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Abstract: The discrete wavelet transform-based control technique for the distribution static compensator (DSTATCOM) is
utilized in this paper to improve power quality at common points of interconnection (CP1). The discrete wavelet transform, the
time frequency analysis technique, is used here to split distorted load current of each phase in order to recover the line frequency
of harmonic components for estimating the respective active power components. The difference between the estimated reference
active component and the detected load currents is utilized to create reference currents for DSTATCOM's voltage source
converter (VSC) management. The performance of DSTATCOM is presented using MATLAB software under varied linear and
non-linear load circumstances. Under various load situations, total harmonic distortion (THD) of the source current is less than
5% with a power factor of unity.

Keywords: Discrete wavelet transform, distribution static compensator (DSTATCOM), common points of interconnection (CPI),
voltage source converter (VSC), total harmonic distortion (THD).

I. INTRODUCTION

This In the present days, power quality of supply has become the major concern for electrical customers and utilities. Low power
quality causes instabilities, shortens life of equipment, and causes power service equipment to malfunction, among other things.
Voltage sag, harmonic distortion, voltage swell, and flicker are the four types of power supply problems. To improve the quality of
power supply by properly detecting source of disruptions [1]. Power quality issues in distribution systems include harmonics in
currents, lag power factor, excessive reactive power, and so on. These issues are produced by the use of non-linear and unbalanced
loads in the distribution system. Using power electronic equipment such as rectifiers in the distribution system may cause voltage
distortion and increase neutral currents in the power supply [2]. A low level of power quality indicates high level of disturbances,
while a low level of disturbances indicates high level of power quality, with consumers and providers agreeing solely on the
acceptable degree of disturbances. The power quality restrictions are maintained in accordance with international standards. If these
restrictions are exceeded, the device will not operate for an extended period of time or will malfunction. Installing custom power
devices (DSTATCOM) at the CPI to improve power quality and provide consumers with a stable power supply [3].

Power monitoring is essential to record performance of power supply and identify power quality issues at CPl. Wavelet analysis was
created to address the shortcomings of Fourier analysis and brief time Fourier analysis. Time constraint Fourier analysis offers
uniform time and the frequency resolution over whole time frequency domain. The wavelets, which are functions of the time and
the scale, aid in looking at the signal at several scales, also known as multi-scale analysis. Wavelets are often employed to detect
signal discontinuities such as spikes, jumps, and non-smooth characteristics [4]. Wavelet, which is widely used for recognizing
various power quality disturbances, was used to create the control algorithm for these devices in order to mitigate the current-related
power quality disturbances. This study proposes a control technique for DSTATCOM based on Discrete Wavelet Transform (DWT)
to mitigate power quality disruptions. Here, fundamental component of the load current is derived from deconstructed level and
employed in the control method to determine the reference active current component. It also aids in simultaneous assessment of the
PQ disturbances such as unbalancing and the THD based on load current decomposition levels [5].

A. Power Quality Problems Are

1) Harmonics Distortion

2) Voltage Swell, Sag/Dips, Voltage unbalance, Flicker and Transients
3) Voltage Magnitude and Frequency, Voltage Fluctuation
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4) Hot Grounding Loops
5) Ground Potential Rise Measurement and Management of quasi-dynamic, quasi-static and Transient type phenomena [6].[10]

B. Solution To Improve Power Quality Problems

To mitigate the above mentioned power quality problems various generalized methods have been suggested in the literature.
Various method have been proposed to detect and localize the power quality events such as Discrete Fourier Transform (DFT),
Short Time Fourier Transform (STFT), and Wavelet Transform. One of the important methods to reduce noise in various signals is
Wavelet transform. Wavelet Transforms have emerged a fast and effective tools for automated detection and effective
characterization of PQ disturbances .Discrete Wavelet Transform (DWT) based multi resolution analysis (MRA), which is used as
multi resolution decomposition in PQ literature, analyze the signal at different frequencies with different resolutions [8]. To improve
the power quality there are different ways to mitigate voltage dips, swell in transmission and distribution systems. At present, a wide
range of very flexible controllers are emerging in power applications .Among these, the distribution static compensator is most
effective devices, which is based on VSC principle. A new PWM control scheme has been implemented to control the electronic
valves in two level VSC used in D-STATCOM. The term power quality, broadly refers to maintain sinusoidal bus voltage at rated
magnitude and frequency in an uninterrupted manner from the reliability point of view. For a well-designed generating plant
generates voltages almost perfectly sinusoidal at rated magnitude and frequency. Power quality problems start with transmission
system and stay valid until end user in distribution system [7].

