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DEVELOPMENT OF ALGORITHM TO IDENTIFY THE GLOBAL
OPTIMIZED POINT OF SOLAR PHOTOVOLTAICS PANEL
UNDER THE CONDITION OF NON-UNIFORM SOLAR ARRAY
ON THE SURFACE

PHAT TRIEN THUAT TOAN XAC DINH BIEM TOI UU TOAN CUC CUA PIN MAT TR0
TRONG DIEU KIEN CHIEU SANG KHONG DONG NHAT TREN BE MAT

Nguyen Duc Minh*, Do Nhu Y?,
Trinh Trong Chuong®”

ABSTRACT

Maximum Power Point Tracking (MPPT) is a good technique to improve the efficiency of the solar PV system. The solar PV system can operate at the maximum
capacity with MPPT. In practice, it is easy to identify the maximum capacity in the non-linear P-V curve under the condition of continuous irradiance with the popular
MPPT methods. However, it is difficult to track the real MPPs with MPPT, under the condition of partial shading, due to many local maximum power points (LMMPs).
In this paper, a new method is presented to track the global maximum power points (GMPPs) of the solar PV system.

Compared with the popular existing MPPT techniques, the proposed method in this paper has an additional advantage as follows: under the condition of partial
shading, the proposed method will forecast the positions of GMPPs and LMPPs on the P-V curve. The new method can quickly identify the GMPPs and avoid the
energy loss due to blind scanning under the condition of partial shading. The experiment results verify that the proposed method guarantees convergence of the
GMPPs under partial shading conditions.
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TOMTAT

St dung ky thuat bam theo diém cong sudt cuc dai (Max Power Point Tracking - MPPT) la mét ki thuét 6t dé nang cao hiéu qua ctia hé thdng PV. Hé thdng PV ¢6
thé hoat dng vdi cong suét t6i da bdng MPPT. Trén thuc té, co thé dé dang tim ra cong suét I6n nhét trong dirong cong phi tuyén P-V dui bic xa lién tuc béng cac
phuong phép MPPT phd bién. Tuy nhién, MPPT ¢6 thé rét khd dé theo ddi MPP thuec té trong diéu kién bong md mdt phan do cd nhigu cac diém cng suét cuc dai dia
phuong. Trong bai bao nay, mot phuong phap méi da durgc trinh bay dé theo ddi diém cong suat cuc dai toan cuc (Global Maximum Power Point - GMPP) ctia PV.

So vi cac ky thuét tim MPPT pha hién da dugc d8 xuét trrde day, phuong phép duoc dé xudt trong bai bao nay ¢d thém nhiing uu diém dé 1a khi nao ¢d xuat hién hién
trong béng che tirng phén, phirong phap néy s& du doan vi tri clia GMPP va LMPP trén durong déc tinh P-V. Phuong phap mdi ¢ thé nhanh chong xac dinh GMPP va trénh
mét ning lwong do quét mdl. Cac két qué thit nghiém xéc minh rang phirong phép duoc dé xuat dam bao sir hoi tu voi MPP toan cuc trong diéu kién bong che timg phan.

Tir khda: MPPT, Pin mdt trdi, GMPP, P&0, GA.
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1. INTRODUCTION tracking of MPPs under the condition of fluctuating

Maximum Power Point Tracking (MPPT) techniques for ~ €nvironment temperature and irradiance [5-6], grid-

solar PV are increasingly completed and applied [1-3]. Many ~ connected solar PV [7], grid-connected solar PV with
studies are proposing new MPPT algorithms, allowing the ~ fluctuating loads and voltages [8]. Recommended MPPT

18 | Tap chi KHOA HOC VA CONG NGHE ® T&p 56 - S6 6 (12/2020) Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

algorithms are various and effective, including popular
algorithms such as Perturb and Observe (P&0O) and
Incremental Conductance (INC) [9], adaptive back-
propagation MPPT algorithm [10], extremum seeking MPPT
algorithm [11], geometric sliding mode control MPPT
algorithm [12], and various MPPT algorithms. Recently, the
conventional P&0O and INC MPPT algorithms have shown to
be promising. Femia et al. proposed the forecasted adaptive
P&0O MPPT algorithm [13]. Zhang et al. proposed improved
P&O MPPT algorithm with adjustable perturb [14].

