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Abstract—Single stage converter system (SSCS) does both dc-
dc conversion and dc-ac conversion in one stage. In this paper, a
SSCS for photovoltaic (PV) applications is presented. This system
can deliver active power from PV to the grid while continuously
tracking maximum power point (MPP). The proposed system is
controlled such that it can deliver/receive reactive power from
grid. The presented system has several advantages like high gain,
low switching loss and compact in size. This system can be
used effectively in PV systems, where output voltage of PV is
very low. Control scheme of the system along with derivation of
control loops is presented. The proposed topology is simulated
using MATLAB/SIMULINK, simulation results are presented to
validate the proposed idea.
Index Terms: Single stage, high gain, MPP, photovoltaic,
buck-boost inverter.

I. INTRODUCTION

Output voltage of PV varies with insolation, temperature etc.

So, a suitable power conversion system (PCS) is essential in

order to deliver power from PV to loads or grid. Especially,

for delivering power to grid, PCS has to step up/down the

output voltage from PV and then convert it into ac. This is

a two stage conversion system (TSCS). Many two stage PCS

are mentioned in [1]. TSCS posses several disadvantages like

less reliability, more losses, bulk in size and high cost [2].

So, a PCS which can efficiently buck/boost the output voltage

from PV and perform dc-ac power conversion simultaneously

with maximum power point tracking (MPPT) is required in

this scenario. Single stage converter system (SSCS) which does

both dc-dc conversion and dc-ac conversion in a single stage is

well suitable. SSCS is reliable, operates at higher efficiencies

and less costly [3].

Jain et al. proposed a buck-boost principle based topology

in [4], which has several advantages like less number of

switches, low switching loss and less EMI problems. The main

drawback of this topology is limited gain. Patel et al., proposed

a SSCS which is doubly grounded in [5]. This scheme has

less number of components and more compact, but it gives

low gain. Reactive power control operation is not presented

in [4], [5]. Some high gain SSCS schemes are presented

in [6], [7]. In these schemes, coupled inductor is used in

order to get high gain. These schemes suffers from harmful

effects due to leakage inductance associated with coupled

inductor. Hence, these schemes are suitable for low power
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Fig. 1. Grid connected single-stage PV system configuration

applications only. A single stage three phase grid connected

photovoltaic system with modified MPPT method and reactive

power compensation is presented in [8]. This control method

is based on instantaneous reactive power theory. This method

consists of more calculations as it involves transformations.

This control method is a good choice for reactive power

control in three phase systems and the proposed system in this

work is suitable for low voltage gain conditions only. Hosseini

et al. proposed a single phase series grid connected PV system

for voltage compensation and for power supply in [9]. This

system consists of a boost inverter that supplies a household

load in different operating conditions such as grid connection

and islanding. As this system works with buck-boost principle,

the switching losses are more and achievable voltage gain is

limited.

Reactive power control schemes along with maximum

power point tracking are presented in [10], [11]. Though these

schemes works effectively in low voltage gain conditions, the

performance of these schemes degrade at high voltage gain

conditions. The single stage inverter system presented in [12]

has several advantages like less number of components, high

gain and does not need additional capacitors to trap leakage

energy. So, this system along with reactive power control

scheme is presented in this paper. A brief comparison of

presented system with existed systems is presented in Table I.

In this paper, a high gain single stage inverter system along



with reactive power control is presented. The remaining of this

paper is organized as follows. Introduction of grid connected

SSCS is presented in Section II. Section III gives MPPT along

with the control scheme for the converter. Simulation studies

are presented in Section IV, followed by conclusion in Section

V.

II. GRID CONNECTED SINGLE-STAGE PV SYSTEM

Presented PV fed SSCS consists of five active switches (Sp,

S1, S2, S3, S4), two passive switches (D1 & D2), a coupled

inductor (L1 & L2), output side filter circuit (Cf & Lf ) and

an input side filter capacitor (Cp) as shown in Fig. 1. During

each half cycle of output voltage, switch (Sp) operates at high

frequency, where as switches (S1, S3) and switches (S2, S4)
are switched on continuously for entire alternative half cycle

of output voltage. In every switching cycle, during Sp on

time, vpv charges L1, where as during Sp off time, induc-

tors (L1 & L2) come in series and discharge into output

capacitor (Cf ). Diode (D1) is used to remove the harmful

effects of leakage inductance of the coupled inductor. This

SSCS has features like high voltage gain, low switching loss

and compact in size. The voltage gain of the topology (g(t))
is given by

g(t) =
vcf (t)

vpv
=
(1 + n)d(t)

