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Abstract

Z-source inverters (ZSI) are used to realize both DC voltage boost and DC-AC inversion in single stage with a reduced number
of power switching devices. A traditional MPPT control algorithm provides a shoot-through interval which should be inserted in
the switching waveforms of the inverter to output the maximum power to the Z-network. At this instant, the voltage across the
Z-source capacitor is equal to the output voltage of a PV array at the maximum power point (MPP). The control of the Z-source
capacitor voltage beyond the MPP voltage of a PV array is not facilitated in traditional MPPT algorithms. This paper presents
a unified MPPT control algorithm to simultaneously achieve MPPT as well as Z-source capacitor voltage control. Development
and implementation of the proposed algorithm and a comparison with traditional results are discussed. The effectiveness of the
proposed unified MPPT control strategy is implemented in Matlab/Simulink software and verified by experimental results.

Key Words: Capacitor voltage control, Maximum power point tracking, Photovoltaic array, Pulse width modulation, Z-source
inverter

I. INTRODUCTION

Concerns for developing alternative energy systems have
been increasing continuously. Among them, solar energy
systems are one of the more important solutions because
they produce electric power without inducing environmental
pollution. Many studies on maximum power point tracking
(MPPT) algorithms for the development of low cost, high
efficiency solar energy systems have been completed [1]–
[8]. Photovoltaic (PV) power conversion systems (PCS) for
converting solar energy into electricity are in general costly.
As a result, they are a viable method for generating electricity
only if they can produce the maximum possible output under
all weather conditions. Among the various types of PCSs,
two stage converters have been used to boost PV voltage to
a desired level and to convert DC into AC for controlling
the AC loads. The number of switching components, the total
volume of the system and the overall cost of the system
are increased while adapting a two stage converter based
PCS. A Z-source inverter (ZSI) is proposed to overcome
the disadvantages of traditional voltage and current source
inverters [9]. The block diagram of a ZSI with a unique
impedance network which provides single stage DC to AC
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power conversion is shown in Fig. 1. ZSI based PCSs are the
center of a lot of attention for researchers since they offer both
DC boost and DC-AC inversion in a single stage. Due to their
unique features and advantages as outlined in the literature
[9]–[14], they are finding wide spread applications. A ZSI
is highly suitable for driving induction motors under supply
voltage sags/fluctuations and provides enhanced ride-through
capability throughout operation [14]–[16]. The suitability and
operation of a ZSI for various applications have been studied
by various researchers [17]–[23]. Many control algorithms
have been proposed to control the voltage across the inverter’s
DC terminals (DC link voltage) as well as the AC output
voltage [24]–[30]. The operating principle of a ZSI based PCS
for PV systems and their advantages over the traditional two
stage converters has been discussed in [17]. A simple power
feedback method is used to achieve MPPT in [17]. The same
study has been extended to grid connected PV systems in
[31]. A simple control method for a two-stage utility grid-
connected PV-PCS is proposed in [32]. This approach enables
maximum power point tracking (MPPT) control with post-
stage inverter current information instead of calculating the
solar array power, which significantly simplifies the controller
and the sensor. A power conversion circuit for a grid-connected
PV system using a Quasi-ZSI was suggested and analyzed in
[33]. A modified perturbation and observation (P&O) method
was used for the MPPT control.

In all of these methods, the output of the MPPT controller
is the reference signal for generating a shoot-through state to
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Fig. 1. Block diagram of Z-source inverter based PCS.

Fig. 2. Z-source inverter based photovoltaic power conversion system.

track the PV voltage at the maximum power point (MPP). This
voltage is the reference voltage for the Z-source capacitor and
the Z-source capacitor voltage is boosted to the PV voltage
at the MPP (VPV *). The voltage across the Z-source capacitor
(VC) is equal to the photovoltaic array voltage at the MPP
(VPV

∗). If there is any variation in the load power demand,
the DC link voltage has to be adjusted accordingly. To satisfy
the above situation, the Z-source capacitor voltage must be
increased/decreased according to the requirement of the load.
Since a MPPT algorithm generates a shoot-through period
to extract the maximum power point voltage from the solar
cell, this shoot-through period is unable to boost the capacitor
voltage further than the desired level. This paper presents
a capacitor voltage control (CVC) along with a modified
MPPT algorithm to simultaneously achieve MPPT as well as
capacitor voltage control.

