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ABSTRACT 
 
This paper presents the design of a zeta converter with 
Maximum Power Point Tracking (MPPT) algorithm for solar 
Photovoltaic (PV) application integrated with battery. As the 
power produced from PV system is stochastic in nature due 
to the variation of solar irradiation and cell temperature 
throughout the day, a DC-DC converter with MPPT 
algorithm has been recognized as the primary solution. Zeta 
converter is chosen in this work due to its significantly lower 
output voltage ripple. The full model was designed using 
Matlab Simulink software where the performance of the zeta 
converter and PV module with MPPT algorithm will be 
analysed. Perturb and Observe (P&O) MPPT algorithm is 
used in this work due to its easiness of implementation with 
outstanding performance. From the simulation results, the 
designed zeta converter with P&O MPPT algorithm able to 
maintain the maximum efficiency to supply the load under 
constant and variable irradiance levels by modulating the 
zeta converter’s duty cycle. 
 
Key words :Charge controller, Perturb and Observe, Solar 
Photovoltaic, Zeta converter.  
 
1. INTRODUCTION 

Solar Photovoltaic (PV) has emerged as a most popular 
approach for generating power compare to other Renewable 
Energy (RE) resources, in substituting conventional sources 
due to several factors like the falling prices of silicon and PV 
modules, technological advancements in large scale 
manufacturing and governmental incentives [1]. However, 
the output characteristics of PV module are non-linear and 
the amount of power generated by the PV panel depends on 
the solar irradiance and the cell temperature which will cause 
the output power to fluctuate [2]. Thus, to overcome this 
issue and to extract maximum power from PV modules, DC-
DC converters integrated with the Maximum Power Point 
Tracking (MPPT) algorithm is needed to be employed as a 
charge controller in the PV system [3]-[4]. 

 
There are numerous types of research works have been 
conducted over the years in the aspect of MPPT algorithm 
and DC-DC converters to achieve the maximum efficiency 
of PV system. A. Ambikapathy et. al [5] compared and 
analysed the performance of DC-DC converters for MPPT 
controller with Perturb and Observe (P&O) algorithm in a 
grid-connected system. Based on their study thru simulation 
in Matlab, zeta converter gives the best output to achieve the 
maximum output power from PV module and compatible 
with the commercial grid. Meanwhile, simulation and 
experimental study of zeta converter with MPPT are 
analysed under static and dynamic conditions for small 
power applications by A. Raj et. al [6]. On the other hand, 
M.Kaouane et.al [7] presented a method to maximize the 
generated power outgoing from PV generators by 
transferring the energy to the load using zeta converter and 
controlling it with Incremental-Conductance MPPT 
algorithm. 
 
Furthermore, a novel zeta converter for charging the battery 
by extracting the maximum power from PV panels, based on 
MPPT algorithm was presented by P. Suresh et.al [8]. 
Meanwhile, A. Malhotra et.al [9] proposed a zeta converter 
to regulate and boost the voltage obtained from PV array 
along with solar energy system that consists of PV arrays, 
inverters and single-phase asynchronous motor. P&O MPPT 
algorithm was used together with PID controller to control 
the switching of the DC-DC converter in their work. 
Whereas, M.Birane et.al [10] presented a MPPT system 
using different topologies of power converters to find the 
best in terms of efficiency and produced energy.   
 
Consequently, in this work, a zeta converter is designed with 
MPPT algorithm as a charge controller for PV system 
integrated with battery. The system will track the Maximum 
Power Point (MPP) of the solar PV module by modulating 
the zeta converter’s duty cycle, thereby, optimizing the 
power output of the PV panel. This paper is organized into 6 
sections. Section 1 introduces the overall system. Section 2 
presents the design of zeta converter and Section 3 is about 
the P&O MPPT algorithm. A broad description of the 
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controller design is given in Section 4, where the details of 
parameters used, block diagram and system design are 
provided. Section 5 comprises simulation results and 
discussion, while Section 6 presents the conclusion.     
2. ZETA CONVERTER 

DC-DC converters are power electronic circuits that convert 
a DC voltage from one level to another to provide a 
regulated output. In this work, Zeta converter is selected 
compared to other conventional DC-DC converters due to 
the advantages of soft starting, continuous output current, 
boundless region for MPPT, low ripple input, and output 
currents [11].Zeta converter is configured based on buck 
converter and it can either step-up or down the output 
voltage depending on the duty cycle of the switch used in the 
circuit [12]-[13]. 
 
