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Abstract

The benefits of PV have limited its large-scale development. To

improve the efficiency of photovoltaic power generation, a PV

Maximum Power Point Tracking (MPPT) accelerating perturbation

method based on genetic algorithm is proposed by analysing the

mathematical model of PV cells and optimizing MPPT controller

strategy. The difference between the variable step perturbation

method and the variable accelerating perturbation method is com-

pared, and the acceleration process of the variable accelerating per-

turbation method is proved by mathematical expression. To further

improve the tracking accuracy and reduce the tracking time of the

system, the genetic algorithm is used to establish the initial search

range. Finally, the simulation model is built in Matlab/Simulink

software platform, and the correctness of the method is verified by

simulation.
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1. Introduction

As one of the cleanest energy sources, solar energy has
been widely used in life production. The solar power sys-
tem is highly valued by countries and has become a hot
new energy industry because of its safety, convenience, and
cleanliness. However, due to the low efficiency and high
cost the development of photovoltaic power generation has
been limited until now. At present, over all the countries,
scholars are committed to improving the efficiency of pho-
tovoltaic power generation system. In photovoltaic power
generation system, the Maximum Power Point Tracking
(MPPT) controller determines the size of the output power.
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Due to the characteristics of the internal structure, the
photovoltaic cell is subject to the influence of light intensity
and temperature, and the output characteristic curve has
strong nonlinear characteristics [1]. Research on MPPT
technology in recent decades, the MPPT controller strat-
egy from the initial method, such as Incremental Conduc-
tance (INC), Constant Voltage (CV) Method, and Pertur-
bation and Observation (P & O) Method, is derived from
different methods [2]–[6].

For the traditional P & O power consumption, easy to
cause the shortcomings of oscillation Yang et al. [7] have
proposed a variable step-size control method to overcome
the shortcomings of the traditional perturbation method,
by selecting different steps according to the different power
variation, which reduces the power loss due to voltage
variation. However, it cannot make quick judgments in the
case of the changes in light intensity. Hang et al. [8] have
proposed a variable step size weak oscillation perturbation
method in which the accuracy of the system is improved,
and the oscillation of the system is eliminated. However,
the two-step step makes the tracking speed of the system
lower. In recent years, with the development of intelligent
algorithms, and in the parade control to show more and
more advantages, many international scholars have applied
the intelligent algorithm to the PV MPPT [9]–[11]. The
method of combining traditional perturbation method
with particle swarm optimization is proposed [9], in which
the MPPT is divided into two steps: the local maximum
point is searched by the fixed-step perturbation method,
and the particle swarm optimization algorithm is used to
find the global maximum point. This method improves
the convergence rate by reducing the particle swarm al-
gorithm time, however, there are still a lot of shock near
the maximum power point (MPP), so the stability of the
system needs to be improved. Mohamed et al. [11], by
combining fuzzy logical (FL) control, genetic algorithm
(GA) and small-signal analysis, proposed a new type of PV
system MPPT controller technology, in which using GA for
tuning FL system parameters reduces time consumption,
however, the oscillation near the MPP diminished is not
obvious. To reduce the oscillation at the MPP, this paper
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improves the variable step perturbation method and to
reduce the tracking time, this paper uses GA for intelligent
search.

2. Principle Analysis

The photovoltaic grid-connected power generation system
model shown in Fig. 1 mostly consists of four parts, which
are PV array, MPPT controller, inverter, and grid.

2.1 Photovoltaic Cell Model

The working principle of photovoltaic cells is the photo-
electric effect. By solar radiation, the radiation energy is
converted into electrical energy. According to the inter-
nal structure of photovoltaic panels, in engineering appli-
cation, the working principle of the equivalent circuit is
shown in Fig 2 [12].

In Fig. 2 Iph is the output current for photovoltaic
battery, Io is the diode reverse saturation current, Rsh

and Rs, respectively, represent the internal equivalent of
photovoltaic cells in parallel and series resistance, and
I and U respectively, represent the output current and
voltage of the photovoltaic circuit.

The mathematical model of the photovoltaic cells can
be expressed as follows:

I = Iph − Io

{
exp

[
q (U +RsI)

nKT

]
− 1

}
− U +RsI

Rsh
(1)

Taking solar (S) and temperature (T ) into considera-
tion, we have:
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Figure 1. Photovoltaic power generation system model.

Figure 2. Equivalent circuit of photovoltaic cell.

In (1) and (2), q is the charge quantity with its value
being 1.6029× 10−19 C, K is the Boltzmann constant that
is concerned with temperature and energy with its value
being 1.3819× 10−23 J/K, U is the no-load voltage for
the battery, EG is the energy function of semiconductor
materials in batteries, Tr is the reference temperature,
Ir is the current at the reference temperature, Isc is the
short-circuit current for the reference condition, k1 is the
temperature coefficient of short circuit current, and n is
the diode fitting coefficient.

