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ABSTRACT- In this paper, a new topology for
DSTATCOM applications with non stiff source is proposed.
The proposed topology enables DSTATCOM to have a
reduced dc-link voltage without compromising the
compensation capability. It uses a series capacitor along
with the interfacing inductor and a shunt filter capacitor.
Here the dc link voltage is controlled by using fuzzy logic
controller. With the reduction in dc-link voltage, the average
switching frequency of the insulated gate bipolar transistor
switches of the DSTATCOM is also reduced. Consequently,
the switching losses in the inverter are reduced. Detailed
design aspects of the series and shunt capacitors are
discussed in this paper. A simulation study of the proposed
topology has been carried out using matlab simulink and the
results are presented.
Index Terms—Average switching frequency, dc-link
voltage, distribution static compensator (DSTATCOM),
hybrid topology, non stiff source.
I. INTRODUCTION
THE proliferation of power electronics devices,
nonlinear loads, and unbalanced loads has degraded the
power quality in the power distribution network [1]. To
improve the quality of power, active power filters have been
proposed [2]–[4]. The distribution static compensator
(DSTATCOM) is a shunt active filter, which injects currents
into the point of common coupling (PCC) (the common
point where load, source, and DSTATCOM are connected)
such that the harmonic filtering, power factor correction, and
load balancing can be achieved. In practice, the load is
remote from the distribution substation and is associated
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with feeder impedance. In the presence of feeder impedance,
the inverter switchings distort both the PCC voltage and the
source currents. In this situation, the source is termed as non
stiff. If the same control algorithm for the stiff sources is
used for the non stiff sources, the reference currents
generated will be erroneous; the load compensation using
state feedback control of DSTATCOM with shunt filter
capacitor gives, however, better results [5], [6]. The state
feedback control of the shunt filter capacitor eliminates the
switching frequency components in the terminal voltages
and source currents.
The compensation performance of any active filter
depends on the voltage rating of dc-link capacitor [7]. In
general, the dc-link voltage has much higher value than the
peak value of the line-to-neutral voltages. This is done in
order to ensure a proper compensation at the peak of the
source voltage. In [8], the authors discuss the current
distortion limit and loss of control limit, which states that the
dc-link voltage should be greater than or equal to √6 times
the phase voltage of the system for distortion-free
compensation. When the dc-link voltage is less than this
limit, there is insufficient resultant voltage to drive the
currents through the inductances so as to track the reference
currents. Reference value of the dc-bus capacitor voltage
mainly depends upon the requirement of reactive power
compensation of the active power filter . The primary
condition for reactive power compensation is that the
magnitude of reference dc-bus capacitor voltage should be
higher than the peak of source voltage at the PCC. Due to
these criteria, many researchers have used a higher value of
dc capacitor voltage based on their applications.
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With the high value of dc-link capacitor, the
voltage source inverter (VSI) becomes bulky and the
switches used in the VSI also need to be rated for higher
value of voltage and current. This, in turn, increases the
entire cost and size of the VSI. A few attempts have been
made in the literature to reduce the dc link\ voltage storage
capacity. In [18] and, a hybrid filter has been discussed for
motor drive applications. The filter is connected in parallel
with diode rectifier and tuned at seventh harmonic
frequency. Although an elegant work, the design is specific
to the motor drive application and the reactive power
Compensation is not considered, which an important aspect
in DSTATCOM applications is.
In this paper, a new DSTATCOM topology with
reduced dc link voltage is proposed. The topology consists
of two capacitors: one is in series with the interfacing
inductor of the active filter and the other is in shunt with the
active filter. The series capacitor enables reduction in dclink voltage while simultaneously compensating the reactive
power required by the load, so as to maintain unity power
factor without compromising DSTATCOM performance.
The shunt capacitor, along with the
state feedback control algorithm, maintains the terminal
voltage to the desired value in the presence of feeder
impedance.

