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Abstract: Aerial surveillance has its inherent advantages due to its large field of view with minimal obstructions in the view 
path.  Currently systems such as manned and unmanned aerial vehicles (UAVs), lighter than air (LTA) platforms and 
satellites are used for surveillance and reconnaissance.  To have a continuous and effective surveillance the system need to 
be airborne for as much as long duration hours as possible.  However in practical situations this is limited to the amount of 
fuel present to drive the system.  To overcome this situation, researchers are working on several energy harvesting 
techniques to extract energy from its available environment worldwide.  Of all the renewable energy sources solar power 
proves to be a potential alternative due to its abundant availability, low cost per watt power generation compared to power 
generation using fossil fuels and low maintenance.  The efficiency in the overall energy conversion from solar to electric 
power primarily depends on two factors viz., efficient conversion of solar power in PV cell and subsequent storage of solar 
power.  Presently using multi-crystalline PV cell up to a maximum of 14 to 19% conversion efficiency can be arrived for 
commercial applications.  The process of increasing the efficiency attributes to increase in cost.  However, the increase in 
cost is not proportionate to the power delivered.  The overall efficiency also depends on the efficient storage.  There are 
many techniques available worldwide to increase the efficiency of the solar power storage.  Maximum power point tracking 
(MPPT) is one among the widely used techniques used to improve the solar power storage efficiency. This study paper 
summarize the study on using maximum power point tracking (MPPT) incremental conductance charge control algorithm to 
maximize the efficiency in storage of the power generated from the solar panel. The efficiency of the storage with and 
without MPPT has been studied and results are presented.  The efficiency is derived by creating equivalent models of 
photovoltaic cell, Buck Boost DC-DC Convertor and MPPT algorithm in MATLAB SIMULINK using Sim Power Systems 
blocks. MPPT derives and extracts the maximum power from the photovoltaic and feeds it to the load via the Buck Boost 
converter. From the study results it is briefed that by adding MPPT incremental conductance algorithm the storage efficiency 
can be improved.  
 
Keywords: Solar power, Maximum power point tracking, Incremental conductance. 
 
 
NOMENCLATURE  
 
 Voc = Rated open circuit voltage. 
Iph    =  Photocurrent 
Isat =  Module reverse saturation current 
q = Electron charge = 1.602*10-19 c 
A = Ideality factor = 1.50 
k =  Boltzmann constant = 1.38*10-23 J/K 
Rs = Series resistance of a PV cell 
Rp = Parallel resistance of a PV cell 
Isc = Short circuit current 
K1 = SC current temperature coefficient = 1.7 e-3 
Tr = Reference Temperature 
Irr = Reverse saturation current at temperature Tr 
Np = Number of cells in parallel 
Ns = Number of cells in series 
Irr = Solar radiation level 
T = Surface temperature of a PV cell 
 
I. INTRODUCTION 
 
 Solar energy is the form of energy obtained 
from the sun which provide steady source of power 
throughout the year. As our natural resources tend to 
decline in the coming years, it’s important for the 
whole world to move towards renewable energy  

 
sources. The main benefit of solar energy is that it 
can be easily deployed by both home and business 
users as it does not require any huge set up like in 
case of wind and geothermal power stations. Solar 
energy is abundantly available that has made it 
possible to harvest it and utilize it properly. The 
development in power electronics and material 
science paved way in development of powerful 
systems to withstand high power demands. But due to 
high production costs and low efficiency of these 
systems, they can hardly compete in the markets as 
the prime power generation source. Generally the 
efficiency of the solar panel is about 13% i.e. only a 
small amount of the light energy falling on the solar 
cell is converted to electrical energy. This efficiency 
at trapping can be increased by proper selection of the 
substrate. Further this small amount of energy needs 
to be stored with minimal losses. The traditional 
methods of storing this energy in battery by either 
directly connecting it to the output of the solar panel 
or using pulse width modulating controller in the 
intermediate stage have resulted in very less 
efficiencies. The introduction of the MPPT 
algorithms has led to the increase in efficiency of 
operation of the solar modules. 
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II. PHOTOVOLTAIC SYSTEM 
 
The basic principle behind the operation of a PV cell 
is photoelectric effect where the electron gets ejected 
from the valence band as a result of the absorption of 
sunlight of a certain wavelength by the material. So, 
in a photovoltaic cell, when sunlight hits its surface, 
some portion of the solar energy is absorbed in the 
semiconductor material. 
A photovoltaic system consists of various 
components which include the photovoltaic modules, 
mechanical and electrical connections and mountings 
and means of regulating and/or modifying the 
electrical output. 
The basic component of a PV cells is semiconductor 
material, such as silicon. For solar cells, a thin 
semiconductor wafer creates an electric field, on one 
side positive and negative on the other. When light 
energy hits the solar cell, electrons are knocked loose 
from the atoms in the semiconductor material. These 
are the free electrons available for conduction. When 
electrical circuit is formed, electrons are captured in 
the form of an electric current. Hence the 
photovoltaic cell acts as a p-n junction diode. 
 
