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ABSTRACT 
This paper presents load current based Maximum Power Point Tracking (MPPT) with adaptive perturbation frequency algorithm 

using SEPIC converter. Here only one sensor is used to operate MPPT controller which gathering maximum load current 

information. The efficiency of PV system with SEPIC converter is increased compare to normal PV system with boost converter. 

And the proposed adaptive algorithm utilizes, which improves the controller speed. In phase I Adaptive perturbation frequency 

Digital MPPT controller for solar PV system using SEPIC converter is simulated by MATLAB/SIMULINK software and compared the 

performance of BOOST converter and SEPIC converter. 

 

KEYWORDS:  Adaptive-perturbation-frequency perturb and observe (P&O) algorithm, adaptive step size, dc–dc converters, 

maximum power point tracking (MPPT), photovoltaic (PV), solar energy. 
 

INTRODUCTION 
 
 PHOTOVOLTAIC (PV) panels are used to convert solar energy into electric power. The output 
characteristics of a solar PV panel are dependent on operating conditions such as irradiance level and 
surrounding temperature [1-3]. Maximum power points (MPPs) exist on the PV panel characteristic curves 
where the output power from the solar panel is maximum [4-6]. Maximum power point tracking (MPPT) 
algorithms and techniques such as perturb and observe (P&O) algorithm [7-9], incremental conductance 
(InCond) algorithm , ripple correlation control (RCC) algorithm [10], fractional voltage/current MPPT method 
[11] and neural-network (NN)-based MPPT control [12] have been developed to extract the maximum power 
from the PV panel. The P&O method, which locates the MPP using the slope of the P–V characteristics curve, is 
widely used due to its simplicity and ease of implementation. The load-current-based MPPT method with the 
fixed step size (FXS) perturbation P&O algorithm has been proposed  to realize MPPT functionality by sensing 
only the load current (this method is discussed further in the next section) which eliminates the need for a 
multiplier that is required to obtain the power value in the conventional power-based MPPT methods.  
 Adaptive-perturbation-step-size algorithms [13] are studied to provide fast dynamic convergence speed and 
high steady-state tracking efficiency. Different from [14], in which a fixed scaling factor and a fixed MPPT 
frequency algorithm is used, Mei et al. utilize an adaptive scaling factor and the fixed frequency MPPT 
algorithm to optimize the controller speed during transient. The algorithm requires the knowledge of the 
location of the PV panel operation point and the controller is switching between adaptive duty cycle control and 
fixed duty cycle control. 
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SEPIC converter: 
 The single-ended primary-inductor converter (SEPIC) is a type of DC/DC converter allowing the electrical 
potential (voltage) at its output to be greater than, less than, or equal to that at its input. The output of the SEPIC 
is controlled by the duty cycle of the control transistor. A SEPIC is essentially a boost converter followed by 
a buck-boost converter, therefore it is similar to a traditional buck-boost converter, but has advantages of having 
non-inverted output (the output has the same voltage polarity as the input), using a series capacitor to couple 
energy from the input to the output (and thus can respond more gracefully to a short-circuit output), and being 
capable of true shutdown: when the switch is turned off, its output drops to 0 V, following a fairly hefty 
transient dump of charge. SEPICs are useful in applications in which a battery voltage can be above and below 
that of the regulator's intended output. For example, a single lithium ion batterytypically discharges from 4.2 
volts to 3 volts; if other components require 3.3 volts, then the SEPIC would be effective. 

 
Fig. 1: Circuit Diagram For SEPIC Converter. 
 
A. Circuit Operation: 
 The schematic diagram for a basic SEPIC is shown in Figure 1. As with other switched mode power 
supplies (specifically DC-to-DC converters), the SEPIC exchanges energy between the capacitors and inductors 
in order to convert from one voltage to another. The amount of energy exchanged is controlled by switch S1, 
which is typically a transistor such as a MOSFET. MOSFETs offer much higher input impedance and lower 
voltage drop than bipolar junction transistors (BJTs), and do not require biasing resistors as MOSFET switching 
is controlled by differences in voltage rather than a current, as with BJTs. A SEPIC is said to be in continuous-
conduction mode ("continuous mode") if the current through the inductor L1 never falls to zero. During a 
SEPIC's steady-state operation, the average voltage across capacitor C1 (VC1) is equal to the input voltage 
(Vin). Because capacitor C1 blocks direct current (DC), the average current through it (IC1) is zero, making 
inductor L2 the only source of DC load current. Therefore, the average current through inductor L2 (IL2) is the 
same as the average load current and hence independent of the input voltage. 
Looking at average voltages, the following can be written: 
VIN=VL1+VC1+VL2 
 
