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Abstract-In this paper, a combined low cost high efficiency converter and maximum peak power tracker has been presented. The maximum
power point tracker system consists of DC-DC boost converter and PWM. PWM generates high quality sinusoidal line current. The suitable duty
ratio for the boost converter will force the PV to work around the optimum voltage. The power generated by a PV cell depends on the operating
voltage of the array, its voltage-current and voltage-power characteristic curves specify a unique operating point at which maximum possible
power is delivered and the array is operated at its highest efficiency. One of the problems in designing efficient PV systems is to track the maxi-
mum power operating point for varying solar irradiance levels and ambient conditions. The output power produced by the PV panel is non-linear
and changes with the solar irradiation and the ambient temperature. Therefore, a maximum power point tracking controller is needed to optimize
the photovoltaic output power. A dc-dc converter is used to match the PV system to the load and to operate solar array at maximum power point
.The perturbation and observation algorithm which is often employed to track the maximum power point This algorithm is selected due to its
ability to withstand against any parameter variation and having a very high efficiency. As a result, by variation of the temperature and the insola-
tion, the algorithm still managed to track the MPP successfully.

Index Terms- Boost converter, Photovoltaic, high efficiency, MPPT
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I. INTRODUCTION
Partial shading is one of the main causes for reduced energy
yield of many PV systems [1]. Hence research activities have
mainly focused on the influences of array configuration on the
energy yield while in contrast very little attention has been
drawn on the performance of the MPPT under shaded array
conditions. So far hardly any information is available on the
performance of MPPTs under such conditions, a fact which
can be explained by the complexity and extensive measure-
ment equipment required for this purpose Against this back-
ground, the aim of the work presented in this paper was to fill
this gap by determining the actual impact of non-ideal, irregu-
lar conditions on MPPTs of state-of-the-art PV system and
recommend solutions for improved MPPT performance For
the MPPT algorithm, which aims at maximizing the power out-
put of the array, it is obvious that non-ideal conditions result-
ing from partial shading can create considerable difficulties.
P-V curves often exhibit multiple local maxima at different
locations, which may also result in quite odd ratios between
global MPP voltage and open-circuit voltage. These factors,
can present a considerable hindrance to the accurate operation
of a MPPT. Among the large number of MPPT techniques
described in literature [3], most work on the principle of driv-
ing either dp/d, or dp/dy to zero. Accordingly the MPPT will
exhibit a “local maximum tracking behaviour”. That means
once the MPPT has found a local maximum, it will track this
maximum, irrespective of other maxima which might even-
tually be present at other positions of the V curve. In particu-
lar, this applies to the generic implementation of the most
common methods Perturb and Observe (P&O), Incremental
Conductance and Ripple Correlation Control. It is clear that
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considerable yield loss may occur if such a local maximum is
tracked over time instead of the global MPPT.

Il. MODELING THE SOLAR CELL

Thus the simplest equivalent circuit of a solar cell is a current
source in parallel with a diode. The output of the current
source is directly proportional to the light falling on the cell
(photocurrent 1,,). During darkness, the solar cell is not an
active device; it works as a diode, i.e. a p-n junction. It pro-
duces neither a current nor a voltage. However, if it is con-
nected to an external supply (large voltage) it generates a cur-
rent ID, called diode (D) current or dark current. The diode
determines the I-V characteristics of the cell.
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Fig. 1. Equivalent circuit diagram of the PV model

Increasing sophistication, accuracy and complexity can be
introduced to the model by adding in turn [4]:
. Temperature dependence of the diode saturation current
|o.
. Temperature dependence of the photo current I,.
. Series resistance Rs, which gives a more accurate shape
between the maximum power point and the open circuit



voltage. This represents the internal losses due to the
current flow.

. » Shunt resistance Ry, in parallel with the diode, this
corresponds to the leakage current to the ground and it
is commonly neglected

. Either allowing the diode quality factor n to become a
variable parameter (instead of being fixed at either 1 or
2) or introducing two parallel diodes with independently
set saturation currents

I1l. THEORETICAL EQUATION
The equation for the single-diode model, including series and
shunt resistances, is given, where | is the light generated cur-
rent, 1, is the reverse saturation current, q is the electronic
charge, A is a dimensionless factor, K is the Boltzmann con-
stant, T is the temperature in °K, R is the series resistance of
the cell and equation for output voltage (V,) is:

I =Iph - lq[exp (qV/K,TA) -1] 1)
lbh=3 [lser +Ki (T-Tr)] )
la =1rr [T/ T,]>exp (QEq, KQA [L/T,- 1/T]) (3)

Where

I, V output current, voltage (A, V).

T cell temperature (K).

S solar irradiance (W/m?).

Ion light-generated current.

l4 PV saturation current.

Irr saturation current at Tr.

Is.; short-circuit current at reference condition.
T, reference temperature.