Fig.1. Equivalent circuit of the neutral clamped VSI
topology-based DSTATCOM.
II. CONVENTIONAL AND PROPOSED
TOPOLOGIES OF DSTATCOM
In this section, the conventional and proposed topologies
of the DSTATCOM are discussed in detail. Fig. 1 shows the
power circuit of the neutral clamped VSI topology-based
DSTATCOM which is considered the conventional topology
in this study. Even though this topology requires two dc
storage devices, each leg of the VSI can be controlled
independently and tracking is smooth with less number of
switches when compared to other VSI topologies. In this
figure, vsa, vsb , and vsc are source voltages of phases a, b,
and c, respectively. Similarly, vta , vtb , and vtc are the
terminal voltages at the PCC. The source currents in three
phases are represented by isa , isb , and isc and load currents
are represented by ila , ilb , and ilc . The shunt active filter
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currents are denoted by if a, if b, if c, and io represents the
current in the neutral leg. Ls and Rs represent the feeder
inductance and resistance, respectively. The interfacing
inductance and resistance are represented by Lf and Rf ,
respectively. The load constituted of both linear and
nonlinear loads are as shown in this figure. The dc-link
capacitors and voltages across them are represented by Cdc1
= Cdc2 = Cdc and Vdc1 = Vdc2 = Vdc, respectively. The current
through the dc link is represented by the idc. In this topology,
the voltage across each dc-link capacitance is chosen as 1.6
times the peak value of the source voltages.

Fig. 2. Equivalent circuit of the proposed neutral clamped
VSI topology-based DSTATCOM (hybrid filter).
Fig. 2 shows the equivalent circuit of the proposed
neutral clamped VSI topology-based DSTATCOM. It is a
combination of the conventional DSTATCOM topology
with a capacitor Cf in series with the interfacing shunt branch
of the active filter and a capacitor Csh in shunt with the
active filter. This topology is referred to as hybrid topology.
The passive capacitor Cf has the capability to supply a part
of the reactive power required by the load, and the active
filter will compensate the balance reactive power and the
harmonics present in the load. The addition of capacitor in
series with the interfacing inductor of the conventional
topology will significantly reduce the dc-link voltage
requirement and consequently reduces the average switching
frequency of the switches. This concept will be illustrated
with analytic description in the following section. The shunt
capacitor Csh largely eliminates the switching frequency
components of the VSI in the terminal voltages and source
currents using state feedback control. The design of the
series capacitor Cf and the shunt capacitor Csh have
significant effect on the performance of the compensator.
These are given in the next section.
III. FUZZY LOGIC DC BUS VOLTAGE
CONTROLLER
For the dc bus voltage control a FLC is implemented. Figure
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3 shows the synoptic block diagram of the proposed
FLC. As inputs to FLC the error between the sensed and the
reference dc bus voltage and the error variation at kth
sampling instant are used. The output of the fuzzy logic
controller is considered as the active power losses of the
inverter ( ploss ). The coefficients G1, and G2 are used to
adjust the input control signals.

(3)

(a)
Figure 3. General structure of the fuzzy logic controller for
dc bus voltage control
The FLC converts the crisp variables into linguistic
variables. To implement this process it uses the following
seven fuzzy sets, which are: NL (Negative Large), NM
(Negative Medium), NS (Negative Small), Z (Zero), PS
(Positive Small), PM (Positive Medium), PL (Positive
Large). The fuzzy logic controller characteristics used in this
section are:
Seven fuzzy sets for each input (e, Δe) and output (Δploss)
with triangular and trapezoidal membership functions.
Fuzzification using continuous universe of discourse.
Implications
using
Mamdani’s
‘min’
operator.
Defuzzification using the ‘centroid’ method.
Figure 4 shows the normalized triangular and
trapezoidal membership functions for the input and output
variables. The degree offuzziness/membership (μδ,tri(x)) of
the triangularmembership function is determined by
equation(1.a). The degree of fuzziness (μδ,tra(x)) of the
trapezoidal membership function is determined by equation
(1.b).

(b)

(c)
Figure 4. Membership functions for a) input variable e (pu),
b) input variable Δe (pu), and c) output variable Δploss (pu)
In the defuzzification procedure the centroid method with a
discretized universe of discourse can be expressed as

(a)

(4)

(b)

(1)

Where x, a, b, c, and d belong to the universe of discourse
(X).
(2)
If μC(x) denotes the degree of membership of the
membership functions μC(.) of the output fuzzy sets C,
where equation 13 is used.
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Where xout is crisp output value xi is the output crisp variable
and μout (xi ) is the degree of membership of the output fuzzy
value, and i is the number of output discrete elements in the
universe of discourse.
In the design of the fuzzy control algorithm, the
knowledge of the systems behavior is very important. This
knowledge is put in the form of rules of inference. The rule
table which is shown in Table 1 contains 49 rules. The
elements of the rule table are obtained from an
understanding of the SAPF behavior [Jain S K, Agrawal P,
et al. (2002)].
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∆e\e
NB
NM
Z
PS
PM
PB

Table 1. Fuzzy control rule table.
NB NM NS
Z
PS PM
NB NB NB NB NM Z
NB NB NM NS
Z
PS
NB NM NM Z
PS PM
NM NS
Z
PS PM PB
NS
Z
PS PM PB PB
Z
PS PM PB PB PB

