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Abstract: As the use of energy is increasing, the requirements 
for the quality of the supplied electrical energy are more 

tighten. The conventional sources of energy are rapidly 

depleting and the cost of energy is rising, photovoltaic energy 

becomes a promising alternative source. Photovoltaic (PV) 

generation is becoming increasingly important as a renewable 

source since it exhibits a great many merits such as cleanness, 

little maintenance and no noise. However, the output power of 

PV arrays is always changing with weather conditions, i.e., 

solar irradiation and atmospheric temperature. Therefore, a 

Maximum Power Point Tracking (MPPT) control to extract 

maximum power from the PV arrays at real time becomes 
necessary in PV generation system. In recent years, a large 

number of techniques have been proposed for tracking the 

maximum power point (MPP). The present Perturb & Observe 

(P&O) MPPT algorithm is used in photovoltaic (PV) systems 

to maximize the photovoltaic array output power, irrespective 

of the temperature and irradiation conditions. However, the 

resulting system has poor-efficiency with fixed perturb. In this 

paper proposes, Improved Perturb & Observe algorithm 

(IP&O), system for PV arrays is proposed and analyzed. 

Improved Perturb & Observe algorithm (IP&O) is a very 

promising technique that allows the increase of efficiency with 

self-tuning perturb. This paper present in details comparison 
of most popular MPPT algorithms techniques which are 

Perturb & Observe algorithm (P&O) and Improved Perturb & 

Observe algorithm (IP&O). 
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1. Introduction 
 

THE continuous growth of the global energy demand 

associated with society‟s increasing awareness of 

environmental impacts from the widespread utilization of 

fossil fuels has led to the exploration of renewable energy 
sources with the quick development of society, the rapid trend 

of industrialization of nations and increased interest in                   

 

 

environmental issues have recently to consideration of the use 

of renewable forms such as solar energy, wind energy, tidal 

energy and Bio-energy.  As the world's energy demands rise 

and resources become limited, the search for alternative 

energy resources has become an important issue for our time. 

Very much exploitation and research for new power has been 

done not only in the area of nuclear power generation but also 

in the area of unlimited energy sources such as solar energy 

generation and wind energy transformation.  

 
As conventional sources of energy are rapidly depleting and 

the cost of energy is rising, photovoltaic energy becomes a 

promising alternative source. Also, solar energy is the most 

readily available source of energy and it is free. Moreover, 

solar energy is the best among all the renewable energy 

sources since, it is non-polluting. Photo voltaic arrays are used 

in many applications such as water pumping, street lighting in 

rural town, battery charging and grid connected PV systems.  

 

The proposed photovoltaic array simulation model to be used 

in Matlab/Simulink environment is developed. The model is 
using basic circuit equation of the photovoltaic solar cells 

including the effects of solar irradiation and temperature 

changes. The DC-DC converters which are, commonly 

referred to as inverter, have experienced great evolution in the 

last decade due to there wide use in uninterruptible power 

supplies and industrial applications. Usually a DC-DC 

converter performs the maximum power point tracking 

(MPPT) and also the DC-DC converter may operates with 

constant duty cycle and frequency. 

Perturb and observe (P&O) techniques, although thoroughly 

investigated in previous research, still suffer from several 

disadvantages, such as sustained oscillation around the MPP, 

fast tracking versus oscillation tradeoffs, and user predefined 

constants  In this paper, a modified P&O MPPT technique, 

applicable for PV systems, is presented. The proposed 

technique achieves: first, adaptive tracking; second, no steady-

state oscillations around the MPP and lastly, no need for 

predefined system-dependent constants. 
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2. Mathematical Modeling of PV Array 

 

The PV receives energy from sun and converts the sun 

light into electrical DC power. The simplified equivalent 

circuit model is as shown in Fig.1. The PV cell output voltage 

is a function of mathematical equation of the photocurrent that 
mainly determined by load current depending on the solar 

irradiation level during the operation. 