1− d(t).
(1)

Where ‘n’ is turns ratio of the coupled inductor and ‘d’ is duty

cycle of the switch (Sp). The design value of capacitor (Cp) is

given by [4]

Cp =
2P

4(2πfg) Vpv δVpv
(2)

where ‘P ’ is the maximum power to be tracked, δVpv be

the maximum value of the permissible ripple in the PV

voltage and fg be the grid voltage fundamental frequency.

A brief introduction of the single stage inverter topology

for different loads along with details like gain derivation,

analytical waveforms and voltage stresses across the switches

are presented in [12].
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Fig. 2. Output circuit of SSCS.

III. MAXIMUM POWER POINT TRACKING AND REACTIVE

POWER CONTROL TECHNIQUE

MPPT is to automatically tracking the voltage or current at

which a PV array should operate in order to obtain the max-

imum power output for a given irradiation and temperature.

In this paper “Perturb and Observe Method” [13] is used to

track the maximum power point (MPP) of the PV source. This
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Fig. 3. Phasor diagram related to output circuit.
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algorithm has been appropriately implemented in conjunction

with the grid connected presented system to deliver maximum

power to grid. After finding the current iMPP , if this current

is multiplied with grid template [4], [5] and is given to track

in L1 using current controller i.e.. output current (io) which

is in phase with grid voltage will appear before filtering

circuit (Cf & Lf ) as shown in Fig. 2. Because of the filtering

circuit, a phase shift will be added to io making grid current

not in phase with the grid voltage. This phase shift can be

observed from phasor diagram of output circuit shown in Fig.

3. So, in order to control this phase difference between grid

voltage and grid current to have variable reactive power flow,

following control scheme is implemented. At first we calculate

PMPP using P & O method, then this PMPP and reference

reactive power (Qref ) are used to calculate output capacitor

voltage (vcf ) which is required to send both MPP power and

reference reactive power to grid as shown in Fig. 4. Block

diagram for calculation of vcfref is shown in Fig. 5. After

finding voltage (vcf ), reference current generation (iL1mref )

will be done using voltage control loop as shown in Fig.

7. Finally, the generated reference current (iLmref ) will be

tracked using current control loop as shown in Fig. 8. Pulses

to all active switches are generated as shown in Fig. 9. In this



TABLE I
A BRIEF COMPARISON OF PROPOSED GCSS WITH THE EXISTING GCSS

Source Control variable Pg Qg Remarks
Jain [4] PV Current MPP Un controllable Low gain and less loss.
Patel [5] PV Current MPP Un controllable Low gain and more conduction loss.
Libo [8] PV Current MPP Controllable Low voltage gain.

Hosseini [9] PV Voltage MPP Controllable Low voltage gain and more switching loss.
Jang [10] FC Voltage Controllable Controllable Low gain, more loss, EMI problems and PR control.

Alajmi [11] PV Current MPP Controllable More components and complex control.
Proposed PV Voltage MPP Controllable High gain, less loss and PI control.

way, reactive power is controlled while delivering MPP power

to the grid.
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A. Design of Voltage Controller
Voltage control loop is derived by using average current

through capacitor (Cf ) over a switching cycle. From Fig.

6, during switch (Sp) on time (dTs) current through capac-

itor (Cf ) equals to -ig and during switch (Sp) off time ((1-

d)Ts), the current through capacitor (Cf ) is (〈iL2(t)〉(1−d)Ts−
〈ig(t)〉Ts). Assuming negligible leakage inductance and negli-

gible current ripple in inductors, current through capacitor (Cf )

over a switching cycle is given by

〈icf (t)〉Ts = (1− d(t))〈iL2(t)〉(1−d)Ts − 〈ig(t)〉Ts. (3)

Where 〈icf (t)〉Ts, 〈ig(t)〉Ts and 〈iL2(t)〉(1−d)Ts are average

current through Cf , average current sending to grid over a

switching cycle (Ts) and average current in L2 over (1 −
d(t)Ts). From (3), 〈iL2(t)〉(1−d)Ts can be written as

