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Abstract - Frequency converter usage in the low-voltage 

distribution system grew as a result of the switch from central to 

distributed generating. Most photovoltaic plant converters or 

electric car charging stations still have some power left over, 

which should be used to boost the grid voltage quality via 

harmonics or reactive power correction. In this study, a 

charging station that serves as a shunt active filter has its 

functional capabilities expanded. The charging station's inverter 

can lower the harmonic voltages of the low-voltage grid by 

operating as variable impedance for each specific harmonic 

frequency. To synchronize the compensatory current with the 

phase of the harmonic voltage at the charging station connection 

point, the inverter's regulation is based on a sliding discrete 

Fourier transform. The inverter gathers harmonic currents 

from nearby non-linear loads and lowers harmonic voltages in 

the grid because its dynamic impedance is lower than that of the 

low-voltage grid. According to the harmonic voltage and grid 

impedance at the charging station connection point, the charging 

station may dynamically modify each harmonic admittance. The 

operation principle is described, and computer simulation and 

practical testing on a prototype have both been used to confirm 

the harmonics compensation's efficacy. 
 

Index Terms-- power quality improvement, selective harmonic 

compensation, fast charging station, grid impedance 

 
I. INTRODUCTION 

The shift from centralized to decentralized power 
generation necessitates new decentralized regulation of power 
quality. More and more converters that can perform ancillary 
tasks to enhance power quality are being linked to the low-
voltage (LV) grid. Otherwise, there would need to be a lot of 
charging stations installed in order for electro mobility to 
advance. This study suggests a DC rapid charging station for 
electric vehicles (EV) that improves the power quality in the 
LV grid, working in tandem with smart grid and electro 
mobility. The charging station balances reactive power, 
lowers voltage harmonics, and performs DC rapid charging. 
The inverter control for the reduction of voltage harmonics is 
the main topic of this research. Harmonics are periodic 

distortions of the voltage and current waveforms in power 
distribution networks brought on by non-linear loads like 
diode rectifiers. Harmonics exacerbate losses and worsen, Due 
to the resonance between system inductances and power 
capacitors, harmonics amplification in particular in electric 
power quality can result in excessive voltage and current, 
which can hurt or upset electrical components [1]. If a voltage 
detection active filter is positioned near the end of a power 
distribution line as opposed to the beginning or close to a 
primary distribution transformer, it can inhibit such harmonic 
resonance [2]. With an automatic gain adjustment technique, 
no over-damping performance and no amplification of voltage 
harmonics occur on a middle bus, which improves the 
matching degree between the active filter's harmonic 
conductance and the fluctuation of the characteristic 
impedance in the real power system [3]. Another harmonics 
resonance could be amplified by the active filter if it operates 
at the same conductance for all harmonic frequencies. A 
discrete frequency tuning active filter has been created to 
modify the damping conductance of individual harmonic 
frequencies in order to prevent this "whack-amole" effect [4]. 
Different compensation solutions are offered depending on the 
system load characteristics by distributed and end-of-line 
photovoltaic inverters as active filter systems for harmonics 
compensation [5]. 

This work focuses on the compensation of the voltage harmonics 
in an LV grid and shows the functional extension of a charging 
station utilised as a shunt active filter. The charging station's 
inverter may dynamically and independently modify its 
impedance to be in compliance with the voltage harmonics and 
the grid impedance at its installation position for each individual 
harmonic frequency. The charging station collects harmonic 
currents from nearby non-linear loads and compensates, as a 
result, with ideally phase and amplitude, harmonic voltages of 
the LV grid by changing smaller impedance as the LV-grid at 
harmonics compensation frequencies. The Sliding Discrete 
Fourier Transform (SDFT) and space-vector theory are used to 
operate the inverter and synchronise the compensatory current 
with the phase of the voltage harmonic at the charging station 
connection point.
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II. HARMONICS MEASUREMENT 

A. Sliding Discrete Fourier Transform 

The measured values of the current and the voltage are 
digitized with a clock frequency fs and are designed with the 
general discrete signal xn. The Fourier series of a discrete 
signal is implemented on the processor of the charging station 
with the help of the SDFT. Each clock period is the sum of the 
N values of a time window T according to 

 
N N 1 

x   x n   x n   x 0   x N  


III. PRINCIPLE OF HARMONICS COMPENSATION 

The phase φν between current and voltage defines the flow 
direction of each harmonic and need not coincide with the 
direction of the power flow. Into an LV grid free of 
harmonics, a non-linear consumer feeds harmonic currents. 
This results in harmonic voltages over the grid impedance, 
which leads to a distortion of the grid voltage. On the other 
hand, in a grid with harmonic distortion uν, a harmonics 
consumer can take the harmonic currents from non-linear 
loads, which will lead to a reduction of the harmonic voltages 
uν,c . This knowledge is the basis of the harmonics 
compensation of the grid voltage. For a better understanding, 

n1 n0 the compensation in a single-phase grid is demonstrated. 

x n  xn  exp( j2n / N ) 
PC 

iU 
Zgrid 

recursively calculated, where ν is the harmonic order and n the 
discrete time. In the SDFT each harmonic is defined by a 
complex pointer xν in a rotating d-q coordinate system. The 
coordinate system rotates with the constant frequency ν.fs/N 
and provides the opportunity to synchronize the compensation 
current with the voltage harmonics by means of closed-loop 
control. 

uU,c 

 
charging station 

uc uU
 

 
LV-grid 

B. Harmonic Grouping Scheme 

As in IEC 61000-4-7 a SDFT resolution of 5Hz and a 
harmonic grouping scheme according to 

 

x ,group  x  0,83( x 1  e 
j 2 5t 

 x 1  e
 j 2 5t 

) 

are used. The resulting frequency response is adapted to the 
increasing frequency deviation of harmonics of higher order. 