Authors in [15-16] introduced the improved INC MPPT
with adaptive perturb step Improved Incremental
Conductance Method. At the same time, the intelligent
MPPT algorithms based on neural model [17-18], fuzzy
model show some effectiveness in maintaining the
optimized MPPT operation of the solar PV system under
fluctuating condition [19 - 20]. Based on these literatures,
the paper proposed a new algorithm adaptive Fuzzy P&O
MPPT, which allows to flexibly adjust the perturb step of
the conventional P&O algorithm. The new adaptive Fuzzy
P&0O MPPT has the outstanding quality compared to the
conventional P&0O MPPT algorithm, stably operating
throughout the whole working area of the solar PV system,
completely eliminating perturb around the MPP working
point as well as allowing to accelerate the convergence
speed to the MPP working point when the environment
temperature and irradiance fluctuate.

In case of non-uniform solar irradiance due to the
uneven irradiance of the panels due to partial shading
influence, the common MPPT algorithms are trapped in the
local peak, without detecting the maximum power points.
Therefore, the GMPPT techniques have been studied and
developed to identify the maximum power points under
shading conditions, such as Particle Swarm Optimization
(PSO), Improved PSO, Artificial Bee Colony, Ant Colony
Optimization, Simulated Annealing, Bat Algorithm, Firefly
Algorithm (FFA), Fireworks Algorithm (FWA), Glow-worm
Swarm Optimization (GSO), S-Jaya Algorithm, Flower
Pollination Algorithm (FPA), Grey Wolf Optimization (GWO),
Teaching Learning Based Algorithm (TLBO), Mine Blast
Algorithm (MBA), Whale Optimization Algorithm (WOA),
Human Psychology Optimization (HPO), etc. These
algorithms can solve multi-peak GMPPT problems and are
highly efficient. However, the performance of one
algorithm can be further improved.

Recently, hybrid methods have been applied by
combining two or more methods in order to further
improve the efficiency. The newly developed hybrid
methods combine conventional algorithms with intelligent
algorithms such as Firefly Algorithm in combination with
Incremental Conductance (INC-FFA), P&O in combination
with neural network (P&0O-ANN), Fireworks Algorithm in
combination with P&0O (FWA-P&O), Grey Wolf Optimization
in combination with P&0O (GWO-P&0O), Bat Algorithm in
combination with P&0O (Bat-P&O), Particle Swarm
Optimization in combination with P&0O (PSO-P&O); or
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combine two or more intelligent algorithms like Simulated
Annealing in combination with Particle Swarm
Optimization (SA-PSO), Fish Swarm in combination with
PSO, Jaya algorithm in combination with Differential
Evolution (Jaya-DE), Whale Optimization in combination
with Differential Evolution (WODE) and PSO in combination
with Shuled Frog Leaping Algorithm (PSO-SFLA), etc. In
addition to the mentioned methods, there are other
GMPPT techniques to solve the partial shading problems,
for examples, the method based on the transient evolution
of series capacitors, equilibrium curve, proactive feedback
of shaded cells, two-stage seeking, repeated scan and track,
stepwise comparison search, beta algorithm, Fibonacci
search algorithm, extremum seeking.

In this paper, the method to identify and solve the
shading problem in one solar panel will be presented. The
paper aims at examining a diagram to obtain the maximum
solar irradiance to a solar PV panel for DC application.

2. GENETIC ALGORITHM

Genetic Algorithm (GA) is a technique based on
Darwin’s theory on natural evolution. It is the random
optimization selection by imitating the human or biological
evolution. The nature of the GA is to simulate natural
phenomenon which is inheritance and survival fight. GA is
one of strong algorithms, but it is different from random
algorithms, because it combines direct and random
searching objects. Another important difference between
GA's search and that of other algorithms is that GA remains
and processes a set of solutions, called population.

In GA, the search for a suitable hypothesis begins with an
initial population or a selective set of hypotheses. Individuals
of the present population initially create the next generation
population through random mutation and hybridization
activities - being sampled after biological evolutionary
processes. At each step, the hypotheses in the present
population are estimated in relation to the adaptive
quantity, and the most suitable hypotheses are selected by
the probability of being the seeds for producing the next
generation, called individuals. The individuals which are
more developed and adaptive to the environment, will
survive; and vice versa, the inferior will be discarded. GA can
detect the next generation with better adaptability.