K; short-circuit temperature coefficient

E, band-gap energy of the material

For an ideal PV module, Rs is zero and Rsh is infinitely large.
Interval shunt resistance is neglected. Output power produce
by solar array are depend on solar irradiation and temperature.
It influences the I-V and P-V characteristics

IV. PV MODULE CHARACTERISTICS
The Effect of the Temperature on the P-V Characteristic
Curve Figure 2 and Figure 3 give the current-voltage (I-V)
and power—voltage characteristics of a PV module for different
values of solar radiation and temperature.

Figure 2 shows that the short circuit current is clearly propor-
tional to the solar radiation which is more radiation, more cur-
rent, and also more maximum output power. On Figure 3, the
temperature is inversely proportional to the open-circuit vol-
tage. An increasing in temperature causes a reduction of the
open-circuit voltage (when sufficiently high) and hence also of
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the maximum output power. Hence, these opposite effects of
the variations of solar radiation and temperature on the maxi-
mum output power make it important to track the maximum
power point efficiently [4].
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Fig.2.The Effect of the Temperature & Radiation on the |-V
Characteristic Curve
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V. IRRADIANCE AND TEMPERATURE CHANGES.
Since the band gap energy decreases with rising temperature,
more photons have enough energy to create electron-hole
pairs. As a consequence of increasing minority carrier diffu-
sion lengths the photocurrent, that is to say: the short-circuit
current.

There are two possibilities to operate PV arrays at the maxi-
mum power point:

»  Open-loop control.

» Closed-loop control.

The open-loop control scheme based on an assumption that the
maximum-power-point voltage (Vmp) is a linear function of
Voc. For example, Vmp = 0.75* Voc. This assumption is rea-
sonably accurate even for large variations in Isc and tempera-
ture. This type of MPPT is probably the most common type. A
variation in this scheme involves periodically measuring Voc.
With the Closed-loop control scheme, more accurate maxi-
mum power point can be tracked. It involves in varying the
input voltage around the optimal value by giving it a slightly
increment or decrement alternately. As the consequences, the
output power is then assessed and a small correction is made to
both input voltage and input current. This method is also
called a “hill-climbing algorithm”. The power output of PV
array is which depends on the irradiance and temperature con-
ditions, so the result is sampled at a proper sampling period
and compared with the previous value. In the event where the
power is increasing, the solar array voltage is increased while
the array current is slightly decreased. On the contrary, if the
power is decreasing, the array voltage is decreased while the
array current is slightly increased. The output power is finally
tracked around the maximum power point. Note that, the array
current also can be sampled and monitored as the system vari-
able instead of monitoring the array voltage. The output power
of the PV array can be expressed as

PpvOVpv*lpv 4)
The conventional MPPT algorithm used dP/dV = 0 to obtain

the maximum output power point, hence the maximum output
power of the PV array is also determined by

dp, dl, ..,
ar,  Fdr,

®)
Therefore, the MPPT algorithm can be developed [8].

VI. BOOST CONVERTER
Filters made of capacitors in combination with inductors are
normally added to the output of the converter to reduce output

voltage ripple [4]. By implementing the pulse width modula-
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tions technology (PWM) techniques on the boost converter, a
stable output voltage from a non stable input voltage can be
obtained by changing the duty cycle of the switched input
pulse. The Boost converter is a simple power electronic con-
verter and basically consists of a voltage source, an inductor, a
power electronic switch (usually a MOS-FET or an IGBT) and
a diode. It usually also has a filter capacitor to smoothen the
output. Its function is to step up DC voltage to bring it to a
desired level and is shown in Figure 4.
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Fig .4. Equivalent diagram of boost converter

If the switch is turned on and off repeatedly at very high fre-
quencies and assuming that in the steady state the output will
basically be DC (large capacitor):

(i =1 =0 (6)
(1) = IL = Ir- lyiitn

= Iz-DI, )

L =Vo/R(-D) ®)

The DC component of voltage across the inductor has to be
zero if losses are neglected. The average voltage across the
inductor is given by:

vt =0 == Vendt + Vo f gt
e T \Jor (1-InT i

= 7 VDT + (V. = Vo) (1 - D)T]

—V,-(1-D)V, =0 )

After solving we get:

’ (10)

The fraction to the right is always greater than one since the
duty is always less than one thus the voltage is stepped up. The
filter inductor that determines the boundary is given by

(1-D)*DR
2f

L!\:-u ndary —



For any inductance larger than this value the boost converter
will operate in the continuous conduction mode. A much larg-
er filter capacitance C is required as the current supplied to the
output RC circuit is discontinuous. The limiting value is given
by
f-llﬁilz = &
V.Rf

If the energy generated at the MPP is not enough to supply the
load, the power system operates as a boost converter, transfer-
ring energy from the battery to the load. In this case, while the
switch is turned on, the inductor L stores energy from the bat-
tery, as shown in Fig.5 When the switch is turned off, the
energy stored in the inductor is transferred to the load. Fig.
shows the command signal of the power switches

