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1. Introduction

Optimization is a contemporary required paradigm for a wide range of applications that require huge computations or real
time analysis. Researches in many fields such as biology, business and engineering require substantial computations to achieve
optimality. Supercomputers frame works are being developed to speed up processing time and aid in finding optimal solutions.
In photovoltaic applications, high powerful computational devices are usually economically infeasible especially with
household or light PV projects. A trade-off between efficiency and cost is essential in such PV projects. Special optimisation
algorithms known by MPPT trackers are effective as they are especially designed for the PV application. However, unwanted
delays in finding the optimal parameters leads in degrading the system performance and losing sun power. Therefore, the
development of an easily implemented, fast and reliable optimizer is a necessity for both on grid and off grid PV systems.

Many optimization techniques are found in literature. But none can be said to be absolutely superior to other techniques.
Each technique might be optimal for some applications. Perturb and observe method is one of the most used methods. It is easily
programmed and used for single variable systems but the used fixed step prevents reaching the optimal value. Although it can
be programmed with variable step size it become very slow when near the maximum (1) (2). Also, the basic perturb and observe
is not suitable for finding the global maximum unless several random restarts are forced. The latter problem is also found with
the incremental conductance method since reaching the maximum requires the first derivative to be zero (3). On the other hand,
genetic algorithm methods such the particle swarm optimisation (PSO) methods are very efficient in finding local and global
maxima. However, they use a vast number of particles even when getting close to a maximum (4).

The power voltage diagram of any photo voltage system has a special geometry shown in Error! Reference source not
found.. The shape of this curve remains the same for a variety of input conditions such as the irradiance. A new method called
the dual tangent algorithm was especially suggested for PV systems having this geometry (5). This method assumes only a
single maximum available in a predefined range of input voltage. The first tangent in this method has positive slope and lies to
the left of the onset. On the right side the tangent has negative slope (6). The intersection between those tangents occurs near
the maximum (7). Through multiple iterations the maximum is achieved. This method was proven to reach the maximum with
a few iterations as shown in Error! Reference source not found.. However, each iteration requires the accurate calculations
of the slope. Hence, two points on the PV curve should be obtained by physical measurement devices (8) (9) (10). Taking
themeasurements is a slow process in comparison to the controller iteration time required. Although the PV curve is not a
parabola, some researchers suggested parabolic and circulars curve fitting (11) (12) (13). These methods use one instead of a
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couple of measurement points for each iteration. However, these methods require the controller to be equipped with special
mathematical functions and capabilities for curve fitting and obtaining the maximum.
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Figure 1: PV diagram of the 100D solar panel showing the Apex

In this research we are presenting a new algorithm that anticipates the local and global maxima by modifying the dual
tangent algorithm. For which, each iteration requires only one actual measuremt. The This method is intended to solve one-
dimensional and single-objective optimization problems. Instead of having PV curve tangents, lines formed from the new
measurment and previous onse pointing towards the maximum through a special algorithm. This method is called two lines
pointing method (TLP). This research includes a comparison with the two changing and parbolic fitting methods.

2. Methodology

The TLP method is similar to the dual tangent algorithm in which it requires two lines around the onset to be
mathematically defined. The TLP optimizer does not seem to have a straight forward algorithm as the new measurement does
not provide a slope. The new measurement point can form a line with either the previous left or right point. Hence, any mistake
in forming the correct line will fail in pointing towards the maximum.

It is important to make sure that the first tangent has a positive slope and the second tangent has negative one. At start,
two tangents are mathematically obtained which requires four physical measurements. The two tangents can be modelled using
line equation as

y1-y0
3™
4 dxy (x — x2) 2

L1 = y1+ (x —x1) 1

L2 = y2 +

where L1 and L2 are the ascending and descending tangents respectively and (x, y) denotes voltage and power points on
the PV curve. The small incremental change in voltage dx is calculates as

dx =x1 —x0 =x3 —x2 3

Also, the incremental change is defined to obtain an adjacent point used by the dual tangent method. Both the new point
and the adjacent point are used to calculate the slope. It is important to make sure that the first tangent has a positive slope and
the second tangent has negative one. The intersection point is defined when L1 = L2. By solving Equation 1 and Equation 2,
the expected maximum power voltage X is

(1 -y2)dx —x1(y1—y0) +x2(y3 — y2)
X = y3—yl+y0—y2

and hence can be written in term of the slope as
_ (1 —-y2) —xIml + x2m2

int —

m2 —ml
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where m1 and m2 are left (ascending) and right (descending) lines near the onset on PV curve. In next iterations, the left
points (x0,y0), (x1,y1) are updated to (x1,y1) and (x;:, Vine), respectively if the percentage of change of new left slope is
smaller than that for the right slope. The right points remain unchanged. Otherwise, the left points remain unchanged and the
right points are updated. If the predicted slope is not found, then the algorithm should start over and over. The mid-point will
be considered as a new boundary. Mathematical modelling of PV system.