II. Z-SOURCE INVERTER BASED PV-PCS

A ZSI can be used to realize both DC voltage boost and
DC-AC inversion in single stage with additional features
that cannot be accomplished with the traditional PV-PCS.
The power circuit of a PV based three phase ZSI with the
traditional direct shoot-through control structure is shown in
Fig. 2. An impedance network containing two equal (split)
inductors in series and diagonally connected to two equal
(split) capacitors, outputs DC voltage (DC link voltage) to
a three phase inverter bridge which is comprised of six power
IGBT’s with anti-parallel diodes. The Z-network facilitates the
shoot-through states so that they are utilized more advanta-
geously without any harmful effects to the inverter operation.
A ZSI has minimum kVA requirement when compared with
traditional two stage PV power conversion systems [17]. The
PV model is developed using the basic circuit equations
of the solar cells including the effects of solar irradiation
and temperature changes [34]. The traditional MPPT control
algorithm provides a shoot-through interval which should be

(a)

(b)

Fig. 3. I-V and P-V characteristics of PV array.

(a)

(b)

Fig. 4. ZSI PV-PCS control block diagram. (a) Traditional controller. (b)
Proposed unified controller.

inserted in the switching waveforms of the inverter to output
maximum amount of power to the Z-network. At this instant,
the voltage across the Z-source capacitor, VC is equal to the
output voltage of the PV array (VPV ). Now the AC output
voltage of the inverter is controlled as dictated by the AC
voltage feedback control loop. A ZSI has three operating
modes, namely an active (non shoot-through) mode, a shoot-
through mode and a traditional zero mode.

From the symmetry of the Z-source network the following
is obtained:

VC1 =VC2 =VC;vL1 = vL2 = vL (1)

where VC is voltage across the Z-source capacitor, and vLis
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Fig. 5. Simple boost control using P&O method.

voltage across the inductor.
During one of the six traditional active states, the inverter

bridge acts as a traditional VSI, thus acting as a current
source as viewed from the Z-source circuit. Because of the
symmetrical configuration of the circuit, both of the equal
inductors have identical current values. The diode D, shown
in the power circuit is forward biased in this case. The voltage
across the Z-network in this case can be written as follows:

vL =VPV −VC;vdc =VPV

v̂dc =VC− vL = 2VC−VPV (2)

where VPV is the output voltage of the PV array, vdc is the
DC link voltage and v̂dc is the peak DC link voltage of the
inverter.

The inverter bridge is under the shoot-through state for
an interval, T0, during a sampling period, T . The diode (D),
shown in the power circuit in Fig. 2, will be reverse biased in
this case and the PV source is separated from the Z-network.
The Z-source capacitors charge the inductors. This mode is
inserted in the traditional zero periods (Tz) in every switching
cycle (T). The shoot-through interval or its duty cycle is
determined based on the voltage boost needed. It should be
noted that, the shoot-through interval is only a fraction of
the switching cycle. As a result, it needs a relatively small
capacitor to suppress the voltage [9]. The voltage across the
impedance elements can now be related as:

vL =VC;VPV = 2VC;vdc = 0. (3)

During one of the two traditional zero states, (i.e. shorting
through either the upper or lower three switches) the inverter
bridge is acting as an open circuit as viewed from the Z-
network.

The peak DC link voltage across the inverter bridge, ex-
pressed in equation (2), can be written as:

v̂dc =VC− vL = 2VC−VPV =
1

1−2D0
VPV = BVPV (4)

where B is the boost factor and D0 can be referred to as the

shoot-through duty ratio and is equal to
(

T0

T

)
.

The boost factor (B) can be related to the shoot-through
duty ratio as follows:

B =
1

1−2
(

T0

T

) =
1

1−2D0
. (5)

During the non-boost mode of operation and in the steady
state, the average voltage across the Z-source capacitor is equal
to the voltage across the DC-link of the ZSI. This can be
written as follows:

Vc1=Vc2=V c=
1−

(
T0

T

)
1−2

(
T0

T

)VPV =
1−D0

1−2D0
VPV =

B+1
2

VPV =V ∗PV

(6)
where V ∗PV is the MPP voltage of the PV panel.

