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Abstract— The output power of a solar power
generation system (SPGS) can fluctuate significantly due
to environmental factors, impacting the stability and
reliability of the power distribution network. To address
this, a new SPGS design with a built-in power smoothing
function is proposed. The system includes a solar cell
array, a battery pack, a dual-input buck-boost DC-AC
inverter (DIBBDAI), and a boost power converter (BPC).
The DIBBDAI handles voltage boosting, bucking, and
DC-AC conversion within a single unit, while the BPC
serves as a battery charger between the solar cell array
and the battery pack. In this setup, DC power from either
the solar array or the battery is directly converted into
AC power through a single-stage process, enhancing the
overall power conversion efficiency. Similarly, the solar
array charges the battery through a single-stage
conversion. This streamlined approach improves energy
efficiency across the solar array, the battery system, and
the grid. To mitigate the effects of sudden changes in solar
output, the battery charges or discharges as needed,
helping to smooth the system’s power output.
Additionally, the DIBBDAI reduces leakage currents
caused by the parasitic capacitance of the solar array.
Overall, the proposed interface not only boosts power
efficiency and stabilizes power output but also minimizes
leakage current in the SPGS. A hardware prototype has
been developed and tested to validate the system’s
performance.

Keywords— Solar power generation, power smoothing, buck-
boost DC-AC inverter.

1. INTRODUCTION

Extreme climate change and global warming have driven
international efforts to reduce greenhouse gas emissions, led
by United Nations initiatives. As a result, many countries are
rapidly adopting renewable energy sources, particularly solar
and wind power, which are now supported by mature
technologies. Advances in manufacturing have significantly
reduced costs, making renewable electricity comparable to or
cheaper than fossil-fuel-based generation. Consequently,
large numbers of renewable power systems are being
integrated into power grids worldwide.

The output power of a solar power generation system (SPGS)
varies significantly due to uncontrollable environmental
factors such as weather and seasonal changes [1]-[12]. As
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SPGS penetration increases, these fluctuations can adversely
affect grid voltage, frequency, and overall power quality,
potentially leading to outages. Existing control strategies
mainly limit upward power variations by sacrificing
maximum power point tracking, which reduces energy yield
and fails to address downward fluctuations [1]. Therefore,
rapid power regulation using temporary energy storage is
essential.

Battery energy storage systems (BESS) are well suited for
power smoothing because of their fast response, compact
size, and flexible operation [2]-[16]. Typically, the BESS
compensates for the difference between the average and
instantaneous SPGS output power. Average power is
commonly obtained using low-pass filters, moving average
filters, Savitzky—Golay filtering, or moving regression
methods [3]-[9]. However, since instantaneous power rarely
equals its average, batteries often experience long charge and
discharge durations.

Because both solar arrays and batteries operate in DC, a DC-
AC power conversion interface is required for grid
connection [1]-[23]. SPGS-BESS configurations are
classified into AC-coupled [9]-[12] and DC-coupled [4], [8],
[13]-[16] systems. AC coupling requires separate converters
for the SPGS and BESS, increasing complexity, while DC
coupling shares a common inverter and offers a simpler
structure. However, in low-voltage systems, additional boost
converters are required to meet grid voltage levels, increasing
conversion stages, reducing efficiency, and complicating
circuit design.

Several advanced DC-AC converter topologies have been
proposed, including Z-source inverters [19], [20], [24], [25],
boost DC-AC converters [26], [27], and buck-boost-based
architectures [28]-[32]. Although these approaches provide
voltage boosting capability, they suffer from limitations such
as increased switching loss, complex control, leakage current
issues, reduced efficiency, or the ability to process only a
single DC source.

To address these challenges, this study proposes an SPGS
with a power smoothing function based on a dual-input buck-
boost DC-AC inverter (DIBBDAI) combined with a boost
power converter (BPC). The proposed system integrates both
a solar cell array and a battery set. All grid-connected AC
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power conversion is performed using the DIBBDAI, while
the BPC is used solely to charge the battery from the solar
array. The battery charges or discharges in response to rapid
solar power variations, effectively smoothing the SPGS
output. Additionally, the proposed configuration reduces
high-frequency voltage components at the solar array
terminal, thereby minimizing leakage current.