 
 

Fig.1 Simplified-equivalent circuit of photovoltaic cell 

 

The equation (1) is, 
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Where the symbols are defined as follows: 

q: electron charge (1.602 × 10-19 C). 

k: Boltzmann constant (1.38 × 10-23 J/0K). 

Ic: cell output current, A. 

Iph: photocurrent, function of irradiation level and 

       junction temperature (5 A). 

Io: reverse saturation current of diode (0.0002 A). 

Rs: series resistance of cell (0.001 Ω). 

Tc: reference cell operating temperature (25 °C). 

Vc: cell output voltage, V. 

Both k and TC should have the same temperature unit, either 
Kelvin or Celsius. A method to include these effects in the PV 

array modeling is given in [1]. These effects are represented in 

the model by the temperature coefficients CTV and CTI for cell 

output voltage and cell photocurrent, respectively, as in 

equation (2) and (3), 
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Where, βT=0.004 and γT=0.06 for the cell used and Ta=20°C is 

the ambient temperature during the cell testing. If the solar 

irradiation level increases from SX1 to SX2, the cell operating 

temperature and the photocurrent will also increase from TX1 

to TX2 and from IPh1 to Iph2, respectively. CSV and CSI, which 

are the correction factors for changes in cell output voltage VC 

and photocurrent Iph  respectively in equation (4) and (5), 
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where SC is the benchmark reference solar irradiation level 

during the cell testing to obtain the modified cell model. The 

temperature change,  occurs due to the change in the solar 

irradiation level and is obtained using in equation (6), 

 

CXSTC SS1            (6) 

 

The constant s  represents the slope of the change in the cell 

operating temperature due to a change in the solar irradiation 

level [1] and is equal to 0.2 for the solar cells used. Using 

correction factors CTV, CTI, CSV and CSI, the new values of the 

cell output voltage VCX and photocurrent IPHX are obtained for 

the new temperature TX and solar irradiation SX as follows in 

equation (7) and (8), 

 

CSVTVCX VCCV            (7) 
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           (8) 

 

VC and IPH are the benchmark reference cell output voltage 

and reference cell photocurrent, respectively. The resulting I-
V and P V curves for various temperature and solar irradiation 

levels were discussed and shown in [3, 4, and 5]; therefore 

they are not going to be given here again. The output power 

from PV is the result from multiplying PV terminal voltage 

and PV output current are obtained from equation (9) and (10).  
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3. MPPT Algorithm for Photovoltaic System 

 

The tracking algorithm works based on the fact that the 

derivative of the output power P with respect to the panel 

voltage V is equal to zero at the maximum power point as in 

Fig.2. 

 
Fig. 2 P-V Characteristics of a module 



 

The derivative is greater than zero to the left of the peak point 

and is less than zero to the right in (11), (12) & (13). 
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Various MPPT algorithms are available in order to improve 

the performance of PV system by effectively tracking the 

MPP. One of the most widely used MPPT algorithm is Perturb 

& Observe algorithm has been developed in this paper.  

 

3.1 Perturb & Observe Algorithm 

 

The most commonly used MPPT algorithm is P&O 

method and is also known as hill-climbing algorithm. The 

perturbation and observation method, which moves the 

operating point toward the maximum power point by 

periodically increasing or decreasing the array voltage, is often 

used in many photovoltaic systems. This technique employs 

simple feedback arrangement and few measured parameters. 
The P&O method is implemented in a software program with 

a self-tuning function, which automatically adjusts the array 

reference voltage and voltage step size to achieve the 

maximum power tracking under rapidly changing conditions. 

However, the resulting system have poor efficiency with fixed 

perturb.  The block diagram of the P&O method is shown in 

Fig.3.  

 
 

Fig.3 Block diagram of Photovoltaic system with P&O  

Therefore, the perturbation and observation method was used 

in this paper to control the output current and voltage of the 

solar arrays. 

