linear systems or other non-linear systems, [1] shows that adaptive control systems with self-tuning
capabilities may benefit even those types of systems. Neural network methods are often used in
nonlinear adaptive filtering systems. This investigation consisted of using an adaptive artificial
neural network for electrical utility systems for a transient stability assessment [3]. the back
propagation neural network-based training technique is discussed in this article. Back propagation
through time base learning is another adaptive control technique that has been previously discussed
in [5]. [6] presents a back propagation neutral network for compensating in optical current sensors
that use photonic transducers. For example, a multi-layer neutral network system's adaptive output
tracking architecture is used to train nonlinear plants. Power market dynamic transfer capacity may
be assessed using a wavelet neural network. It is feasible to approximate the error using a basic
back-propagation neural network [9]. A nonlinear adaptive neural network that controls
multivariable motion systems was addressed in [10]. To explain in more detail, we have explained
in [11] a neural network adaptive back propagation learning technique in the following table. A
neurofuzzy system used to mimic a switching reluctance motor proved very adaptable. A hybrid
learning system that is both efficient and effective has been created by combining linear least
squares estimation methods with a back propagation algorithm. In [13] several adaptive neutral
networks for control systems have been developed. A neutral network of efficient neutral
algorithms is proposed in [14] to build an auto-reclosing system. A control technique for
synchronous generators has been developed in the form of a direct adaptive neutral-based method,
proposed in [15]. Resonator bank structure control has been explained in [16] using a technique
using back propagation neural networks. Also, the technique proposed in the citation, [17], offers
an optimum adaptive learning algorithm for error-back propagation networks. Three phase four
wire shunt and series active filter controls are used in an unbalanced system with [18] as the
reference system. Ryan et al. [19] propose a three-phase, four-wire inverter and controller for
unbalanced systems using the unique decoupling quad transformation matrix they have used. A
novel multifunctional three-phase, four-wire grid-connected compensator was described in this
paper. Zeng et al. propose a modular multifunctional distributed generating unit that utilizes a 3H
bridge converter for low voltage systems. The final results show an adaptive fuzzy logic and
hysteresis controller that uses a three-phase, four-wire full bridge interleaved buck active power
filter for high power applications. The decentralized control method proposed by Karimi et al. [23-
24] is recommended for power management and load sharing in island microgrids. A control
algorithm for a microgrid based on solar, wind, and battery energy storage devices was developed
by Merabet et al. [25] for a standalone microgrid. A photovoltaic battery-powered fast electric
vehicle charging station (station) uses a flow of electricity that maximizes the amount of electricity
that gets delivered. As a consequence, solar PV, battery-assisted systems' power quality may be
improved. The power quality system presented delivers extremely non-sinusoidal currents to
nonlinear and unbalanced loads, such as industrial and residential loads in single- and three-phase.
For verification, a real-time DSP processor has been used to implement the AL-BP control
technique.

II. SCHEME AND WORKING PRINCIPLE
In Fig. 1, you can see the block diagram of the proposed improved power quality, which includes
the use of sophisticated AL-BP control. (a). The recommended system operates in three-phase
balanced mode while handling high-unbalanced and nonlinear loads. A four-legged IGBT-based
voltage source converter (VSC) has three inductors that connect between the grid and VSC, and is
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further made up of a solar-PV array, a buck converter for MPPT, a 3-phase RC filter, a storage
battery, a DC bus capacitor, and a bidirectional DC-DC converter for battery charging. A VSC
linked to the AC grid should have an inductor that is connected to the neutrals (source and load)
both. The fourth leg of VSC supplies all the harmonics needed by the negative of the load. Based
on these findings, it is concluded that electricity on the neutral line is not needed. To meet design
specifications, a DSP-based controller is used to produce eight gating pulses for the four leg dc
voltage converter's IGBT switches from the eight applied control voltages, and those eight gating
pulses are distributed among the four IGBT switches to produce the required number of switching
pulses. VSC is controlled due to the use of the adaptive learning approach and back-propagation
control mechanism. Incremental conductance (the incremental conductance method in this
instance) is used to keep power tracking in the recommended range [30-31]. A bidirectional
converter aids the charging and discharging of batteries. Reactive power is supplied to the VSC to
maintain a steady system voltage at the point of common connection (PCC). By providing almost
unity power factor and correcting both reactive and harmonic currents needed by the load, it
enhances system power quality.

