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 This paper suggests a way of fixing problems of voltage fluctuations and 

peak overshoot in a PV-connected Zeta converter system. The Zeta 

converter in the proposed approach is controlled using proportional integral 

derivative (PID) while a genetic algorithm (GA) calculates the PID 

coefficients based on the control mechanism. The performance of the 

designed system was analyzed in a MATLAB/Simulink environment. The 

analysis showed that the proposed system reduced the output voltage ripple 

and peak overshoot during transient conditions by providing feedback to the 

converter through the PID controller, this is a significant improvement when 

compared to the results found without a PID controller. 
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1. INTRODUCTION 

Many nations are currently confronted with the challenge of meeting the rising power demand  

while having limited resources; as a result, researchers are exploring alternative methods of energy 

generation [1], [2]. Among these methods, DC-DC converters, also known as switching regulators, play a 

vital role in enhancing the efficiency of energy conversion in electric power extraction [3]. These converters 

facilitate the conversion of DC voltage to different levels while maintaining a stable output. They are 

commonly employed to obtain steady or adjustable DC voltages from a DC source. There are currently two 

major types of DC-DC converters - isolated converters and non-isolated converters; isolated converters, such 

as flyback and forward converters, incorporate a high-frequency transformer to ensure electrical isolation 

between the input and output (this offers protection to sensitive loads). However, this electrical isolation is 

not provided by non-isolated converters, such as buck, boost, buck-boost, design a single-ended primary-

inductor converter (SEPIC), Cuk, and Zeta converters [4]–[7]. Compared to isolated converters, non-isolated 

converters are typically more affordable and easier to design. They are used in a variety of fields, including 

solar photovoltaic systems, distributed-DC systems, electric traction, specialized electrical machine 

drives, electric cars, distributed-DC systems, space applications, ships, and airplanes. To develop a highly 

effective system with outstanding power quality, the right DC-DC converter must be chosen because every 

application has unique needs. 

https://creativecommons.org/licenses/by-sa/4.0/
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The goals of this study are to develop a Zeta converter for photovoltaic (PV) applications with a 

variable input voltage and constant output voltage [8], create a “GA-optimized using proportional integral 

derivative (PID) controller for the Zeta converter [9], and evaluate the efficiency of the developed Zeta 

converter in terms of the voltage ripples and peak overshoot during transient” conditions. The basic concepts 

behind DC-DC conversion, in addition to a review of the earlier work in this field, were provided in this 

section of the paper. There are three major divisions in this section: i) The first part focused on the 

explanation of the popular converter types while; ii) The second part explored the existing zeta converter 

modeling strategies; and iii) The third part covered DC-DC converters using GA. 

As seen in Figure 1, a power electronic converter consists of a power processor, a controller, and a 

voltage reference. The frequency, current, or voltage converter that makes up the power processor receives 

input power from the power source. The power is then converted by the power processor before being 

supplied to the load. Error minimization was ensured by comparing the “output voltage of the power 

processor (made up of the power electronic components) with the feedback voltage. The operation of both 

the switching and linear voltage regulators is reliant on this basic regulation” concept. 
 

 

 
 

Figure 1. Block diagram DC-DC converter 
 
 

2. ZETA CONVERTER 

In various applications, an unregulated DC voltage, obtained by rectifying the mains voltage (as 

depicted in Figure 2), is commonly used as the input for converters. However, this input voltage tends to 

fluctuate due to variations in the line voltage magnitude. To ensure a constant and stable voltage, switch-

mode DC-DC converters are employed; these converters take the unregulated input DC voltage and convert it 

to a fixed output voltage at the desired level. “With the use of switch-mode DC-DC converters, the 

fluctuations in the input voltage can be effectively regulated, providing a stable and reliable power source for 

applications involving DC motor drives and switch-mode DC voltage.” The role of DC-DC converters in the 

control of switch-mode DC voltage and DC motor drive applications is significant [10]–[12]. A PV module 

and zeta converter is illustrated in the block diagram in Figure 3 [13]. 
 