 Because the average voltage of VC1 is equal to VIN, VL1 = −VL2. For this reason, the two inductors can 
be wound on the same core. Since the voltages are the same in magnitude, their effects of the mutual inductance 
will be zero, assuming the polarity of the windings is correct. Also, since the voltages are the same in 
magnitude, the ripple currents from the two inductors will be equal in magnitude. 
 The average currents can be summed as follows (average capacitor currents must be zero. 
ID1=IL1-IL2 
 When switch S1 is turned on, current IL1 increases and the current IL2 goes more negative. (Mathematically, 
it decreases due to arrow direction.) The energy to increase the current IL1 comes from the input source. Since 
S1 is a short while closed, and the instantaneous voltage VC1 is approximately VIN, the voltage VL2 is 
approximately −VIN. Therefore, the capacitor C1 supplies the energy to increase the magnitude of the current 
in IL2 and thus increase the energy stored in L2. The easiest way to visualize this is to consider the bias voltages 
of the circuit in a d.c. state, then close S1. 

 
Fig. 2: With S1 closed operation. 
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 When switch S1 is turned off, the current IC1 becomes the same as the current IL1, since inductors do not 
allow instantaneous changes in current. The current IL2 will continue in the negative direction, in fact it never 
reverses direction. It can be seen from the diagram that a negative IL2 will add to the current IL1 to increase the 
current delivered to the load. Using Kirchhoff's Current Law, it can be shown that ID1 = IC1 - IL2. It can then be 
concluded, that while S1 is off, power is delivered to the load from both L2 and L1. C1, however is being 
charged by L1 during this off cycle, and will in turn recharge L2 during the on cycle. 

 
Fig. 3: With S1 open operation. 
 
 Because the potential (voltage) across capacitor C1 may reverse direction every cycle, a non-polarized 
capacitor should be used. However, a polarized tantalum or electrolytic capacitor may be used in some 
cases,[1] because the potential (voltage) across capacitor C1 will not change unless the switch is closed long 
enough for a half cycle of resonance with inductor L2, and by this time the current in inductor L1 could be quite 
large. 
 The capacitor CIN is required to reduce the effects of the parasitic inductance and internal resistance of the 
power supply. The boost/buck capabilities of the SEPIC are possible because of capacitor C1 and inductor L2. 
Inductor L1 and switch S1 create a standard boost converter, which generates a voltage (VS1) that is higher 
than VIN, whose magnitude is determined by the duty cycle of the switch S1. Since the average voltage across 
C1 is VIN, the output voltage (VO) is VS1 - VIN. If VS1 is less than double VIN, then the output voltage will be less 
than the input voltage. If VS1 is greater than double VIN, then the output voltage will be greater than the input 
voltage. 
 
MPPT: 
 Maximum power point tracking (MPPT) is a technique that charge controllers use for wind turbines and PV 
solar systems to maximize power output. PV solar systems exist in several different configurations. The most 
basic version sends power from collector panels directly to the DC-AC inverter, and from there directly to the 
electrical grid. A second version, called a hybrid inverter, might split the power at the inverter, where a 
percentage of the power goes to the grid and the remainder goes to a battery bank. The third version is not 
connected at all to the grid but employs a dedicated PV inverter that features the MPPT. In this configuration, 
power flows directly to a battery bank. A variation on these configurations is that instead of only one single 
inverter, micro inverters are deployed, one for each PV panel. This allegedly increases PV solar efficiency by up 
to 20%. New MPPT equipped specialty inverters now exist that serve three functions: grid-connecting wind 
power as well as PV solar power, and branching off power for battery charging. 
 This paper about the application of MPPT concerns itself only with PV solar. Solar cells have a complex 
relationship between temperature and total resistance that produces a non-linear output efficiency which can be 
analyzed based on the I-V curve. It is the purpose of the MPPT system to sample the output of the PV cells and 
apply the proper resistance (load) to obtain maximum power for any given environmental conditions. 
 
 
  
  
  
 
 
 
 
 
Fig. 4: Relationship graph. 
 
Adaptive perturbation step size: 
 In the digital controller algorithm of Fig. 3, during the current algorithm perturbation cycle/iteration, the 
power converter duty cycle and load current are denoted by D(k) and I (k), respectively. The duty cycle and load 
current from the previous perturbation cycle/iteration are denoted by D(k− 1) and I (k− 1), respectively. 
The changes in the load current and duty cycle from one cycle to the next are defined as 
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Fig. 5: LCASF MPPT algorithm flowchart. 
 