2.1 MODELING OF PV CELL: 
 
The Fig 1 shows the equivalent circuit of a PV system 
with a 
load.

 
Fig 1:  Equivalent PV circuit 

 
The equivalent circuit of a PV model consists of a 
photocurrent, a diode, a parallel resistor which 
represents a leakage current, and a series resistor 
which describes an internal resistance to the current 
flow. The voltage current characteristic equation of a 
solar cell is given in Eq1, and the variables used in 
the equations are briefed in the table 1 
Table 1:  Definition of variables used in the equations 

 

IPV = IPH – IS  [ exp (q (VPV + IPV RS)/KTCA) – 1] – 
(VPV + IPV RS)/RP ………………………. Eq1 
 
The photocurrent mainly depends on the cell’s 
working temperature and solar irradiation which is 
given in Eq2 
 
IPH = [ISC + K1 (TC - TRef)] 
λ/1000…………………………….Eq2 
 
The saturation current of the cell varies with the cell 
temperature as given in Eq3 
 
IS = IRS(TC/TRef)3 exp[qEG(1/TRef - 
1/TC)/KA………………………….Eq3 
 
The shunt resistance Rp of the cell is inversely related 
with shunt leakage current to the ground. The 
efficiency of PV array increases with the increase in 
Rp and the shunt-leakage resistance can be assumed 
to approach infinity without leakage current to 
ground. 
  
A small variation in series resistance Rs will 
significantly affect output power of the PV cell and 
the same is represented in the same equation Eq4 
 
Ipv =  IPH – IS [ exp (q (VPV  + IPV RS)/KTCA) – 
1]……………………………Eq4 
An ideal PV cell can be modeled by considering 
negligible series losses and no leakage current to the 
ground  i.e., Rs = 0 and Rp = ∞.  So, equation (4) can 
be further modified as below in Eq 5 
 
Ipv =  IPH – IS [ exp (q (VPV/KTCA) – 
1]……………………………..Eq5 
 
A PV array is a group of several PV modules which 
are electrically connected in series and parallel 
circuits to generate the required current and voltage. 
So the current equation of the array with Np parallel 
and Ns series cells can be represented by Eq6 
 
Ipv = NP IPH – NPIS [ exp (q (VPV  /NS + IRS 
/NP)/KTCA) – 1] – (NPVPV/NS + IRS)/RP……….. Eq6 
 
The efficiency of a PV cell is sensitive to small 
change in series resistance but insensitive to variation 
in shunt resistance. The role of series resistance is 
very important for a PV module and the shunt 
resistance is approached to be infinity which can also 
be assumed as open. Substituting the assumptions in 
Eq6 the Eq 7 is derived. 
 
Ipv = NP IPH – NPIS [ exp (q (VPV  /NS + IPV RS 
/NP)/KTCA) – 1]……..……………………….Eq7 
The equation Eq 7 can be simplified as  
 
Ipv = NP IPH – NPIS [ exp (qVPV  /NSKTCA) – 
1]……………………………………………..Eq8 
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The open-circuit voltage VOC and short-circuit current 
ISC are the two most important parameters used to 
describe the cell’s electrical performance. The above 
mentioned equations are nonlinear; hence, it is not 
easy to arrive at an analytical solution for a particular 
temperature and irradiance. Normally I ≫ ISC, so by 
assuming diode and ground-leakage currents under 
zero-terminal voltage are negligible, the short-circuit 
current is approximately equal to the photocurrent, 
i.e. With the given open-circuit voltage at reference 
temperature and ignoring the shunt-leakage current, 
the reverse saturation current can be written as in 
Eq9. 
 
IRS = ISC/ [ exp (qVOC /NSKTCA) – 
1]……………………………..Eq9 
The maximum power can be stated as   
 
 Pmax = VmaxImax = γVOCI…...Eq10 
 
III. MAXIMUM POWER POINT 

TRACKING: 
 
 MPPT is a fully electronic system which 
varies the solar cell’s operating point so that the 
modules will be able to deliver maximum available 
power. It is not a mechanical tracking system which 
moves the modules physically to make them point 
more directly at the sun. As the outputs of PV system 
are dependent on the temperature, irradiation, and the 
load characteristic they cannot deliver maximum 
output. For this reason MPPT is required to be 
implemented in the PV system to maximize the PV 
array output.  
 
