ITM Web of Conferences 50, 03002 (2022)
ICAECT 2022

https://doi.org/10.1051/itmconf/20225003002

Observer-Based Quadrature Signal Generator for
UPQC in a Single-Phase Distribution System

Kandukuri Pradeep

Research Scholar, Department of Electrical and
Electronics Engineering, Chaitanya (Deemed to be
University), Telangana, INDIA.
pradeepkv56@gmail.com

Abstract - This paper presents a control algorithm for
generation of reference voltage and current based on Observer-
based QSG (Quadrature Signal Generator) for UPQC (Unified
Power Quality Conditioner) in a Single-Phase Distribution System.
The proposed UPQC is a combination of DSTATCOM and DVR
used for load and source compensation such as voltage sag and
swell, voltage and current harmonics etc. The proposed control
algorithm is capable of generating reference signals from the
distorted voltages and currents. In this paper, an improved OQSG-
based PLL (Phase-Locked Loop) is utilized over OQSG to enable
and operate with increased bandwidths that will improve the
dynamic response, tracking accuracy and faster detection of
reference signal under all varying load and grid conditions. The
control algorithm is tested and evaluated using MATLAB /
Simulink.

Keywords— Quadrature Signal Generator (QSG), Observer
QSG (OQSG), Phase - Locked Loop (PLL), Power Quality (PQ),
and Unified Power Quality Conditioner (UPQC).

I. INTRODUCTION

T oday’s interest is towards the renewable energy sources
to produce electrical power. In this regard, single-phase
photovoltaic (PV) power generation is increasing
widely for residential applications. But, these are creating
severe power quality (PQ) issues to the distribution system
while connecting to the grid. Power electronic loads such as
rectifiers, arc furnaces and fluorescent lamps etc are causing
PQ problems such as harmonics, flickering, and excessive
reactive power demand and sudden switching of loads at the
point of common coupling (PCC) are also causing voltage
related problems [1-4]. 92% of interruptions are due to voltage
sags and to be compensated within 3 cycles. Voltage swells
are less frequent; but, these swells are producing
electromagnetic stress in power transformers due to flux
saturation [5].  Voltage flicker is generally caused by the
lightning intensity. It is described as voltage fluctuation by
IEEE 1159-2009. Normally the voltage ranges in between
0.95 and 1.05p.u. Nearly 48% of power quality problems are
due to voltage sags/swells and 22% are due to harmonics [6].
A UPQC is a combination of DVR and DSTATCOM
and provides single solution for both voltage and current
related problems such as harmonics, sag, swell and power
factor improvement. It consists of two voltage source
converters (VSC’s) connected back to back with a common
DC link capacitor at the DC bus.
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Single-phase power generation is increasing widely
based on PV system interfaced with a grid-tied inverter.
Therefore, study of UPQC for single-phase applications has a
prominent role to avoid both voltage and current related
problems.

Different UPQC topologies are explained in the
literature Multi variable regulator (MVR), Neural Network
etc. [7]-[11]. Control algorithms based on single-phase UPQC
are investigated in [12]-[13]. Control algorithms based on park
transformation [14]-[15] and PQ theory (Instantaneous Active
and Reactive Power) [16] are most popular and widely used
techniques. In [17], three control algorithms such as UVT
(Unit Voltage Template), DQ Theory and theory based on
Fourier analysis are compared for single-phase applications.

In general, UPQC based compensation mainly
depends on reference voltage and current generation that
should be injected into the system by controlling of VSI. The
performance of the UPQC depends on the tracking accuracy,
speed and control method that was employed.

Since the subject of the paper represents an improved
QSG, the following is the list of the conventionally applied
QSG  algorithms:  transfer  delay-based (TD-QSG),
including the non frequency-dependent [18], enhanced [19],
and adaptive [20] TD-QSG, (2) inverse Park-based QSG [21],
(3) generalized integrator (Gl)-based QSG, including the
standard second-order Gl (SOGI), fxed-frequency SOGI,
and SOGI with diferent types of QSG input DC ofset
compensation [22-25], (4) all-pass filters (APF)-based QSG
[26], (5) derivative- based QSG [27], (6) sliding discrete
Fourier transform-based SDFT QSG [28], and (7) observer-
based QSG (OQSG) [29]. When compared to the most
commonly used SOGI based QSG, OQSG enables the
operation with increased bandwidths and response speeds,
which was, however, not used by the OQSG parameter tuning
procedure in [29] and was utilized by the OQSG novel
parameter tuning procedure proposed in [30]. In order to
overcome the shortcomings of these QSG’s, an improved
observer-based QSG parameter tuning procedure is proposed
in this paper, which enables increased QSG bandwidths to be
achieved while reducing the high-frequency components
amplification when compared to derivative OSG and modified
APF (MAPF), by introducing a modified observer QSG
parameter tuning algorithm.

