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Abstract: This paper presents the variable parameter resized
zero attracting least mean fourth (VP-RZA-LMF) control
algorithm for grid-tied photovoltaic (PV) system. The proposed
control algorithm is superior over the conventional control
algorithms in terms of swift response and handling the irregular
nature of solar irradiations. The DC bus voltage control is
incorporated in voltage source converter (VSC) control. The
boost converter utilizes the maximum power point tracking
(MPPT) algorithm for producing its gating sequence to keep PV
array voltage constant.

Keywords—Photovoltaic (PV), grid-tied, variable parameter
resized zero attracting least mean square (VP-RZA-LMS)

l. INTRODUCTION

The modern power system is facing new challenges day
by day, with the rapidly growing demand for power. The
fossil fuel-based power generation has been adding up to
environmental concerns like increasing carbon footprint and
green-house gases emissions. which cause global warming,
acid rain, and depletion of the ozone layer [1]. It is necessary
to induct new power generation sources along with coal
operating the power plant due to depleting fossil fuel
reserves. The solar thermal, Photovoltaic (PV), tidal, wind,
and biomass are few of the matured renewable power
generation technologies. The PV systems are gaining
popularity [2] over other non-conventional power generation
resources due to its simple operation and ease of installation
unlike solar thermal, wind and geothermal plants. The PV
system can penetrate the conventional grid at almost any
scale ranging from few kW rooftop plants to 10's of MW
ultra mega PV plants [3]. With technological advancements,
the cost of the PV system has become very affordable to
individuals, unlike thermal solar and wind power plants that
need huge investment and special skills to install. Countries
like the US, China and India [4] are leading the world in
promoting the PV system as a viable option for providing the
required power. The PV system with a conventional grid can
overall reduce carbon footprint along with the greenhouse
gasses emission.

The PV system may be integrated into the grid via a
single-stage or dual-stage topology. In single-stage topology,
the PV system is directly connected to DC bus, whereas, in
dual-stage boost, the converter is utilized in between PV and
voltage source converter (VSC) [5].
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The dual-stage topology of grid integration is beneficial
and efficient for a system having DC voltage (V) < 750 V.
Many maximum power point tracking (MPPT) algorithms
are mentioned in the literature to extract maximum power
from the PV system [6]. Due to variation in irradiation level
and ambient temperature the operating point keeps on
changing from maximum power point (MPP).

Several VSC control has been mentioned in literature and
can be categorized in terms of conventional, adaptive and
intelligent controls i.e. unit template, synchronous reference
frame (SRF), Least mean fourth (LMF), direct power control,
discrete Fourier transform, droop control and artificial
intelligence (Al) based technique[7]. Which are unilized to
mitigate the power quality problems.
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Fig. 1. Block diagram of the proposed topology

The proposed system presents a 3-phase 3-wire grid-tied
dual stage PV System [8] simulated in
MATLAB/SIMULINK environment. The controls are
provided for boost converter and VSC. The main
contributions of the proposed system are
a. The dual-stage PV system provides constant DC link

voltage irrespective of irradiation and temperature

variation.

b. The VSC perform a multi-functional operation for
mitigating power quality issues

c. The VSC control is provided by a variable parameter re-
sized zero attracting least mean fourth (VP-RZA-LMF)

[9] algorithm for its better and faster response due to less

mean square error (MSE).

I1. PROPOSED TOPOLOGY

The proposed system is shown in Fig.1. The PV system
of 32 kW is connected to DC bus via boost converter[10].
The control signal of the boost converter is generated from
the duty cycle provided by MPPT based on incremental
conductance (IC) method.
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The Vj is maintained constant across VSC with the help of
the capacitor. The VSC perform the harmonics suppression,
load balancing and voltage regulation with the proper
switching sequence at the point of common coupling (PCC).
The interfacing inductance (L;,.) and RC filter are utilized
for eliminating the voltage and current ripples generated by
the non-linear load.

I1l. CONTROL STRATEGY

The proposed control scheme is consist of MPPT and
VSC control. The VSC control is shown in Fig.2. The VP-
RZA-LMF is an adaptive control algorithm that reduces the
excess mean square error (EMSE) by varying the size of the
parameter in each iteration.
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Fig.2. Voltage source converter

A. MPPT Control

The MPPT based on IC algorithm senses the
instantaneous PV voltage (Vpy)and PV current (Ipy). The
(1),(2) & (3) govern the IC algorithm are described below.
Where ‘e’ is the error tolerance which ideally should be zero
and D is the duty cycle[11].

dlpy Ipy - 5 . .
[av,, + "]y, = € a MPP; D optimized (1)
dIPV/ +1v/, > ;D increases @)
dVpy Voy '

dIPV/deV + IPV/VPV < e; D decreases ®d)

The D is further compared with the triangular signal of
10 kHz to provide the gating signals for the boost converter.
Which maintains the (Vpy,) constant irrespective of
irradiation and ambient temperature variation.

B. VSC Control

VSC control is shown in Fig. 2. The error (e,)is
calculated as per (4), where the load current of phase
"a’ (i), the unit template of phase ‘a’ (B,,) and feedback
weight component (W, ) as per (10) of the proposed control
are utilized. The feed forward term of the PV system (Wpy,)
is calculated as per (5), using the sensed phase voltages of
the source (V,,, V, & V;.) and power supplied by the PV
system (Ppy). The extracted weight component of each
phase (W,,, W, & W,.) are calculated [12] as per (6),(7) &
(8), where p, is the positive step size chosen for stabilizing
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the system, p, is the shrinkage parameter and ¢ is the
scaling factor. The average weight component (W) is
calculated as per (9). The reference current signals
(Isa, 15, Is.) are calculated as per (11) and further negated
with sensed source currents of each phase (Ig,, L, L) tO
generate the VSC gating pulses utilizing hysteresis current
controller.