Zeta converter is similar to the Cuk and Sepic converter 
where it can produce an output voltage that is either greater 
or less than the input voltage with no polarity reverse. The 
significant lower output voltage ripple is the one that 
distinguishes zeta converter from the other two mentioned 
converters. The output voltage ripple is described as an 
undesired power loss. Moreover, the output voltage ripple is 
related to the switching frequency and the capacitor 
capacitance, wherelarger capacitance is required in the 
designto reduce the output voltage ripple [14].  
 
Figure 1 shows the equivalent circuit of zeta converter. Zeta 
converter consists of two inductors and a series capacitor. 
The input capacitor exists to filter the input voltage and the 
output capacitor filters the output voltage. In order to design 
the zeta converter, some assumptions need to be made before 
proceeding with the analysis [12]: 

 The circuit is operating in a steady state. 
 The inductor current is operating in contentious 

mode (always positive) (CCM). 
 The switching period is T; the switch is closed for 

time DT and open for time (1-D) *T where D is the 
duty cycle. 

 The passive components are assumed to be ideal. 
 The two coupled inductors are identical. 

Figure 2 shows the equivalent circuit of the zeta converter 
when the switch Q1 is closed (on). When Q1 is on, the 
energy flowing from the input source will be stored in L1a, 
L1b and Cc. L1b also will provide the output current of the 
circuit [14]-[15].  
  
 
 
 
 
 
 
 
 
 

Figure 1: Zeta converter equivalent circuit [12],[14] 
 

 
 

 

 

 

 
 

Figure 2: Equivalent circuit of zeta converter when Q1 is on 
[12],[14] 

 
By implying KVL in the left loop in Figure 2: 

 

푉 = 푉 ( , )(1) 
 

where, the inductor voltage is described as the product of the 
inductor inductance and the derivative of the inductor current 
in respect to time: 
 

푉퐿1푎(푆푊,푐푙표푠푒푑) = 퐿
푑퐼퐿1푎

푑푡
(2) 

In contrast, when Q1 is off (opened), the energy flows the 
supply will no longer flow in the circuit as shown in Figure 
3. Instead, the energy flow will be created from the energy 
stored in the components [14]-[15].By applying KVL in the 
loop that contains L1a and Cc: 
 

+푉퐿1푎 + 푉퐶푐 = 0                                       (3) 

 
By applying KVL in the loop that contains L1b and Cout: 

 

+푉퐿1푏 + 푉표푢푡 = 0                                                         (4)        

 

푉퐿1푏 = −푉표푢푡                                                  (5) 

 
Since the two coupled inductors are assumed to be idealand 
identical:  
 

VL1b = VL1a   (6) 
 

푉퐿1푎(푆푊,표푝푒푛푒푑) = −푉표푢푡                                      (7) 

 

 

 

 

 

 

 
Figure 3: Equivalent circuit of zeta converter when Q1 is off 

[12],[14] 
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However, practically the coupled inductors will not have the 
same inductance. And the ripple current will not be equal. 
But, assumption are made that the both inductors are ideal 
and identical [14], [16].  
 
For continues current mode (CCM): 
 
푉 ( , ) (1−퐷)푇 + 푉 ( , )(퐷푇)=0 (8) 

 
where D is the duty cycle. 
 