II. RELATED WORK

Peng et al. (2020) proposed a grid-friendly control strategy
for smart PV systems that dynamically regulates active and
reactive power to support grid stability. Their method adapts
to rapid irradiance variations and improves grid resilience
while maintaining high PV efficiency. However, the study
focused mainly on control algorithms and did not incorporate
energy storage, leaving sudden power drops from fast
weather changes insufficiently mitigated.

Cheng et al. (2016) investigated the effects of very high PV
penetration on distribution networks and showed that
increased PV integration can lead to voltage instability, back-
feeding, and frequency issues. Using both simulations and
real data, they demonstrated that even short-term irradiance
fluctuations can degrade grid reliability. Their solutions
emphasized advanced grid-level management but gave
limited attention to local PV-side power smoothing.

Martins et al. (2019) compared several ramp-rate control
methods for PV systems with energy storage, including
conventional filters and PID-based controllers. While most
approaches reduced power fluctuations, they often affected
battery life or system responsiveness. The study concluded
that optimal control depends on system and environmental
conditions, though it did not explore alternative hardware or
inverter architectures.

Lin (2020) reviewed multiple ramp-rate mitigation
techniques, including curtailment and storage-based
smoothing, highlighting the use of moving average and low-
pass filters. Although these methods are simple to implement,
they require frequent tuning and may underperform during
rapid weather changes. The work supported storage
integration but lacked discussion on converter-level
implementation.

Nazaripouya et al. (2018) introduced a two-stage
optimization-based filtering approach for battery energy
storage to smooth PV output. The method balanced fast
response with energy efficiency and achieved effective
smoothing. However, its computational complexity and lack
of inverter-level design details may limit real-time, cost-
effective deployment.

Koiwa et al. (2018) analyzed filter design for energy storage
systems, focusing on the trade-off between smoothing quality
and battery size. Their results showed that stricter frequency
control demands larger storage capacity, increasing cost.
While the study advanced theoretical understanding, it
remained confined to control strategies without proposing
practical system architectures.

Alam et al. (2014) proposed a predictive ramp-rate control
strategy using irradiance forecasting and battery support. The
approach enabled proactive smoothing and outperformed
basic filtering methods, but its effectiveness depended
heavily on forecast accuracy, making it less reliable under
rapidly changing weather conditions.

Atif and Khalid (2020) demonstrated that Savitzky—Golay
filtering can improve PV power smoothing while preserving
signal characteristics and limiting excessive battery usage.
Despite promising results, the method relied on continuous
signal processing and did not address converter-level
efficiency or hardware integration challenges.

Syed and Khalid (2021) presented an adaptive moving
regression filter combined with battery SOC feedback to
enhance PV firming and extend battery life. While effective
in ramp-rate control, their approach used a conventional
multi-stage conversion structure, which may reduce overall
system efficiency due to additional power losses..

II. CIRCUIT CONFIGURATION

The circuit configuration of the proposed SPGS is illustrated
in Fig. 1. A DC-coupled structure is adopted, comprising a
solar cell array, a battery set, and a power conversion
interface. The power conversion interface includes a
DIBBDALI and a BPC. The BPC is placed between the solar
cell array and the battery set to regulate the charging power.
To minimize the required battery capacity, the battery
operates only when the power variation of the solar cell array
exceeds a predefined limit. Since the battery is charged
exclusively by the solar array, the BPC enables unidirectional
power flow.
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FIGURE 1. Circuit configuration for the proposed SPGS

dual-lnput buck boost DC-AC averter

The DIBBDAI provides voltage boost, voltage buck, and
DC-AC conversion. Both the DIBBDAI and BPC operate
simultaneously, allowing the solar array to supply power to
the grid while charging the battery set.

IV. OPERATION OF DIBBDAI

The two input terminals of the DIBBDAI are connected to the
solar cell array and the battery set. Its operation is classified
into boost and buck modes. Switches S1 and S2 are linked to
the respective input terminals. Since the solar array voltage is
lower than the battery voltage, S1 includes a diode to form a
unidirectional switch, preventing reverse voltage from the
battery. During buck operation, S1 and S2 function as
controlled switches.
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In the proposed SPGS, the solar array and battery do not supply
power simultaneously; therefore, S1 and S2 never operate at
the same time. The DIBBDAI also employs a bridge formed
by switches S3—S6 to generate AC output current. Switches S3
and S4 include diodes to prevent grid short circuits and also act
as switches in boost mode. Components Cfl, Cf2, Rf, and Lf
constitute a damped second-order low-pass filter.

