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ABSTRACT The growing adoption of photovoltaic systems for direct electricity generation from solar 

radiation has underscored the importance of efficient energy storage solutions. Batteries are the 

predominant method for storing energy from photovoltaic systems, especially for applications such as 

electric vehicle (EV) charging. However, these systems face significant challenges, particularly 

regarding battery longevity, as fluctuations in solar irradiation can lead to harmful voltage spikes. This 

paper introduces an Analog One-Cycle Control (OCC) strategy designed to mitigate these issues by 

stabilizing the battery voltage against varying input voltages. The proposed control scheme aims to 

enhance battery life by preventing damage caused by voltage overshoots. Experimental results 

demonstrate the effectiveness of the OCC strategy in maintaining steady-state conditions and optimizing 

power management. 
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I. INTRODUCTION 

The use of photovoltaic (PV) energy is increasing 

significantly in various applications, with a particular focus 

on battery charging for electric vehicles. This increase is due 

to the growing demand for sustainable and clean energy 

sources and advances in solar power technology. PV systems 

use sunlight to generate electricity, making them an 

environmentally friendly alternative to fossil fuels.  

Using solar power to charge electric vehicles (EVs) offers 

many benefits, including reduced greenhouse gas emissions, 

energy independence, and lower costs. By integrating PV 

modules into charging stations, EVs will be able to run on 

clean energy, minimizing their carbon footprint and 

contributing to the overall sustainability of transportation. 

This trend highlights a promising transition to a greener 

future, with PV playing a key role in powering EVs and 

promoting sustainable mobility solutions. The works in the 

literature highlights the increasing applications of gridable 

EVs (GEVs) and explores the opportunities and challenges 

associated with their integration into the power grid. GEVs, 

which encompass vehicle-to-home, vehicle-to-vehicle and 

vehicle-to-grid technologies, hold significant potential to 

transform our society [1]. 

One-cycle control (OCC) is a power electronics control 

method that aims to achieve accurate and efficient control of 

power converters. This technique is particularly relevant in 

battery charging situations where precise control and 

regulation of charge current and voltage is essential for 

optimal battery performance and life [2]. One of the main 

advantages of OCC is its ability to provide fast dynamic 

response and tight control. By using a single cycle of the input 

waveform, the control algorithm ensures that the converter's 

output quickly tracks and adjusts for the desired charging 

characteristics [3], [4]. This allows for efficient and reliable 

battery charging while minimizing overshoot and undershoot. 

In addition, OCC technique has inherent advantages in terms 

of simplicity and cost effectiveness in analog and digital 

implementations [5]. This simplicity not only reduces system 

complexity, but also increases reliability and reduces 

manufacturing costs. Additionally, the inherent robustness of 

the OCC technique makes it suitable for a wide variety of 

battery charging applications. It can accommodate different 

battery chemistries and operating conditions without 

compromising performance, adapting to changing loads and 

varying input voltages. OCC offers versatile applications in a 

variety of power electronic systems. Notable examples 

include motor control systems, power factor correction (PFC) 

[6], uninterruptible power supplies [7], active power filters 

[8] and grid-tied inverters [6], [9]. The use of OCC in these 

applications allows for precise and efficient control of the 

power conversion process, resulting in improved system 

performance, reduced energy loss, and increased overall 

system reliability. 

Several works present charging batteries methods using PV 

energy, connecting a PV module directly to the battery 

without changing direct current to alternating current. 

Although this system is simple, there are some drawbacks to 

consider. Therefore, it is very important to insert the 

controller between the PV source and the battery during the 

charging process. This controller is a DC-DC converter, and 

its role needs to supply the battery with the maximum power 

generated by solar energy during the battery charging 

process, regardless of the climatic conditions and without 

causing disturbances in the battery. 

Some techniques are capable of rejecting perturbation from 

the power source without causing disturbances in the battery. 

A disturbance observer-based model predictive voltage 
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control method to improve the power quality of electric 

vehicle charging stations with battery energy storage systems 

is proposed in [10]. A grid interface current control strategy 

for a DC microgrid, which aims to reduce the disturbance 

from PV generation and the load variation to the main grid 

without a grid interface converter, is presented in [11]. 