In this paper, Improved Observer Based Quadrature
Signal Generator based control algorithm for UPQC in a
single-phase distribution system is implemented for Voltage
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Fig. 1 Line-Diagram of UPQC with Improved OQSG Control
sag/swell compensation and load harmonic compensation. A
single-phase OQSG is used for better estimation and accuracy
of sinusoidal signal with wide range of frequencies.

However, this implementation for a single-phase
UPQC is reported less in the literature. Simulations are carried
out using MATLAB / Simulink, simpower systems block set.

I1. PROPOSED CONFIGURATION AND CONTROL ALGORITHM

The UPQC shown in Fig. 1 consists of two VSC’s
comprising of 4 IGBT switches in each converter feeding
Linear/Nonlinear loads. The UPQC is a combination of Series
and Shunt Active Filters connected in between the source and
load. A ripple filter is connected to reduce any high frequency
noises that are produced by the UPQC. The proposed
controller for UPQC is capable of maintaining the total
harmonic distortion (THD %) of voltage and current within
the IEEE 519-1992 limits and load voltage is maintained at 1
p.u. even under sag and swell conditions. The proposed
control algorithm has peak amplitude extraction for both
voltage and current, unit template generation using OQSG-
PLL and reference load voltage generation and reference
source current generation and PWM generator to generate
gating pulses for both VSC’s.

A. OQSG-PLL

In Fig. 2, the observer-based QSG is outlined, which
represents a basic QSG observer proposed in [29] with DC
offset compensation. In the figure, Vi represents the QSG
input signal, Vo the output that represents the direct component
of the Vi signal, V. the output signal that represents
the quadrature component of the input signal, wn the input
signal angular frequency, and Ki, K2 and Ks the observer
parameters.

Based on the observer QSG outlined in Fig. 2, the
following transfer functions (1) and (2) are obtained.

s (S)_va(s)_ kW s? + kW, 2s

V(s) 8T (K kWS 4 (kg + LW s + kW )
| o2 7 2

G, (5)= 2 —hls” kol @

TV, (5) S (K ko W+ (K, + W s + kW

By analyzing the transfer functions (1) and (2), the
following conclusions can be made:

» By using parameters K1, K2 and Ks, the observer pole
values can be set to any desired value.
* For s = jon the OQSG outputs are V« (jwn) = Vy(jown), and
V g (jon) = Vi(jwn)lj, which means that V.« represents the
direct and Vg the quadrature input signal Vi component.
e The problem related to transfer functions (3) and (4) is
that their zeros zve = — kswn/k2 and zvp = kawn/ks cannot
be tuned independently to the observer poles. This may
in some cases result in Gve (jw) and Gvp (jw) frequency
responses in which the higher frequency inputs signal
components are significantly amplified.

Observer-QSG

Fig. 2. Observer-based Quadrature Signal Generator.

The outputs from the orthogonal QSG are fed to the
transformation block to convert into dq frame. Park

transformation is used to convert oaff to dq.
T _| cos Hﬂ smHA ©)
—sin@ cosé

The transformation output V4 is used to eliminate high
frequency noises by passing it through a Loop Filter (LF) and

the estimated phase angle 6@ is generated by adding
fundamental frequency (W). The bandwidth response is tuned
for various gains k1, k2, k3 and implemented as shown in Fig.
3.