IIT. CONTROL ALGORITHM

The AL-BP Algorithm is used to 3P4W systems to get the real and imaginary components of the
currents in the load.

A. Adaptive Learning Back Propagation Based Control Algorithm

Control method for AL-BP modeling is shown in the table below. For that reason, the common-
coupling voltage is expected to be,

2 2 2 2
Vr= 11}'; X (Vth +Voir” +Vpis ]

1)
In-phase normalized signal of grid voltages are estimated as follows,
Vone Vony Vyis
uRp:;—T u}—p:;—r HBP:;’—I
- - )
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Fig.1 Block diagram of adaptive control of voltage source converter based scheme for grid-interactive solar PV-
battery system feeding unbalanced 3 phase and single phase nonlinear and linear loads

For the phase voltages of the grid, there are three options: VRR, VYR, and VB (also known as
VRB). signals computed in the following manner: They are adjusted by quadrature of grid voltage
values.

—ly, + gy 3ugy, +uy, —ug,
Up, = Uy, =
q 5 q
3 243
_ “3ug, +uy, —ug,
?{'Bq = —2J§

3)

AL-BP control method uses equations (4) and (5) to determine the weight of the active and reactive
load currents (15). Hall Effect sensors detect ilR, ily, and ilb and every sample interval is sent to
the DSP controller with these values (as input variables). procedures (6) and (7). (6).

J‘.'}@ = Fp;n +ijHRp + '?-JIRH}:D +‘7-IR”BP

(4)
IEYP =W, + .ffyu&, +I'H,,Nj-p +iﬂ-z.*BP (5)
Ipr =W, + iBNRp + .fmujp +iEBz.*Bp (6)

Wm. the weight of the original An activation function sigmoid-type is used to the computation of
fundamental load currents such as IIRp, IYp, and 1IBp (9). The results of the feed-forward block
must be estimated using these equations.
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Zgy = f(fmp}: [#]

1+ % (7

Z}j:? = f(fg}};): [ 14 :—f}rp ] (8)
= fli. )= .

ZBP—f(IBp) [1_’_8_!"'3?} (9)

(hidden in a back - propagation algorithm are ZRp, ZYp, and ZBp) (RPNN). the outputs of the
hidden layer are estimated using Equations (10) and (11). (12).

Lot = Wt W Zip + W Zip + Wy Zi,

(10)
Tyt = Wiy + Wap Ly, + Wiy, + Wy Zy, (11)
Iap1 =Pt + W roZap + WipZipp + WipZip (12)

These are the initial-weights of the hidden-layer (Wm1, WRp, WYp, WBp). Using equation (13),
W k) =17, ( )+ 17, () = g (R )£ e on 2 2, () (13)

During the kth sample period, the active power component of load currents weighs Wp(Kk) and the
phase R in load current calculation weighs WRp(K). This is the average value of the active power
(power going into the component itself) in phase R of the active R power flows and the feed-
forward block output at the kth sampling period. iRp1 (f (iRp1). A constant is used to calculate the
learning rate of a proposed neural network-based control system. an algebraic equation (14) (15).
(15),

Wi;n(?"): wy (k)+ U{Wp (k)= (k)}f‘ [f}';;l Jzz;p("') (14)
Wiy ()=, () 07 ()= iy ()7 3 3 () (15)

The numerical parameters of iRpl, iYpl, and iBp1 are processed by the neural network's activation
function.

W}Epl =f {f:Rp1 ] :( 1 1 ]

+€_j@1 (16)
; 1
Wyp = f(?u;m )= [1+g‘fm ]
' (17)
L) 1

Here's how to compute average weight of basic real power signal (Wp)
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Wy + Wy + W,
- 3

(19)

Following the low pass filter, a scaling factor (§) is used to get the final weight of the real power
component Wipt.

the actual cost of imaginary power component is calculated by multiplying the base values by the
scaling factor (). (WIqt). Bidirectional DC-DC power converter can be seen in Figure 2. Battery
storage systems are one of the primary uses of this product (BES). The nominal voltage of the BES
is maintained while it is charging. The PI controllers utilize input Sensored DC link voltage and
reference DC link voltage. The reference battery current is detected, and the PI controller output
is compared to it to calculate the bidirectional DC-DC converter BES current. It is anticipated that
the overall DC link voltage error will be

Va‘c E (k} = Ifd: (‘{P)_ Vdﬁ' (k] (20)

This voltage error is used to calculate the battery reference current using a proportional-integral