 

3.2 Improved Perturb & Observe Algorithm 

 

The conventional perturbation and observation (P&O) 

MPPT algorithm is impossible to quickly acquire the 

maximum power point (MPP), and the tracking course is very 
difficulty under changing weather conditions. To overcome 

the drawback, this paper has presents Improved Perturbation 

and Observation (IP&O) method is introduced based on 

hysteresis band and auto-tuning perturbation step, there is 

trade-off between dynamic response and steady state due to 

the selection of „dV’.  As previously mentioned, the proposed 

MPPT system employs peak current control. The switch is 

turned on by a clock signal and turned off when the actual 

current reaches the reference current. Therefore, the reference 

current can be perturbed (increased or decreased) in every 

switching cycle, meaning that the perturbation cycle or refresh 

rate is equal to the switching cycle. The size of the 
perturbation has to be chosen according to the inductor size 

and the switching (clock) frequency so that the switch always 

turns off before the next turn on signal. For a given switching 

perturbation cycle, the larger the perturbation step the faster 

the PV current can be driven from an MPP ( IMPP  l ) to the 

next (IMPP 2) to a variation on the solar irradiation level. On 

the other hand, the magnitude of the intrinsic oscillations 

around the MPP in steady state would be larger, yielding a 

reduced average PV power conversion in steady state. Since 

low power converters can operate with frequencies of 

hundreds of kHz, a satisfactory trade-off between fast transient 
responses and steady state performance can be obtained with a 

small perturbation step size. The block diagram of IP&O 

method as shown in Fig.4. 

 

 
 

Fig.4 Block diagram of Improved Perturb & Observe MPPT  

A calculate the correct direction of the next perturbation 

with only one instantaneous sample per switching cycle in the 

actual and previous cycles. Besides, the sampling instants can 

be arbitrary. This is valid when the instantaneous values of the 

current are always either below or above IMPP, where ever, in 

steady state, when the operating point oscillates around the 



MPP. The direction of the calculated perturbation can vary 

depending on the sampling instant used. The remainder of this 

section investigates the effect of the sampling instant on the 

power drawn from the PV array. The p x i curve of a PV array 

can be represented by three segments. In segment-I (0 < ipv < 

Impp - I), the curve is approximated by a straight line with a 
small positive slope. In segment-II (Impp - I < Ipv< Impp + 

I), the curve is represented by a co-sinusoid centered at Impp. 

The curve is approximated by a straight line with a large 

negative slope. Operation in segment-III should be avoided 

since the output power decreases very fast with minor 

increases in the output current is discussed in Fig.5. 

 

 
Fig.5 The I-P curve divided in three segments. 

4.  Result and Discussion 
 

The mathematical model of an 1162W phototvoltaic array is 

accurate implemented in the form of a current source 

controlled by voltage, sensible to two input variables, i.e., 

temperature and solar irradiation power. The solar array 

electrically equivalent circuit is based on the single-diode 

model of a photovoltaic cell. The PV array model simulates 

with parallel and series combinations. The characteristic I-V 
curves are shown in Fig 6(a) and 6(b). Likewise, the 

characteristic P-V curves are shown in Fig. 7(a) and 7(b). 

 

Fig.6 (a) I-V Characteristics of Solar Array for Various 

Irradiance at a constant Temperature of 25°C. 

 

 
Fig. 6(b) I-V characteristics of PV array with various 

temperature at constant irradiation                           

100mW/cm2 

 

 

Fig. 7(a) P-V Characteristics of Solar Array with Various 

Irradiance at Temperature of 25oC. 

 

Fig. 7(b) P-V characteristics of PV array with various 

temperature at constant irradiation 100mW/cm2. 

The voltage, current and power of PV system without MPPT 

technique is 148.8V, 2.97A and 442.8W respectively. By 

using Perturb & Observe MPPT technique the power tracking 

can be improved from 37% to 90%, the output voltage, current 

and power of the PV array with Perturb & Observe maximum 

power point tracking (MPPT) technique is shown in Fig. 8. 

The voltage, current and power values are 137.8V, 7.577A and 

1044W respectively. 