B. Estimation of Unit Template

Fig.3 shows the closed loop block diagram of OQSG-PLL.
Single-phase OQSG-PLL is used for source voltage (Vs) and
load current (I)) to generate in-phase and quadrature
templates. The output phase angles (Sin (0), Cos (0)) that are
generated from the OQSG-PLL are considered as unit
templates. In OQSG-PLL, in-phase and quadrature signals are

i
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Fig.3 OQSG-based Phase-Locked Loop
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generated and supplied it to park’s transformation to convert
into d-q signals. Either d or g are fed to loop filter based on the
requirement (d in this case) to generate error in angular
frequency and then added to the nominal frequency to obtain
actual angular frequency and then supplied to voltage
controlled oscillator to produce phase angle (65, ). This phase
angle converted to sine angle acts as unit template (UpL).

C. Reference Source Current Generation

The peak amplitude of active component of current is
estimated as shown in Fig. 1. Then Iy is passed through low-
pass filter to eliminate ripples produced from the OQSG and
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Fig.4 Operation of UPQC under Voltage Sag (30%)

to produce a reference magnitude of current (I.p). Then it is
added to I, oss component. The measured voltage (V) across
DC capacitor is compared with reference DC bus voltage
(Vae). The error of the signal at n™ sampling instant is given
by:
Vg(n) = V'ee(n) - Ve() 4)
The voltage error Vg4(n) is then supplied to Proportional-
Integral controller to regulate the DC bus voltage of Shunt
APF to produce I, oss component. At nt" sampling instant, the
output of the PI controller is as:
I LOSS(n): I Loss(n'1)+kp{Vdcer(n)'Vdcer(n'l)}+kivdcer(n) (5)

Where, K, and K; are proportional gain and integral gains of
the PI controller. Vye(n) and Vgeer(n-1) are DC bus voltage
errors in n™ and (n-1)" instant and 1 ss(n) and I oss(N-1) are the
amplitudes of active component of currents at the fundamental
reference current in n™ and (n-1)" instant.
The average magnitude of current (I_p) and the output of the
Pl controller (I o) are summed up and multiplied with the
unit templates that are generated by the grid voltage to
generate reference source current. The estimated reference
source currents (is) is compared with the sensed source
current at the point of common coupling (is) and supplied to a
PWM generator to generate gating pulses for Shunt APF as
shown in Fig. 1.

i"sa= (el Loss) * UpLL (6)

D. Reference Load Voltage Generation

The peak value amplitude of reference load voltage is
generated by using unit template (Up.,) generated by OQSG
as shown in Fig.1. The magnitude of load voltage is multiplied
with the Up__ to obtain estimated load voltage and then
subtracted with the actual load voltage measured across the
load and then supplied to the PWM generator to generate
gating pulses to the Series APF.

I11. SIMULATION RESULTS AND DISCUSSION

In this section, OQSG was proposed in the control
algorithm for reference voltage generation and it is tested and
evaluated using MATLAB/Simulink on a single-phase
distribution system. Fixed time step of 10us with odel (Euler)
solver is chosen for simulation. Source Voltage (Vs), Source
Currents (ls), Load Currents (I.), Load Voltage (V) and DC
link Voltage (Vq) are observed.

Some of the test cases are chosen in the simulation.
1. Steady State Condition under Non-Linear Load.

A diode bridge rectifier load is applied to test the
performance of UPQC at time t=0s to 2s. The source
current is maintained sinusoidal even under non-linear
load condition.

2. 30 % of Voltage Sag is introduced in source voltage.
A voltage sag is introduced into the supply system and
still the load voltage is maintained constant as shown in
Fig. 7 from time t=0.5s to 0.7s.

3. 30 % of Voltage Swell is introduced in source voltage. A
voltage swell is introduced into the supply system and
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the load voltage is maintained constant as shown in Fig.
8 from time t=1s to 1.2s. 400
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than the conventional controllers proposed in the literature
because of its simple structure and accuracy. The reactive 2055 1 105 11 115 12 195
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APPENDIX 200
AC supply source & Frequency Single-Phase, 230 V, 50Hz
Source Impedance Rs=0.1 Q, Ls =50uH 0005 1 105 11 115 12 125
Linear Load R=45Q, R;=20 Q, L=250mH Fig.5 Operation of UPQC under Voltage Swell (30%)
Rating of Transformer 5 KVA, 1:1 ratio
Switching frequency 8kHz
Reference dc bus voltage 400V
Interfacing inductor Ls=4.5mH
Gains of PI controller for dc bus kp =0.4, ki=5
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Fig.6 Operation of UPQC under Voltage Harmonics (5" & 7™)
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