. ] ,
7 a&%m
} Sboost

7
(PI) controller. Ve b
Fig.2 Control technique of bidirectional converter The gutput of this PI controller is as follows.
IPL(’('):IPL(k—l)‘*‘Kgf{Vdcg(F\')—Kfcf(k—l)}*'Kprdcg('\L) (21)

These gain parameters for the PI controller in the DC link voltage control loop are kpf and kif. For
actual grid current (WFp), the power contribution is:

WFp = IP.[. U{J + H;:'pr (22)

To achieve DC link voltage control in the DC link voltage control, the P1 controller's gain constants
are set to kpf and kif. For actual grid current (WFp), the power contribution is:

We =1Ipy (*I")“‘ - pt (23)

Its production is as follows.
V()= 7k 1)+ K, e ()~ Ve (k — 1)} + K, V7 (7) (24)
(WFq) is computed as a function of the imaginary power component of the grid currents.

Wg = -
P— (25)
These are the actual components of reference grid currents.

FSR,U = HFP”@ . 'TS}ID :WFp”}p_ ‘f:Bp — n’Fp”Bp

(26)

These are the reactive components of grid currents.
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Isrg = Wrglirg - Isvg = Wrgllyg . 1s8g = Wrglipg 27)
The following method is used to calculate three-phase reference grid currents.

Grid flows, as well as the error in each phase, are used to generate the pulses for each VSC leg
using the retro PWM controller.

IV. NEW PROFPOSED CONTROL
ALGORITHM

4. Caleulation of Active Component of Load Current *|_oad active power" is created through the use of the
delta-bar-delta NN technique to represent current and load voltages, which have been combined
to create dirty load current. The input layer here is described as

Input Layer Hidden Layer Output Layer

EE .
S Zafl) 9 _
Sigmoid Function Sigmoid Function
Fig. 2 Proposed model of Delta-Bar-Delta NN based
extraction of weighted fundamental load active
power components.

I

Ip, LA g My U I Iy I
T | =)@ | F| My My Uy |[I T g
I, Po Uy Uy Uy || I, I (2 8)

Uas, Ubs, Ucs are the unit templates in phase with the POI phase voltage, and o is a bias weight.
B. Implementation of Delta-Bar-Delta Learning
Technique

It is determined by averaging line condition power factor value of the load, and then multiplying
it by the weight of the load (Lsa). Phase 'a" in this instance will have a modified weight equal to
the weight of phase 'a’ plus the weight of phase 'b'.

Ap(p)=Ap(p—D—(1-5)2,f 1)Z(P) (29)

In other words, the source current gradient derivative (dp) is calculated for each sampling instant
(pth). in terms of delta-bar-delta error reduction, the error that has to be decreased is computed as.
Eo(P) =15, (P) = e (P)Par (P) (30)

In simpler terms, the exponential average of past error derivatives is known as Fp. To show how
an error is going down, it specifies in which direction.

fo=0f,+(1-0)d, (31)

The average exponentially differing derivative returns has a weighted of 1. In other words, the
weightings decide whether long-term or present trends have a larger effect on forecasting
precision. When using the delta bar delta method, there are only small modifications when dpfp is
negative and larger adjustments if dpfp has a positive value.

9071



Delta-Bar-Delta Neural Network (NN) Control of Voltage Source Converter Base Adaptive Control Scheme
for Power Quality Improved Grid — Interactive Solar PV- Battery System

[Ep—l +Kfo}'(fpfp = 01
&p = | 6pa <@ ford,f, <0 32)

The present weight change is observed when a major learning rate, p, is selected (p). In order to
adjust the weights in an adaptive way, we use the momentum-based objective function while doing
delta-bar delta learning. Projecting the average of past weight swings helps to minimize the net
weight gain from online weight training. When phase 'a' is altered, its weight is represented as
follows.

P (P) = Prea(P) + E{Prea (D)~ P (P}~ (=58, f (1)) Zo (P) (33)

Also, the value at sampling instant p (Lsa(p)) is the weighted average value of the active and
reactive components, whereas the phase 'a’ weighted value (as(p)) is the corresponding component
at that instant. The product Z(p) and the input a(p) are the results of the absorption column. The
derivative of the lasl component, f'(lasl), is shown by f' (lasl). Because of this, numbers such as
0.1, 0.5, and recently 0.7 are often utilized for various kinds of difficulties and problems.