 

 
 

Figure 2. Block diagram for a PV module and a zeta converter 
 
 

2.1.  Continuous conduction mode (CCM) zeta converter 

The zeta converter, which works in continuous conduction mode (CCM) [14], utilizes a switch (such 

as MOSFET or BJT) to control its operation. When the switch changes state, the diode also adjusts its state 

accordingly, either turning on or off (this configuration is illustrated in Figure 3). To minimize the ripple in 

the input current, two inductors (L1 and L2) are incorporated into the zeta converter. These inductors help 

smooth out the flow of current. Additionally, the circuit includes two capacitors (C1 and C2), with the 

assumption that these capacitors have sufficiently large values. Furthermore, the voltage across capacitor C2, 
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referred to as Vout, is maintained at a constant level. In summary, the zeta converter in continuous 

conduction mode utilizes a combination of a switch and diode, along with inductors and capacitors, to 

regulate the current and voltage in the circuit, ensuring stable operation and reduced ripple. 
 

 

 
 

Figure 3. Circuit of the zeta DC-DC converter 
 

 

2.2.  Zeta converter control strat 

The designed PID control system was implemented to regulate and control the operation of the zeta 

converter. This control system incorporates a feedback loop, allowing it to continuously monitor the output 

of the system and make necessary adjustments. The controller within the PID control system dynamically 

modifies the process based on the desired requirements. It actively adjusts various parameters to ensure that 

the zeta converter operates according to the desired specifications. By utilizing the feedback loop and 

implementing corrective measures, the PID control system maintains control over the zeta converter, 

enabling it to achieve the desired performance and effectively respond to system changes. 

 

2.3.  PID controller 

The PID controller is employed to regulate “the varying input voltage of the zeta converter and 

ensure a stable output DC voltage level. The block diagram of the PID controller is presented in Figure 4. 

The PID controller utilizes feedback loops and aims to minimize the deviations between the desired set point 

and the calculated process values [15]–[20]. By adjusting the system parameters, the controller takes 

corrective actions to bring the process in line with the specified requirements. The PID controller 

configuration involves three essential variables: proportional (P), integral (I), and derivative (D). The 

proportional value (P) responds to the current error, the integral (I) considers the accumulated sum of past 

errors, and the derivative (D) takes into account the rate of change of the error. These variables are weighted 

and combined to modify the system behavior during the tuning process, allowing the PID controller to adapt 

to specific conditions and provide effective control actions. The converter is modeled using state space 

analysis (SSA) to ensure accurate determination of the state variables such as inductor current and capacitor 

voltage necessary for achieving a stable output voltage. The PID parameters are tuned based on delay time, 

rise time, peak time, & settling time. The optimal coefficients of the PID controller were calculated using 

Genetic algorithms (GA) to enable the automatic control features based on the PID controller with SSA”. It is 

important to note that the utilization of the GA method for tuning the plant allows for optimization, resulting 

in suitable PID parameters that effectively regulate the system. 
 

 

 
 

Figure 4. General block diagram for PID controller 
 
 

2.4.  Optimization of PID controller using genetic algorithm 

GA is a comprehensive search method based on the principles of natural selection and mimics the 

process of evolution. It has demonstrated effectiveness in discovering superior solutions in complex domains, 

overcoming the problems of false optima and high dimensionality mostly associated with other gradient-

descent methods. GA is, therefore, used in this study for the tuning of the controller via the provision of the 

optimal control parameters for the evaluation of the system performance. The GA follows specific steps to 

determine the optimal values of Kp, Ki, and Kd. 
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The fitness function in GA is used to evaluate the performance of individuals in the problem 

domain. In this particular problem, fitness is determined by the individual with the lowest numerical value 

associated with the objective function. The computation of fitness is commonly used to obtain performance 

metrics for each individual at intermediate stages [21]–[25]. The fitness function converts the objective 

function value into relative fitness measures. The objective function (f) is transformed (g) to non-negative 

numbers, and the obtained relative fitness (F) is used for filtering individuals and determining the expected 

offspring to be generated in the next generation. 

Designing appropriate objective functions is the most challenging task in this project; the objective 

functions are essential for obtaining the optimal PID controller parameters that provide the fastest rise time 

and the least overshoot. In (1) serves as the objective function to evaluate the fitness of each chromosome. 
 

𝑀𝑆𝐸 =
1

𝑡
∫ (𝑒(𝑡))2𝜏

0
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𝜏

0
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𝜏

0
, 𝐼𝑆𝐸 = ∫ 𝑒(𝑡)2𝜏

0
, 𝐼𝑇𝑆𝐸 =

∫ 𝑡𝑒(𝑡)2𝑑𝑡
𝜏

0
  (1) 

 

The representation of the error signal in the time domain is given as e(t); in (1) comprises of the 

performance indices, such as “the mean square error (MSE),” “integral of time multiplied by absolute error 

(ITAE),” “integral of absolute magnitude of the error (IAE),” and “integral of square error (ISE).” This work 

proposed an objective function for the combination of these objective indices and the reduction of the error of 

the entire control system. The objective function, rather than performing a separate evaluation of each 

chromosome in the population, consider the entire control system at once. The evaluated chromosome is 

assigned a fitness number, where a higher number indicates better fitness. GA relies on the chromosomes 

with the fittest numbers to create a new population. This process continues until a final solution is obtained 

with a minimum percentage error. The PID controller is utilized to minimize the error signal, while the 

fitness of the chromosomes is determined by in (2). 