〈iL2(t)〉(1−d)Ts =
〈icf (t)〉Ts + 〈ig(t)〉Ts

1− d(t)
. (4)

From [12], gain of converter is given by

〈vcf (t)〉Ts
〈vpv(t)〉Ts =

(1 + n)d(t)

1− d(t)
. (5)

From the above equation 1/(1− d(t)) can be written as

1

1− d(t)
=
〈vcf (t)〉Ts + 〈vpv(t)〉Ts(1 + n)

〈vpv(t)〉Ts(1 + n)
. (6)

Substituting (6) in (4) gives

〈iL2(t)〉(1−d)Ts =

(〈icf (t)〉Ts + 〈ig(t)〉Ts){〈vcf (t)〉Ts + 〈vpv(t)〉Ts(1 + n)

〈vpv(t)〉Ts(1 + n)
}.
(7)

From [12], 〈iL1ref (t)〉dTs can be written as

〈iL1ref (t)〉dTs = (1 + n) 〈iL2(t)〉(1−d)Ts (8)

From (7) and (8), iL1ref can be written as

〈iL1ref (t)〉dTs =
(〈icf (t)〉Ts + 〈ig(t)〉Ts){〈vcf (t)〉Ts + 〈vpv(t)〉Ts(1 + n)

〈vpv(t)〉Ts }.
(9)

From the operation of GCSS, iL1ref is equal to iLmref during

switch (Sp) on time. Therefore

〈iLmref (t)〉dTs = A =

(〈icf (t)〉Ts + 〈ig(t)〉Ts){〈vcf (t)〉Ts + 〈vpv(t)〉Ts(1 + n)

〈vpv(t)〉Ts }.
(10)

Here, ‘A’ is used to represent a block in Fig. 7. Double-loop

control presented in [14] is used for controlling both vcf and

iLm. By taking 〈icf 〉Ts as control variable, voltage control

block diagram of the topology can be written as shown in

Fig. 7. Here rc is the equivalent series resistance associated

with Cf and vcfref (t) is calculated based on the available

nominal PV power.
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B. Design of Current Controller
To design current controller, the operation of the proposed

converter over a switching cycle is considered as shown in

Fig. 6. From Fig. 6, during switch (Sp) on time (dTs) voltage

across Lm is input voltage (vpv) and during switch (Sp) off

time ((1−d)Ts) the voltage across Lm is −vcf /(1+n). Average

voltage across Lm over switching cycle is given by

〈vLm〉Ts = 〈vpv〉Tsd(t)− (1− d(t))〈vcf (t)〉Ts
1 + n

. (11)

From above equation ‘d(t)’ can be written as

d(t) =
〈vLm(t)〉Ts(1 + n) + 〈vcf (t)〉Ts
〈vpv(t)〉Ts(1 + n) + 〈vcf (t)〉Ts = B. (12)

Here, ‘B’ is used to represent a block in Fig. 8. From Fig. 6,

calculation of iLm over a switching cycle is shown below.

〈iL1(t)〉Ts =〈iL1ref (t)〉dTsd(t) + 〈iL2(t)〉(1−d)Ts(1− d(t))

=〈iLmref (t)〉dTsd(t) + 〈iLmref (t)〉dTs
1 + n

(1− d(t))

=〈iLmref (t)〉Ts (1 + nd(t))

1 + n
.

(13)

Where 〈iL1(t)〉Ts is the average of iL1 over a switching

cycle (Ts). From eqn (13), 〈iLm(t)〉Ts can be written as

〈iLm(t)〉Ts = 〈iL1(t)〉Ts (1 + n)

1 + nd(t)
. (14)

By taking 〈vLm〉Ts as control variable, using control method

in [14], current control loop block diagram of the topology can

be written as shown in Fig. 8. The gains of the PI controllers

are chosen such that the current loop has a bandwidth of 4

kHz and 60◦ phase margin and voltage control loop has a

bandwidth of 4 kHz and 60◦ phase margin. Gating pulses for

all active switches are generated as shown in Fig. 9.

pvcf

Lmref

pLmref

L

Lmref

Fig. 9. Block diagram of pulses generation for active switches.

