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Abstract: An improved particle swarm optimization(PSO) algorithm based on dynamic inertia weight and adjust-

ment coefficient is proposed in this paper. The expressions of inertia weight and adjustment coefficient are estab-

lished based on inter-particle distance and iterations. The improved algorithm is applied to a novel two-stage photo-

voltaic(PV) converter. The later DC/AC circuit chooses a dual-DC-input multi-level dual-buck inverter. This con-

verter has the advantages of no shoot-through problem and high efficiency. Finally, the validity and effectiveness of

the algorithm and the converter are verified with experimental results.
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0 Introduction

The power produced by a PV module de-
pends on the solar irradiance and temperature.
When the PV array is shadowed by clouds, trees
or buildings, the output curves will have multi
peaks. Therefore, the conventional Maximum
Power Point Tracking(MPPT) algorithms are not
able to extract true maximum power. PSO algo-
rithm has a great advantage in nonlinear curve op-
timization”*. But applying PSO algorithm di-
rectly will cause large oscillation and slow track-
ing speed of the system. Some research groups
have been made attempts in the global MPPT re-
alization by evolving the PSO algorithm. Refs.
[ 3-4] proposed a MPPT algorithm by introducing
PSO technique. The proposed algorithm used on-
ly one controller with one pair of current and
voltage sensors to control multiple PV arrays.
Ref. [5] proposes the parameter turning method
of the PSO controller based on an adjusting rule.
But it is difficult to examine which value is the
most effective by evaluating the tracking function

to the power generation efficiency, optimum volt-
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age and electric power in each control parame-
ters.

Besides the MPPT algorithm, DC-AC invert-
ers are the significant interfaces between solar ar-
ray and AC load or grid. Among various inverter
topologies, the dual buck inverter is promising
because it has many advantages such as high relia-
bility, no dead-time requirement and low com-
mon-mode leakage current™. However, the volt-
ages of renewable sources are usually low. A
front-end Boost converter is required to boot the
low voltage to a high voltage level™®,

An improved PSO algorithm based on dy-
namic inertia weight and adjustment coefficient is
proposed in this paper, which is used under par-
tial shading conditions. The relationships be-
tween inertia weight, adjustment coefficient and
inter-particle distance, iterations are built in ac-
cordance with fitness value of each particle.
Meanwhile, a novel high-reliability PV converter
is studied in this paper, which will be used to re-
alize the PSO algorithm. Finally, the feasibility
and efficiency of this system is verified by simula-

tion and experiment.
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1 Improved PSO Algorithm

Particle swarm optimization(PSO) algorithm
is a specific embodiment of the swarm intelli-
gence, which is presented by Kennedy and Eber-
hart in 19955, The PSO is applied to the photo-
voltaic MPPT, and the output voltage of the solar
array can be regarded as the flying particles flying
to the MPP. The flight distance and direction of
the particles are determined by the flight speed.
which is determined by the individual optimal val-
ue and the global optimal valuet'™. The flight ve-
locity and position updating formula of each parti-
cle are as follows
{Uf+l = wvi + 171 Do — x5+ 272 (Ghese — 1)
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where w is inertia weight, keeping the inertia
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motion; ¢; and ¢, adjustment coefficients between
0—2; r, and r, independent random numbers be-
tween 0—1; p* the individual optimal value in the
k-th cycle; p® the global optimal value in the A-th
cycle.

Obviously, inertia weight wdetermines the
effect of the previous iteration speed on the cur-

rent iterationt''*,

In the early stages, the
weight value should be set larger so that the algo-
rithm is not easy to jump into local optimization.
In the late search period, w should be smaller to
improve the local search ability of the algorithm.
At the initialization time, the particles which are
distributed around the GMPP may jump out of
the global optimum range because of the large in-
ertia weight. Therefore, the inter-particle dis-
tance is used in this paper to adjust each particle’
s inertia weight value. The expression is as fol-

lows
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L is the distance of particle from the global
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optimum particle in the £-th cycle.

The adjustment coefficient can affect the ve-
locity of the particle moving at the optimal posi-
tion and the position of the global optimum. In
the early stage, ¢, should be larger and ¢, should
be smaller to avoid falling into the local MPP. In
the late search, the situation should be opposite
to make the system converge fast. Therefore, the

expressions are established as follows

Ruax — R
G = (Clmax - Clmin) >< e + Clmin
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R max

According to the convergence analysis Refs.
[13-15], when the relations between the parame-
ters satisfy the next formula, particles will con-

verge to the extreme point.
0>l +e) —lo<le +6 >0 )

The values of each parameter will be given in

the simulation and experiment part.