 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠 𝑣𝑎𝑙𝑢𝑒 =
1

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑖𝑛𝑑𝑒𝑥
 (2) 

 

2.5.  Parameter calculation of zeta converter 

The zeta converter system is designed to operate with an input voltage sourced from a PV module, 

which typically yields a variable voltage output of 38 V. The zeta converter's primary objective is to provide 

a stable DC output voltage of 13 V for various DC applications. To ensure the proper functioning of the 

system, certain limits and specifications are set. The current ripple across the inductors is limited to 0.15 A, 

while the ripple voltage across the capacitors is constrained to 1%. Additionally, the overshoot is restricted to 

a maximum of 1%. The zeta converter operates at a switching frequency (fsw) of 25 kHz, and it is subjected 

to a load of 10 Ω. By adhering to these specifications and considering the given operating conditions, the zeta 

converter system can effectively regulate the input voltage from the PV module and deliver a steady output 

voltage suitable for DC applications. The parameters of the designed zeta converter are given in Table 1. 
 

 

Table 1. Parameters of the designed zeta converter 
Parameters Values Parameters Values 

Input voltage, Vin 18 V Ripple current inductor 2, ∆I (L2) 0.15 A 
Output voltage, Vout 13 V Inductor 2, L2 2 mH 

Duty cycle, D 0.4194 Ripple voltage capacitor 1, ∆V (C1) 0.03 V 

Frequency, f 25 kHz Capacitor 1, C1 750 uF 
Resistor, R 10 Ω Ripple voltage capacitor 2, ∆V (C2) 0.03 V 

Ripple current inductor 1, ∆IL1  0.15 A Capacitor 2, C2 25 uF 

 

 

3. SIMULATION RESULTS 

The design of the zeta converter was implemented using MATLAB/Simulink. This involved 

obtaining the transfer function and performing state space analysis (SSA) for the zeta converter circuit. The 

stability of the system was assessed, leading to the design of a PID controller using the genetic algorithm 

(GA) for optimization. The performance of the transfer function was evaluated, and a Simulink model for the 

zeta converter was developed using the parameters listed in Table 1. Similarly, the parameters for the PID 

controller were selected from Table 1. The PID models were simulated, and the results were carefully 

documented. The genetic algorithm (GA) was employed to fine-tune the PID controller parameters and 

optimize performance according to the desired specifications. MATLAB/Simulink provided a comprehensive 

platform for the design process of the zeta converter model; it incorporates a PID controller and utilizes GA 

optimization to enhance system performance. 
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The PID controller was designed using GA as an optimizer for the determination of the optimal 

parameters. As a stochastic algorithm, GA mimics natural selection and serves as a global search method 

within GAs. It relies on the concepts of natural evolution for the exploration and identification of the most 

favorable parameter values for the PID controller. 

 

3.1.  Variable irradiances, constant temperature 

The results obtained from the simulation study are highlighted in Table 2, the results showed that 

the irradiance kept increasing throughout the simulation. At the first stage of the simulation, the irradiance 

value was 0.4 kW/m2 with a constant temperature of 25 °C and input voltage of 36.19 V. Similarly, the value 

of irradiance and input voltage kept increasing while the temperature remained constant at 25 °C. 

Nevertheless, the output voltage of the zeta converter remained constant at 13.01 V throughout the simulation 

irrespective of the change in irradiance and input voltage. In addition, the results also highlighted that 

increases in irradiance and input voltage only slightly increased the output voltage ripples. Furthermore, the 

peak overshoot values for each stage are also shown in Table 3, the results show that an increase in the 

irradiance value also increased the input voltage and the output voltage ripples. However, the highest peak 

overshoot value of 0.505% was obtained when the irradiance values were 0.8 kW/m2 and 1.0 kW/m2. 