IV. SIMULATION STUDIES

Presented grid connected SSCS is simulated using MAT-

LAB/SIMULINK with the parameters mentioned in Table

II. The system is tested under different irradiation lev-

els (1000W/m2, 450W/m2 and 750W/m2) and different tem-

perature (313 K, 295 K and 305 K) conditions for Unity Power

Factor operation (UPF) at t = 0s, t = 1s and t = 2s
shown in Fig. 10. The corresponding results are shown in

Fig. 10, Fig. 11 and Fig. 12. Different tested insolation

and temperature conditions are shown in Fig. 10(a), and Fig.

10(b). Obtained PV side results PV power, PV voltage and

PV current are shown in Fig. 10(c), Fig. 10(d), and Fig.

10(e) respectively. From Fig. 10(c) it is observed that at each

condition, the system is tracking MPP with minimum ripple

in the PV power. The dotted areas in Fig. 10(c) indicate the

MPP regions at which system is operating at each insolation
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TABLE II
SIMULATION PARAMETERS

Parameter Value
Voltage (Vmpp at 1000 W/m2) 52 V

Current (Impp at 1000 W/m2) 8.3 A
Grid voltage 230 V(RMS)
Grid voltage frequency 50 Hz
Switching frequency of switch (Sp) 50 kHz
Inductor (L1) 0.35 mH
Inductor (L2) 1.4 mH
Coefficient of Coupling 0.95
Output capacitor (Cf ) 20μF
Filter inductance (Lf ) 0.5μH
Input filter capacitor (CP ) 4 mF

levels. Obtained grid side results for the tested conditions are

shown in Fig. 11. Voltage across Cf (vCf ), grid current (ig)

and grid voltage (vg) are shown in Fig. 11(a), Fig. 11(b) and

Fig. 11(c) respectively. From Fig. 11(a) and Fig. 11(b), it is

observed that both (vCf ) and (ig) are varying according to the

tested conditions in order to deliver power at UPF to the grid.

From Fig. 11(d), it is confirmed that the system is delivering

maximum power obtained from PV to the grid efficiently at

UPF. The THD result of grid current (ig) is shown in Fig.

11(e). The THD value under steady state conditions at each

insolation level is observed to be with in 5%. Zoomed view

of real and reactive power delivered to the grid are shown in

Fig. 12 (a) and zoomed view of grid voltage (vg) and current

pumping into grid (ig) are shown in Fig. 12(b). From Fig.

12(b), it is clear that both vg and ig are in phase with each

g

Qg

Pg

vcf

ig

vg

ig

Fig. 11. Grid side results. (a) Capacitor voltage (vCf ), (b) Current pumping
into grid (ig) (c) Grid voltage (vg), (d) Active and reactive power delivered
to grid (Pg & Qg) and (e) THD of the Current (ig).
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Fig. 12. Zoomed view. (a) Active and reactive power delivered to
grid (Pg & Qg) and (b) Grid voltage (vg) and Current (ig).

other confirming the UPF operation. Further, reference reactive

power is varied under fixed insolation (at 1000W/m2) and

fixed temperature (323 K), corresponding results are shown

in Fig. 13. From t = 0 s to t = 0.9 s, Qref is set as 0,

at t = 0.9 s Qref is changed to -150 VAR and Qref is

changed to 150 VAR at t = 1.8 s. PV power, voltage and

current are shown in Fig. 13(a), (b) and (c) respectively.

From Fig. 13(a) it is confirmed that the proposed system

is tracking constant maximum power under variable reactive

power condition. Real and reactive power deliver to the grid

are shown in Fig. 13(d). From Fig. 13(d) it is confirmed that

the SSCS is tracking the reference reactive power (Qref ) while

continuously transferring PV MPP power to grid. Obtained
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voltage (vCf ) and current (ig) are shown in Fig. 13(e) and (f).

vcf in Fig. 13(e) shows that vcf is adjusted in magnitude (can

be observed with the dotted line in vcf plot) every time when

Qref is changed such that required amount of active and

reactive power are delivered to grid.

V. CONCLUSION

In this paper a single stage conversion system with reac-

tive power control for PV applications is presented. Control

scheme along with derivation of controllers is presented. From

the analysis, it can be observed that, system has less switching

loss (only one switch operates at high frequency) and is more

compact (no additional capacitors are required to trap leakage

energy). The system is tested for effective operation under

various insolation and temperature conditions and obtained

results are satisfactory. Proposed system is tested for different

reactive power conditions and results are shown. From the

results, it can be concluded that the presented system can

effectively control reactive power while tracking MPP.
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