VII. MAXIMUM POWER POINT TRACKING CONTROL

Maximum power point tracking (MPPT) is a form of an elec-
tronic arrangement to sense the array output and provides the
input impedance required to maintain operation at the maxi-
mum power point irrespective of the insolation level [7]. It is
able to track or trace the input power from the solar array and
the voltage from the battery bank. It then re-adjusts the voltage
for the highest ampere output to the battery bank. MPPT is
capable of taking a higher voltage and down converting to a
lower voltage. One other use of MPPT is capable of adjusting
with cloud cover or edge of cloud brightness. MPPT control-
lers use pulse width modulation (PWM) as well. PWM charg-
ing allows the battery to reach full charge by pulse charging,
The PWM pulses slower, gradually tapering off the charge as
the battery fills with amps. Pulsing is good for the batteries
because it mixes the electrolyte cleaning the lead plates. This
technology is used in most all charge controllers. There are
many MPPT methods available and the most widely-used are
constant voltage method, open voltage method, perturb and
observe method and etc.

Step-up

DC-DC
converter

DC-AC
converter

AC Load

Fig .5.MPPT system block diagram.
The classical implementation of the MPPT is the connection of

a dc—dc converter between the source and load, which is as
shown in Fig. 2 and which presents both functions of battery
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charger and MPPT. In order to obtain a good dynamic perfor-
mance from the MPPT, different control algorithms were de-
veloped [4]-[8]. With data for the actual power extracted from
the PV array, which are obtained by measuring the voltage and
current in the PV array, the task of these algorithms is to
change the converter duty cycle in order to reach the MPP.

VIII. PERTURB-AND-OBSERVE (P&0O) METHOD

The perturb-and-observe method, also known as perturbation
method, is the most commonly used MPPT algorithm in tem-
perature variations. This is essentially a “trial and error” me-
thod. The PV controller increases the output power by a small
amount, and then detects the actual output power. If the output
power is indeed increased, it will increase again until the out-
put power starts to decrease, at which the controller decreases
the reference to avoid collapse of the PV output due to the
highly non-linear PV characteristic. Although the P&O algo-
rithm is easy to implement, it has a number of problems, (1)
the PV system cannot always operate at the maximum power
point due to the slow trial and error process, and thus the solar
energy from the PV arrays are not fully utilized; (2) the PV
system may always operate in an oscillating mode even with a
steady-state sunshine condition, leading to fluctuating inverter
output; and( 3) the operation of the PV system may fail to
track the maximum power point due to the sudden changes in
sunshine. When the irradiance decreases, the P&O method
tracks the maximum power point well and the tracking error is
nearly zero. However, when the irradiance increases, the P&O
control does not track the maximum power point well, and the
maximum tracking error is nearly 100W that is around 8% of
the full.

dP/dV =0
P &
dP/dV =0 /‘
MPP dP/dV < 0
v

Fig .6.Perturb & Observe (P&O) control action
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Fig .7.Perturb and Observe Method Flowchart

Figure.7 shows the flowchart of P&O algorithm method. The
P&O algorithm would then continue to perturb the PV array
voltage in the same direction. If do/dy, < 0, then the change in
operating point moved the PV array away from the MPP, and
the P&O algorithm reverses the direction of the perturbation
[9]. The advantage of the P&O method is that it is easy to im-
plement. However, it has some limitations, like oscillations
around the MPP in steady state operation, slow response
speed, and even tracking in wrong way under rapidly changing
atmospheric conditions [9][11].

IX. EXPERIMENTAL RESULTS

[Continous Timist
power H E]‘i
-+

http://www.ijritcc.org

) 0 2 4 6 8 10 12 14 16 18
Time(s)

Fig.8. Output voltage, current, power waveforms

Duty-Cycle control

The output voltage is measured and then compared to the ref-
erence. The error signal is used as input in the compensator,
which will calculate it from the duty-cycle reference for the
pulse-width modulator.
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Fig.10. Output power in P & O Algorithm

Fig.10.Boost converter output and P& O Algorithm Wave-
forms

Boost converter output and mppt Fig. 9 shows the PV output
power, voltage and current for the P & O control proposed in
this paper. This figure shows the waveforms that are similar to
those of Fig. 10.



X1. CONCLUSION

An improved performance MPPT algorithm with accurate
power tracking ability has been proposed in this paper for PV
systems. In additional to the fast tracking feature, because the
responding speed and tracking accuracy are considered sepa-
rately in the proposed P & O method, the perturbation steps
can be set to be very small. As a result the tracking accuracy of
the proposed method is much improved Moreover, the output
power losses caused by the dynamic tracking errors can be
significantly reduced, which is particularly important under
dramatic weather changing conditions. The PV array output
power delivered to the load can be maximized using MPPT
control method. The adaptive algorithm was implemented to
satisfy the good dynamic response and steady-state perfor-
mances .Improved tracking performance of this proposed me-
thod was verified through experiment.
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