 

 

Table 2. Irradiance, temperature, input voltage, output voltage, output voltage ripple, and peak overshoot 

values obtained after simulation 
Irradiance (W/m2) Temperature (°C) Input voltage (V) Output voltage (V) Output voltage ripple  Peak overshoot (%) 

400 25 36.19 13.01 9.85×10-2 0.445% 

600 25 36.88 13.01 1.00×10-1 0.474% 

800 25 37.34 13.01 1.02×10-1 0.505% 
1000 25 37.7 13.01 1.02×10-1 0.505% 

 

 

Table 3. Irradiance, temperature, input voltage, output voltage, output voltage ripple, and peak overshoot 

values obtained after simulation 
Irradiance (W/m2) Temperature (°C) Input voltage (V) Output voltage (V) Output voltage ripple  Peak overshoot (%) 

400 25 36.19 13.01 9.85×10-2 0.445% 
600 25 36.88 13.01 1.00×10-1 0.474% 

800 25 37.34 13.01 1.02×10-1 0.505% 

1000 25 37.7 13.01 1.02×10-1 0.505% 

 

 

Figure 5 showed the simulation results of variations over time in values of irradiance and input voltage 

with constant temperature. During the first test, the irradiance was 0.4 kW/m2 while the input voltage kept 

increasing towards 36.19 V. Similarly, at the maximum irradiance value of 1.0 kW/m2, the maximum obtained 

value of input voltage was 37.7 V. Figure 6 showed the simulation results at multiple irradiance values of  

0.4 kW/m2, 0.6 kW/m2, 0.8 kW/m2, and 1.0 kW/m2. Figure 6 also highlighted that with increases in irradiance, 

the input voltage values also kept increasing while the temperature remained constant. However, the zeta 

converter provided a constant output voltage of 13.01 V throughout the simulation irrespective of the changes in 

irradiance and input voltage values. The simulation results of the output voltage ripples for variable irradiance 

values at 0.4 kW/m2, 0.6 kW/m2, 0.8 kW/m2, and 1.0 kW/m2 are shown in Figure 7 along with varying input 

voltage values and constant temperature. As highlighted in Figure 7, the output voltage ripples change 

correspondingly with the change in irradiance; for instance, at the irradiance value of 0.4 kW/m2, the output 

voltage ripple value was 9.85×10-2. Furthermore, at the irradiance value of 0.6 kW/m2, the output voltage ripple 

value was 1×10-1 and at the irradiance value of 0.8 W/m2, the output voltage ripple value was 1.02×10-1. Finally, 

the output voltage ripple value remained 1.02×10-1 at the irradiance value of 1.0 kW/m2. 

 

3.2.  Variable irradiances, constant temperature 

Table 4 showed the results of simulations in which the irradiance values were kept constant while 

the temperature was increasing. During the simulation of test 1, the value of irradiance was 1000 W/m2 with 

a temperature of 25 °C at an input voltage of 37.7 V, the obtained output voltage from the zeta converter was 

constant at 13.01 V. Similarly, the value of temperature kept increasing and the input voltage value kept 

decreasing while the irradiance remained constant at 1000 W/m2. Nevertheless, the output voltage of the zeta 

converter remained constant at 13.01 V throughout the simulation irrespective of the change in temperature 

and input voltage. Additionally, the results also highlighted that with temperature increases and decreases in 

input voltage, the output voltage ripples increased slightly. The peak overshoot values for each stage were 

also shown in Table 4. 
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Figure 5. Variable irradiance and variable input voltage values at a constant temperature 

 

 

 
 

Figure 6. Constant output voltage irrespective of the variations in input voltage 

 

 

 
 

Figure 7. Output voltage ripples for variable irradiance 
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Table 4. Values of constant irradiance, varying temperature, input voltage, output voltage with small ripple 

and peak overshoot 
Irradiance (W/m2) Temperature (°C) Input voltage (V) Output voltage (V) Output voltage ripple  Peak overshoot  

1000 25 37.7 13.01 1.02×10-1 0.505% 
1000 30 37.11 13.01 1.01×10-1 0.505% 

1000 35 36.51 13.01 9.93×10-2 0.480% 

1000 40 35.91 13.01 9.77×10-2 0.457% 

 

 

Figure 8 showed the simulation results at a constant irradiance value and increasing temperature 

over time. The results also highlighted that during the test, temperature increases caused constant declines in 

the input voltage until the minimum value of 35.91 V. Figure 9 showed the result of the simulation where the 

irradiance value was kept constant at 1000 W/m2 while the input voltage kept decreasing and the temperature 

kept increasing, the output provided by the zeta converter in this configuration remained constant at 13.01 V. 