Il. PROPOSED CONCEPT

Figure 1 depicts a schematic diagram of the three phases of DSTATCOM. CPI connects the nonlinear and linear loads. The
interface inductor, voltage source converter, DC bus capacitor, and loads are all part of the DSTATCOM. The gate signals control
the three-phase VSC. The gating signals are created by the hysteresis current controller in accordance with the control algorithm.

To cancel the compensating currents of the high frequency switching component, interface inductors are inserted between the
midpoints of each leg of VSC and the main supply. The placement of VSC generates high frequency switching noise, which is
minimized by putting a ripple filter comprising capacitor and resistor at CPI. The three phase bridge rectifier and non-linear R-L
load are connected to the system's DC side.
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Figl. Simulation model of DSTATCOM
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1) Control Strategy
In this strategy, the estimated and sensed phase voltages of CPI are (Vg ,Vgy and Vg ), supply currents (Isg . Isy .and Iy ),

currents of load (I; 5. I; . and I; 5), and the DC bus voltage of VSC (V) are the control algorithm's feedback signals, these
detected waves are processed in following order to the generate VVSC gate pulses, are exposed in fig.2.

Figure.2. DSTATCOM Simulation diagram of DWT based control algorithm.

Here, peak magnitude of the voltages of CPI is determined as.

[
. | 72 72 72
Vg = \ (Ve +Viy+Vgg)/3 1)
CPI voltage of the unit templates are intended as,
usgp= Vsr/ VR Usvp— Vsv/ VER )

Ugpp = vSBf "’TPR;

A. Mathematical Calculation of the Average Active Power of the Load Currents (Igp)
Measured Load currents (., 1, and1,5) are feedback signals of the control algorithm these detected signals are processed inorder

shown in fig.2 to generate VSC gating pulses. Input signal sample down into 5 levels to get required band of frequencies by MRA.
After sample down the input signal co-efficients are used for reconstruction by passing through low pass filters.
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Figure.3. Extracting Fundamental component of current using DWT
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The fundamental load current retrieved with the co-efficients of each phase is in the quadrature to detected the load current of that
phase with no delay. As a result, components (Iqr; g,lgr y @and lgp g) Of the predicted quadrature fundamental load currents are

utilized to calculate the corresponding active power components (lge g, lprry and lge g) respectively. The absolute (abs) magnitude
of corresponding estimated quadrature components at each zero crossing of the related to each phase templates is used to extract
these active power components. This extraction process's mathematical formulation for phase 'b' load current is as follows:

Therefore the phase ‘b’ voltage and the current be as follows:

Vsc=Vpg sin(ot) 3)

I g=Inc Sin(wt-@)+ 3 lyc 4)

Where Iygg sin(eat - @) is the fundamental load current and Iy is the harmonics of the phase ‘b’ load current. The DWT
algorithm extracts the phase ‘b’ fundamental load current of the quadrature (IQFLB).
Iorre = Iyg sin(ot-0-n/2) = -Iyg cos(ct-0) (5)
IgrLe = - Iyg sin ot sin @ - Iy cos otcos @ (6)
Isrrp=abs (Iyg sinotsin @ -Iye cosotcos 0) o (7)
[imp=Liygcos® (8)

Where [ 471 5 is active power component of fundamental load current of the *b’ phase. Similarly active power components for all

the three load phases are (Lsrg- lapr v and g 5] estimated. Load balancing is accomplished by distributing active power
equally throughout the three phases of the supply.
The average of the active power equation of load currents is as follows:
_ Lumpt lamvtlams
Iyprc = : ©)

B. Mathematical Calculation of the Active Power Component of the DC-link Voltage Control (Ippc)
For managing the DC bus voltage of VVSC utilized as the DSTATCOM, the controller based on proportional integral (Pl) method is
recommended. The PI controller's control equation in discrete domain is as follows:

Iepe= Ippe (N-1)+ Ko {Vpeg (N)-Vpeg (N-1) 1+ Ky Vo (N) (20)

Whereas Lz is PI controller output Kz is proportional gain, K; is integral gain respectively and the Wpcg is an error input
forwarded to PI controller. This controller regulates the DC link voltage to 700V. The controller parameters have been defined in
Appendix.

Approximate of the Active Power Component (I;;4p1 ) is calculated as, by adding active power component of average load current
and DC link voltage.

Lyaee=larrct Ienc (11)
C. Mathematical calculation of Reference Currents

This active source current is utilized to calculate reference balanced source currents by multiplying them by CPI unit voltage
templates, as shown below,

Igrr = InapLUsrp
lyre = InapuUsvp (12)

Isrr = InapiUsep

Where Igze Iygr and Iggr are reference balanced supply currents for ‘R’ , “Y”, ‘B’ phases respectively.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 11 Issue 111 Mar 2023- Available at www.ijraset.com

D. Generation of Switching Pulses of VSC (S; to Sg)

Measured source currents (Igg . Igy and Igg) are calculate the inaccuracies, subtract the reference supply currents from the
currents. These mistakes are fed into hysteresis current controller, which generates switching pulses for the DSTATCOM's VSC. By
compensating currents, the generated VVSC are added to source side in order to improve the THD and power factor correction across
all load circumstances.

