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Abstract: This study proposes an approximate multiplier least mean square (AM-LMS) controller based adaptive algorithm for compensating
the power quality (PQ) issue and controlling the DC-link voltage of a unified power quality conditioner (UPQC) system. The suggested
adaptive (AM-LMS) in order to execute in the operation. Consequently, compared to the traditional (AM-LMS), an optimal solution is
achieved faster and with more accuracy. The suggested adaptive algorithm based on approximate multiplier the ideal DC-link regulating
voltage. As a result, an ideal line voltage is introduced and the UPQC performance is enhanced against the PQ issue. Customers and suppliers
are typically directly impacted financially by the quality of the power. Issues with electricity quality are caused by rising customer
expectations. Power quality issues such voltage sag, swell, harmonics, and interruptions can have serious technical and financial effects on a
large number of users. The primary topic of this work is UPQC, which combines shunt and series active power filters. Whereas shunt APF
reduces distortions based on current, series APF reduces distortions based on voltage. UPQC mitigates distortions that are contingent upon
voltage and current, both sequentially and independently. UPQC improves power quality by generating sinusoidal source current and load
voltage at the appropriate voltage level, thereby compensating for both harmonics and load current. As a result, the PQ problem receives
significant compensation. Crossover and mutation operations are performed in relation to the fitness function in the suggested adaptive
algorithm. Additionally, the suggested UPQC system relies on an adaptable (AM-LMS) controller based controller is put into practice using
the MATLAB environment, and the output's performance is assessed.

Keywords: AM-LMS, Harmonics, unified power quality conditioner, active power filter, and power quality.

1. Introduction

Solar energy generating is a fashionable way to produce ecologically friendly electricity in developing nations.
This is particularly true in underdeveloped nations. Integrating energy from alternative sources likes wind and
solar, in electrical distribution networks is growing as a result of government legislation and technological
developments. Widespread deployment of renewable energy plants may interfere with electrical distribution
networks' regular operations; therefore, their environmental effect has to be assessed. The grid typically inject
active electricity to satisfy grid demands while functioning in island mode; hence, these power plants need to be
able to employ both active and reactive power to fulfill their load requirements. A wide range of different tasks
may be carried out by grid-connected power plants, while active energy generation is the main focus of daily
research. By allowing for inaccurate calculations, approximate computing improves the performance of digital
circuitry [1]. The mistakes resulting from approximations cause a manageable quality reduction in error-resilient
applications. Multimedia processing is an example of an error-resistant application, where little errors may be
accepted because of the limitations of human perception [2]. Furthermore, computational mistakes can be
lessened by applications like recognition, mining, and synthesis that demand a respectable range of outcomes
rather than a single "perfect" output [3-4]. The foundation for adaptive filtering, which is a standard in DSP
applications for adaptive noise cancellation, the system identification, and channel adaptive equalization.
Numerical stability, acceptable convergence error, and computing simplicity are all demonstrated by the LMS
method [5]. Because of its intrinsic stability, a FIR filter often makes up an LMS adaptive filter technique, with
the updating the filter's coefficients (Fig.1). The primarily responsible for the LMS algorithm's decreased
complexity [6], which was the subject of several articles (Fig.1).
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Fig 1 adaptive LMS filter