When one tries to optimize, the momentum term takes into account the previous weight's effect on
the present weight gain. To determine a new weight increase, it is calculated by taking the current
gradient and prior weight change into consideration. The momentum and prior history do not apply
if the net force is zero. If the current change is completely reliant on the prior change, then it will
not affect the future. It is also true that when the values of fall between zero and one, the combined
response to changes in weight occurs. Otherwise, it is zero. Because of this, each weight change
would have to be completely dependent on all preceding weight changes, and all previous weight
changes would go all the way back to the original weight change, demonstrating that all weight
changes are recursive. The current weight shift decreases oscillations and accuracy because the
velocity raises the current weight shift. For example, in the case of sudden utility grid conditions,
you will want to respond quickly, and the recommended method will enable you to do so.

This means that for the following phases, this will be shown as follows:

o, (P =0, @ +t{e, (D) -0, (P-D}-(1-Oe, [ I )Z, () (34)

2 (P) = Pra (£) + £ {91:0(P) ~ @ (P~ D} = U= f (U1 Zs (D) (35)

Using the lasl, Ibsl, and Icsl values, the active fundamental component is calculated in the
sigmoid function.

P = L) =1/A+e™) (36)

Gy = [T)) =1/ A+ ™) (37)

o, =FU)=1/ (1+e™ ) (38)

The graph in Fig. 3 shows that the activation function multiplied with a scaling factor of k gives
rise to the signal, which is between 0 and 1. whereas standard and reference ones are calculated
using those methods, the basic feature of average upgrading facilities is measured using asl, bsl,

csl (Lsa).
Prea = (Pay + Py +@ey) /3 (39)
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The first-order low-pass filter is used to filter out low-frequency sounds. average power of the
weighted active power (Lsa).

V. SIMULATED RESULTS

A complex investigation is done to model the AL-BP power quality performance for grid
interactive improved power quality solar PV-battery backed systems using delta-bar-delta
algorithm-based control technique for single-phase and unbalance three-phase four-wire (3P-4W)
nonlinear loads. The simulated results shown in Figures 3 and 4 were provided in a study in which
delta-bar-delta neural network-based control methods were used. When feeding three different
types of single phase loads, three phase current balances, equal flows, and sinusoidal oscillations
of flow will occur.
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A system that simulates the interactions between three-phase grid-interactive solar power and a
battery system is illustrated in Figure 5. (b)

The simulated results show that the load's neutral current has been perfectly balanced by fourth
leg of the VSC. To achieve zero harmonics of load-neutral current, a neutral's current must be kept
equal to zero. to maintain equal and balanced three-phase currents at the grid's side, the shape of
current of VSC is changed The waveforms and THDs of the grid currents are illustrated in figure
5a. As you can see in Figure 5(b), the load current waveforms and THDs are shown. estimate in
Figure 5(a) shows that THD in grid current is less than 1% (b). It is permitted since this system is
in full compliance with the IEEE 519 standard. It shows the system's performance when severely
unbalanced in Figure 4. The other two phases are giving power to a 1-phase linear and nonlinear
system, while the first phase is powering just the system. a balanced 3-phase and single-phase
nonlinear and linear load arrangement was seen in the steady state simulation of the integrated 3-
phase 4 wire grid solar PV/battery system with steady state simulation shown in Illustration 3A-3
(b). This result shows that all three phases of the grid-side current are equal and sinusoidal, with
equal but uneven amounts of loading. The grid supplies a non-sinusoidal current of roughly
triangular shape, which is fully rectified by the fourth leg of VSC. By measuring the THD (Toward
Hotspot Dwell Time) of a single-phase nonlinear load in comparison to grid current, it was found
that the THD of the current being fed into the system is 32.83% compared to 5%, which shows
that the system is in conformity with IEEE Standard 519.

VI. CONCLUSION

Performance of the system and energy quality were greatly improved due to grid interaction. In
this article, the authors propose a solar-PV-battery-assisted system using the delta-bar-delta neural
network-based control technique. MPPT (Maximum Power Point Tracking) was used to optimize
the power output of the solar power array. Many of the techniques carried out by the control
method serve many functions. One of them is managing the load and its harmonics. Several grid
conditions have proven the grid-tied PV system to be dependable, including voltage sag, instability
in the load, and reduced solar insolation. Another thing that was found is that regardless of
operating and loading conditions, such as when there is an imbalance load on one of the phases,
the supply currents are even and sinusoidal. The proposed system meets the IEEE power quality
standard.
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