Some battery charging applications use MPPT (maximum 

power point tracking) methods that minimize the effects of 

overshoots caused by sudden changes in irradiance. The 

constant voltage (CV) method is a simple method, which has 

good efficiency in locations with few temperature variations 

and guarantees constant voltage in the photovoltaic modules 

even in sudden variations in irradiance, minimizing the 

effects of overshoots on the batteries, prolonging their useful 

lifetime [12]. 

The development and optimization of Battery Energy 

Storage Systems (BESS) for renewable energy applications 

have been extensively studied in recent years. One notable 

methodology is the Choice Matrix Approach, which assists in 

the design of BESS by evaluating multiple criteria such as 

system dc-link voltage, battery lifetime, and storage capacity 

index. This approach, as detailed by recent studies, employs 

Multiple Criteria Decision Making (MCDM) to balance 

Operational Expenditure (OPEX) and Capital Expenditure 

(CAPEX) considerations, providing a comprehensive 

framework for selecting the most suitable battery for specific 

applications like peak shaving in photovoltaic (PV) systems 

[13].  

Furthermore, the dynamic modeling of BESS for ancillary 

services provision has been a crucial aspect of integrating 

these systems into power grids. Research has focused on 

adapting models to platforms for simulating 

electromechanical transients, enhancing the accuracy and 

reliability of BESS operation under various scenarios, 

including normal operation and external events. The 

comparison of these models with other established platforms 

demonstrates the effectiveness of these implementations in 

maintaining consistent performance and flexibility in BESS 

representation [14]. 

The work proposed in [15] presents a battery charging 

system using the One-Cycle Control (OCC) technique 

implemented in an analog manner with experimental results, 

demonstrating the functionality of the battery charging 

controller in both current and voltage modes. Building on this 

foundation, the present article offers new experimental 

results, including a more in-depth analysis of the ideal 

operating points in each charging mode and a comparison of 

these points with the experimental results obtained. 

Additionally, the test parameters were adjusted to better align 

the results with real-world conditions. This comprehensive 

evaluation provides further insights into the efficiency and 

robustness of the OCC technique in practical applications.  

The proposed system in this work can be utilized in various 

energy storage applications, including BESS, electric 

vehicles, backup power supplies for critical infrastructure, 

and grid stabilization in microgrid environments. The 

system's power stage can be resized according to the specific 

power requirements of the application, ensuring adaptability 

for different use cases.  

In order to take advantage of OCC and CV MPPT method, 

this work aims to present the experimental results of a control 

strategy applying OCC and Constant Voltage MPPT method 

and an OCC voltage regulator in battery charging using PV 

energy. Steady-state control and power signals are presented, 

validating the use of the technique in the proposed system. 

 

II. SYSTEM PRESENTATION 

A. System Overall 

The system proposed in this study consists of a PV module, a 

DC-DC boost converter, a battery bank, and an OCC-based 

control system. The electrical schematic of the proposed 

system is shown in Fig. 1. The PV module is responsible for 

supplying power to the battery bank through a power stage 

controlled by the DC-DC boost converter. This converter 

calculates the power stage required based on the input from 

the PV module. The batteries can be charged in two modes: 

current mode and voltage mode. In current mode, the OCC-

based MPPT Controller plays a crucial role by tracking the 

maximum power point of the PV module. It does this by 

continuously reading the input voltage from the PV module 

and calculating the appropriate duty cycle to control the 

switching of the DC-DC converter. This ensures that the PV 

module operates at its maximum power point, delivering 

optimal power to charge the battery bank. Once the maximum 

State-Of-Charge (SOC) is reached, the system automatically 

transitions to voltage mode implemented by the OCC Based 

Voltage Regulator Controller. In this mode, the OCC 

controller switches to regulating the voltage to maintain it at 

the floating voltage level, which is essential for preserving 

battery health. A low current is used in this mode to keep the 

batteries fully charged without overloading them. The system 

utilizes a multiplexer as a charging mode selector, which 

dynamically switches between the current mode and voltage 

mode duty cycles depending on the battery bank's charge 

state.  

