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ABSTRACT 

Maximum power point tracking (MPPT) techniques are widely used in photovoltaic (PV) systems to make the best use of 
the PV panel power output by tracking frequently the maximum power point (MPP) which depends on panel’s temperature 
and on irradiant environmental conditions. The various hitches of MPPT have been addressed in different ways. But 
eventually towards economical implementation, the perturb and observe (P&O) maximum power point tracking algorithm is 
the most widely adapted method due to its ease of implementation. A drawback of P&O is that, at steady state, the 
operating point oscillates around the MPP giving rise to the waste of some amount of available energy; moreover, it is well 
known that the P&O algorithm can be confused to attain the MPP during the distinctly changing atmospheric conditions. In 
this paper, it is shown that, in order to extensively reduce the negative effects associated to the above drawbacks, a novel 
MPPT can be adopted with the use of LDR. In the same manner use of modified cylindrical panel with reflector can 
increase the working hours of the panel like a mechanical tracking. 
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1. INTRODUCTION  

Now a days, modern power generation mechanisms are gaining wide popularity around the world due to the increase in 
the environmental issues that are created as a result of the classical power generation methods [1] , [5]. The enormous 
usage of conventional energies results in considerable increase of global warming and temperature. Recently, renewable 
energies, especially photovoltaic (PV) energy, are considered as an emollient energy resource. It is commonly used in 
many applications such as water pumping systems, street signaling/lighting and power provision for houses. Such PV 
systems do not require special maintenance and are easy to install. They considerably ensure a durable long life without 
causing noise or bothering effects.  

     On the other hand, such PV systems are also adhered to the drawback of low conversion efficiency. Hence, 
optimization technique is found to be a requisite while designing a PV system. Such optimization can be achieved by 
extracting the maximum power output of PV systems under the unstable climatic conditions. Hence, the most widely 
accepted "maximum power point tracking (MPPT)" is applied to get the most power out of a solar panel through a DC to 
DC converter. Numerous techniques have also been proposed depending on their complexity, sensors used, 
convergence, setup, and in many other aspects [6]-[10]. 

 

                

                         Fig. 1 Array current–voltage curve                        Fig. 2 Array power–voltage curve 

 

The  I-V curve and the P-V curve of the panel are shown in Figs. 1 and 2, respectively, under uniform solar radiations.  

It is observed from the Fig. 2 that the panel’s maximum power differs along with the solar radiation. Therefore, it is 
indispensable to track frequently such points.          
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2. MAXIMUM POWER POINT TRACKING (MPPT)  

     It is an electronic function that adjusts voltage / current parameters to get the most power out of a solar panel [1], [12-
15]. 

2.1 MPPT methods  

     Maximum power point trackers may implement different algorithms and switch between them based on the operating 
conditions of the panel. Based on these conditions, we have two types of MPPT – the Electrical MPPT and the Mechanical 
MPPT.  

     Generally have two types of MPPT they are Electrical MPPT and Mechanical MPPT, in electrical MPPT optimize the 
panel output power, and in mechanical MPPT rotate the panel towards the sun. 

2.2 Electrical MPPT 

     As shown in Fig.3, the electrical MPPT aims to keep the output of a solar panel, constant all of the time. Under difficult 
weather conditions also, the system still outputs the same current & voltage and therefore the power output remains the 
same as if the solar panel was receiving full solar irradiance.  

     Under Electrical MPPT, we have two common methods which are the perturb and observe (P&O) method, and the 
incremental conductance method.  

     The P&O method is popular due to its ease of implementation. It functions by creating a perturbation in the voltage, 
which results in variation in the array power. Contrarily, the rapid changes in the solar irradiance level can cause serious 
problem in the P&O algorithm behavior. 

     On the other hand, the incremental conductance method computes the maximum power point by comparing the 
incremental conductance with the panel conductance. This method can track changing conditions more rapidly than the 
perturb and observe method. It has a higher level of accuracy with good flexibility to rapidly varying environmental factors 
[6]. However, it has more difficulty in designing the hardware towards implementation. 

 

Fig. 3 Equivalent circuit of a solar cell 

 

The output current of the PV cell is given by 
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where phI
 is the photocurrent, dI

  is the junction current, oI
 is the reverse saturation current, and tV

  is the thermal 
voltage. 

2.3 Mechanical MPPT 

     Mechanical MPPT is also one of the methods that improve the panel efficiency. Mechanical tracking looks at the 
position of the sun in the sky relative to the location of the solar panel, from dawn until dusk. A mechanical tracker twists 
and tilts the panel so it is in the best position and at 90°, to the sun all the time. As shown in Fig. 4, this result in the solar  

 

panel having the maximum possible solar irradiation available to it which results in the solar panel performing very 
efficiently and outputting the maximum possible power all of the time.  