Which enables pipelined units to replace around 50% of multipliers? The use of Distributed Arithmetic to
lower power dissipation and area occupation is investigated. In [10], the LMS algorithm's critical path is
examined. Here, the authors note that while Delayed-LMS (DLMS) can be used when high sampling rates are
needed (for as in radar applications), this algorithm is necessary for the most realistic scenarios. Using the SPT
format, within the sign-LMS family [11-12], the goal of the recursive LMS method is to reduce the mean-
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square-error (MSE) between a desired signal and the output of the FIR filter. The so-called gradient noise is
caused by the LMS algorithm's approximate computation of the MSE gradient, which is necessary for reduction.
As a result, the LMS algorithm has an intrinsic level of noise and is a good candidate for using approximation
hardware circuits. This is the first time adaptive LMS filtering has been studied in connection with
approximation circuits such as [13]; as far as the authors are understand. The most often performed operation in
adaptive filters; we suggest using approximation multipliers in the adaptive filter's FIR portion. Proposed are
truncated multipliers in [16]. To reduce the ensuing approximation error, a compensation term is used after the
multiplier partial product matrix's least significant columns are eliminated. Using a presumptive 2x2 multiplier
block, an approximation multiplier is examined in [17]. In order to reduce the maximum error, [18] modifies the
approximation multiplier that was suggested in [18]. Three approximation multipliers are presented in [19],
Similar to [20], in [21] using least significant column truncation and approximation compression using OR
gates. Additionally, [22] uses mean error compensation. According to the research, the algorithm's stability and
convergence performance may be jeopardized if the approximation multiplier topology is not properly chosen
because of the feedback path. To maximize the error-performance trade-off, we suggest a variant of the
multiplier in [23]. With tolerable convergence error degradation, the proposed circuits show multiplier reduces
power consumption by 29%. In this study develops a method for a three-phase UPQC based on AM-LMS
control. Even in cases when the voltage is severely distorted, the AM-LMS is positioned in front of the filter to
produce sinusoidal waveforms that nearly resemble the input signal. This guarantees the PLL and the UPQC
system quick and distortion-free functioning. The initial condition may be used to determine the fundamental
components of the current voltage and angle hence the computational load is comparatively light. As a result,
this approach is quick and easy. Two sets of AM-LMS are used to extract the fundamental positive sequence
components (FPSCs) from the common coupling point bus; they also aid in the construction of reference signals
for both APFs.
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Fig 2. Proposed system configuration
2. ASHORT ANALYSIS OF THE LMS SYSTEM
Assume an M-taps FIR filter with tap inputs @(n) = [@(n), @(n —1),....&d(n —m+1)] and tap weights W, (n) k
€ {0... M—1}. The results at each, the expression for time instant n is:

y(n) = > W, (n), ®(n — k) (1)

Take note that the weights that are part in equation (1) are an expression of time instant n, in contrast to non-
adaptive FIR filters. The error signal e(n) in adaptive LMS filters is defined as the difference between the

intended signal d(n) and the actual filter response y(n)
e(n) =d(n) —y(n) )

The LMS method determines the updated version of the filter tap weights w, (") based on the errore(n) as

follows:
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W, (n+1) =y, (n) — re(nN)d(n —k) ©)

In which p is the step-size parameter, establishing equilibrium between the algorithm's converging error and
speed Note that the cost function is approximated [24] by the expression ze(n) .

d(n—k).and J(n) = Elle(m]| being E, the operation for statistical expectations. As a result, the LMS

algorithm approximates the gradient (gradient noise) to minimize the MSE cost function; the adaptive filter
explained by (1) is seen from a circulatory point of view because it demonstrates quicker convergence and fewer
registers than its transpose-form equivalent, the direct form FIR filter is used in this study [10]. Additionally, p,
the step-size parameter, is selected as a power of two, in order to apply a hardwired shift to the matching
multiplication operation.

3. APPROXIMATE MULTIPLIERS

In [18] and [20] to the signed situation as signed multipliers are frequently required in real-world DSP
applications (such LMS filtering). Fig. 3 displays of the newly proposed approximation multipliers. The
Kulkarni [18] estimated multiplier is displayed. Its foundation is an estimate multiplier block that computes an
approximation sum from four partial products that pertain to three neighboring columns, yielding three output
bits. Each blocks greatest and least important partial product is provided as output in its original form. To
implement the approximation multiplier, the block is duplicated across the PPM. As mentioned in [18], precise
blocks in the multiplier PPM's most important columns can be used to adjust the error-performance trade-off.
Similar to the Kulkarni multiplier, it is made up of the repetition of approximation blocks, although each block
is more intricate than the Kulkarni one. By using two XOR and one AND gate, although the maximum error is
reduced, the electrical capacity is deteriorated and the error probability is increased.