B. Control Strategy 

The OCC is a non-linear control approach that, according to 

K. M. Smedley [16], achieves the average value of dynamic 

control of a switching variable in one clock cycle. The 

primary characteristic of the OCC modulation is that it 

Figure 1. Electrical schematic of the proposed system. 
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controls a carrier's amplitude rather than the control variable, 

as is typically the case with other modulations like PWM 

(Pulse Width Modulation). In the method, a medium dynamic 

control a switching variable is reached after a system 

transition in just one clock cycle. Thus, the OCC is a 

nonlinear control approach that is appropriate for the 

nonlinear switching nature of switched converters. In OCC 

modulator (Fig. 1), the switching variable is integrated, and 

its value (Vtrccm) increases until a reference value (vref) and 

then drops to zero. The switching variable starts to increase 

again in the next pulse of the clock. The results is a modulated 

width pulse responsible for switching the Mosfet Mbt. 

In current mode, the OCC based MPPT controller uses the 

simple constant voltage (CV) scheme once it has several 

advantages over other iterative schemes such as P&O 

(Perturb and Observe) and Incremental Conductance (IC) 

when charging a battery. These two methods have the 

property of have oscillations in steady state conditions, which 

is undesirable for battery charging. The reason for adopting 

the CV method is that it has high reliability, little oscillation, 

and high tracking efficiency to the maximum power point. 

The main drawback of this method is that this maximum 

supply voltage can vary significantly with temperature [12]. 

Therefore, it can be used in an environment with little 

temperature change. The advantage of this method is that only 

one voltage sensor is required at the module output and 

maximum performance can be reached with a simple 

Proportional-Integrative control loop. 

In voltage mode, the OCC based voltage regulator 

controller is responsible for making the battery fluctuating 

after the full SOC. The implementation of this controller is 

obtained through the Boost switching operation 

characteristics [16]. When the boost MOSFET (Mbt) is off 

(during Toff), the diode Ddbt becomes forward-biased, and the 

voltage across the diode is zero. When the MOSFET (Mbt) is 

on (during Ton), the diode Ddbt is reverse-biased and therefore 

non-conductive, and its voltage is equal to the difference 

between the input voltage (vpv) and the output voltage (vbat). 

Considering vsbt, the voltage through the Mosfet, db the Boost 

duty-cycle, Ts the switching period, the equation of voltage 

mode controller can be shown in (1). 

 
b Sd T

pv batref sbt bat

S 0

1
v V (v v )dt

T
− = −  () 

Where: vpv is the PV voltage, Vbatref is the reference voltage 

when the battery reaches its full SOC, vsbt is the voltage at the 

converter Mosfet, vbat is the battery voltage, Ts is the 

switching period and db is Boost duty-cycle. A Charging 

Mode Selector implemented with a multiplexer is responsible 

to change the battery charging mode from current mode to 

voltage mode when the full SOC is reached. 

III. EXPERIMENTAL RESULTS 

A. Experimental Parameters 

The experimental system is presented in Fig. 2. The 

system’s PV source is a Yingli-20 PV model with the 

specifications under Standard Test Conditions (STC), 

irradiance of 1000 W/m², temperature of 25 °C and Air Mass 

Index (AM) 1.5: Maximum Power Voltage (Vpvmax) of 16.9 

V, Maximum Current (Ipvmax) of 1.17A, Maximum Power 

(Ppv) of 20W. The system’s battery bank is composed of two 

12 V batteries connected in series, with the following 

specifications for each: floating voltage (Vbatref) of 13.2 V, 

maximum current of 1.35 A. The experimental tests were 

conducted with the photovoltaic module operating at a 

temperature of 35°C. Table I presents the main experimental 

system specifications. 

 
TABLE 1. Experimental System Specifications. 