Figure 2. One-line diagram of voltage harmonics compensation 
 

The charging station inputs a compensation current iν. This 
current causes a voltage drop uc over the grid impedance, 
which is called compensation voltage. The Summation of the 
harmonic voltage uν of the grid with the phase-negative 
compensation voltage uc leads to a reduction of the amplitude 
of the harmonic voltage at the point of connection (PC). 

 

 

 

 

 

 

 
Figure 3. Vector diagram of the ideal compensation 

 

The effectiveness of the compensation process (4) depends 
on the phase of the compensation current φi which is derived 
from the phase of the voltage harmonic φu and the phase of the 
grid impedance φZ (5). 

 

Figure 1. Frequency response of 5Hz SDFT and grouping scheme 

 
C. 50Hz Filter 

The measure of the harmonic voltages is improved by the 
pre-filtering of the fundamental component. The fundamental 

u ,c  u  uc 

i  u  Z ± 180° 






is measured by means of the SDFT and subtracted from the 
grid voltage. 

The aim of the control of the harmonics compensation is the 
assessment of the phase of the grid impedance and the 
optimum adjustment of the phase of the compensation current. 
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Figure 6. Control of the optimal phase of the compensation current 

 

 

 

 
Figure 4. Measurement of the phase of the grid impedance [6] 

 
IV. INVERTER CONTROL 

The charging station's electric power flow is managed by a 

three-phase, two-level inverter (block 1). (see Fig. 5). The well-

known space vector modulation (block 2) is a component of the 

inverter control scheme [7]. To reduce the current iabc at 

switch-on, the grid voltage is practically replicated on the 

inverter outputs (block 3). Two PI controllers (block 5) 

accurately regulate the active and reactive power in grid 

synchronous d-q coordinates in parallel with this grid-

controlled operation (block 4, 11). In chapter II, the harmonics 

measurement (blocks 7 to 9) was briefly described. A reference 

current that is synced separately with one voltage harmonic 

(block 10 and Fig. 6) and is tuned using two PI controllers 

(block 6) in SDFT synchronous d-q coordinates achieves 

individual harmonic compensation. 

 

Compensation of one harmonic ν 

 
Figure 5. Structure of the inverter control in the charging station 

 

The compensating current's ideal phase is continuously 
changed for maximum efficiency (see Fig. 6). By using an 
up/down counter to determine the rising or falling amplitude 
of the compensated voltage harmonic ûv, it is possible to 
measure the phase of the grid impedance. 

V. EXPERIMENTAL RESULTS 

A 10-kVA charging station prototype is created in the lab 
to test the effectiveness of the suggested architecture and 
control strategy. To match the voltage levels of the DC link, 
the inverter is connected to the LV grid via a transformer. The 
combined inductance and resistance of the transformer and 
inductors are 17.2mH and 1.4, respectively. The controller is 
put into use on a BF537 DSP card from Analog Devices. At a 
clock frequency of 10 kHz, the ADC, SDFT, closed-loop 
control, and PWM operate concurrently. The experimental 
findings for the 5th harmonic grid voltage adjustment using 
the charging station prototype are shown in Figures 7 and 8. 
Fig. 8 depicts the control values for the charging station's 
DSP. The compensation is turned on when the reference 
value of the compensation current in d-q coordinates in Fig. 
8(a) has an amplitude of 2A between 0 and 10 seconds. The 
adjustment is switched off and the reference value is set to 
zero between 10 and 20 seconds. When the compensation is 
enabled, the amplitude of the fifth harmonic of the grid 
voltage in Fig. 8(b) decreases by 22 percent (0.3V), 
illustrative of the benefit of the harmonics adjustment. At 250 
Hz, the grid impedance is predicted to be 150 m amplitude 
and 13.4° phase. Fig. 8 displays the phase of the fifth 
harmonic voltage (c). A negative sequence harmonic is 
indicated by the three phases' 120° phase difference. The 
SDFT and 5th harmonic voltage frequencies diverge by 0.03 
Hz, which is represented by the falling saw tooth wave. 

 

Figure 7. Compensation of the 5th harmonic: Grid voltage (green, 50V/div) 
and charging station three-phase currents (1A/div, 5ms/div) 

 

The grid voltage (green) and the three-phase currents of the 
charging station in Fig. 7 have been recorded during the 
compensation. The three-phase current, consisting of the 
fundamental and the 5

th
 harmonic, supplies the charging 

station and compensates the voltage harmonic. 



 

JuniKhyat                                                                                                               ISSN: 2278-4632 

(UGC Care Group I Listed Journal)                                                   Vol-11 Issue-01 March 2021 

Page | 1144                                                                                               Copyright @ 2021 Authors  

 

 
 

Figure 8. Compensation of the 5th harmonic: control values of the DSP of 
the charging station 

 
VI. CONCLUSION 

The selective adjustment of voltage harmonics in an LV grid 
has been discussed in this study as an additional function of 
an electric vehicle charging station. The functioning of the 
charging station in power quality improvement is suggested 

in addition to the DC rapid charging feature. The fundamental 
and harmonics control loops' organizational structure is 
discussed together with the harmonics measurement using the 
SDFT. Additionally, a thorough explanation is given of how 
the compensation current's phase can be adjusted in 
accordance with the grid impedance. The space vector 
modulation control technique uses the developed method as 
its foundation. Together, these methods deliver the best 
compensation current with precise harmonic frequency 
selectivity. Both a lab prototype and a computer simulation 
have produced the results. 
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