Which is uses OR gates rather than half-adders to compress the partial products and lower the PPM height? It
should be noted that OR gates with two-three and four inputs were utilized as compressors to create a single bit
in the original version of the study. Since the approximation error in the other configurations is too high for the
suggested application, we will only look at the situation of a 2-input OR gate in the following. The approximate
multiplier of is displayed In this case, the compression strategy is comparable to [20], but the least important
PPM columns are trimmed to enhance the electrical performance. A constant factor is used to compensate for
the ensuing mean error, the error probability is [21] if the input bits of the two multiplier inputs are independent
and have a 50% chance of being ‘1 When NAND partial products are used in the compression, the error
probability increases thrice. Thus we see that, from the three phase load current component (W s, Wib, Wic), the
load value of the original active component can be calculated as,
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Fig 3. Approximate multipliers (AM-LMS) proposed algorithm
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— (2Vsab + Vsbc) — (_Vsab + Vsbc) — (_Vsab + 2Vsbc)
sa 3 sb 3 Vsc 3 (5)

The in phase and quadrature unit template are assessed follows

— (Vsab _Vsca) u — (Vsbc B Vsab) u — (Vsca B Vsbc)
3V( P 3Vt P 3Vt (6)

Upa

The extraction of weight values is comparable to the basic reactive components of three-phase load current
weight (wpa). The equation of average weight component for each phase of the active load is denoted by W payg.
The average power load weight component is determined individually for each phase and is provided in the
form Whpp, Whpe. Additionally PI (proportional-integral) controllers provide regulation on the AC side
respectively. The estimated voltage at terminal V¢ amplitude, is In order to generate a frequency error signal for
frequency regulation and the frequency reference is linked to the frequency measured. The frequency inaccuracy
is shown as (wWpavg) is then subtracted from frequency output controller (wpdc) then approximating the net
fundamental weight is given equation.

W.M=W . (h-D+ KA .(M-V (n-D}
KAV M+ KAV .- (n-D+V (n-2)} )

Where V e(n) :V :Ic _V dc (8)

Where Vqc* is the three-phase reference voltage magnitude at the PCC and V: is the AC supply voltage
magnitude at the PCC. Additionally, the terminal weight voltage controller output (Wec) is subtracted from the
reactive fundamental load average output (Weravg), yielding the net fundamental weight is estimated as

wp = wpdc + wpavg -wpvff 9)

Consequently, these errors in current signals (isae, isbe, and isce) are assigned to the hysteresis current controlle
r for the formation of gating signals of IGBT's of VSC. Where the Whpayg is the average reactive load weight
component per phase is evaluated as,

:W La+W Lb+W Lc
W Pav 3 (10)
The in-phase and quadrature reference currents are therefore seen as,
ia:anetXUpa'ib:antxupb’ic:anetxupc, (11)

The total reference currents (i.*,ip*,ic*) are estimated as, Hence, for generation of gating signal of IGBT of
VSC, these errors in the current signal (isa, isb, isc) are set to the hysteresis current controller. The measured
current is, which is obtained through a DC-link PI controller. The PWM pulse for the converter is created by
evaluating the Pl controller output (duty cycle) using a saw tooth signal. The shunt active filter of PV-UPQC
generates switching pulses by comparing the produced reference currents with the actual detected current and
feeding the error to the hysteresis current controller.

> Series controller

The load voltage, which has been transformed into a frame, is compared with the reference voltage, the
controller produces signals. Later on, it is converted into a frame, as seen in Fig 2. A PWM controller generates
the gating pulses. Depicts the series converter control system.

4. SIMULATION RESULTS

The impact of adding approximation multipliers to the Adaptive LMS filter is investigated in the following,
taking into account the algorithm's performance. As well as the electrical performances.