     But in this method, we have some of the drawbacks to rotate the panel; it needs critical control system and extra power 
to operate the control drives. 
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3. PROPOSED MODEL INCORPORATING ELECTRICAL & MECHANICAL MPPT 
TECHNIQUES 

     According to the above discussion, electrical and mechanical MPPT have some of their own difficulties towards 
practical implementation. Hence, a novel method has been proposed this uses light sensor and modified panel. The light 
sensor (LDR) gives the variable resistance based on the light falling on it. Depending on the variable resistance the 
microcontroller operates the MPPT driver circuit.  

     The proposed model as in Fig. 5 and Fig. 6, works on the basic principle of voltage variation. Since the microcontroller 
cannot operate directly with the resistance value, it has to be converted into an equivalent voltage parameter. 
Fundamentally, when the variable resistance is high, then the voltage value will be low and vice versa. Such voltage 
variation is received by the microcontroller for operating the MPPT driver circuit.  

     The main drawback of the P&O algorithm is the oscillation of the power output value around the MP point, which is 
being avoided by our proposed method wherein the microcontroller effectively operates the driver circuit at any of the 
extreme voltage values. 

 

Fig. 4 Normal 100 watts panel 

  Table. 1 shows the comparison of normal and modified panel output against LDR resistance at frequent time intervals. 
This forms the underlying concept of the novel MPPT. Depending on the LDR output, the microcontroller fixes the 
operating point of the converter driver circuit, which in turn operates the DC to DC converter at the maximum power point 
of the panel. 

Table. 1 LDR resistance at various light intensity 

Time 
LDR Resistance 
(ohms) 

Normal 100 Watts 
panel Maximum 
output (Watts) 

Modified 100 Watts 
panel maximum 
output (Watts) 

06.30 AM 1027 50 46 

07.00 AM 920 52 50 

07.30 AM 840 52 51 

08.00 AM 760 53 60 

08.30 AM 680 53 78 

09.00 AM 600 57 82 

09.30 AM 520 62 83 

10.00 AM 440 65 88 

10.30 AM 360 70 89 

11.00 AM 280 75 92 

11.30 AM 200 81 95 

12.00 PM 125 86 96 

12.30 PM 120 102 101 

01.00 PM 135 101 101.5 

01.30 PM 180 101 102 

02.00 PM 220 95 99 
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02.30 PM 300 84 96 

03.00 PM 480 76 95 

03.30 PM 560 72 92 

04.00 PM 640 65 89 

04.30 PM 720 58 81 

05.00 PM 800 56 71 

05.30 PM 880 55 65 

6.00 PM 1030 54 55 

 

Table. 2 The rated electrical specification of the photovoltaic panel parameters of solar array 

 

 

 

 

 

 
 

4. DESIGN OF MODIFIED PANEL 

     Instead of mechanical tracking applied in the prevailed methods, a modified panel is used to increase the power output. 
While designing the modified panel and selecting the reflector, two points have to be considered:  

a) The panel diameter and 

b) Size of the reflector. 

The size of the reflector is primarily based on the modified panel diameter and also on the panel length, since the reflector 
reflects the sun light to the panel properly; the reflector reflects the sunlight at morning 08.45 hrs to 12.00 hrs and 
afternoon 01.30 hrs to 4.30 hrs.  Hence the reflector height has to be chosen depending on these two factors, and also 
carefully fixed the reflector such that the shadow should not fall on the panel. To neglect the fall of shadow, fixed the 
reflectors on sides of the panel with some angle, so that shadow will not fall on the panel as per the reflector rule [2-4, 11]. 
Table. 2 shows the readings of fixed and modified panel DC output. 

 

 

Fig. 5 Modified structure 100 Watts panel 

 

Voc 21.5 V 

Isc 06.55 A 

Vmp 17.10 V 

Imp 05.85 A 

Max. Power 100.0 W 
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Fig. 6 Experimental setup 

5. EXPERIMENTAL SETUP RESULTS 

 After implementing the proposed model, careful observations are made at frequent time intervals viz.8.45am, 9.45am, 
10.45am, 11.45am, 12.45pm, 1.45pm, 2.45pm, 3.45pm, 4.30pm. Readings taken at 8.45am are shown in Table .3, in 
which with fixed panel the maximum power is 53.3W and when modified with the reflector panel it is 78W. Table.4 shows 
the readings taken at 9.45am in which the maximum power with fixed panel is   61.77W and when modified with reflector 
panel it is 82.92W. Readings taken at 10.45am is depicted in Table .5. The readings taken at 10.45am shows that the 
maximum power with fixed panel is 69.11W and that with reflector panel are 89.05W. Table .6 shows the readings taken at 
11.45am. From the readings it is clear that with fixed panel the maximum power is 81.04W and with reflector panel it is 
95.71W.  Readings taken at 12.45pm, 1.45pm, 2.45pm, 3.45pm and 4.30pm are shown in Tables 7, 8,9,10 and 11 
respectively. During 12.45pm and 1.45pm the maximum power with fixed panel are 103.12W and 101.67W and with 
reflector panel it is 101.78W.   During this period only the power is maximum relatively. At 2.45pm, 3.45pm and 4.30pm 
the maximum power started to reduce as 83.96W, 72.18W and 57.99W with fixed panel and 96.54W, 92.40W and 80.82W 
with reflector panel respectively.  