 If the signs of Idiff and Ddiff are the same, the duty cycle is incremented by D and the variable X is set to “1” 
in order for the algorithm to remember the last perturbation direction of the duty cycle. If the signs of Idiff and 
Ddiff are opposite, the duty cycle is decremented by D and the variable X is set to “0” in order for the algorithm 
to remember the last perturbation direction of the duty cycles. As shown in Fig. 3, the value of X is used in the 
case when Idiff = 0, which could happen because the analog-to-digital converter (ADC)’s resolution is not high 
enough to see the change in the load current change as a result of the last duty cycle perturbation. In this case, 
the duty cycles are perturbed in the same direction as in the past iteration and the current values are not 
swapped. This step is equivalent to increasing the duty cycles perturbation step size. The duty cycle value is 
always compared and limited to a minimum  
 Where C is a scaling factor constant that can be used to tune the adaptive perturbation step sizes in the 
design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Duty cycle vs (a) PV power &(b) Load current. 
 
 



141  Subash, V. and Megan David, J.., 2016/ Advances in Natural and Applied Sciences. 10(2) February 2016, Pages: 137-143 

 

 The MPPT variable step-size operation using load current is realized by (10). The duty cycle perturbation 
step size decreases as the load current versus duty cycle curve slope decreases. This is desired because the 
decrease in the curve slope indicates approaching the MPP and the steady-state operation. The closer the PV 
operating point from the new MPP, the smaller the step size and the farther the PV operating point from the 
MPP, the larger the step size. Equation (10) results in smaller perturbation step size in steady state and therefore 
less oscillations and higher efficiency and larger perturbation step sizes during dynamic operation and therefore 
faster convergence speed to the MPP. Equation (11) sets the rules for calculating the scaling factor C 
 Where G is the gain of current sensor which is equal to one.Dmin will vary with different solar panel 
characteristics and different ADCs. In this project, minis calculated as 1%for a 12-bit ADC with VA D C  of 3 V 
and 2.5-A maximum load current. In Section III, this value usually results in a minimum change of 10 mV from 
the current sensor. 
 The change in current dI as a function of the duty cycle can be measured theoretically, by simulation, and/or 
experimentally. Fig. 4 shows plots of PV solar panel power and load current as a function of the duty cycle 
value of the power stage. Fig. 4(b) plot is used to calculate the value of C. Because it is desired to have larger 
duty cycle step size values when the system operates far from the MPP and smaller duty cycle step size values 
when the system operates closer to the MPP, C value is obtained using the portion of Fig. 4(b) curve which is far 
from the MPP. Note that load current change becomes smaller (because of the bell-shaped curve) as the system 
operation approaches the MPP point, and therefore, D becomes smaller (for the fixed C value). Therefore, 5%, a 
change is applied to the duty cycle from 20% to 25% and the changes in the current is recorded in order to 
calculate the value of C in (13). The change in current dI based on Dm ax perturbation recorded from Fig. 4(b) is 
0.3 A 
 
Proposed system: 
 

 
 
Fig. 7: Block diagram of proposed system. 
 
 Fig 3.2 shows a PV solar system block diagram with the pro-posed LCASF MPPT controller. The power 
conversion process from the source (PV panel) to the load (battery load or resistive load) interfaced through a 
SEPIC converter with efficiency equal to η. The SEPIC converter regulates the voltage and current of the solar 
panel and thus it regulates the output power. The MPPT controller keeps adjusting the duty cycle of the power 
converter to reach the MPPT of the solar panel. Here in this proposed system SEPIC converter is used instead of 
boost converter to improve the efficiency. 
 
Simulation results: 
A. Input and Output Waveform: 
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Fig. 8: Input voltage. 
 
 The above fig shows the input voltage of the converter which is coming from the solar panel. The input 
voltage is 12.5v. 
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Fig. 9: Output voltage. 
 
 This is the waveform of output voltage of converter to the load. The output voltage is 97.7v 
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Fig. 10: Output current. 
 
 Above fig 4.11 Shows the output current of SEPIC converter to the load .output current of the converter is 
2.89A 
 
Conclusion: 
 Thus the proposed methodology of this project presents load current based Maximum Power Point Tracking 
(MPPT) with adaptive perturbation frequency algorithm using SEPIC converter. Here only one sensor is used to 
operate MPPT controller which gathering maximum load current information. The efficiency of PV system with 
SEPIC converter is increased compare to normal PV system with boost converter. And the proposed adaptive 
algorithm utilizes. Which , improves the controller speed. In phase I Adaptive perturbation frequency Digital 
MPPT controller for solar PV system using SEPIC converter is simulated by MATLAB/SIMULINK software 
and compared the performance of BOOST converter and SEPIC converter. 
 Thus the Adaptive Perturbation Frequency Digital MPPT Controller for Solar PV System Using SEPIC 
Converter simulated by using MATLAB/ SIMULINK. Literature survey of the project has also done by the 
analysis of various reference projects.  
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