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Abstract:
A simple and reliable inverter is a prerequisite for
realizing an efficient active power filter. This paper
presents a reduced switch count (RSC) based
asymmetrical switched dc sources inverterfor a three-
phase three-wire (3P3W)shunt active power filter
(SAPF). The performance of considered RSCtopology is
studied on seven-level asymmetrical configuration with
simple level-shifted pulsewidth modulation (LSPWM)
technique. Later, the dynamic performance of the
consideredtopology is investigated on SAPF for
compensating load generated harmonics and reactive
power. MATLAB simulation results are presented to
validate the compensator performance.  Further, the
obtained results are compared with two-level and three-
level inverter based SAPF.

1. Introduction

The reduction in cost of matured power electronic
devices in power converters for various applications
has increased the flexibility in controlling and
obtaining the desired performance. However usage
of power electronic devices raised various issues of
power quality such as harmonics, reactive power
burden and load unbalance. Shunt active power
filter (SAPF) is one of the potential equipment for
enhancing the system the power quality by
compensating reactive power the power factor.A
current controlled high performance inverter is
required for realization of SAPF. Conventional two-
level inverter produces high THD, dv/dt, common
mode voltages and require bulky filters. In
addition,an expensive voltage matching isolation
transformer is required to connect a two-level
inverter to a medium-voltage grid. Hence to over
these demerits, multilevel inverters (MLI) are
introduced. These inverters involves addition of
multiple small voltage levels to cater the desired
voltage. Cascaded H-bridge (CHB), diode clamped
(DCMLI) and flying capacitor (FCMLI) are the

widely accepted inverter topologies [1-4].There is
no doubt that the benchmark classical topologies
gathered much attention both from academia and
industry, but their application are limited to lower
levels due to their increased number of switching
devices and complexity in implementation.
Therefore from recent past there is an extreme
exploration going on to reduce the switch count of
these classical MLI topologies.

Various reduced switch count (RSC) topologies
such as multilevel dc link (MLDCL) [5], T-type [6-
10], hybrid T-type [11, 12], packed U-cell (PUC)
[13], cascaded bi-polar switched cells (CBSC) [14],
reverse voltage (RV) [15], switched dc sources [16],
basic unit MLI [17], envelope-type (E-type) [18],
switched capacitor unit [19, 20], series-connected
switched sources (SCSS) [21], switched series
parallel sources (SSPS) [22, 23], nested MLI [24],
reduced cascaded [25-28] and various other
topologies [29-31] are reported in literature. Based
on the dc source or capacitor voltage ratios, these
RSC MLI topologies can be further classified as
symmetrical and asymmetrical. With asymmetrical
dc source voltages, a further reduction in number of
switching devices can be achieved.

Among theseRSC topologies, switched dc sources
[16]is the popular topology which gathered much
attention due to its simple structure and requires
least number of switching devices.In addition to the
reduction in switch count, the attractive features of
this switched dc sources RSC-MLI are redundancy,
modularity and uniform switch ratings. The
modular physical structure projects the flexibility of
this topology to extend to higher levels easily.
Presence of redundancies in the considered
topology will increase the flexibility in in balancing
their capacitor dc voltages. However it should be
noted that depending on the dc voltage ratios,
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asymmetrical configuration will have least or no
redundant switch states.

In this paper, seven-level symmetrical and
asymmetricalwith 2:1 dc source ratio switched dc-
sources based RSC-MLI is presented. Open-loop
performance of the inverter is studied by utilizing as
dc to ac inverter. Later, closed loop performance of
the considered topology is investigated by
developing a seven level switched dc sources based
RSC-MLI for realizing three-phase three-wire
(3P3W) SAPF. The dynamic performance of the
SAPF is observed in MATLAB/Simulink
simulation studies. First, the inverter is modelled as
dc-ac inverter for seven level and later utilized the
same inverter as SAPF by replacing dc sources with
capacitors.

2. Implementation of seven-level switched dc
source inverter

Fig. 1 shows a three-phase seven-level switched dc
source configuration for symmetrical and
asymmetrical topological arrangements.  Fig. 1(a)
shows the seven-level symmetrical switched
sources inverter and Fig. 1(b) shows seven-level
asymmetrical switched dc sources inverter with 2:1
dc voltage ratios. In Fig. 1, seven-level symmetrical
topology requires 24 switches whereas for
asymmetrical configuration only 18 switches are
sufficient. Comparing this topology with
symmetrical and asymmetrical with 2:1 dc voltage
ratios CHB which require 36 and 24 switches
respectively. Therefore, for this considered seven-
level symmetrical switched sources inverter has
33.33% reduction in switch count. Similarly for
asymmetrical configuration shown in Fig. 1(b)has
33.33% reduction in switch count when compared
in symmetrical CHB of same level.