IHHLWAVELET TRANSFORMATION

The employment of a completely scaled modulated window in wavelet analysis eliminates the problem of signal clipping. It
generates wavelets from a single basic wavelet with customizable resolution, translation, and scaling. This single basic wavelet is
referred to as the mother wavelet. We acquire information and approximations via wavelet analysis. The details are the signal's low-
scale, high-frequency components, whereas the approximations are the signal's high-scale, low-frequency components. The wavelet
analysis's strength is its ability to represent signals in compact form and at multiple levels of resolution. Wavelet transforms are
classified into two categories. They are discrete wavelets transform (DWT) and continuous wavelet transform (CWT) [6]. MRA can
be done by construction and dilation in case of CWT whereas DWT; the MRA is performed in time-frequency plane by using filter
banks.

The filter banks are used to analysis the signal by decomposing the original signal into different bands of frequency with equal
width. The figure.4 shows a filter bank with two channels X (K) is the discrete time signal which is analysed by low pass L (z) and
high pass H (z) with the help of filter banks. The filter bank output consists of equal number of samples similar to the input signal
with half frequency content. By adding two outputs the output frequency and input frequency will be same but amount of data will
be doubled. Hence down sampling is applied to output signal by a factor of ‘2’.
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Figure.4. Estimation of fundamental by using decomposition and reconstruction

An equally efficient approach exists to implement the Inverse Discrete Wavelet Transforms (IDWT) through Synthesis filter bank is
helpful to get the reconstructed signal. The signal will up be sampled by a factor of ‘2’ in synthesis filters bank and is given to low
pass and the high pass filters. Here, output signal of two filters is added to get the reconstructed signal [7]

IV.SIMULATION AND RESULTS
A MATLAB model based on this control algorithm is developed using Simulink and Sim Power toolboxes in a three-phase
configuration for the control of a three-leg VSC-based DSTATCOM. Simulated results are presented for both balanced and
unbalanced conditions under linear and nonlinear load respectively.

A. Without Dstatcom Case

The System Performance under Balanced Linear and Nonlinear Loads without dstatcom

The CPI voltages of a system are shown in Figure.5. Figure.6. shows the source current due to linear and nonlinear loads when the
system is not connected to DSTATCOM. The compensating currents are not present in the system because DSTATCOM is not
connected at CPI; due to this, the harmonics are present in the load and source currents. The source currents are not sinusoidal in
this non-linear load condition. Figure.7 represents load currents due to non-linear load. Figure.8 represents load currents due to
linear load conditions.
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Figure.5. The CPI voltage without DSTATCOM
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Figure.6. Source currents due to balanced load without DSTATCOM
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Figure.7.load currents due to balanced non-linear load without DSTATCOM

current(A)
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Figure.8. source currents due to balanced linear loads without DSTATCOM
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Figure.9. Harmonic spectra of phase ‘R’ without DSTATCOM condition (a) Source voltage (b) Source current (c) Load current

Figure 9(a)-(c) shows the harmonic spectra of phase ‘R’ source voltage, source current, and load current due to linear and non-
linear load under without DSTATCOM conditions. The THD of a supply voltage of phase ‘R’ is 0.39% and the source current is
14.57% because it has more harmonics, while it is 22.14% for the load current of a non-linear load of the same phase.

B. With Dstatcom Case

1) The System Performance for Balanced Linear and Non-linear Loads

The supply voltages of the system are shown in Figure.10. Figure.11. represents the three-phase source currents under balanced load
conditions. Figure.12. shows the load current as a result of non-linear load. Small magnitude is the difference between source and
load currents of balanced non-linear load situations because of the source impedance. The supply’s unity power factor controls the
reactive power under balanced non-linear load while also efficiently reducing current harmonics on the grid side. Figure.13.
represents the R-L load currents are connected across the CPI. To maintain the unity power factor operation with respect to the CPI,
VSC feeds the reactive power to the distribution system locally. DSTATCOM'*s compensating currents are depicted in Figure.14.
The compensatory current primarily generates the harmonics to load current. Figure.15. Shows the DC voltage, it is maintained
constant under balanced linear and non-linear load conditions.

a0 T T T T T T T =l

voltage(V)

400 — 1 1 1 1 L 1 1 =
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.4

Figure.10. The CPI voltage with DSTATCOM
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Figure.11. Source currents of non-linear load with DSTATCOM
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Figure.12. load currents due to non-linear load.
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Figure.13. Load currents due to linear load with DSTATCOM
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Figure..14. Compensating currents with DSTATCOM
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Figure.16. Harmonic spectra of phase ‘R’ with DSTATCOM (a) Source voltage (b) Source current and (c) Load current