After simplifying the resultant,(8) will be: 

 
−푉표푢푡(1 − 퐷)푇 + 푉퐼푁(퐷푇) = 0(9) 

 

푉표푢푡 = 푉퐼푁
퐷

1−퐷
 (10) 

 
The duty cycle can be expressed as: 

퐷 =     (11) 

 
The result is similar to that of buck-boost and Cuk converter 
equations, with the important distinction that there is no 
polarity reversal between the input and the output voltages. 
The ability to have an output voltage greater or less than the 
input with no polarity reversal makes this converter suitable 
for supplying the battery of the solar PV system [14]. 

 
Since, the inductor voltage is described as: 
 
푉 ( , ) = 퐿 × = 퐿 × (12) 

 
where,ΔIL1ais the ripple current of the inductor and퐹(푠푤	) is 
the switching frequency. The (12) can be simplified to: 

 

푉퐼푁 = 퐿
훥퐼퐿1푎

퐷푇
   (13) 

 
Solving for Lmin: 

 

퐿푚푖푛 = 푉푖푛
퐷

푓푠푤×	훥퐼퐿1푎
(14) 

 

where 푓푠푤 =
1

푇
 . 

 
Since both inductors has the same inductance value: 

 

퐿1푎	푚푖푛 = 	 퐿1푏	푚푖푛 =
1

2
푉푖푛

퐷

푓푠푤×	훥퐼퐿1푎
(15) 

 
The current at each inductor is described as the following: 

 

훥퐼 = 퐼 × + (16) 

 

훥퐼 = 퐼 + (17)  
The output ripple voltage of the converter is defined as: 
 

훥푉퐶표푢푡 =
훥퐼퐿1푏

8×퐶푂푢푡×푓푠푤
(18) 

 
Moreover, the twocapacitors used in the design beside the 
output capacitor are assumed to have the same capacitance. 
Thus, the ripple voltage across each capacitor is: 

 

훥푉푖푛 = 훥푉퐶푐 =
퐷×퐼표푢푡
퐶×푓푠푤

(19) 

 
where C is the capacitance of the capacitor and	훥푉	is the 
ripple voltage across the capacitor. 
 
 
3. PERTURBANDOBSERVE (P&O) MPPT 
ALGORITHM 

MPPT is based on moving the operating PV voltageorcurrent 
to regularly supply the load with the maximum 
power.Although there are large numbers of MPPT 
techniques have been developed to increase the PV system 
efficiency, P&O algorithm is used widely due to its easiness 
of implementation with the outstanding performance [17]-
[18]. 
 
P&O method is based on the trial and error process in 
finding and tracking the MPP. At every cycle, the tracking 
measures PV current and voltage and deduces the actual PV 
power, then perturbs the operating point by sweeping the 
operating voltage and monitoring the variation of power 
[19]-[20].Table 1 summarizes the P&O MPPT 
algorithm.This process will keep operating until the MPP is 
achieved. This technique is considered simple and efficient 
compared with other methods implemented in MPPT. 
However, its failure to track MPP when there is a big change 
in the isolation level as well as the continuous oscillation 
around MPP is the drawback of this method [21]-[23]. 
 

Table 1: P&O MPPT algorithm summary 
 

Perturbation Change in power Next perturbation 
Positive Positive Positive 
Positive Negative Negative 
Negative Positive Negative 
Negative Negative Positive 

 

4. SYSTEM DESIGN 

In this work, a zeta converter is designed with MPPT 
algorithm for solar PV application integrated with battery 
using Matlab Simulink. Figure 4 shows the overall block 
diagram of the design. PV module is used to supply energy 
to the zeta converter, besides being measured the current and 
voltage to be fed to the MPPT algorithm. Once the input 
parameters are measured, the D will be set to achieve the 
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MPP from the PV power input. From the D, a Pulse Width 
Modulation (PWM) will be generated to be fed to the zeta 
converter to control the switching time. Finally, the output of 
the converter will supply the load, which is lead acid battery 
in this work. 
 