Table 1 shows the switching logic to obtain a
desired level in phase-voltage in seven-level
symmetrical and asymmetrical switched dc sources
topology. To realize the switching states of
symmetrical configuration, conventional LSWPM
scheme is sufficient. However to implement the
asymmetrical configuration, in literature various
carrier based modulation schemes are reported.
Among them hybrid switching function PWM is the
most popular scheme[16, 21] and is used in this
paper.

The shape of waveforms and harmonic performance
of same level symmetrical and asymmetrical
switched dc sources RSC-MLI are identical.

Therefore, in Fig. 2 seven-level asymmetrical
switched dc sources RSC MLI with carrier
frequency of 3 kHz and amplitude modulation index
(ma) of 0.95 with dc voltage of 100 V is shown.

Table 1. Switches in conduction to obtain a desired
level in phase-voltage in seven-level symmetrical
and asymmetrical switched dc sources topology.

Phase-
voltage

level

Switches in conduction in SDS
configuration

Symmetrical
Asymmetrical

configuration

0 S1-S3-S5-S7;S2-S4-S6-S8 S1-S3-S5; S2-S4-S6

V
S2-S3-S5-S7; S1-S3-S6-
S8;S2-S4-S6-S7

S2-S3-S5

2V
S1-S3-S6-S8; S1-S3-S6-

S7
S1-S3-S6

3V S2-S3-S6-S7 S2-S3-S6

−3V S1-S4-S5-S8 S1-S4-S5

−2V
S1-S4-S5-S7; S2-S4-S5-

S8
S2-S4-S5

−V
S1-S3-S5-S8 ; S2-S4-S5-

S7 ; S1-S4-S6-S8
S1-S4-S6

Fig 2(a) shows the line-to-line and line-to-neutral
voltages. Harmonic spectra of phase and line-
voltages are shown in Fig. 2(b) and (c). The THDs
of phase and line voltages are 20.59% and 11.54%
respectively. Further in this paper only
asymmetrical topology is only considered as
symmetrical and asymmetrical topologies produce
identical output waveforms. In order to validate the
performance of switched dc sources RSC inverter in
closed-loop applications a SAPF is considered. A
SAPF is developed with seven-level asymmetrical
switched dc sources RSC MLI switched dc sources
RSC-MLI for harmonic elimination and reactive
power compensation in 3P3W system.

3. Implementation of seven-level asymmetrical
switched dc sources inverter based SAPF

SAPF is used for compensation of load generated
harmonics and reactive power. The complete
compensator scheme of the SAPF for 3P3W
distribution system is shown in Fig. 3. The SAPF
consists of two distinct main circuits: (a) PWM
inverter; (b) SAPF controller. The PWM inverter is
responsible for power processing in synthesizing the
compensating current that should be drawn from the
source. It is expected that the output voltage
produced by the inverter is as close as possible to a
sinusoidal waveform. Therefore, a seven-level
switched dc sources inverter is used as PWM
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inverter for SAPF which produces a satisfactory
harmonic performance. On the other hand, SAPF
controller is responsible for determining the
compensating reference currents in real-time and
forcing the PWM inverter to draw these
compensating currents from the system. The control
algorithm of the SAPF determines its compensation
characteristics. For proper implementation of a
SAPF,a reliable method is required for current
reference generation. In literature, there are several
control algorithm are presented [32-34]. Among
these,instantaneous reactive power (IRP) and
synchronous frame reference (SRF) theories are
most widely used [32]. However, in this paper IRP
theory is used because of its ease of
implementation, excellent transient response and
ability to filterinter-harmonics and sub-harmonics

[32]. The complete controller of SAPF is shown in
Fig. 4. Computer simulation studies are carried out
to verify the performance of the seven-level
cascaded switched dc sources inverter based
SAPFfor harmonic elimination and reactive power
compensation in 3P3W fed non-linear load. The
simulation study of the entire system has been
carried out in MATLAB/Simulink environment.
The reference source currents have been derived
from the IRP theory by using the measured ac
source voltages, load currents and dc voltage of the
individual capacitors. The parameters used in the
simulation are given in Table 2. In order to study
the steady-state and transient performance of SAPF,
the following events have been assumed to occur in
the system for all simulation studies:
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2Vdc

Vdc
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Fig. 1. Three-phase seven-level symmetrical and asymmetrical switched dc sources based RSC-MLI topology.