Figure.16(a)-(c) shows the Harmonic spectra of phase 'R’ source voltage, source current and load current with DSTATCOM
condition. The THD of supply voltage is 0.15%. The main currents are fairly sinusoidal. The THDs for supply currents are 2.21%,
2.24%, and 2.22% for all three phases respectively. The THDs for load currents due to non-linear and linear loads are 18.97%,
19.02%, and 18.96% for phases of “R, Y and B” respectively. The supply currents THDs are below 5% even under non-linear load
currents with 22.14% THD.
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TABLE

A Comparison Of Thd Without And With Dstatcom Condition

Parameters %THD for Without DSTATCOM %THD for With DSTATCOM
Distortion of the source voltage 0.39% 0.15%
Distortion of the source current 14.57% 2.21%
Distortion of the load current 22.14% 18.97%

The TABLE shows the performance comparison for %THD of a source voltage, source current and load current due to in the
without and with DSTATCOM condition respectively. The without DSTATCOM condition THDs of source voltage and current of
source and loads are more. The performance of the proposed control system with DSTATCOM is better as the distortion on the
source current is less with this techniqgue. DWT-based DSTATCOM is also having the additional ability to provide additional
information like harmonic estimation in the group. So, the operation of DSTATCOM with this control system is within acceptable
limits.

2) System Performance under Unnalanced Linear and Non-linear loads with dstatcom

The performance of the distribution system with the DSTATCOM is examined; the output results are shown below. Figure.17.
depicts the CPI voltages when the system is linked to the DSTATCOM under unbalanced conditions. Figure.18. shows the source
current under unbalanced with DSTATCOM condition. Figure.19. and figure.20 are examples of formal represents the load currents
due to non-linear and linear load-balanced conditions. The source currents and load currents are sinusoidal in the system up to t =
0.04s. Following, an unbalance is introduced into the system by removing the load of the ‘b’ phase at t = 0.04s. The VSC has begun
to generate reactive compensating currents in order to balance and sinusoidalize the supply currents uniformly under unbalanced
load conditions. The unbalance in load is controlled at t = 0.06s, the system resumes its previous performance. The three-phase
diode bridge rectifier is linked across CPI to provide the nonlinear load. Figure.21. Represents the compensating currents with
unbalanced nonlinear load, the compensating currents generated by VSC are added with harmonics polluted load currents to make
supply currents balanced on the grid side. Figure.22. shows the DC link voltage of the system with DSTATCOM under unbalanced
linear and nonlinear load conditions. It is maintained throughout the constant voltage.

a00 F T T T T

voltage{V)
o

-200

=300

—400 = 1 1 1 1 1 1 1
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Figure .17. The CPI voltages with DSTATCOM

current{A)

1 1 1 1 1 1 |
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time(sec)

Figure.18. Source current due to non-linear loads under unbalanced at t=0.04s to t=0.06s
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Figure.19. load currents due to nonlinear loads under unbalanced condition
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Figure.20. load current due to linear load under unbalanced condition
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Figure.21. Compensating currents due to unbalanced loads
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Figure.22. The DC link voltage with DSTATCOM non-linear load

C. System Parameters

Line impedance: B, =3 ,L_=6mH

1) Linear RL load : R=500mh and L=80mH
2) Three-phase diode rectifier RL load

3) Ep;=04.FK=01

Ripple filter: R =5 ,C=5uF
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Interfacing inductor L=8mH
Capacitance of DC bus: 2250pF
Voltage of DC bus: 700V
Voltage of AC line: 415V, 50Hz

V. CONCLUSION
This paper proposed the DWT-based control algorithm was applied in real-time for DSTATCOM to the improve the power quality

in the distribution system. This DWT control approach uses the MRA method, which includes FIR filters and IDWT to extract basic
component of the load current. Extracted the basic load component is then utilized to estimate the reference balanced source
currents. in this paper, the proposed algorithm controls the THD of the source and load currents, unbalancing to balance conditions
of the ‘R’, “Y” and ‘B’ phase currents and the reactive power compensation in distribution system. According to specifications,
THD of the supply current is less than 5%, indicating that the DSTATCOM with suggested control system is performing
satisfactorily. The distribution system's power quality and performance have been upgraded.

Appendix

Line impedance: B, =0.1€} \.L . =!mH
1) Load: 50kw( RL with 0.8 pf lag)
2) Three-phase diode rectifier load :
3) E.-04.E-01

Ripple filter R =50 ,C=5uF
Capacitance of DC bus: 2250uF
Voltage of DC bus: 700V

Voltage of AC line: 415V, 50Hz
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