The use of GA requires to define the initial population,
the fitness function to evaluate the solutions by the
adaptive level - the objective function, the genetic
operators to create the reproduction function.

The general GA diagram is presented in Figure 1. GA
belongs to the evolutionary algorithm class, which is used
to simulate and solve optimization problems by applying a
group of solutions called population. In other words, GA
solves a problem being coded into a string of characters.
GA is largely different from other algorithms as it combines
direct and random searching elements. As a consequence,
it has the advantage of error and the ability to find the
global maximum.
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Figure 1. Description of GA

The differences between GA and other optimization
algorithms include:

o GA works with code of variables instead of working
directly on variables.

o Most common optimization techniques search from
a peak, meanwhile GA always works on a set of peaks
(optimization points), which is an advantage of GA to avoid
early convergence at local maximum power point.

o GA evaluates the objective function to serve for
searching process, so it can be applied on any optimization
problem (continuous or discontinuous).

o GA belongs to the class of probability algorithms;
the basic steps of GA are based on random integration
ability during the processing stage.

GA simulates the natural evolution and selection by
starting with a random population. However, apart from the
above advantages, GA itself still has some limitations such as
slow convergence speed, poor detection in the
neighbouring area, and early convergence. Therefore, there
are several studies to overcome these limitations by
combining it with other genetic or mathematical algorithms.
The problems of MPPT under shading conditions are the
problems of optimization and search in narrow spaces. The
position of the working point on a bi-dimensional space
depends on two variables of the pulse cycle coefficient and
the obtained power (D; P). The proposed algorithm in this
paper will focus on improving the traditional GA algorithm
based on the two following points;

o With the problem characteristics of working in a
narrow search space, it is proposed to use a two-generation
selection method. The best individuals which are selected
in the previous cycle, are kept for the selective evaluation
together with hybridized and mutated individuals for the
next cycle. Thus, the survey and evaluation of the
individuals and the selection of the best individuals will be
more accurate, increasing the ability to detect around the
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extreme area. However, this method requires the storage of
larger populations than the traditional GA. Therefore, it is
only suitable for narrow spaces and small-scale
populations. In addition, in order to achieve the essential
accuracy, this method requires that the investigating space
remains unchanged in the process of searching for the
maximum points.

o In some cases, the working points do not change
although the shading conditions change, and the solar
radiations change. In these case, the partial shading occurs
strongly, dividing the PV series into two nearly
independent working areas. As a consequence, when there
is no shading, the obtained power in the low-irradiance
area increases, but the P-V characteristic of the high-
irradiance area is not affected. This significantly affects the
ability of post-configuration optimization of the system
because the evaluation of the irradiance changes is entirely
based on the change of the working point. Therefore, it is
necessary to periodically mutate after the configuration.

Begin
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consists of n individuals

Measure U(1), I{1)
P() =U@).I{)

Rank individuals in F1°
according to P (1)

Selects m elements
which has P(1) max (F17)
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Figure 2. Diagram of proposed GA
In which:

- F1: The initial generation to survey and select
individuals. From the second cycle, F1 includes the selected
individuals of the previous cycle and the newly mutated
and hybridized generation of the selected individuals.

- F1": The best individuals selected from F1.

- F2: New generation established by mutating and
hybridizing individuals of F1".

- U(i), I(i), P(i): Voltage, Current and Power of individual i.
3. SIMULATION RESULTS
3.1. Simulation modelling

The proposed algorithm is simulated and tested the
ability to detect the maximum power points in a set of five
solar panels connected in series under the conditions of
different solar radiation, with the application of PSIM
software. The simulated circuit diagram, with the use of DC
boost converter is presented in Figure 3.

PV String
+ ° ?