 4.1 NECESSITY OF MAXIMUM POWER 
POINT TRACKING 

 
Fig 2: I-V and P-V characteristics of solar cell 

 
 In Fig 2 power versus voltage curve of a PV 
module there exists single maxima of power, i.e. 
there exists a peak power corresponding to a 
particular voltage and current. Generally the 
efficiency of the solar PV module is low about 13%. 
Since the module efficiency is low it is desirable to 
operate the module at the peak power point so that the 
maximum power can be delivered to the load under 
varying temperature and irradiation conditions. A 
maximum power point tracker (MPPT) extracts 

maximum power from the PV module and transfers 
that power to the load. DC/DC converter transfers 
this maximum power from the solar PV module to the 
load. By changing the duty cycle, the load impedance 
is varied and matched at the point of the peak power 
with the source so as to transfer the maximum power. 
 
4.2 ALGORITHMS FOR TRACKING OF 
MAXIMUM POWER POINT: 
 
 MPPT is implemented using various 
algorithms.  The algorithms are  
 

 Perturb and observe  
 Incremental conductance  
 Parasitic capacitance  
 Voltage based peak power tracking  
 Current Based peak power tracking 

Of all the above algorithms the incremental 
conductance algorithm is more efficient despite 
complexities in the circuit. Hence it is implemented 
and the increase in efficiency is shown through 
simulations in MATLAB & SIMULINK. 
 
4.3 INCREMENTAL CONDUCTANCE: 
 
The incremental conductance method can overwhelm 
the problems of tracking peak power under fast 
varying atmospheric condition. 

 
Fig 3:  Incremental Conductance Algorithm using graph 

 
The algorithm is derived from the basic equation 
              P =V*I    as per OHMS Law. 
Where P=power of the module,                                                      
V=voltage of the module. 
I = current. 
 
Differentiating with respect to V 
              dP/dV = I + V.dI/dV 
The algorithm operates using the equation. 
 
At peak power point 

 dP/dV = 0 
dI/dV = - I/V 

 
If the operating point is to the right of the power 
curve then we have 

dP/dV < 0 
dI/dV  < - I/V 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume- 1, Issue- 8 

 Study On Using Maximum Power Point Algorithms To Improve The Efficiency Of Solar Energy Storage For Unmanned Aerial Vehicles 
 

52 

If the operating point is to the left of the power curve 
then we have  

dP/dV > 0 
dI/dV > -I/V 

 
The above cases are depicted in Fig 3. When the 
incremental conductance decides that the MPPT has 
reached the MPP, it stops perturbing the operating 
point. If this condition is not achieved, MPPT 
operating point direction can be computed using 
dI/dV and –I/V relation. This relationship is derived 
from the fact that the slope of the curve to the left of 
the maximum power point is positive whereas that to 
the right is negative. This algorithm has benefits over 
perturb and observe in that it can determine the exact 
point when the MPPT has reached the MPP, where 
perturb and observe oscillates around the MPP. Also, 
this algorithm can track rapidly increasing and 
decreasing irradiance conditions with higher accuracy 
than perturb and observe. The algorithm is 
represented in Fig 4. 
                               

 
       Fig 4: Incremental conductance algorithm 
 
The MPPT-incremental conductance algorithm that is 
simulated using Simulink is explained in the below 
section. 
 
IV. SIMULINK MODELS 
 
5.1 SOLAR PANEL MODULE: 
 
Initially variables and constants are declared and 
given the tags then the load current and thermal 
voltage values are calculated through respective 

equations modeled using math operations blocks in 
SIMULINK as shown in the Fig 5. 
 

 
 

Fig 5:  Simulink solar panel modules 
 
When the above solar cell model is simulated without 
MPPT the following I-V and P-V characteristics are 
obtained as shown in Fig 6 & 7. 

 
 

Fig 6: I-V Graph 
 

                 
Fig 7: P-V Graph 

 
Here as we see the I-V graph, initially the current 
decreases very slowly and suddenly there is a fast 
decrease. This is due to the reason that the solar panel 
just behaves like a diode i.e., like an intrinsic 
semiconductor material whose voltage, band gap and 
current are related. For a constant irradiance starting 
from the short circuit of the cell on increasing load 
linearly the output voltage increases with a slight 
decrease in current. As voltage increases the band gap 
increases there by the current decreases and at a 
particular point called saturation point the current 
starts decreasing drastically and get down to zero 
finally at the open circuit stage of the cell.  
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5.2 SIMULINK MODULE OF MPPT 
ALGORITHM & DC-DC CONVERTOR 
 
The Simulink version of the MPPT algorithm and 
DC-DC convertors is shown in Fig 8 & Fig 9.  The 
incremental conductance technique is used in 
building the blocks. 
 