From (1) and (2), it can be seen that the output cur-
rent I of the photovoltaic circuit has a complex nonlinear
relationship with T and S. Due to the large Rsh, so in
practice, the impact of Rsh. In practice, the Rsh is too
large to ignored, thus the mathematical model of a single
block of photovoltaic cells’ output current is in the form of:

I = Iph − Io

{
exp

[
q (U +RsI)

nKT

]
− 1

}
(3)

2.2 MPPT Working Principle

Under standard conditions (T =25◦C, S=1,000W/m2),
photovoltaic cells output power and voltage characteristics
curve shown in Fig. 3. It can be seen that point M
corresponds to the maximum power, let the voltage of point
M be UM, the power of point M be PM, then the voltage
on both sides of the M point corresponding to the power
are less than PM. To improve the power generation rate
of photovoltaic power generation system, it is necessary to
make the PV array output power always at the MPP or
near the MPP [13]–[15].

The segmental analysis of characteristic curves is as
follows: in the A–B and C–D segments, the output power P
changes more obviously with the voltage U (approximately
linear change); in the B–C region, this trend is decreasing;
and especially in the region of E–F, the power varies little
with voltage. The classical perturbation method changes
the output voltage of the PV array according to the fixed
step size, thereby changing the duty cycle of the DC–DC
converter, while the variable step perturbation method
according to the PV array conductivity changes, thereby
selecting the appropriate step to change the output voltage

Figure 3. P–U characteristic curve.
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[16]–[18]. The two methods produce oscillations in the
region of E–F. Compared with the traditional perturbation
method, the oscillation of the variable step perturbation
method near the MPP is reduced, and the tracking time is
also reduced. As the regions A–B and C–D show “linear
change”, a variable acceleration disturbance method based
on GA is presented in this paper, the GA is used to search
the two intervals to establish a more accurate search range,
while the improved variable step disturbance method is
used to search for the B–C region to reduce the oscillation
and tracking time.

3. Optimization of MPPT Controller Strategy

3.1 Step Optimization

The variable step perturbation method [19] selects the step
size adjustment factor update rule as follows:

De (k) =
1

I(k)

∣∣∣∣dPdU
∣∣∣∣ = 1 +

U(k)

I(k)

∣∣∣∣ dIdU
∣∣∣∣ (4)

Uref (k) = Uref (k − 1)±De(k)ΔUref (5)

where X represents the power, voltage and current. In
(5), ΔUref is the fixed step perturbation, Uref (k) is the
reference voltage value of time k, and Uref (k− 1) is the
reference voltage value of time k− 1.

This method does not take full account of the difference
in tilt angle between the BM segment and the CM segment,
that is, the inclination angle of the BM segment is less than
that of the CM segment. If the same standard is used to
disturb, then the CM section takes more time. Therefore,
this paper proposes a segmented acceleration perturbation
method, which is based on the value of dU , dividing the
disturbance into the following cases:
1. When |dU | ≤ ε and |dI| ≤ μ

When |dU | ≤ ε and |dI| ≤ μ, which means |dP | ≤ e0,
U(k+1) = U(k) and I(k+1)= I(k). As |dP |=
|dU · dI| ≤ ε ·μ is a very small range, it can be consid-
ered that this point is the MPP.

2. dU =0
If dU =0, Uk =UM , then it only needs to change the
I. Let the step-size scaling factor be α (α=0.0001),
the disturbance step length be Δl, and the time step
of the disturbance be Δl=αdI, then

I(k + 1) = I(k) + Δl = I(k) + αdI (6)

The sign of dI represents the direction of disturbance of
the system: if dI < 0, then take the disturbance to the
left, called as negative disturbance and if dI > 0 then
take the disturbance to the right, called as positive
disturbance

3. dU �=0
• When |dP/dU | ≤ e, as shown in Fig. 3: E–F seg-
ment, the MPP from this area search closer, so the
use of smaller acceleration, the disturbance slowly
to the MPP. Let the step-size scaling factor be β
(β=0.1α) and the perturbation step be Δl, then

⎧⎨
⎩
Δl = β 2

√|dI/(dU ∗ U(k))|
U(k + 1) = U(k) + Δl

(7)

• When |dP/dU | ≥ e, as shown in Fig.3: B–E seg-
ment and F–C segment, these two regions are far
away from MPP. Therefore, the disturbance speed
is increased. Let the step-size scaling factor be λ
(λ=0.25α) and the disturbance step be Δl, then

⎧⎨
⎩
Δl = λ 4

√|dI/(dU ∗ U(k))|
U(k + 1) = U(k) + Δl

(8)

As |dI/(dU ∗ U(k))| < 1,

|dI/(dU ∗ U(k))| < 2
√|dI/(dU ∗ U(k))|

< 4
√|dI/(dU ∗ U(k))|

(9)

Thus, the overall tracking speed of the system is im-
proving.

4. Direction of disturbance selection
• If dI/dU > −I(k)/U(k), then U(k) < UM , the
search in the left side of the MPP, so the distur-
bance to the right side.

• If dI/dU < −I(k)/U(k), then U(k) > UM , the
search has crossed the MPP, so the disturbance in
the opposite direction.