When the solar array is active and the battery is inactive, S1 is
turned on while S2 remains off. If the grid provides two DC
input terminals connected to the battery and solar array, both
sources can independently use the DIBBDAI to deliver AC
power to the grid.

Under stable solar output, power is supplied directly to the grid
through the DIBBDALI, the BPC is disabled, and the battery
remains in standby. When solar power drops suddenly, the
battery supplies power to the grid while the BPC tracks the
maximum solar power to charge the battery. Conversely, when
solar power increases and the DIBBDAI output voltage is
lower than the solar voltage, the converter operates in buck
mode. In this mode, S1 is PWM-controlled, while S3-S6
switch according to grid voltage polarity. Buck operation
consists of four modes.

Mode Bk-1: During the positive grid voltage half cycle, S1, S3,
and S6 are on, while S4, S5, and D are off. The inductor current
change rate is:

di _ Vsol — Vs )
dt L
where vs and Vsol denote the grid voltage and the solar array

voltage, respectively. In this interval, the solar array transfers
energy to the inductor and then to the grid.

Mode Bk-2: During the positive half cycle of the grid voltage,
switches S3 and S6 along with diode D are ON, while S1, S4,
and S5 are OFF. Under this condition, the rate of change of the
inductor current is given by:
di L Vg (2)
dt L

The inductor supplies energy to the grid.

Mode Bk-3: In the negative half-cycle of the grid voltage,
switches S1, S4, and S5 are ON, while S3, S6, and D are OFF.
The inductor current changes at the rate:

dif, _ Vsol + Vs 3)
dt L

The solar cell array supplies energy to both the inductor and
the grid.

Mode Bk-4: During the negative half cycle of the grid voltage,
switches S4 and S5 and diode D conduct, while S1, S3, and S6
remain off. Under this condition, the rate of change of the
inductor current is given by:

e (4)

The inductor transfers stored energy to the grid. Figure 2 shows
the equivalent circuit of the DIBBDAI operating in buck mode,
where S corresponds to S1. Switches S3—S6 convert the grid
voltage to its absolute value and combine it with the output of
a conventional buck converter. Thus, the DIBBDAI behaves
like a standard buck converter, and the inductor current is
regulated through the switching of S.

When the grid voltage exceeds the solar array voltage, the
DIBBDALI operates in boost mode. In this case, S1 remains
continuously on, while S3—S4 are PWM-controlled during the
positive and negative grid half cycles, respectively, and S5-S6
switch according to grid polarity. Boost operation is divided
into four modes. In Mode Bt-1, during the positive half cycle,
S3, S4, and S6 are on and S5 is off, determining the rate of
change of the inductor current.

di — Vsol ( 5)
dt L

The solar cell array transfers energy to the inductor.

Mode Bt-2: During the positive half cycle of the grid voltage,
switches S3 and S6 are ON, while S4 and S5 are OFF. Under
this condition, the rate of change of the inductor current is
given by:

diy, _ Vsol — Vs
d L

Both the solar array and the inductor supply energy to the grid.
Mode Bt-3: During the negative half cycle of the grid voltage,
switches S3, S4, and S5 are turned on, while S6 remains off.
Under this condition, the inductor current varies at the
following rate:

dir, . Vol
dt L
The solar cell array releases energy to the inductor.

) pris

(6)
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FIGURE 2. Equivalent circuit for the DIBBDAI in the buck
mode.

L
Y

™
Vsl

D P o
[ \\ /I \\

"
g
=
51

&

FIGURE 3. Equivalent circuit for the DIBBDAI in the boost
mode.
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Mode Bt-4: When the grid voltage is in the negative half cycle,
S4 and S5 are turned on and S3 and S6 are turned off. The
change rate for the inductor current is:

dip _ Vsol + Vs (8)
dt L

Both the solar cell array and the inductor deliver energy to the
grid. Figure 3 shows the equivalent circuit of the DIBBDAI in
boost mode. The grid voltage is rectified to its absolute value
and added to the output of the conventional BPC through
switches S3—S6. Depending on the grid voltage polarity, S3 or
S4 acts as the active switch, and the corresponding body diode
conducts. In this mode, the DIBBDAI behaves like a
conventional BPC, with the inductor current regulated by the
active switch.