The voltage stress (Vs) across the power IGBT’s is equal to
the peak DC link voltage. In addition to the above equations,
it should be noted that the peak value of the DC link voltage
across the inverter bridge is different from the DC capacitor
voltages (Vc1 and Vc2). By substituting equation (6) into
equation (4), the peak DC link voltage during the boost mode
of operation can be calculated as follows:

v̂dc = B.VPV =
2B

B+1
VC =Vs. (7)

The AC output voltage of a ZSI based PV-PCS can be
controlled by varying the modulation index and the peak value
of the AC output voltage can be expressed as:

v̂ac = M.B.
VPV

2
= M

V ∗PV
2

(8)

where M is the modulation index.
Due to the presence of the blocking diode (D), the input

current to the Z-network is zero during the shoot-through state.
The PV array has non-linear I-V and P-V characteristics as
shown in Fig. 3. Depending on the temperature and irradiation,
the output voltage and current of the PV array varies. A
variety of MPPT algorithms have been reported to extract
maximum power from a PV array [8]. The traditional MPPT
control scheme for a ZSI based PV-PCS is shown in Fig. 4
(a). In the traditional control scheme for a ZSI based PV-
PCS, the shoot-through time period is directly calculated by
the MPPT algorithm and accordingly two reference straight
lines (VP and VN) are generated to produce shoot-through
pulses with a simple boost control, as shown in Fig. 5. The
Z-source capacitor voltage can be boosted according to the
shoot-through time periods which are directly calculated by
the MPPT algorithm. The input voltage of the Z-network
is the output voltage of the PV array. In other words, the
output voltage of the PV array can be controlled by controlling
the Z-source capacitor or the DC link voltage. The Z-source
capacitor voltage (Vc) is improved so that it is equal to the
MPP voltage of the PV panel (V ∗PV ). This is achieved by
imposing the simultaneous conduction of each or any of the
phase leg switches of the inverter bridge [13].
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III. UNIFIED MPPT CONTROL STRATEGY

The traditional MPPT algorithm generates a shoot-through
period (T0) to boost the Z-source capacitor voltage to the
PV array voltage at the MPP. As discussed in the previous
section, the shoot-through duty period (T0) required to boost
the capacitor voltage is directly calculated and the shoot-
through reference straight lines are generated. If the reference
voltage of the capacitor is relatively higher than the PV
voltage at the MPP, the capacitor voltage cannot be increased
further since the shoot-through states are generated solely to
track the voltage at the MPP. No capacitor voltage control
beyond the PV array voltage at the MPP is facilitated in the
traditional MPPT algorithms. Fig. 4 (b) shows the proposed
unified control scheme which felicitates the MPPT as well as
the capacitor voltage control. In the proposed MPP strategy,
the net shoot-through period Tsh is calculated by adding the
shoot-through period (T0) required to boost the capacitor
voltage to the MPP voltage with the additional shoot-through
period required to control the capacitor voltage beyond the
MPP voltage (T ′0). Fig. 6 shows a flowchart of the proposed
unified MPPT algorithm which tracks the MPP voltage and
the reference Z-source capacitor voltage.

A. MPPT algorithm

The flow chart of the proposed unified MPPT algorithm,
shown in Fig. 6, has two stages. The first stage tracks the MPP
voltage of the PV panel and the second stage provides a further
boost to the Z-source capacitor voltage, if needed. The first
stage of the unified MPPT control strategy boosts the Z-source
capacitor voltage so that it is equal to the MPP voltage of the
PV array. To track the maximum power point voltage of the
PV array, the MPPT algorithm is used to calculate the required
shoot-through time period. By adjusting the shoot-through
time interval, one can get the required amount of voltage
across the DC link irrespective of the voltage supplied by
the PV panel. Perturbation and Observation (P&O) algorithm
based MPPT is used in this paper to extract the MPP voltage
of the PV panel in the first stage of the flowchart. In this
method, the power is always measured and used as feedback
to adjust the shoot-through duty cycle to reach the MPP. This
is done by increasing/decreasing the shoot-through time period
(T0) with the shoot-through perturbation (∆T0). Then the two
reference straight lines VP and VN , to generate shoot-through
states, as shown in Fig. 5, are generated as follows:

VP =

(
1− T0

T

)
= (1−D0)

VN =−
(

1− T0

T

)
=−VP.

(9)

These two straight lines (VP and VN) are compared with
the high frequency carrier signal in order to generate shoot-
through pulses. In simple boost control, the shoot-through
frequency is twice the switching frequency since two shoot-
through pulses are generated in one switching cycle. The
capacitor voltage/DC link voltage can be improved until it
reaches the MPP voltage of a PV array (V ∗PV ) and hence the

maximum power from the PV array is extracted. Equation (6)
can now be redefined as follows:

vdc =VC =
1−D0

1−2D0
VPV =V ∗PV . (10)

As shown in the Fig. 6, the MPPT algorithm controls the
capacitor voltage until it reaches V ∗PV , since the objective of
the first stage is to generate the required shoot-through time
(T0) to maintain VC to be equal to V ∗PV as given in equation
(6).