TR T -

GA

Figure 3. Simulation diagram with PSIM

The panels which are used in the simulation model, are
based on the Green Wing module GW - BD16/72, with the
max power of 310W and the parameters under test
conditions as follows: Battery type: monocrystalline (Mono).
Numbers of photovoltaic cells in one module: 72. Voltage
at MPP; V,,,, = 38.2V. Current at MPPT: |,,, =8.9A. Open
circuit voltage: 46.2V. Short circuit current: 9.5A. Heat
coefficient according to V. -0.29%/°C
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Parameters of components in the simulated circuit of
DC boost converter: Coil inductance: 0.1mH. Input
capacitor: 80uF. Output capacitor: 10uF. Switching
frequency: 50kHz. Pulse-width modulation PWM: 0.25%.
Measurement cycle: 5ms. Load resistance: 600Q

3.2. MPPT simulation results

The simulation system is tested based on two P - V
characteristic states of the solar PV panel series. State 1 has
the GMPP on the right, and State 2 has the GMPP near
0.5V, All five solar PV panels receive different irradiance
intensity creating five maximum points (Figure 4). The
irradiance intensity settings for the panels are shown in
Table 1. The simulation experiments are conducted by
investigating the algorithm in three cases of (1) uniform
irradiance, (2) the shading increases from State 1 to State 2,
and (3) irradiance recovery from States 2 to State 1. The
obtained results on generated power with the application
of the proposed algorithm and the adaptive P&O algorithm
will be compared under the same conditions.

Table 1. Irradiance intensity for the simulated panel series

Power
. PV1 PV2 PV3 PV 4 PV5
Condition
1 1000 950 900 800 700
2 1000 800 750 450 400

1400

1000

P (W)

0 50 100 150 200 250
vV

Figure 4. P -V characteristic of two tested states

Figure 5 and 6 present the generated power and
voltage with the applications of the two different MPPT
algorithms under the uniform irradiance in State 1.
According to these two figures, the generated power in the
identify state of both algorithms are similar, at 1300W,
because the irradiance intensities among the solar PV
panels are not largely different and the P&O algorithm start
tracking from the right-hand side. The proposed algorithm
requires 24 times of changing positions (eight calculation
cycle) to get the convergence, meanwhile the P&O
algorithm requires only 3 times of irradiance change for the
convergence.

Figure 7 and 8 present the generated power and

voltage with the applications of the two different MPPT
algorithms under the uniform irradiance in State 2.
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In this experiment, there is a difference in generated
power with the applications of the two algorithms. The
P&O algorithm is trapped in the local maximum power
point, with a power difference of 100W compared to the
maximum power of 700W. Meanwhile, the proposed
algorithm can correctly detect the GMPP. The convergence
time of the P&O algorithm is slower than that of State 1, at
one cycle. The convergence time of the proposed
algorithm does not change, compared to that of State 1.

In the two cases of irradiance change, the setting of the
changing time is 0.2s. The experimental results of the
irradiance increase cases with two investigated algorithms
are shown in Figure 9 and 10. The process of starting the
system within the first 0.2s is the same as those analysed in
the experiment of the State 2 with uniform irradiance. After
changing the irradiance, the generated power with the
application of the proposed algorithm is still the same as
those of the State 1 with uniform irradiance. However, with
the application of the P&O algorithm, the generated power
is 250W lower than the maximum power of State 1 with
uniform irradiance. At the same time, the time for MPPT
tracking is longer.

P&O GA

1000

% J%;_A, ._ﬁa W

400 [t

200

Figure 7. Power of state 2
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Figure 9. Power of increased irradiance with proposed algorithm
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Figure 10. Power of increased irradiance with P&0
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Figure 11. Power of decreased irradiance with proposed algorithm
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The experimental results of irradiance decrease with the
application of the two investigated algorithms are
presented in Figure 11, 12. In both states, the P&O
algorithm is trapped into the local maximum power points.

In the first case, the power reduces by 10%, at 130W,
and in the second case, the power reduces by 20%, at
160W. Time for tracking the MPPs are the same for all
experiments, because the algorithm is independent from
the gap between the initial point and the maximum point.
In these experiments, the tracking time with the
application of P&O algorithm is the longest (5 cycles - 0.15).
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Figure 13. Power of irradiance change for a long period
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Figure 14. Voltage of irradiance change for along period
3.3. Experiment model
3.3.1. Chroma solar PV simulation

The Chroma Solar experimental model can easily set up
the Voc, lse, Vi Imp Parameters to simulate the typical
output of solar PV cell at fast and stable response time. It
can communicate with peripheral devices through
connection ports such as Internet, USB, RS-485, RS232, etc.