2 High-Reliability Photovoltaic Con-
version System

2.1 Dual-input dual-buck inverter

As shown in Fig. 1, the topology can be
named DB5 inverter because five active switches
are used. Vy and V| are the high voltage and low
voltage DC port respectively. In comparison with
the traditional dual-buck inverters, the extended
low voltage DC-input port, whose voltage is low-
er than the peak amplitude of the AC output volt-
age, is able to supply power to the AC output
within single-stage power conversion stage. Obvi-
ously, each bridge arm has a diode so that the to-
pology has no shoot-through problem. Thus the
reliability can be improved. Equivalent circuits of
each switching state are given in Fig. 2.

It is easy to see from the switching states
that S;, S, and S, are high frequency switches,
while S, and S; are low frequency switches.

When the AC output voltage is lower than the
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Fig. 1 Topologies of dual-input DB5 inverter
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Fig. 2 Equivalent circuit of each switching state

low voltage port Vi, the low voltage port sup-
plies power to AC output only. While the AC
output voltage is larger, the high voltage port be-
gins to supply power. Dual carrier modulation
technique is used and its waveforms are shown in
Fig. 3.
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Fig. 3 Dual carrier modulation waveforms

Two carrier signals v, and v, are used and
compared with the control signals v, and v,, the
modulated sine wave in positive and negative cycle

respectively. The DB5 inverter has six switching

Fig. 5

states and the high frequency voltage generated
between the mid-points of the two switching
bridges v, has five voltage levels. The multi-level
characteristic can help to reduce the switching los-

ses and size of the output filter effectively.

2.2 Two-Stage photovoltaic converter

Boost circuit, a single-tube non-isolated DC
converter, is usually used in PV system to realize
MPPT algorithm because of its simple topology
and the ability to work in the state of continuous
current. The Boost circuit can increase the low
output voltage of the PV array to meet the needs

of the post-stage inverter (Fig. 4).

Fig. 4 Two-stage photovoltaic converter

Usually, the duty cycle of the switch in
Boost circuit is used as the control variable in
MPPT methods. The characteristics of PV array
show that the equivalent impedance determines
the operating point of the PV array. In this sys-
tem, the DC bus voltage VH must be controlled
within a reasonable scope in order to ensure the
normal operation of the inverter. The control

strategy is shown in Fig. 5.

Control chart of the two-stage photovoltaic converter

The AC output voltage of the inverter is
220 V/50 Hz and the peak value vom is 311 V
so that the DC bus voltage VH should be higher
than 311 V. Meanwhile, the voltage stress of

devices cause the DC bus voltage to be limited in
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a safe range. PSO algorithm is used in the safe
range but if it is out of the range, PI regulator
will work to control the voltage. The values of
voltage Vy and V| are not fixed and this cause
the amplitude of the PWM modulation wave v,
of the inverter to be adjusted timely. The rela-
tionship of v, and the amplitude of the carrier v,
is as follows

Uea _ Uom

v. Vu

v, is the sum of the amplitude of the two car-

D)

riers v, and vy, and they have the relationship as
Vel VL
Uch Vu—Vo

However in application, the amplitude of the

(8)

carrier is fixed because of the fixed frequency of
switches. Thus the amplitude of v, which is the
output of the PI regulator should be adjusted ac-
cording to the DC inputs.

3 Simulation and  Experimental

Verification

3.1 Simulation verification

Firstly, the feasibility of the improved PSO
algorithm is verified. The parameters of HBM
(175) solar cell are adopted in simulation: Open-
circuit voltage U,,=44. 2 V, voltage at the maxi-
mum power point U,,=35.4 V, short-circuit cur-
rent I,,=5.29 A, current at the maximum power
point I, =4. 95 A. The reference temperature is
25°C and the reference illumination is 1 000 W/
m’. The PV characteristic curves under different
partial conditions are shown in Fig. 6, which will
be used to verify the feasibility of the improved
PSO algorithm.

The simulation is realized in the MATLAB.
The simulation time is 0. 01s and step size is
le " s. The parameters of the improved PSO al-
gorithm are given: The range of inertia weight is
[0.4,17, the range of adjustment coefficients is
[1,2]. The maximum number of iteration k..
is related to the search scope and step length and
the value is 30 in this simulation. The simula-
tion results are shown in Fig. 7 and the feasibili-

ty of the improved PSO algorithm can be veri-
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Fig. 7 Simulation results of PSO algorithm

fied.