B. Capacitor voltage control (CVC) algorithm

To track the reference capacitor voltage (V ∗C ), the unified
control algorithm generates an additional shoot-through factor
(T0’) which is the second stage of the flowchart shown in Fig.
6. For a particular solar irradiation and temperature level, the
Z-source capacitor voltage is first set to the MPP voltage of the
PV array with the MPPT algorithm. Then the actual capacitor
voltage (Vc) is compared with the reference voltage (V ∗C )
which has to be maintained across the DC link of the inverter
bridge. There is no additional shoot-through (T0’) period gen-
erated when the actual voltage across the Z-source capacitor
is equal to the reference voltage. If the Z-source capacitor
voltage needs to be increased substantially (ie. V*C>VC),
an additional shoot-through period (T0’) is generated and is
added to the shoot-through period T0 generated in the MPPT
algorithm. Similarly if the reference voltage is less than the
MPP voltage of the PV panel (ie. V*C<VC), the net shoot-
through period is calculated by subtracting an additional shoot-
through period (T’0) from the shoot-through time period (T0)
generated by the MPPT to provide a net shoot-through period
(Tsh) to update the Z-source capacitor voltage (VC).

The new shoot-through time period (Tsh) has simultaneous
control of the MPPT and the Z-source capacitor voltage and
is defined as follows:

Tsh = T0±T ′0 (12)

Dsh =
Tsh

T
=

T0

T
±

T ′0
T

(13)

where T0 is used to track V ∗PV , and T0’ is used to control the
capacitor voltage according to the capacitor reference voltage
V ∗C . The range of the new shoot-through time period Tsh, can
be written as:

Tsh

T
≤ (1−M) (14)

From equations (12) and (14), the following is obtained:

±
T ′0
T
≤ 1−

(
M+

T0

T

)
. (15)

The maximum value of the additional shoot-through duty
ratio for both the cases can be written as follows:(

T ′0
T

)
max
≤ 1−

(
M+

T0

T

)
when V ∗C >VC (16)(

T ′0
T

)
max
≤−

(
1− (M+

T0

T
)

)
when V ∗C <VC. (17)

The modulation index (M) and the MPPT shoot-through
ratio (D0) limit the range of the additional shoot-through duty
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Fig. 6. Flowchart for unified capacitor voltage control.

Fig. 7. Shoot-through generation by unified MPPT control strategy.

ratio (D0’) and hence the capacitor voltage control. Since the
value of T0 has to be very small to track the MPP voltage, the
capacitor voltage boost factor (BC) is controlled as a traditional
ZSI.

The reference straight lines to generate the new shoot-
through periods can now be equal to:

V ∗P =

(
1− Tsh

T

)
= (1−Dsh)

V ∗N =−
(

1− Tsh

T

)
=−V ∗P

(18)

where V ∗P and V ∗N are the normalized values. Fig. 7 shows the
generation of new shoot-through states (Tsh) with a simple
boost control method. In the first stage, the capacitor voltage
is boosted to the MPP voltage of the PV array (V ∗PV ). This is
done by regulating the shoot-through state (T0) by using the
MPPT algorithm shown in Fig. 6. When DC link voltage of

the inverter needs to be increased beyond V ∗PV , a new shoot-
through time period (Tsh) is generated by inserting an addi-
tional shoot-through time period (T0’). It should be noted that,
the two straight lines (V ∗P and V ∗N ) are continuously regulated
to maintain the Z-source capacitor voltage so that it is equal to
the reference capacitor voltage (V ∗C ). The shoot-through period
is adjusted according to the changes in the PV voltage at the
MPP. In the unified MPPT, the minimum shoot-through period
required to maintain the Z-source capacitor voltage as the PV
voltage at the MPP is generated by the MPPT algorithm. In
addition, the supplementary shoot-through period is generated
by the CVC algorithm to provide an additional boost in the
capacitor voltage to track the reference value.