Where
PB
PS
PM
PB
PB
PB
PB

IV. STATE FEEDBACK CONTROL:

The state variables can be written as network
parameters as follows:

.
(8)
A transformed state vector z, which relates the state
vector x with the network parameters using (8), can be
written as

(9)
Fig. 5. Single-line diagram of the proposed DSTATCOM.
The single-line diagram of the proposed
DSTATCOM is shown in Fig. 5. To derive the state-space
model of the system in Fig. 5, we choose five local variables
(i.e., three loop currents and two capacitor voltages). Now,
the state vector is defined as follows:
(5)
The circuit shown in Fig. 5 contains three forcing
functions: the source voltage vs, the nonlinear load current Ih
, and switching variable u. The u is replaced by the
continuous time variables uc and the control vector is defined
as
(6)

The state-space representation of the system given
in (7) is transformed by using (9) as

.
(10)
Assuming that we have full control over u, a
particle swarm optimization (PSO)-based state feedback
controller is designed to ensure robustness under parametric
variations. The control law is defined as
(11)
Where zref is the desired state vector. An optimization
function can be developed to find the optimal feedback gains
to maximize the left shift and increase the damping ratio of
the Eigen values of the state matrix given in (10). The
optimization function is given as
(12)

The state-space equation of the circuit can be written as
Subject to
(7)

Here K = [K1 K2 0 0 0] and N is the number of possible
operating conditions. K is the feedback controller gain
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vector having two nonzero elements. It is not possible to
find the reference of the load current, so partial feedback is
considered. Similarly, the feedback for the terminal voltage
vt and series capacitor voltage vcf are considered to be zero,
as they are dependent on the other network parameters (if
and ish ). Hence, only two feedback gains have been used.
The terms λi and ξi in (11) are the critical eigenvalue and
damping ratio of the state transition matrix (Λi − Γ1i K) for
ith operating condition. The optimization function (11) is
formulated to find an optimal value of K, subjected to lower
and upper bounds, to maximize the left shift of the real part
of the critical eigenvalues and its damping ratio for each and
every possible operating condition. PSO has been used to
solve the optimization problem given in (11). The
parameters for the PSO implementation. In this PSO
implementation, 50 particles and 100 iterations are
considered. The feedback gains are found to be K =
[13.6759 6.5009 0 0 0].
V. GENERATION OF REFERENCE COMPENSATOR
CURRENTS UNDER UNBALANCED AND
DISTORTED VOLTAGES:
In this paper, the reference currents are generated
using instantaneous symmetrical component theory and are
given as

(13)
Where
..
Here, Plavg is the average load power, Ploss denotes
the switching losses and ohmic losses in actual compensator
and it is generated using a capacitor voltage fuzzy controller.
The term Plavg is obtained using a moving average filter of
one cycle window of time T in seconds. The term ϕ is the
desired phase angle between the source voltage and current.
In this paper, the load currents are unbalanced and
distorted; these currents flow through the feeder impedance
and make the voltage at PCC unbalanced and distorted.
However, if the voltages are unbalanced and distorted, it is
not possible to get balanced and sinusoidal currents after
compensation using (13). To remove this limitation of the
algorithm, fundamental positive sequence voltages v+ta1(t),
v+tb1(t) and v+tc1(t) of the distorted terminal voltages are
extracted. Now, the voltages vta(t),vtb(t), and vtc(t) in (13) are
replaced by v+ta1(t), v+tb1(t), and v+tc1(t), respectively.
Therefore, the expressions for reference compensator
currents become
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(14)
Where
∆=

.

The aforementioned algorithm gives balanced
source currents after compensation irrespective of
unbalanced and distorted supply.
The positive-sequence voltages that are extracted
from the terminal voltages vta , vtb , and vtc are the reference
filter capacitor voltages and are denoted by v*sha , v*shb, and
v*shc. The reference filter capacitor currents are computed
using these reference voltages and are given as follows:

(15)
Once the reference quantities zref and the actual state vectors
z are obtained from the measurements, the control signal for
each phase is then computed using the reference and actual
state vectors in the respective phases with the appropriate
control gain K. The switching commands for the VSI
switches are generated using the hysteresis band
current control method. Hysteresis current controller
schemes are based on a feedback loop, generally with twolevel comparators. The switching commands (Sa, S’a , Sb , S’b
, Sc , S’c ) are issued whenever the limit (lim) exceeds a
specified tolerance band “±h.” Unlike the predictive
controllers, the hysteresis controller has the advantage of
peak-current-limiting capacity apart from in addition to
other merits such as extremely good dynamic performance,
simplicity in implementation, and independence from load
parameter variations. The disadvantage with this hysteresis
method is that the converter switching frequency is highly
dependent on the ac voltage and varies with it. The
switching signals generated for the VSI are as follows:

.
(16)
If h ≥ lim then hys(h) = −1, bottom switch is turned
ON, whereas top switch is turned OFF (Sa = 0, S‘a = 1).
If h ≤ lim then hys(h) = 1, top switch is turned ON,
unbalanced and distorted because these load currents flow
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whereas bottom switch is turned OFF (Sa = 1, S’a =
0).
The control circuitry is simple for both topologies
because only three switching commands are to be generated.
These three signals along with the complementary signals
will control all the switches of the inverter.
VI. SIMULATION
The table II represents the parameters of the system
configuration. In order to validate the proposed topology,
simulation is carried out using graphic-driven simulation
software MATLAB. These gains are used to generate
switching commands to the gates of the inverter as given in
(16). The same system parameters that are given Table I
with Csh = 50 μF and Cf = 65 μF are used in MATLAB
simulation. The simulation results for both the conventional
topology and the proposed topology are presented in this
section for better understanding and comparison between
both the topologies.
System
Values
Quantities
System
230 V (line to neutral), 50 Hz
Voltages
Feeder
Zs=1+j3.141Ω
impedance
Zla=34+j47.5 Ω
Linear load
Zlb=81+j39.6 Ω
Zlc=31.5+j70.9 Ω
Three phase full bridge rectifier
Nonlinear
load feeding a R-L load 150 Ω -300
load
mH
VSI
Cdc=3300 µF, Vdcref=1.6Vm=520 V,
parameters
Lf=26mH, Rf=0.1 Ω
Hysteresis
±0.5 A
band (h)

through the feeder impedance in the system. Fig.7 gives the
simulation results of the DSTATCOM using the fuzzy
controlled VSI topology. The source currents after
compensation are balanced and sinusoidal as shown in Fig.
7(a). These currents still contain the switching frequency of
the inverter. The three-phase compensator currents are
depicted in Fig. 7(b). The dc link voltages across the top and
bottom dc-link capacitors are shown in Fig. 7(c). The
voltage across the inductor is shown in Fig. 7(d); the peakto-peak voltage is 630 V, which is far lower than the voltage
across the inductor using the conventional topology.
As the voltage across the inductor is high in
case of the conventional topology, the rate of rise of filter
current dif /dt will be higher than that of the proposed
topology. This will allow the filter current to hit the
hysteresis boundaries at a faster rate and increases the
switching, whereas in proposed hybrid topology, the number
of switchings will be less. Thus, the average switching
frequency of the switches in the proposed topology will be
less as compared to the conventional topology. Since the
average switching is less, the switching loss will also
decrease in the proposed topology. One more advantage of
having less voltage across the inductor is that the hysteresis
band violation will be less.

(a)

(b)

Fig. 6. (a) Load currents before compensation. (b) Terminal
voltages before compensation.
(c)
The load currents and terminal (PCC) voltages
before compensation are shown in Fig. 6. The load currents
are unbalanced and distorted; the terminal voltages are also
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frequency components of the inverter. These switching
frequency components are absorbed by the shunt capacitor
by using state feedback control as discussed in Section IV.
The shunt capacitor provides a low impedance path at the
high switching frequency. The THD of the source currents
and terminal voltages before and after compensation in all
the three phases are given in Table III..
(d)

(e)
Fig. 7. Simulation results using proposed hybrid topology.
(a) Source currents after compensation. (b) Filter currents.
(c) DC capacitor voltages (top and
bottom). (d) Voltage across the interfacing inductor in
phase-a. (e) Terminal voltages after compensation.

VI. CONCLUSION
A new hybrid DSTATCOM topology has been
proposed in this paper, which has the capability of
compensating the load at a lower dc-link voltage under
nonstiff source. Design of the Filter parameters is explained
in detail. The proposed method Is validated through
simulation and experimental studies in a 3-φ distribution
system with the neutral clamped DSTATCOM Topology.
Detailed comparative studies are made for the conventional
and proposed hybrid DSTATCOM topologies using FLC.
From This study, it is found that the proposed topology has
less average Switching frequency, less THDs in the source
currents and Terminal voltages with reduced dc-link voltage
as compared to the conventional DSTATCOM topology.
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