(b) Harmonic spectrum of phase-
voltage.

(a) Output Phase and line-voltages. (c) Harmonic spectrum of line-voltage.

Fig. 2. Open-loop performance of asymmetrical switched dc sources based RSC-MLI topology.
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Fig. 3. Implementation of seven-level switched dc sources inverter based SAPF.
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Fig. 5. Performance of nine-level cascaded T-type inverter based DSTATCOM under various load conditions.
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Table 2. Parameters used in the simulation study.

Parameter Value

ac line voltage
Three-phase, three-wire, 2.3
kV, 50 Hz

source impedance Rs = 0.1 Ω, Ls = 0.1 mH

dc bus reference
voltage

1000 V and 2000 V (1:2)

dc bus capacitance 3000 μF (for each capacitor)
Coupling inductor of
SAPF

Lc = 5 mH

commutation
inductance

Lac = 1 mH

PWM switching
frequency

3 kHz

load

Load-1: Three-phase phase-
controlled rectifier, Rdc = 50
Ω, Ldc = 200 mH and firing
angle = 30°.

Load-2: Three-phase
uncontrolled rectifier, Rdc =
100 Ω, Ldc = 200 mH,
(Additional load)

1. At t = 0.04 sec., the SAPFand its associated
control circuit is connected to the system.

2. At t = 0.14 sec., an additional phase-
controlled rectifier is connected to the system.

3. At t = 0.24 sec., the additional load is
disconnected from the system.

An uncontrolled rectifier with a RL element at the
dc side has been considered as an initial load and
simulation results are shown in Fig. 5. In Fig. 5, the
quantities shown are as follows (from top to
bottom): Trace 1: three-phase source voltage (vS),
trace 2: three-phase load current (iL), trace 3: three-
phase source current (iS) andtrace 4: three-phase
current injected by SAPF(iC). Fig. 6 shows the
harmonic spectra of loadand source currents.From
Fig. 5 and 6, thefollowing observations are made:

At the instant the SAPFis switched-on, the source
current becomes sinusoidal from a stepped wave
shapewithin 1–2 cycleswith the smooth build-up of
the capacitor voltages.After compensation with
SAPF, the THD of the load current is 29.86%, but
the source current THD is reduced to 2.33%, which
is well within the limits of IEEE–519–1992
recommended value of 5%.After compensation
with SAPF, the source current is in phase with the

source voltage and confirms the compensation of
reactive power. The power factor and displacement
factor of the source are almost unity in both cases.
At 0.14 sec., load current is increased from 58.64A
to 90.69A(THD =17.31%) and decreased back to
its original value at 0.24 sec. The corresponding
change in the compensated source current has been
observed to be very smooth and source current
THD is also maintained at 1.36%. The power factor
and the displacement factor on the source side are
unity not only in the steady-state condition but also
in the transient condition.

In order to verify superiority, the considered
SAPFconfiguration is compared with two-level and
three-level (DCMLI) inverter based SAPFs. THD
comparison of these configurations are given in
Table 3. From this table it can be observed that the
consideredconfiguration produced almost
sinusoidal source current waveform with negligible
THD.

(a) Harmonic spectrum of load current

(c) Harmonic spectrum of source current

(b) Harmonic spectrum of load current with load 1
and 2
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(c) Harmonic spectrum of source current with load
1 and 2

Fig. 6. Harmonic spectra of load and source
currents.

Table 3. %THD comparison of different SAPF
configurations

Load Phase
Load
Current
THD

Source
current
THD

(2-
level)

Source

Current
THD

(3-
level)

Source

Current
THD

(7-
level)

Load-1

Phase-
a

29.86% 3.52% 3.13% 2.33%

Phase-
b

29.86% 3.50% 3.20% 2.31%

Phase-
c

29.86% 3.59% 3.09% 2.29%

Load-1
and 2

Phase-
a

17.31% 2.89% 2.21% 1.36%

Phase-
b

17.31% 2.81% 2.26% 1.33%

Phase-
c

17.31% 2.86% 2.24% 1.29%

4. Conclusion

This paper presents three-phase three-wire
SAPFwith seven-level switched dc sourcesbased
RSC-MLI. Open-loop performance of the
considered topology is demonstrated and the
obtained line and phase-voltages gives the
satisfactory THD performance.
Thedynamicperformance of the considered inverter
is demonstrated by developing a SAPF. The
presented simulation results validate the
performance of the SAPFunder various load
conditions. Further simulation results are compared
with two-level and three-level inverter based
SAPFsto verify its superior compensating
performance.
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