5. Results analysis with Discussions

a. Dynamic behavior of Adaptive AM-LMS-based control is employed in UPQC.
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A system identification application is taken in order to evaluate the algorithm's performance when
approximations are included. The system to recognize is an AM filter, as seen in Fig 4. By modifying of the AM
filter coefficients Wi(n) to resemble of the filter response, the LMS method in this instance minimizes the error

e(n).
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Fig. 4 The propose Steady state condition under nonlinear load condition Vsap,isa, isa,Vsab ,Vvsc, Ivsc, Pvse,Viab and
iLa |pv,va, va

b. Results under Balanced and Unbalanced Non-linear loads

When the PV-UPQC system across various time periods as well as the increase in power quality in relation to
these phenomena. Under load-unbalanced situations, both real power and reactive power can fluctuate; Fig.5
shows this shift in power flow between 0.5 and 0.25 seconds unbalance and 0.55 and 0.6 seconds balanced,
respectively. There is a 0.2p.u. Drop in system voltage. Look when a single phase load is abruptly removed,
load unbalancing occurs at Pcci, as seen in Fig.5 When a single phase load is disconnected, the load power
consumption is decreased. The corresponding phase ‘a’ current is kept sinusoidal even in the presence of abrupt
load removal and addition. Sinusoidal under the current dynamic conditions is depicted in this picture.
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Fig 5. The proposed under Nonlinear Load Unbalance System
c. Performance When Sunlight Irradiation Vary

This section has looked at how the PV system behaves in dynamic situations with oscillations in solar
radiation. The system solar irradiation conditions show the drop in solar irradiation from 1000 to 500 W/m2.
Fig.6 makes it evident how the grid current at Pcc1 decreases as the radiation decreases.
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Fig.6 Under dynamic performance Vc, iLa, Vsab & lpv isa, Ppv , VVSC, lusc under solar insolation change

6. TEST RESULT OF HARDWARE

In this the purpose of validating the control and model under study in simulation, a test setup is created in the
OPL-RT. A PV-UPQC system prototype that makes use of coupled nonlinear loads and a voltage source
converter has been developed. Power analyses and a digital storage oscilloscope were used to analyze the PV-
UPQC's performance. The effectiveness and performance of the created system under various dynamic
situations have been analyzed and validated through extensive tests using the parameters indicated.

A. Performance When Solar Irradiation Vary

This section illustrates how the system behaves when the PV array's solar intensity level drops from 1000
W/m2 to 500 W/m2. Along with the DC bus voltage being maintained stable at 650V, variations in the grid
currents, VSC currents, and PV array currents are noted. Fig.7(a-b) also shows the changes in the intermediate
signals as the weight of the Photovoltaic power component (Py), the Load current (I.), and the overall weight of
the active power component all climb in proportion to the increase in solar insolation.

g solar irradiance

(@) (b)
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Fig. 7 shows how the conditions of solar radiation vary: (a-b) irradiation and current decrease, (c-d)

irradiation and current increase.

B. Appearance of Dynamic Performance under Load Unbalancing Conditions.

When a single phase load is abruptly removed, load unbalancing occurs at Pcci, as seen in Fig.8 When a
single phase load is disconnected, the load power consumption is decreased. In order to the structure's steady
state behavior under balanced nonlinear loads by detaching the load from phase ‘a’ demonstrates the system's
dynamic behavior when the load is out of balance. It is noted that the load is currently consuming less
electricity, the grid currents are still balanced, and their magnitudes have grown. Additionally, Figs.8 shows the
fluctuation of the intermediate signals.
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Unbalanced dynamic load condition: (a-b) abrupt load reduction, (c) abrupt load increase.
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C. Dynamic Performance under Abnormal Voltage Conditions