 

 

(a) 

 

(b) 



 

(c) 

Fig. 8 (a) Output Current (b) Voltage and (c) Power with 

P&O MPPT technique. 

This Perturb & Observe method also has some 

disadvantages like Fail to track MPP when partially shaded or 

cells are damaged. These can be overcome by using a different 

MPPT technique that is improved perturb and observe 

(IP&O). By using this MPPT technique the output results are 

shown in Fig.9. The voltage, current and power values are 

142.3V, 7.7A and 1096W respectively. From the Fig.10 shows 

that comparison of output power with and without MPPT 

techniques. 

 
(a) 

 

 
(b) 

 

 
 

(c) 

 

Fig. 9 (a) Output Current (b) Voltage and (c) Power with 

IP&O MPPT technique. 

 

Fig. 10 Comparison of output power with and without MPPT 

techniques. 

From the Table 1, it can be concluded that the power 

availability with various irradiance at constant temperature 
(25oC), it can be found that the IP&O method has gives higher 

power than P&O method. It is concluded that the proposed 

IP&O control strategy performed well than P&O control. The 

corresponding analytic waveform as shown in Fig.11. 

Table.1 

Analytic Evaluation of Output Power with Various Solar 

Irradiance at Constant Temperature. 

 

 

Fig.11 Power comparison of P&O and IP&O constant 

temperature 25°C at various irradiance. 

From the Table 2, it can be concluded that the IP&O 

method has gives higher efficiency than P&O method. From 



the analytic evaluation shows that the proposed IP&O control 

strategy gives well performance than P&O control. From the 

Fig. 12, it can be found that IP&O method has capability to 

tracked more power and efficiency than P&O at different 

temperature with constant irradiance (100mW/cm
2
). 

Table.2 

Analytic Evaluation of Output Efficiency with Various Solar 

Irradiance at Constant Temperature. 

 

 

Fig.12 Efficiency comparison of P&O and IP&O constant 
temperature 25°C at various irradiance. 

Similarly, from the Table 3, it can be concluded that 

the power is reduced by increasing of temperature. It can be 

observed that IP&O method has capability to tracked more 

power and efficiency than P&O at different temperature with 

constant irradiance.  

Table.3 

Analytic Evaluation of Output Power with Various Solar 

Temperatures at Constant Irradiance. 

 

 

 

Fig.13 Power comparison of P&O and IP&O with various 

temperatures at constant irradiance. 

Likewise, from the Table 4, it can be concluded that 

the efficiency is reduced by increasing of temperature. It can 

be observed that IP&O method has capability to tracked more 

power and efficiency than P&O at different temperature with 

constant irradiance. The corresponding waveform has 

discussed in Fig.13 and 14. 

Table.4 

Analytic Evaluation of Output Efficiency with Various Solar 

Temperatures at Constant Irradiance. 

 

 

Fig.14 Efficiency comparison of P&O and IP&O with various 

temperatures at constant irradiance. 



5. Conclusion 

 In order to obtain the maximum power point of 

PV generate systems it is important to choose an efficient 

MPPT algorithms. One of the prominent MPPT is Perturbation 

and Observation method is relatively simple and easily to 

realized with simulation as well as implementation. P&O 

method has dramatic fast tracking capability, however it 

perform poor efficiency due to the nonflexible of 

environmental conditions and fixed perturb step size. To 

overcome this drawback, in this paper has proposed improved 

perturbation and observation control algorithm based on 
power as a control variable in this method. The behavior of an 

IP&O MPPT has performed in the DC-DC boost converter 

stage. As a result, a better response for the system under rapid 

atmospheric variations can be obtained by increasing the 

execution speed and also its gives significant high efficiency 

about 94.32% than P&O is 89.84%. Moreover, the IP&O is 

automatically adjusts the reference step size with hysteresis 

bandwidth for power conversion.  In addition, no oscillation 

during tracking and steady state operations. The correctness 

and validity of MPPT method is verified through simulation 

under various weather conditions. 
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