When powered by the battery set, S2 is turned on and S1 is
turned off, and the DIBBDALI operates in the same manner as
in the solar-powered case; hence, this operation is not repeated.
The switching states of S1-S6 are summarized in Table 1,
where PHC and NHC denote the positive and negative half
cycles. Figure 4 illustrates the control signals and operating
voltages over one grid cycle, showing that only one switch
operates with PWM at a time, while VAN and VBN closely
follow the positive and negative grid voltages, respectively.

Figure 5 presents the equivalent circuit used for leakage current
analysis [33], [34]. Here, Cpv represents the parasitic
capacitance of the solar array and Rg the grid ground
resistance. Voltages VAN and VBN are measured from
terminals A and B to the negative terminal N of the solar array.
Since Cf1, Cf2,and Rf are connected across A and B, they do
not influence the leakage current. Switches S5 and S6 operate
synchronously with the grid voltage: S6 conducts and S5 is off
during the positive half cycle, and vice versa during the
negative half cycle.

Van = vy +viy )
Ven =0 (10)

where vLf is the voltage of Lf. Since VBN is equal to 0, the
voltage across the loop of CPV and Rg is 0 and the leakage
current is 0.
When the grid voltage is in the negative half cycle, S5 is turned
on and S6 is turned off and

(11)

Van =0
Ven = —(vs +vif) (12)

The voltage across the CPV—Rg loop is —(vs + vL{). Since vs
is a 60 Hz sinusoidal signal and the stray capacitor has very
high impedance at this frequency, the resulting leakage current
from vs is negligible.

TABLE 1. Operation of S1-S6.

power source | voltage range| S S Sy Sq Ss S

solar cell vs<V,i PWM| off | on| offf] offf on

O arnuy vV on offf on|PWM off] on

= ve<V, off [PWM| on off] off] on
battery - -

- vg>V, off on on|PWM  offl on

solar cell vl Vo PWM| off olt on on off

o arruy vel>Vou on off|PWM| on on off

> vel<V, off |PWM[ off] on| on| off

battery vel>Voi off on |[PWM  on on| off

Although vL{f includes switching-frequency components due
to output current ripple, these components are effectively
attenuated by Cfl, Cf2, and Rf. As shown in Fig. 4(g) and (h),
VAN and VBN closely follow the positive and negative grid
voltages, respectively, which agrees with the analysis.
Consequently, even though the stray capacitor impedance is
low at the switching frequency, the leakage current induced by
vLf remains small, consisting of only minor switching-
frequency and fundamental components during the negative
half cycle.
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200 VI. SMOOTHING OPERATION
/,f’ - "\ When the solar cell array output is stable, the DIBBDAI
0 converts DC power to AC while tracking the maximum power
‘H"‘u._,_ _,_./!/ point using the perturb and observe (P&O) method. Power
-200 smoothing is activated when the PV power variation (APPV)
(a) exceeds a predefined limit P1. To protect battery life, the

1 battery SOC is constrained between 30% and 90%, with a
standby target of 60%. Since this work focuses on power
smoothing, the SOC is estimated using the battery terminal

0 voltage.

(b)

1 When APPV exceeds +P1, MPPT control is shifted to the
battery power conditioner (BPC), while the DIBBDAI linearly
increases its output current according to a specified gradient,

0 causing the SPGS output power (Pout) to rise smoothly. The

(c) excess power (PPV — Pout) is stored in the battery, increasing

1 its SOC. Once Pout exceeds PPV by P2 (P2 < Pl1), the
DIBBDALI holds a constant output, and the battery supplies
power to reduce SOC. If PPV stabilizes, smoothing stops when

a the SOC reaches 60%, and MPPT returns to the DIBBDAI

() Smoothing is also disabled if the SOC reaches 90% to prevent

' overcharging.

Similarly, when APPV drops below —P1, the DIBBDALI is

powered by the battery, and Pout is linearly decreased along

0 the specified gradient. The battery supplies the deficit power,
(e) reducing SOC. When Pout is sufficiently lower than PPV, the

1 output is held constant and the battery is recharged. If PPV
remains stable, smoothing stops once SOC returns to 60%. To
avoid over-discharging, smoothing is disabled when SOC

0 reaches 30%.