According to analyses of Figs. 9 (b) and (c), respectively, the SRF controller and AM-LMS controller do not
provide enough compensation for the load voltage's imbalance state. Fig.9 shows that the load voltages have
reached a balanced state following the application of the suggested adaptive controller to the series
compensator. It is determined from the findings that the suggested controller for the series compensator
performs better than the others. An unbalanced voltage-sag is produced, where the phase ‘a’ voltage is lowered
to 0.8p.u. in order to confirm the system's performance under fault conditions. Fig. 9 illustrates the dynamics of
the PV array current, voltage, and inverter current after an abrupt drop in grid voltages. The operating point
shifts to the right of the PV characteristic curve, resulting in an increase in PV array voltage and a decrease in
PV array power. It is very desirable to control the load voltage in order to safeguard the voltage-sensitive loads
under abnormal voltage situations at the PCC point. The system under consideration to a variety of voltage
disturbances, including voltage sags, voltage swells, and voltage imbalances. As seen in Fig. 9 the voltage
signals at PCC have been measured, and the voltage sag ranges from nominal 415 to 200V shows how well the
system performs under sag conditions to control the load voltages. The load and dc-link voltages were
effectively controlled by the system under consideration and to keep the balance of active power, there must

(@) (b)

Figure 9. (a-b) Condition of dynamic voltage sag: Pcc1 voltage, load voltage regulation, series VSC injected
voltage, dc-link voltage, Pcci current, and PV array current.

Table.1 Comparison of Traditional LMS Control Algorithms with the Suggested AM-LMS Based Control

Parameter Abc and dg LMS AM-LMS
Control Scheme
Type of Filter Used Time-domain PLL Adaptive Technique based Adaptive Technique based
Based filter filter
Complexity High Small Small
Optimization Degree Na 2nd order 4th order
Static error Na High small
Oscillation Medium less Very Less
Controller speed Very high high Very high
Computational Load high Less Less
MSE Na 4.5% 3.73%
Settling time Poor Poor Acceptable Good
THD in grid current Medium High Low
Dynamic Response Slow Fast Very Fast
Sensor requirement Voltage-3(Vsanc) Voltage-3 (Vsac) Current-  Voltage-3 (Vsae) Current-4
Current-4 (iLanc), 4 (iLanc ) (iLabe)
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Fig 11. Grid Current (a-a") THD, load current, (b-b") of i, are the test findings under nonlinear loads.
7. CONCLUSION

The creation and application of the suggested PV-UPQC were completed in this article. The goal was to
eliminate current quality problems and increase power quality in the face of varied voltage quality problems.
The end user can choose the power quality level that best suits their needs using the platform that the current
system offers. Even with significant voltage aberrations, the AM-LMS based SRF controller was used to
provide an appropriate reference signal. The suggested logarithmic absolute technique was able to calculate the
active weight component of the basic load current. The possibility of both high and low frequency ripples has
been disregarded by using MAF rather than LPF for dc bus voltage management. The suggested algorithm's
legitimacy has been confirmed by the experimental findings. Furthermore, the collected test results supported
the suggested topology's effectiveness and performance.

APPENDICES

Grid voltage: 415V, 50Hz, Interfacing inductor, Lf=2.5mH
Solar power (Pev): 90kW Sampling time, Ts = 1ps

DC-link capacitor: 2.5mF Grid voltage, Vi = 415V (rms).

Shunt inductance interface: 3mH Interfacing inductance with series 3.1mH
A switching frequency of VSC: 10 kHz DC-link PI controller gains Kp= 1, Ki= 2
Ns =21; Np = 17; the VSC PI for Kp = 1200, Ki= 800;
DC bus voltage, Vac = 650V Bus capacitor, Cyc = 6mF
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Load Parameter

Ripple filter, Rt =5Q and Cr= 10pF DC PI controller, Kpg =0.23 and Kjg = 0.2
Pl controller For AC, Kpt =0.57 and Kit= 0.1 adaptation constant, p = 0.0003, i = 0.0002, e=5
Nonlinear load = 3-Phase diode bridge with R = L = 300mH
65Q
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