 
 

Figure 4: Overall block diagram 
 

The PV module used in this design is Kyocera KC130TM 
module, obtained from Matlab Sim Power System block set. 
The maximum power of this module is 130W with a 
maximum output voltage of 17.6V. Thus, this PV module 
will be able to supply a 12V nominal voltage lead acid 
battery that is connected by 6 cells in series, which are used 
in this design as a load [23]. 
 
The zeta converter consists of two inductors, two capacitors 
and a diode. Assuming the inductors used in the design are 
coupled, the value of inductor is determined using (15). 
However, since the design in this work does not use a 
coupled inductor, the value of each inductor is described as:  

 

퐿1푎	푚푖푛 = 	 퐿1푏	푚푖푛 = 푉푖푛
퐷

푓푠푤×	훥퐼퐿1푎
(20) 

 
The switching frequency in the design is assumed to be 50 
kHz. The switching frequency selection is based on the 
application in which the switch is used for such as inverter 
and converter passive switching. The input capacitor and 
series capacitor ripple voltage are assumed to be 10% of the 
input voltage from the PV panel [23].Hence, the capacitance 
is described as: 

 

퐶푖푛 = 퐶푐 =
퐷×퐼표푢푡
훥푉×푓푠푤

   (21) 

 
The output capacitor capacitance is determined by: 

 

퐶표푢푡 =
훥퐼퐿1푏

8×훥푉퐶표푢푡×푓푠푤
(22) 

 
where, 훥푉퐶표푢푡is the output ripple voltage and it is assumed to 
be 25 mV. The resistive load is assumed to be 3 ohms to 
achieve an output voltage from the converter of 19 V, so 
that, the converter can supply the battery. By using (20) - 
(22) with the PV module parameter, the components of the 
zeta converter can be summarized as in Table 2. 

 

 

Table 2: Zeta converter parameter selection 
 

Paramet
er 

Value 

Vin 17.6 V 
Iin 7.39 
RL 3 ohms 
Cin 40 µF 
Cout 733 µF 
Cc 40 µF 
L1a 126 µH 
L1b 126 µH 

 
The overall Simulink model for MPPT algorithm 
implemented with zeta converter for PV application 
integrated with lead acid battery is presented in Figure 
5.Based on the PV module irradiance and temperature, the 
controlled current source value will be adjusted while the 
shunt and series resistors value are determined by the PV 
module model number. In this design, sum blocks are used to 
measure and compare the PV module input with the previous 
measurement. Whereas, three switch cases will control the 
duty cycle by either increasing or decreasing it to achieve the 
desired MPP. Next, any fluctuation in the duty cycle 
signalwill be eliminated using D-sample block. At the same 
time, the saturation block will limit the value of the duty 
cycle from 0 to 0.9. Meanwhile, the parameters of the battery 
such as nominal voltage and the fully charged voltage are 
controlled by the model block. The controlled current and 
voltage will be fed to the terminal through a resistor which 
represents the internal resistance of the battery. 
 

 
 

Figure 5: Overall Simulink model 
 
 

5. RESULTS AND DISCUSSION 

In this section, the designed zeta converter with MPPT 
algorithm is assessed through simulation. However, before 
proceeding to the performance simulation, design validation 
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needs to be performed first. Thus, this design is validated by 
comparing MPP obtained by the system with the MPP from 
the Kyocera Solar KC130TM PV module datasheet at each 
level of irradiance.Figure 6 presents the MPP comparison 
where it can be seen clearly that the designed controller is 
reliable for further performance simulation. 

 

 
 

Figure 6: MPP comparison for design validation 
 
Simulation was performed on the designed controller to 
evaluate the zeta converter and PV module with MPPT 
algorithm performance under constant and variable 
irradiance levels. Figure 7 presents the simulation results 
with constant irradiance inputto the PV module. As shown in 
Figure 7, the system was able to maintain efficiency by 
adjusting the duty cycle to track the MPP. The efficiency 
variation between 82 % to 84 % was due to the P&O 
tracking method weakness, as the system will not be able to 
track the exact MPP. Instead, it will fluctuate around the 
MPP within three steps as shown in Figure 7.  
 