     Maximum power voltage and current outputs of normal and modified reflector panel are shown in Fig. 7 and Fig. 8. 
From the figures it is clear that the voltage and current outputs are maximum during 12.45pm to 1.45pm. Fig. 9 shows the 
maximum power output of the two cases. Fig.10 depicts the power generated by the PV array and Fig. 11 shows the 
proposed electrical MPPT output. 

Table. 3 Readings taken at 8.45 AM 

Reading comparison at 8.45 AM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 19 V 20.5 V 

Isc 4.5 A 5.2 A 

Vmp 13 V 15 V 

Imp 4.1 A 5.2 A 

Max. Power 53.3 W 78 W 

 

Table. 4 Readings taken at 9.45 AM 

Reading comparison at 9.45 AM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 19.7 V 21.1 V 

Isc 4.54 A 5.32 A 

Vmp 14.2 V 15.5 V 

Imp 4.35 A 05.35 A 

Max. Power 61.77 W 82.92 W 
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Table. 5 Readings taken at 10.45 AM 

Reading comparison at 10.45 AM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 20.1 V 21.5 V 

Isc 4.62 A 5.8 A 

Vmp 14.8 V 16.4 V 

Imp 4.67 A 05.43 A 

Max. Power 69.11 W 89.05 W 

 

Table. 6 Readings taken at 11.45 AM 

Reading comparison at 11.45 AM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 21.1 V 22.2 V 

Isc 5.82 A 6.5 A 

Vmp 15.83 V 17.0 V 

Imp 5.12 A 5.63 A 

Max. Power 81.04 W 95.71 W 

 

Table. 7 Readings taken at 12.45 PM 

Reading comparison at 12.45 PM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 22.5 V 22.52 V 

Isc 6.73 A 6.72 A 

Vmp 17.37 V 17.34 V 

Imp 5.88 A 05.87 A 

Max. Power 102. 13W 101.78 W 

Table. 8 Readings taken at 1.45 PM 

Reading comparison at 1.45 PM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 22.49 V 22.51 V 

Isc 06.71 A 06.74 A 

Vmp 17.35 V 17.34 V 

Imp 5.86 A 5.87 A 

Max. Power 101. 67W 101.78W 

 

Table. 9 Readings taken at 2.45 PM 
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Reading comparison at 2.45 PM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 21.40 V 21.41 V 

Isc 6.23 A 6.51 A 

Vmp 16.24 V 17.21 V 

Imp 05.17 A 05.61 A 

Max. Power 83.96W 96.54 W 

 

Table. 10 Readings taken at 3.45 PM 

Reading comparison at 3.45 PM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 21.38 V 21.12 V 

Isc 06.03 A 6.32 A 

Vmp 15.01 V 16.74 V 

Imp 4.81 A 5.52 A 

Max. Power 72.18W 92.40 W 

 

Table. 11 Readings taken at 4.30 PM 

Reading comparison at 4.30 PM 

Output Fixed 
Panel 

Modified with reflector 
panel 

Voc 19.21 V 21.01 V 

Isc 4.92 A 5.89 A 

Vmp 14.11 V 16.10 V 

Imp 04.11 A 05.02 A 

Max. Power 57.99W 80.82 W 

 

 

Fig. 7 Maximum power voltage output of normal and modified panel 
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Fig. 8 Maximum power current output of normal and modified panel 

 

 

Fig. 9 Maximum power output of normal and modified Panel 

 

 

Fig. 10 Power generated by the PV array 
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Fig. 11 Proposed Electrical MPPT Output 

6. CONCLUSION 

This paper develops an optimal MPPT method that has been tested under varying climatic conditions. In the prevailing 
system, tracking the panel towards the sun is one of the challenging phenomenons faced. This drawback is considerably 
abridged in the proposed system through our novel techniques. From the above experimental results, it has been keenly 
observed that a conventional 100 watts fixed panel gives an optimum power of 5 to 5½ hours per day, whereas a modified 
cylindrical panel with reflector gives an optimum power of about approximately 8 hours per day. Hence the same hundred 
watts solar cell can produce additional output for the same day. As in the existing system adopting electrical MPPT, finding 
the maximum power point at sudden environmental changes is a crucial task and it consumes more time to find it. This 
drawback is also rectified in the proposed system since the microcontroller functions on the variable resistance arrived at 
by the LDR output, for operating the MPPT driver circuit. The main advantage of this system is that there is no intervention 
of a separate sun tracking system specifically for tracking the sun which also includes a considerable reduction of power 
wastages. Such system does not require a continuous maintenance also. Hence this system can easily be adopted by the 
people even in rural areas. 
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