 
Fig 8:  Simulink version of the MPPT algorithm 

 
Fig 9:  Simulink model of DC-DC convertor 

 
This is a Buck Boost convertor which consists of an 
inductor and a capacitor. It steps down the voltage to 
the required value. A gating signal that is given to the 
convertor is generated by the MPPT algorithm to a 
repeating sequence operating at a high frequency as 
per the required duty cycle. 
 
5.4 INTEGRATED MOUDLES OF SOLAR 
PANEL WITH MPPT ALGORITHM AND DC-
DC CONVERTOR: 
 
The integrated sub-modules of the overall system is 
shown in Fig 10.  A lead acid battery of voltage 1.2 
volts is connected at the DC-DC convertor output and 
the voltage is measured. 
 

 
Fig 10:  Integrated solar energy system using Simulink 

 
V. SIMULATION RESULTS: 
 
Case 1:  WITHOUT MPPT ALGORITHM: 
 
Illustration case assumptions: 

1.  No load variations 
2. No change in environmental conditions 
3. Losses assumed minimal. 

 
These assumptions were used to avoid the long 
simulation delays.  
 
For a given solar cell circuit:  
 
Peak Voltage output of the PV system is 17.27 volts 
Peak current output of the PV system is 3.45 amps 
Maximum Power at the output of the PV system   
                           P max = 17.27*3.45 
                                      =59.58 watts 
As the battery is directly connected to the solar panel, 
current into the battery is 3.45 amps 
Voltage of the battery = 1.2 volts 
Power received by the battery = 1.2 * 3.45 = 4.14 
watts 
 
Case 2: WITH MPPT ALGORITHM: 
Theoretical: 
 
Peak Voltage output of the PV system is 17.27 volts 
Peak current output of the PV system is 3.45 amps 
Maximum Power at the output of the PV system   
                           P max = 17.27*3.45 
                                      =59.58 watts 
Theoretically using MPPT, the output power of the 
solar panel should be equal to the power received by 
the battery. 
Therefore power received by the battery = 59.58 
watts 
Voltage of the battery = 1.2 volts 
Current into the battery = 59.58/1.2 
       = 49.65 amps  
 
Practical ( by simulation): 
Peak Voltage output of the PV system is    17.27 volts 
Peak current output of the PV system is        3.45 
amps 
Maximum Power at the output of the PV system   
                           P max = 17.27 * 3.45       
                                      = 59.58 watts 
Voltage of the battery = 1.2 volts 
Actual current measured in the battery = 37.19 amps 
Power into the battery = 1.2 * 37.19 = 44.628 watts 
 
VI. EFFICIENCY CALCULATIONS 
 
Efficiency without using MPPT algorithm: 
                     = (4.14/59.58)*100 = 6.9 % 
Efficiency using MPPT algorithm: 
                       = (44.628 ) * 100 / 59.58 
                       =74.91 % 
Hence, increase in efficiency due to MPPT algorithm 
= 68.01 %. 
The results can vary based on the environmental 
conditions.  Presently it is been calculated for ideal 
conditions.  
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CONCLUSION 
 
 As we have seen from result the MPPT 
algorithm balances the power between the generation 
end and storage end.  The present drawback of low 
overall efficiency of solar power generation to 
storage can be minimized by using incremental 
conductance technique. Efficient solar power 
generation is highly demanding in the field of civil, 
military applications.  Most of the UAV platforms are 
in the process of upgrading the power source from 
fossil fuels to solar power. The overall efficiency of 
the system depends on the quality of solar cells and 
its placement, sun inclination angle and other 
environmental conditions.  The idea is to maximize 
the overall efficiency with the possible controllable 
parameter options.  It is evident from this study that 
among the controllable parameters the algorithm 
technique finds more effective due to less 
modification in hardware. Also from the study it is 
understood that by incorporating the algorithm the 
efficiency increases to a considerable factor as 
resulted. Even though incremental conductance 
technique proves to be more efficient than perturb 
and observe, the realization of algorithm is more 
complex.  The advantages of recent advances in 
technologies need to be leveraged in building the 
miniaturized circuit for airborne applications.  This 
improves the solar power utilization widely which 
can pave way in implementing the solar power based 
systems for many applications.  
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