In addition, as shown in Figure 8, the PV module voltage 
was kept constant at the MPP with the adjustment of the duty 
cycle. However, the battery voltage dropped when it reached 
the maximum voltage at 12 V. Thus, the system was able to 
extract the MPP at a constant level of irradiance but could 
not maintain the output voltage and track the MPP at the 
same time. Moreover, the PV module current is kept 
fluctuating with the duty cycle and the MPP to maintain the 
optimal operation. Meanwhile, the battery current kept 
increasing since the battery voltage decreased. It is worth 
mentioning that the battery current is negative because the 
battery is charging. 

 
Furthermore, Figure 9 presents the zeta converter output 
power and PV module power versus time. As shown in 
Figure 9, the MPP is maintained throughout the time. The 
output power also maintained constant throughout the 
operation to achieve the highest efficiency possible. The 
output power is 115 W due to the losses in the system. 
However, the MPP at1000 w/m^2 of irradiance is recorded 
fluctuating between 128 W and 130 W which matches the 
value in Figure 6. 
 
Next, the designed controller was simulated with variable 
irradiance levels. As shown in Figure 10, the system was 
able to track the maximum efficiency with the variable 

irradiance. However, when the system starts to track the 
efficiency, it takes time for the duty cycle to be adjusted to 
the maximum efficiency.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 7: Simulation results with a constant irradiance, duty cycle 
(D) and zeta converter efficiency versus time  

 

 
Figure 8: Changes in PV module voltage, battery voltage, PV 

module current and battery current versus time for constant 
irradiance 
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Figure 9:Zeta converter output power and PV module power versus 
time for constant irradiance input  

 
When the system irradiance drops referring to Figure 10, the 
PV module voltage and battery voltage also decrease as 
shown in Figure 11. But, with the MPPT tracking, thePV 
module voltage and the battery voltage were able to increase 
to the required amount.Besides that, Figure 11also presents 
thePV module current and battery current. When the PV 
module current decreases, the battery current decreases to the 
same point and vice versa. It can be seen clearly that the 
system was trying to regulate the fluctuating of the input 
current, but it takes time to maintain the maximum current 
from the PV module. Moreover, the tracking algorithm was 
able to track the MPP at each irradiance variation as shown 
in Figure 12. The output power is maintained at its maximum 
with the increment or decrement of the amount of irradiance. 

 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Simulation results with variable irradiance, duty cycle 
(D) and zeta converter efficiency versus time  

 
 

 
 

Figure 11: Changes in PV module voltage, battery voltage, PV 
module current and battery current versus time for variable 

irradiance  
 
 

 
 

Figure 12:Zeta converter output power and PV module power 
versus time for variable irradiance input  

 
Based on the simulation results obtained from both constant 
and variable irradiance levels, the designed zeta converter 
with P&O MPPT algorithm with the lead acid battery as the 
load was able to maintain the maximum efficiency of the 
system. 
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6. CONCLUSION 

As an alternative to reduce the usage of fossil fuels, solar 
energy is the substantial RE source that is safe, 
environmentally friendly, unpolluted and green source of 
inexhaustible energy. In this paper, the implementation 
ofzeta converter and P&O MPPT algorithmhas been verified 
to extract the MPP by adjusting the duty cycle. Zeta 
converter has been designed and tested where the converter 
preformed well under constant and different irradiance levels 
with the lead acid battery as the load. Overall, the system 
was able to maintain the maximum efficiency by modulating 
the zeta converter’s duty cycle.However, for better 
performance, it is recommended to add a second stage DC-
DC converter with Proportional Integral (PI) controller to 
satisfy the load demand implemented in the system. 
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