()
200
0 /-\
(g)
200 DIBBDAL +MPPT e o ey ;Mm
8; + switching $ - pwitching Sy off
/\ ;{rc.::nﬂd $ ..0" g‘ ‘-:U wﬁﬁu
o '“"ochlmed el ¢
0 (h)m 2n ._, 00 > 30%
FIGURE 4. Control signals S1-S6 and operation voltage in a l_,_v: »o
power grid cycle, (a) utility voltage, (b) S1, (c) S3, (d) S4, (e) T
S5, (f) S6, (g) VAN, (h) VBN. DUBROAL +MPFT pimBoAl ]| |7 MT
S| » twitchizg 51+ switching Sy - switching
V. OPERATION OF BPC e ik o abied || | 520t
The bidirectional power converter (BPC) is placed between the A
solar array and the battery pack to regulate charging. It remains . @
inactive when the solar power variation stays within a 1 Th

predefined limit. When this variation exceeds the limit, the
BPC is activated to perform maximum power point tracking
(MPPT). The converter operates in continuous conduction
mode, establishing a defined relationship between the solar
array voltage and the battery voltage.

Vol _ 1
Vbaa 1 —Dgp
where DSb is the duty cycle for Sb.

(13)

FIGURE 6. Operation flowchart for the proposed SPGS with
power smoothing function.

As illustrated in Fig. 6, this strategy ensures that Pout varies
smoothly along a predefined gradient during sudden PV power
changes. Because the battery is used only when |APPV|
exceeds P1, the charging and discharging duration is shorter
than in conventional methods [3]-[9]. Furthermore, the SOC is
quickly restored to around 60% after smoothing, allowing a
reduction in the required battery capacity.
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VII. CONTROL BLOCK

Fig. 7 illustrates the control structure of the DIBBDAI. The PV
array voltage and current are fed to the MPPT block to compute
PPV and predict the PV voltage. The predicted and measured
voltages are processed by a PI controller to produce the MPPT
control signal. The MPPT block also evaluates the power
variation APPV, which is compared with +P1 to generate the
amplitude-gradient signal Ssl. When APpy>P1,Ssl=+Vsl,
when APPV<-P1, Ssl=—Vsl; otherwise, Ssl=0.

The signal Ssl is integrated to create a linearly increasing or
decreasing amplitude command, where Vsl sets the gradient of
the output-current amplitude during power smoothing. Under
steady PV power, Ssl=0 and the amplitude is governed solely
by the MPPT signal. If Ppy varies significantly, the MPPT
output is held constant while Vsl adjusts the amplitude
gradient.

The amplitude command is multiplied by a unity sinusoidal
signal to generate the current reference. This sinusoid is
produced by a PLL and a sine table to ensure grid
synchronization. Since the DIBBDAI operates in both buck
and boost modes, the current controller is divided accordingly.
In buck mode, the absolute value of the measured current is
compared with the reference and processed by current
controller I. Its output is combined with the feedforward term
vf,bk to form the buck modulation signal, which is applied to
PWM block I. Carrier-based PWM is used, where the
modulation signal is compared with a triangular carrier to
generate PWMbk.

Jvsl

Vr bk = (14)
) kpwml
and,
Vie
kpuml = v:j: (15)

Here, Vtri is the peak of the triangular carrier, and Vdc is the
input voltage of the DIBBDAI, from either the solar array or
battery set. The DIBBDAI’s output current in boost mode
contains high-frequency harmonics, so the absolute current is
filtered through a low-pass filter. The filtered current is
compared with the reference and sent to current controller II.
Its output, combined with the feedforward signal vf,bt, forms
the boost modulation signal for PWM block II. Using carrier-
based PWM, this modulation signal is compared with a
triangular carrier to generate the boost PWM signal

PWMbt. The feedforward signal vf bt is:

[vs| —
[vs]

The feedforward signals vf,bk and vf,bt form the main
modulation, while current controllers I and II fine-tune it to
ensure the output current accurately follows the reference sine
wave. The grid voltage is compared with zero to generate Sp,
which is 1 in the positive half-cycle and 0 in the negative. Its
absolute value is also compared with Vdc to produce Sb; Sh=1
triggers boost mode, while Sb=0 triggers buck mode. Finally,

Vbt = Viri (16)

Sp, Sb, PWMbk, and PWMbt are processed to generate
control signals for switches S1-S6.