The simulation model of the two-stage pho-
tovoltaic converter is established, where the in-
ductance value of boost circuit L, =1.5 mH, the
DC bus capacitor C, =1 mF, the output filter in-
=L, =3 mH, the

output filter capacitor C=1 uF and the resistance

ductance value of inverter L,

R=148. 4 Q. The simulation results of the front-
end boost circuit are shown in Fig. 8. The power
of PV modules PPV can reach the maximum and
the DC bus voltage Vy; is getting larger to meet
the needs of the later inverter. Inductor current

I, has little pulsation in steady state.

~ Zoom in

Fig. 8 Simulation results of the front-end boost circuit

The high-voltage port and low-voltage port
input currents of inverter Iy and I, as well as
the currents of the output filter inductors I;; and

I, are as Fig. 9.
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Fig.9 Simulation waveforms of Iy, I, I, and I,

The voltage between the mid-points of the
two switching legs vas and the output voltage v,
are shown in Fig. 10. The two inductors works
only in half-period of the output voltage. It can be
seen that three voltage levels are generated by
each switching leg and five voltage levels are ob-
tained from the mid-points of the two switching

legs.

Fig. 10 Simulation waveforms of v, and w,

3.2 Experimental results

A 1kW prototype is built and tested to verify
the effectiveness of the proposed two-stage photo-
voltaic converter and the improved PSO algo-
rithm., The voltage VL of the low voltage source
is 150—300 V, and the AC output voltage vo is
220 V/50 Hz. A Boost converter is employed as
the front-end DC/DC converter to realize the
MPPT algorithm. The switching frequency of the
Boost circuit is 50 kHz and the switching frequen-
cy of the inverter is 20 kHz. The devices used are
IXFH69N30P, S2 and S3.
SPW52N50C3, S4 and S5: IPW65R048CFDA.
S6:. SPW47N60CFD, D1. DPG30C300HB, D2
and D3:. DSEC30-06A, Db: HFA30PAG60C.

The values of inductors and capacitors are as same

as follows. S1.

as simulation.
The PV output characteristics are simulated
using Chroma company’s 62050 photovoltaic sim-

ulator and the parameters are set as Table 1.

Table 1 Parameters of Photovoltaic Simulator

Symbol Quantity Value
Voe open-circuit voltage 251.5V
I short-circuit current 5.858A
Ve voltage at the MPP 197.2V
Iup current at the MPP 5. 174 A
Pyp power at the MPP 1020W

The output voltage of the photovoltaic simu-
lator is shown in Fig. 11. It can be seen that the
maximum power point can be tracked using this

algorithm.

Fig. 11 Experimental waveform of PV output voltage

When the system works steadily, waveforms
of Boost circuit and inverter are as shown in Figs.
12, 13, respectively. The DC bus voltage Vy is
394V, which is connected to the high voltage port
of late DC/AC inverter. Vg and Vg, are the gate-
source voltage and drain-source voltage of switch
Ss.

It can be seen from Fig. 13(a) that the switch
S; is always on in the positive half-cycle of vo.

When V| is lower than the peak amplitude of the

xperimental waveforms of driving and output voltages
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(b) Experimental waveforms of v,,, v,

(c) Experimental waveforms of [,,, ,, v

Fig. 13 Experimental results of dual-input DB5 inverter

AC output voltage, the two switches S, and S,
work in high frequency alternatively. When V| >
V.5 S, operates in high frequency while S, is kept
in OFF state. When V| <wv,, S, keeps on and
S, works in high frequency. The output voltages
van and vy of two high frequency switching legs.,
the voltage between the mid-points of the two
switching legs wvaz and the output voltage are
shown in Fig. 13(b). It can be seen that three
voltage levels are generated by each switching
leg, and five voltage levels are obtained from the
The cur-

rents of the two filter inductors I, and I,,, the

mid-points of the two switching legs.

mid-point voltage was and the output voltage v,

are shown in Fig. 13(c).

4 Conclusion

In this paper, a novel dual-input dual-buck
inverter is presented and used in photovoltaic con-
version system. A low voltage DC source is con-
nected to the inverter and supplies power to the

AC load directly.

adopted to realize maximum power point track-

An improved PSO algorithm is

ing. The simulation and experimental results ver-
ify the correctness and rationality of the proposed
algorithm. Meanwhile, the feasibility and relia-
bility of the photovoltaic converter are also veri-

fied. This provides a new choice for aviation elec-

trical applications in the future.
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