Figure 10 showed the simulation results of output voltage ripples at a constant irradiance of 1000 W/m2 and 

variable input voltage with varying temperature. At 25 °C and 30 °C temperatures, the values of the output 

voltage ripple were 1.02×10-1 and 1.01×10-1, respectively. Furthermore, the value of the output voltage ripple 

at the temperature of 35 °C was 9.93×10-2 while at 40 °C, the output voltage ripple value was 9.7×10-2. 
 
 

 
 

Figure 8. Variable temperature and variable input voltage at constant irradiance 

 

 

 
 

Figure 9. Constant output voltage irrespective of the variations in input voltage 
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Figure 10. Output voltage ripples at variable temperature 

 

 

3.3.  Zeta variables of input voltage and constant output voltage 

The simulation was conducted in MATLAB, as depicted in Figure 11, to observe the effect of 

varying the system's input voltage over time. It was observed that when the input voltage values were set at 

31.56 V, 34.32 V, and 36.27 V, the output voltage remained constant at 13.01 V. Initially, starting with an 

input voltage of 34.32 V as the first step in the simulation, the output voltage consistently remained at  

13.01 V over time. As the input voltage gradually increased, reaching 34.32 V at 0.329 seconds, the output 

voltage remained constant at 13.01 V. Subsequently, the input voltage continued to increase until it reached 

36.27 V at 0.620 seconds, while the output voltage remained constant at 13.01 V. Overall, a constant output 

voltage of 13.01 V was maintained while the input voltages varied from 31.56 V to 36.27 V over time. 

 

 

 
 

Figure 11. Increasing variable input voltages (31.56 V, 34.32 V, and 36.27 V) and steady output voltage 

(13.01 V) 

 

 

Similarly, another simulation was conducted in MATLAB to examine the effect of decreasing the 

input voltage over time, as shown in Figure 11. When the initial step point was set at the maximum input 

voltage of 36.27 V, the output voltage remained constant at 13.01 V throughout the simulation. As the input 

voltage gradually decreased, reaching 34.32 V, the system continued to provide a constant output voltage of 

13.01 V; it reached the minimum value of 31.56 V with a further decrease of the input voltage while the 

system maintained a constant output voltage of 13.01 V. In summary, Figure 11 demonstrates that a constant 

output voltage of 13.01 V was achieved while the input voltages varied from 36.27 V to 31.56 V over time. 

Lastly, in Figure 12, the MATLAB simulation showed information regarding the system’s 

performance when the input voltage is varied to different points (for instance, 31.56 V, 34.32 V, 36.27 V, 
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34.32 V, and 31.56 V) while still providing the constant output voltage of 13.01 V over time. At 31.56 V as 

the first step point in the simulation, the output voltage showed a constant output voltage of 13.01 V over 

time; the input voltage kept increasing after that until it reached 34.32 V at 0.172 seconds (the output voltage 

remained constant at 13.01 V). Later, the input voltage value was increased until it reached 36.27 V at  

0.339 seconds and the output voltage remained at 13.01 V. The input voltage value was later increased to 

34.32 V at 0.649 seconds and the output voltage remained constant at 13.01 V. Finally, the simulation results 

showed that the input voltage decreased from 34.32 V to 31.56 V at 0.801 seconds and the output voltage 

remained constant at 13.01 V as seen in Figure 13. 

 

 

 
 

Figure 12. Decreasing variable input voltages (36.27 V, 34.32 V, and 31.56 V) and stable output voltage 

(13.01 V) 

 

 

 
 

Figure 13. Variable input voltages (31.56 V, 34.32 V, 36.27 V, 34.32 V, and 31.56 V) and stable output 

voltage (13.01 V) 

 

 

4. CONCLUSION  

The current study presents a solution to the issues of voltage ripple and peak overshoot during 

transient conditions. To achieve this, a genetic algorithm-based control mechanism was developed for the 

zeta converter to optimize the PID coefficients. The implementation of the zeta converter in continuous 

conduction mode and the performance analysis was conducted using MATLAB. The results obtained from 

the analysis demonstrate the effectiveness of the proposed system in reducing output voltage ripple and peak 

overshoot during transient conditions. A significant improvement was observed using the proposed solution 
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in comparison to the results obtained without the PID controller. Moreover, the zeta converter maintained a 

constant output voltage of 13 V throughout the entire duration regardless of variations in the input voltage 

from the PV module and different load conditions. The tests were performed under fixed changes in the 

irradiance and temperature of the zeta converter. 
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