S1 = (SyPWMpi + Sp) - So (17)

= (S,PWMy; + Sp) - S, (18)
S3 = Sp - Sp- PWMp + S (19)
S4 = Sy Sp- PWMp + S, (20)
Sui= 8, (21)
S6 =S, (22)

Here, So indicates the DIBBDAI input source, with 1 for solar
array power and 0 for battery power. The BPC operates via
current control using the MPPT signal from the solar array and
the inductor Lb current. The current control output feeds the
PWM block to generate the SD control signal.

VIIL. EXPERIMENTAL RESULTS

The performance of the proposed SPGS was evaluated through
simulations. The DIBBDAI output voltage was set at 100 V,
producing a sinusoidal output current in phase with the grid
voltage. In buck mode, the inductor current closely follows the
output current, while in boost mode, it varies nonlinearly as a
function of the duty cycle (D) of the switching device. Leakage
current simulations with a 60 nF capacitor and 5 Q resistor
showed near-zero current during the positive half-cycle and
minor high-frequency components in the negative half-cycle,
yielding an RMS value of 10.15 mA, consistent with
theoretical analysis.

In addition to power smoothing, the integration of IoT-based
temperature monitoring introduces a crucial safety and
intelligence layer. Continuous temperature sensing allows
early detection of abnormal thermal conditions in system
components, which is vital for preventing failures and fire-
related hazards. IoT connectivity enables real-time data
transmission and alerts through wireless networks, allowing
timely user intervention and remote monitoring. [ambient
temperature 20 to 46+ *C]

This system will provide safety notification in real-time over
mobile sms, also user will be able to monitor the system
temperature remotely via mobile phone.

Temp_1:- 24.93
Temp_2:- 24.44
Temp_3- 26.88
Temp_4- 26.39
Temp_5- 32.26

Fig : Snippet of Software [ThingSpeak 10T]

Compared to traditional monitoring approaches, IoT-based
systems offer faster response, improved accuracy, and reduced
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false alarms while remaining cost-effective due to the
availability of low-cost microcontrollers.

Overall, this project demonstrates a holistic approach by
combining efficient solar power management with intelligent
IoT-based temperature monitoring. The proposed system
enhances energy reliability, operational safety, and system
efficiency, making it well-suited for residential, commercial,
and small-scale industrial renewable energy applications.

Fig 7: Schematic diagram

Simulations of varying input DC voltage from 87 V to 125V
revealed that the output current of the DIBBDA remains
largely unaffected, though the inductor current peak decreases
due to shorter boost intervals. Battery charging simulations
with the BPC verified proper operation, while efficiency
analysis showed higher input DC voltage leads to increased
power efficiency.

Tane (seconds)

Fig 8: Output voltage

Time [seconds)

Fig 9: Output current
i
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s
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Fig 10: Inductor current

Tirve (smccnse)

Fig 11:1 lekage current

A PV simulator replicating three series-connected solar
modules (255 W, 38.08 V, 8.65 A) was used to evaluate MPPT
performance. The simulated solar power reached 550 W under

700 W/m? irradiance. When connected to the DIBBDA, the
output power gradually stabilized at 550 W, demonstrating
accurate MPPT tracking. Transient simulations examined
abrupt solar power changes. For a sudden increase from 300 W
to 500 W, the SPGS output followed a specified ramp
(80 W/min), with excess power charging the battery.
Conversely, a sudden drop from 500 W to 300 W caused the
SPGS to discharge the battery to maintain output within the
gradient, verifying effective power smoothing and battery
coordination.
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IX. CONCLUSION

This study presents a simulation of a Solar Power Generation
System (SPGS) with a power smoothing function. The SPGS
employs a DIBBDALI to coordinate the solar array and battery
set for smoother power output. The system integrates two
input sources, with the battery acting as an energy buffer to

© 2026, ISJEM (All Rights Reserved) | www.isjem.com

| Page 7



Volume: 05 Issue: 01 | Jan - 2026

International Scientific Journal of Engineering and Management (ISJEM)

ISSN: 2583-6129
DOI: 10.55041/ISJEM05344

An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

mitigate solar power fluctuations. Only two power stages are
used, simplifying the power circuit, and a single stage handles
DC-to-AC conversion and battery charging.

Simulation results demonstrate that the SPGS delivers
sinusoidal current in phase with the utility voltage and
effectively smooths power variations from the solar array.
Additionally, leakage current from stray capacitance is
significantly reduced. These results confirm that the proposed
SPGS can address both power fluctuation and leakage current
issues. Further studies will evaluate battery capacity
requirements and compare smoothing methods in practical
applications.
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