3. Mathematical model of PV system

A PV module is able to harness the sun photon and convert them into electrical energy. The module is composed from
sets of P-N semiconductors. These P-N semiconductors can be connected in series to increase voltage, in parallel to increase
current or both to increase current and voltage. The current of a single photovoltaic P-N device can be mathematically described
as

I I[ (qV+IRS> ] V + IR,
= on T o [SXPAT g R

where L, I, V, T, Ry and R,, are photo generated current, leakage current, voltage across the P-N junction, temperature,
series resistance and parallel resistance, respectively. The constants g, A and k are the charge of electron = 1.6 * 1071°C ,
ideality factor and Boltzman constant k = 1.38 = 10723 /K respectively. Equation 6 can be simplified to (10)

qv
I= I, -1 [exp (A_kT> - 1] 7
The power generated by the photo voltaic device is
qV
P=V (Iph -1 [exp (M) — 1]) 8

Static efficiency of the MPPT controller is used to check how close the solar power generated due to each iteration due to
the maximum solar power available (10). The static efficiency is given by

D

obtained

P
Nmppt = —5——— * 100% 9

Pmax

The PV module used in this study is the RENOGY RNG-100D. Error! Reference source not found. shows electrical
characteristics of the 100D PV module at STC condition. Mathematical model of the PV module is tested and compared to the
data provided by the manufacturer. The PV curve generated by the model in Error! Reference source not found. shows great
match with that published.

Parameter (symbol) Value
Maximum Power (Pmax) 100 W
Maximum Power Voltage (Vmax) 189V
Maximum Power Current (Imax) 529 A
Open Circuit Voltage (Vo) 225V
Short Circuit Current (ls) 575 A
Test Irradiance (STC) 1000 W/m?
Test module Temperature (T) 25°C

Table 1: Electric characteristics of the RNG 100D solar module

4. Results and discussion

Matlab was used to model the TLP and dual tangent Algorithms. While the “polyfit” function in Matlab was used for
parabolic fitting. For maximizing the peak finding range, all MPPT trackers were forced to start from two voltage points 0V
and open circuit voltage Voc.

Evolution of test points

The evolution of test points is shown in Figure 2. The dual tangent method (Figure 2A) was able to optimize the system
and obtaining the max. The dual tangent method has most of the test points stacked around the peak. This is an indication that
the points evolve very fast but slow down as they get closer to the maximum. The parabolic fitting method (Figure 2b) was
unable to reach the maximum. However, the used code assumes the next evolution voltage point is the average point when the
parabola is not pointing to the maximum among the predefined range. Though, the evolution of the test points in the parabolic
fitting method speeds up when reaching the maximum. This method performs better than the dual tangent method in terms of
the total number of test points only when working around the maximum. The proposed method (TLP method) is depicted in
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Figure 2C. It shows better performance as the points evolves very fast towards the peak. It generates lower number of test points
in comparison to the later methods. Each iteration uses only one test point and therefore, the total number of test points is smaller
than that for the other two methods.

100

80 [

60

Power [W]

40 -

20 -

100 -
80 -
60 -

Power [W]

40 -
20 -

0 . .
10 15
Voltage [V]

20

10 15
Voltage [V]
B)Parabolic Fitting Method

25

A)Dual Tangent Method
100

80t
60
40t

20 -

0
0

10 15 20
Voltage [V]
C) TLP Method

Figure 2: Evolution of test points at A) dual tangent method B) Parabolic fitting method and C) TLP method
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Power evolution vs the number of measurements

The comparison depicted in Figure 3 shows the power of each tracking method vs the number of measurements. The
number of measurements is a more realistic factor than the number of iterations. Figure 3A shows that dual tangent MPPT
converges to the maximum power point. Figure 3B shows the tracker oscillates around the maximum power point given that
number of total test points is larger than it for dual tangent method. This method is still far stable and can be said to be inferior
to the dual tangent tracking method. Figure 3C shows the TLP achieves better results than that for the dual tangent method. The
power points achieved are advance by at least one measurement. With the steady and stable conversion, the Latter method can
be said to be superior to the other methods.
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It is depicted in Figure 4 the evolution of voltage of the three studied MPPTSs. Both the dual tangent and the TLP trackers
converges to the voltage at maximum power. However, the proposed method (TLP) is faster than the dual tangent method.
Figure 4B shows that the parabolic fitting method did not reach the maximum power voltage in a steady way. The larger voltage
variation in this method degrades its dynamic performance.
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Figure 4: the evolution of MPPT voltage vs the number of measurements

Overall performance

The performance of the three power trackers is tabulated in Table 2. All trackers were able to find the maximum power.
Dual line tracker provides more robust and accurate results than that for the TLP algorithm. It is important to mention that the
parabolic fitting tracker did not converge to the maximum power point. Therefore, additional algorithms will be needed to
correct its operation. The fastest tracker is the proposed TLP algorithm due to its lower number of measurement points. The
deficiency of the proposed method is not big and still within the high performance region.

Method Dual Tangent Parabolic fitting TLP
Measurements 14 15 10
Vmax 18.7V 18.68 V 18.46 V
Prmax 100.57 W 100.56 W 100.36 W
Efficiency (mmppt) 100% 99.99% 99.8%
Conversion speed fast slow fastest

Table 2: Overall performance of the dual tangent, parabolic fitting and TLP algorithm

5. Conclusion

A novel optimization algorithm based on power voltage curve geometry named TLP is investigated. The proposed
algorithm tweaks the dual tangent optimization algorithm. It allows the MPPT to head to the maximum power point using only
one new reading point. The proposed tweak reduces the total number of actual voltage and power readings. The study is
theoretical with a mathematical model built specifically for the RNG 100D PV panel and solved in Matlab.

The new algorithm is very efficient of about 99.8%. It can find the maximum power point with little voltage and power
oscillations near onset. It enables the MPPT tracker to head to the maximum power starting with any test point. The speed and
lower number of iterations and actual physical reading make the proposed method suitable for off grid on grid applications. The
proposed method does not require sophisticated or high computational capability controllers. All mathematical operations use
either algebraic equations or logic functions.

The study also showed the parabolic fitting method failed to find the maximum power of PV system. While, dual tangent
method exhibited better than the parabolic fitting method but still inferior to the proposed method.
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