By substituting (12) into (6) the average value of the Z-
source capacitor and the DC link voltages are obtained as
follows:

VC=

T−
(

T0±T ′0
T

)
T−2

(
T0±T ′0

T

)V ∗PV =

T−
(

Tsh

T

)
T−2

(
Tsh

T

)V ∗PV =
1−Dsh

1−2Dsh
V ∗PV =vdc

(19)
The peak value of the AC output voltage of the ZSI can be

defined as:

v̂ac = M
(

1−Dsh

1−2Dsh

)
V ∗PV

2
= M

vdc

2
(20)

The modulation index can be varied from zero to V ∗P . Shoot-
through states are applied to all of the legs simultaneously.
This can significantly reduce the current stress on the each
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TABLE I
PARAMETERS FOR SIMULATION

Case I Case II Case III
PV array VOC 350V 350V 400V

ISC 8.3A 9.6A 12.1A
VPV * (225˜275)V (200˜250)V (125˜280)V
IPV * 7.9A 9.4A 11.4A
PPV * 2.9 kW 3.36 kW 4.84 kW

Reference
voltage

VC* VPV * 275V 325V

Z-network L1 & L2 1 mH
C1 & C2 1000 µF

Load
parameters

RL 5kVA (0.9 power factor)

Switching
frequency

fs 5kHz

Fig. 8. Simulation results for case I.

switch during the shoot-through state [12]. Fig. 4 shows
the PWM pulse generation for a ZSI using a simple boost
control technique. It also shows the relationship between the
reference sinusoidal and the reference shoot-through (VP and
VN) signals and it also holds true for VP

∗ and V ∗N . The shoot-
through periods should be diminished from the traditional zero
periods without altering the active time periods to produce a
less distorted AC output.

IV. RESULTS AND DISCUSSION

The proposed MPPT control strategy is carried out for a
ZSI based PV-PCS through Matlab/Simulink. A simple boost
control is used to generate the required shoot-through periods
with the proposed unified MPPT algorithm. The system pa-
rameters for the simulation are given in Table I. A PV array is
modeled using the basic mathematical equations that take into
consideration temperature and irradiation changes [34]. An LC
filter is inserted between the inverter bridge and the three phase
RL load to reduce the THD of the output parameters.

To verify the above mentioned features of the proposed
MPPT control scheme, three cases are examined and simu-
lated.

1. Case I - V ∗C =V ∗PV
2. Case II -V ∗PV = (200˜275) V; V ∗C =275V
3. Case III- V ∗PV = (110˜275) V; V ∗C =325V
Case I

Fig. 9. Simulation results for case II.

Fig. 10. Simulation results for case III.

The Z-source capacitor voltage is boosted in order to track
the reference voltage generated by the MPPT algorithm given
in Fig. 6. Since the additional shoot-through period is kept
zero, no further boost in the capacitor voltage is allowed. Fig.
8 shows the simulation results of this case, where the capacitor
voltage continuously tracks the MPP voltage of the PV panel.
The range of the MPP voltage of the PV panel is considered to
be (220-275)V depending on the different climate conditions.
In this case only the shoot-through state (T0) is varied to
regulate the capacitor voltage while the net shoot-through state
is equal to T0. For example, at 800W/m2and 500C, the voltage
delivered by the PV panel (VPV ) is 200V and the maximum
power point voltage of the PV panel under these conditions is
220V. Now the shoot-through period is generated to provide
a 20V boost in the Z-source capacitors.

Now the required shoot-through (T0) can be calculated by
equation (10) as follows:

220 =

(
1−D0

1−2D0

)
200 = BC ∗200 (21)

where BCis the capacitor voltage boost factor. Then:

BC =
V ∗PV
VPV

=
V ∗C
VPV

=
220
200

= 1.1 (22)
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Fig. 11. Simulation results of output waveforms of proposed MPPT control.

Fig. 12. Simulation results of traditional (middle) and proposed (lower) MPPT
control for different temperature levels (upper) under same test conditions.

T0

T
=

BC−1
2BC−1

= 0.0833. (23)

The shoot-through period is varied for various climate con-
ditions by adding/subtracting ∆T0 and the capacitor reference
voltage is boosted to extract the MPP voltage from the PV
panel.

Case II

The Z-source capacitor voltage is boosted to a desired value
beyond V ∗PV as required in the DC link. Fig. 9 shows the results
for this case for the wide range of variations in the PV voltage.
For example, at 800W/m2and 500C, the voltage delivered by
the PV panel (VPV ) is 180V. The voltage of the PV panel at the
MPP is 200V. 275V is the voltage that has to be maintained
across the Z-source capacitor throughout operation irrespective
of climate changes. As detailed in the previous case, the shoot-
through time period needed to boost the capacitor voltage to
the MPP voltage of the PV panel is calculated as 0.09. Now the
additional shoot-through period, (T0’), required for boosting
the capacitor voltage further to 275V can be calculated by the
following method.