3.2 Genetic Algorithm

The GA is a kind of intelligent bionic algorithm. In many
intelligent optimization algorithms, GA has a good global
search ability, and the convergence is good and the robust-
ness is high [16]–[18]. In this paper, GA is used to establish
the initial search range by the variable acceleration pertur-
bation method in A–B and C–D segments, which reduces
the tracking time of the system. Variables S, T and U are
the input of GA and the output is D (duty cycle). Specific
steps are as follows:
1. Initialization

Firstly, the output samples of the PV system are gen-
erated, the initial population is created in real-valued
code and the population size (N) is determined. Let
the sampling power Pi be taken as individual fitness,
then the average fitness Fit(P̄ ) and the maximum
sampling power Pmax are calculated. Pmax is as the
initial parents of the genetic search.

2. Genetic manipulation
• Selection: To avoid the premature convergence of
GA, this paper uses the roulette method to initial-
ize the individual population, and by the best re-
tention strategy, the current most adaptable indi-
viduals are directly copied to the next generation.
The individual roulette selection probability is:

pi =
Pi

N ∗ Fit(P̄ )
(10)
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• Crossover: To improve the search ability of GA,
this paper adopts the method of crossover opera-
tion to the individuals in the parents.

• Variation: To maintain the diversity of popula-
tion, the amplification factor A0 is introduced, and
the result of the difference vector of any two indi-
viduals in the population is multiplied by A0, and
then added to Xi(t) of the current t generation.
After the difference mutation, the individuals are:

Xi(t+ 1) = Xi(t) +A0(X
j(t)−Xk(t)) (11)

In the case of the external environment changes, the
uniform population variation is used to generate the
initial population.

3. Termination conditions
When the GA reaches the maximum number of iter-
ations MaxT or |ΔP | < σ, the algorithm terminates
the search.

3.3 Overall Control Strategy

The variable acceleration perturbation method based on
GA of PV MPPT flow chart is shown in Fig. 4. First, the
photovoltaic array is sampled to generate initial population
and the initial conditions are set to calculate the sampling
power Pi (i=1,2. . . 10) as the fitness of individuals. Cal-
culate Pmax as the initial value of the genetic search and
determine whether it could reach the maximum number of
iterations or not. If the iteration reaches the maximum
value, then accelerate the search to replace the disturbance
of genetic search, otherwise still use genetic search. Search
for several times when the disturbance changes power close
to 0, then the system reaches MPP. At this time, determine
whether external environment changes, if it changes, then
will be made uniform mutation operation of GA and let
the algorithm generate the initial population; if the envi-
ronment changes smaller, then using the retention of elite
strategy, the elite will replace the individual parent to the
search in the fitness of the worst individual.

4. Simulation

The simulation model is built up in Matlab/Simulink, and
the MPPT submodule program is written in Matlab. The
objective function is set to 2,500, the population size is
N =30, MaxT=20, Pc =0.9, and Pm =0.1.

The light intensity decreases from 1,000W/m2 to
600W/m2 and then to 200W/m2 as shown in Fig. 5. The
output power with time of the simulation results is shown
in Fig. 6.

Figure 6(a) is the variable step perturbation method
proposed in [19], while (b) is the variable acceleration per-
turbation method proposed in this paper. It can be seen
that the tracking speed of (b) is significantly improved
compared with (a) and the system oscillation is also signif-
icantly reduced near the MPP. Figure 6(c) is the variable
acceleration perturbation method, which adds to the GA.
Compared with (b), the tracking speed and the oscillation
near the MPP of (c) are improved.

Figure 4. Flowchart of photovoltaic MPPT variable accel-
eration disturbance method based on GA.

Figure 5. Solar curve.

When S=600W/m2, T increases from 15◦C to 20◦

and 20◦C to 25◦C, and the power output of the simulation
is shown in Fig. 7.

Figure 7(a) is variable step size perturbation method
(b) is the variable acceleration disturbance method and,
(c) is the variable accelerating perturbation method based
on GA. From (a) and (b), it can be seen that the tracking
speed of variable step size perturbation method is the most
slowest, but the oscillation is very small, while the tracking
speed of (b) is very quick, but the oscillation is quite big.
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Figure 6. Output power under different control method. (a) Variable step size perturbation MPPT; (b) variable acceleration
perturbation MPPT; and (c) variable acceleration disturbance MPPT based on GA.

Figure 7. Output power at different temperature. (a) Variable step size perturbation MPPT; (b) variable acceleration
perturbation MPPT; and (c) variable acceleration disturbance MPPT based on GA.

However, both small oscillation and quick tracking speed
are shown in (c).

5. Conclusion

Based on the analysis of photovoltaic cell models, charac-
teristics and advantages and disadvantages of various per-
turbations, a variable accelerating perturbation method

based on the GA is proposed in this paper. Using
Matlab/Simulink software to build the disturbance device,
the GA-based accelerating perturbation strategy is simu-
lated, and the simulation results show the following:

1. It has good adaptability when the environment changes
abruptly and can track the MPP quickly and accu-
rately.
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2. It has improved the problem that the GA cannot
make the system work stable at the MPP, and the
perturbation method at the MPP and the problem of
poor adaptability to the environment.
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