It is easy to use the software with an intuitive interface
(Figure 15). The |-V and P-V characteristic curves can be
easily programmed for real-time testing. It also displays
MPPT status for PV inverter. The functions of reporting and
real-time monitoring are fully displayed on the screen. The
time for testing the characteristic curves should be set
between 60 and 600 seconds in order to analyse the MPPT
efficiency at best. A built-in |-V characteristic in the software
allows us to enter the data on the desired maximum input
power P .. Vi Viom Vmax 1O test the PV inverter. We can
directly enter the percentage value of the desired
maximum power (5%, 10%, 20%, 25%, ..., 50%, 75%, 100%)
and the software will automatically generate the |-V
characteristic curve of the experimented solar PV cell.
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Figure 15. Chroma Array Simulator Interface
3.3.2. DC - DC conversion circuit

A DC - DC voltage conversion circuit according to the
principle of the boost circuit has been constructed with the
circuit diagram as shown in Figure 16. In addition to the DC
- DC boost circuit principle, the experimental circuit uses a
voltage divider and a shunt resistor to obtain the voltage
and current measurement signals. The circuit parameters
are given as follows: Permissible input voltage: 80V,
Permissible output voltage: 200V; Rated capacity: 500W;
Shunt resistance: 0.05Q.

The controlling circuit in the article (Figure 17) uses the
Arduino Uno microprocessor as the central controller,
which is responsible for receiving analog signals,
calculating the MPPT algorithm and the PWM that control
the MOSFETs respectively. The voltage reading pins of
Arduino are taken directly from the dynamic circuit, and the
current reading pins are taken from the current signal
amplified by the opto amp amplifier. PWM signals which
are taken from Arduino, do not have sufficiently minimum
voltage to excite the MOSFET (10V), so the paper uses the
TLP250 optical opto dedicated to excite the MOSFET. The
supply power for the controlling circuit is taken from the
grid through the adapter, providing the voltage of 9V for
Arduino and 15V for the MOSFET switching excitation
circuit (Figure 16).

Input = = ’ d —— Output

. Shunt
Current
Signal
Figure 16. Diagram of experimental dynamic circuit

3.3.3. Controlling circuit

Diagram of experimental Controlling circuit as shown in
Figure 17. The components of the designed circuit are
presented in Table 2.
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Figure 17. Diagram of controlling circuit
Table 2. Component parameters of the designed circuit

Components ‘ Parameters
Dynamic circuit

Input conductor C;, 220yF - 100V

QOutput conductor C, 224F - 400V

Coil L 250mH - 8A

Electric lock IRF250 - 200V, 30A

Diode SR5200 - 200V, 5A
Controlling circuit

Micropracessor Arduino Uno

Opto to excite MOSFET TLP250

Optoamp LM324

IC source 7809 (9V), 7815 (15V)

Figure 18. Prototype circuit
3.4. Experiment results

The properties of the proposed algorithm are tested on a
solar PV cell simulator consisting of 5 solar PV panels
connecting in series. Due to the limitation in the
construction capacity, the experimental model in the paper
is only able to meet 400W capacity. Therefore, each panel in
the series is installed at the capacity of 58W. The tested loads
are 4 incandescent bulbs at the capacity of 200W at 220V

The paper has conducted the experiment of tracking
the maximum power points under different shading
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conditions and studied the energy efficiency obtained from
the system. Similar to the simulation, the real experiment is
also based on two irradiance states with small difference in
the irradiance (case 1) and large difference (case 2). The
obtained results after completing the MPPT detection are
shown in Figure 19, 20. The establishment time in both
cases is similar (4s) and the establishment errors of each
case is 0.4% and 0.7%, respectively.
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Figure 20. Identified working point in case 2
4. CONCLUSION

The paper has proposed a method of identifying and
solving the partial shading problem in a solar PV panel
configuration, in order to test a scheme to absorb the
maximum solar irradiance to a solar PV panel to use in DC
applications.

The paper has also proposed a method for determining
the GPPs of a series of solar PV panels under partial shading
conditions. The results of applying the proposed method
which are presented through simulation and experiment
have indicated the high feasibility for practical applications.
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