(a)

(b)

Fig. 13. THD of output parameters using proposed method Output voltage.
(b) Output current.

The additional capacitor boost factor is:

B′C =
V ∗C
V ∗PV

=
275
200

= 1.375 (24)

Then the shoot-through time period is:

T ′0
T

=
B′C−1

2B′C−1
= 0.21 (25)

Then the new shoot-through period to be inserted into all
the switching waveforms can be calculated as:

Tsh

T
=

T0 +T ′0
T

= 0.09+0.21 = 0.3 (26)

The maximum value of the modulation index to control the
AC output voltage is limited to 0.7.

Case III
Similar to case II, 325V is maintained across the Z-source

capacitor for the PV output voltages in the range of (100-
300) V for different climate conditions. The simulation results
for these conditions are shown in Fig. 10. As can be seen,
even though there are a lot of variations in the MPP voltage
of the PV array, the voltage across the Z-source capacitor
is constantly maintained as the preset value. This is due to
the additional shoot-through period (T0’) generation by the
proposed control method. The same response is obtained when
the reference voltage of the capacitor is increased to different
values.

Fig. 11 shows the AC waveforms of the inverter such as
the output voltage before the filter, the output voltage after the
filter and the output current after the filter, respectively, for the
cases considered in Fig. 10. The voltage across the Z-source
capacitor with the traditional algorithm and the proposed
algorithm, to maintain Vc=325V, is shown in Fig. 12 for
different temperature levels under the same test conditions.
It can be seen that in the traditional method, the Z-source
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(a)

(b)

Fig. 14. Experimental results of the traditional MPPT algorithm for case I.
(a) Capacitor voltage. (b) DC link voltage. x-axis = time (s), Y-axis voltage
(V)

(a)

(b)

Fig. 15. Experimental results of the unified MPPT algorithm for case II. (a)
Capacitor voltage. (b) DC link voltage. x-axis = time (s), Y-axis voltage (V)

capacitor voltage is varied based on the MPP voltage of the PV
cell. However, in the proposed method the Z-source capacitor
voltage is constantly maintained at the reference value (ie.
325V). The harmonic profile of the output voltage/current
waveforms of the proposed system is shown in Fig. 13 and it
confirms an improvement in the THD. In the traditional system
the THDv and the THDi are found to be 6.21% and 4.32%,
respectively.

The proposed unified MPPT control strategy is implemented
with a digital signal processor (DSP). The Z-source capacitor
voltage and the DC link current are sensed by isolation
devices, amplifiers, and a 12-bit analog-to digital converter
within the DSP. The PWM pulses with inserted shoot-through
states are generated by the DSP and then sent out through

(a)

(b)

Fig. 16. Experimental results of the unified MPPT algorithm for case III. (a)
Capacitor voltage. (b) DC link voltage. x-axis = time (s), Y-axis voltage (V)

(a)

(b)

Fig. 17. Experimental results of the unified MPPT algorithm to maintain
VC=300V (a) Capacitor voltage (b) DC link voltage. x-axis = time (s), Y-
axis voltage (V)

six independent PWM channels to gate the six switches
(IGBT modules) of the implemented inverter. The hardware
reference signals and the high frequency triangular signal were
generated by the DSP and then compared to generate the
switching pulses to the inverter. The experimental results for
the proposed unified MPPT algorithm for a ZSI based PV-
PCS for the various cases discussed in this paper are shown
in Fig. 14-17. To improve the DC link voltage beyond V ∗PV ,
the proposed unified MPPT control algorithm generates an
additional shoot-through interval to the inverter bridge.

V. CONCLUSIONS

This paper presented a unified MPPT control strategy for
ZSI based PV-PCSs. The proposed scheme realizes both the
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tracking of the MPP voltage of the solar panel and the
regulation of the capacitor voltage to the reference value
simultaneously. Three different cases at different irradiation
and temperature levels were considered to investigate the
suitability of the proposed system using the Matlab/Simulink
package. The effectiveness of the proposed algorithm was
verified by an experiment in the laboratory and the experi-
mental results agree with the simulated results. The output
AC waveforms still hold the optimum THD profile and are
free from low frequency distortions.
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