€n = iLa - a * Wsp (4)
2 Ppy
WPvzg Ty 2 . ()
g(vSa +VE +VE)

sgn {Wsp}
* e+|Wep | (6)

Wsa(n+1)=Wsp +Hn*eg*upa — Pn

w
W (1) = Wy 4y« = py #2290 7

e+|Wgp |
w
Wee (04 1) = Wy 1ty * €] * e — o = 02 (8)
W, = 1/g Wy + Wy + W) 9)
I/Vsp = M/p - I/va (10)
I;a = VVsp * a; I:b = I/Vsp * b; I;c = I/Vsp * c (11)
C. Selection of DC bus voltage and capacitor
The V. are calculated as per (12).
2\/5 *V
Vpe = L (12)

V3xm

Where m is the modulating index considered as unity (m=1)
and V,, is the source line voltage. DC bus capacitor Cp,
can be calculated as per (13w).

%C (Vhe = Vher) =3Ky Vg xaxIxt  (13)
DC

Where V. is the nominal voltage, V., is the minimum
voltage level, ‘a’ is overloading factor, ‘V,,’ is the phase
voltage and ‘t’ is the time within which Vp. should be
recovered[13].

IV. SYSTEM PERFORMANCE

The proposed system has 32 kW of PV system
incorporated. The PV power (Ppy) is supplied to the grid
via boost converter. The non-linear load of 15.5 kW is
simulated at the load end. The source voltage is 415 V (rms)
at 50 Hz. The system is operated under steady-state and
dynamic state i.e. varying insolation and load unbalancing
conditions.

A. Steady-State Performance

During steady-state operation, the solar insolation level is
kept at 1000 W/mz and temperature at 25°celsius. The total
harmonics distortion (THD) of source voltage, source current
and load current are shown in Fig. 3(a),(b) & (c), which are
satisfactory as per IEEE 519 standards. The source
voltage(Vs,pc ), SOUrce current (ig,p. ), load current of phase
‘a’ (i) compensator current of phase ‘a’ (ic,), active and
reactive power supplied to the grid (P, & Q) are shown in
Fig. 4 (). The Vpy, Ipy, Ppy & Vp are shown in Fig.4 (b).
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The presented system maintains the unity power factor
(UPF) throughout the operation. The Vj. is maintained at
700 V. The P, supplied to the grid is around 15 kW and Qs
zero during steady-state operation.
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Figs.3.(a),(b) & (c) Harmonic content of (a) ig, (b) vs, and (C) iy,
during steady-state
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B. Dynamic-State Performance with Varying Irradiation
During dynamic-state operation the solar irradiation
level changes from 600 W/mz to 1000 W/mz at 0.6 sec of
simulation time. The P, changes from few hundred watts to
15 kW as irradiation level increases. The system maintains
the UPF betweenv,,. & iz, While maintaining the Q, at

zero as shown in Fig. 5(a). The Vp, & V,;. are maintained at
the same state as in steady-state operation.
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The corresponding change in Ip, & Vp, are shown in

Fig. 5(b).
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Figs. 5. Dynamic-state performance under varying solar irradiations of
(a) vsabcisabcv iLav iCav Pg & Qg (b) VPV: Il’V: PPV & Vdc

C. Dynamic-State Performance under Load Unbalancing

During dynamic-state operation load of phase ‘a’ is
detached from the grid to create the load unbalancing. The
i, remains zero till 0.5 sec of the simulated time and then
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returns to balanced load condition as shown in Fig. 6 (a).
During which the VSC provides the i-, to maintain the
balance of the system. The unbalancing has no effect on the
DC side of the system as Vpy, Ipy, Ppy & V. maintains the
same state as in steady-state operation as shown in Fig. 6
(b). The weight components of the corresponding
unbalanced system are shown in Fig. 7. Where the change in
W, Wy, are noticeable from unbalanced to balanced load.
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V. CONCLUSION

The 3-phase 3-wire grid-tied PV system with VP-RZA-
LMF adaptive control algorithm has been proposed. The
system performance has been analyzed under steady-state
and dynamic-state conditions. The vy, isqpc are in phase
opposition as power is being transferred to the grid from the
PV system while maintaining the UPF. The THD of the
presented system during steady-state has been well below 5%
and accepted as per IEEE 519 standards. The system
behavior is found satisfactory under varying irradiation and
load unbalancing conditions. The exchange of @, of grid
and PV system is kept zero throughout the operation.
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APPENDIX

System Parameters: The PV module voltage, V,,,, =26.3 V;
PV module current, I,,,,,, =7.614 A; no. of parallel module,
n, =7, no. of series module, ny =23; PV array voltage,
V,,=605 V; PV array current, I,,,=53.29 V; PV array power,
PB,,=32 kW boost inductor, L,=3.11 mH; DC link capacitor,
C4-= 10000 pF; DC link voltage PI control, Kpy;.= 1 and
Ky =0; V,;. =700 V; VSC = 35 kVA,; adaptive filter
constant, =0.01, p, =0.006 & ¢ =0.002; interfacing
inductance, L;,,, =4 mH; 3-phase grid voltage, V.= 415 V
(rms); RC filter, R,=10 Q and C;=10 UF; 3-phase non-linear
load = 15.5 kW, sampling time, T,= 10 ps.
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