Variable Value Description 

Cpv 680 uF PV parallel capacitor 

Lbt 2.85 mH Boost inductor 

Cbat 680 uF Boost output capacitor 

Vpvmax 16.3 V Maximum Power Voltage at 1000W/m² and 35°C 

Vbatref 26.4 V Voltage reference at voltage mode 

vref 16.3 V PV voltage reference at current mode 

SOCref 26.4 V Reference for battery control toggle 

Kp 5 PI control proportional constant 

Ti 0.001 s PI control integration time 

Ts 0.00005 s Clock switching time period 

 

Figure 3 presents the characteristic curves of the Yingli-20 

PV module under different irradiances at this operating 

temperature. Figure 3 includes a 16.3 V line, with intersection 

points representing the operating points corresponding to 

battery charging in current mode. Figure 3 was generated 

through a simulation of the PV module using the Powersim 

PSIM software. Table 2 presents the maximum power (Ppv), 

current at maximum power (Ipv) and open circuit voltage (Voc) 

of the photovoltaic module obtained through simulation, 

considering the irradiances and temperatures adopted in the 

experimental results.  

 
TABLE 2. Electrical variables of the PV module obtained through 

simulation, considering the irradiances and PV module 
temperature at 35°C adopted in the experimental results. 

Irradiance (W/m²) Ppv (W) Ipv (mA) Voc (V) 

1000 19.14 1174 19.48 

900 17.11 1050 19.35 

800 15.08 924 19.23 

700 13.05 799 19.07 

600 11.01 674 18.90 

500 8.98 550 18.69 

400 6.95 425 18.43 

300 4.92 300 18.10 

200 2.89 176 17.66 

100 0.85 51 16.88 

 

The battery bank is composed of two sealed lead-acid 

batteries in series with the following recommended 

parameters operating at 25 ºC: floating voltage of 13.5 V to 

13.8 V, cyclic voltage of 14.4 V to 14.9 V, cut-off voltage of 

10.5 V and maximum current of 1.35 A. The accepted 

minimum floating voltage for this kind of battery is 13.1 V. Figure 2. Laboratory experimental system. 
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Figure 4 illustrates the system's operating points at current 

mode, establishing the Boost converter's output voltage 

(battery charging voltage) as a function of its duty cycle. It is 

important to note that the input voltage to the Boost converter 

is fixed at 16.3 V through the constant voltage MPPT. The 

graph in Figure 4 represents the minimum voltage of both 

batteries in series at the cyclic voltage (28.8V) and the 

maximum cyclic voltage, which can exceed 14.9 V for each 

battery, taking into account that the temperature during the 

experimental test ranges from 18°C to 23°C. 

Figure 5 presents the operating points in the constant 

voltage charging mode. The graph was obtained using the 

Boost converter equation, considering a constant output 

voltage for the batteries (Vbatref) of 26.4 V. In this mode of 

operation, the PV module operates at voltages close to the PV 

open-circuit voltages, where the current from the PV source 

is nearly zero, keeping the batteries charged under low 

current. The operation curve shown in the graph spans the 

range between the open-circuit voltage corresponding to 100 

W/m² of approximately 16.88 V and that corresponding to 

1000 W/m² of approximately 19.48 V, as obtained from Table 

2. 

Considering the battery bank is implemented with two 

batteries in series, and the minimum floating voltage is 13.1 

V, the reference voltage (Vbatref) and the full State of Charge 

reference (SOCref) were adjusted to a slightly higher value of 

26.4 V (13.2 v per battery).  Voltage sensors are implemented 

by a voltage divisor with constant of 6. The current values 

from the current sensors are obtained through the equations 

in Fig. 6 and Fig. 7. 

The current sensor for the photovoltaic module (Ipv) is a 

Hall effect sensor, the HCS-LSP 06A, with a maximum 

current reading capacity of 6 A. In this sensor, the current 

reading generates an offset voltage of 2.37 V, and the 

maximum current of 6 A corresponds to an output voltage of 

2 V, linearly. To improve the resolution of current-to-voltage 

conversion, the sensor's windings were designed to provide a 

gain of 0.578 relative to the sensor's output voltage. Thus, 

equation (2) represents the measured Ipv current as a function 

of the output voltage from the Hall sensor.  

 
pvI = (measured voltage -0.578 2.37)  () 

The current sensor for the battery bank current (Ibat) is 

another Hall effect sensor, the TBC03SYH, with a maximum 

current reading capacity of 3 A. This sensor has an internal 

winding where the 3 A current is represented by an output 

voltage of 4 V in a linear relationship. This is reflected in 

equation (3). 

 
batI = measured vol e0.75 tag  () 

The equation that implements the signal Vtrvcm voltage was 

derived from a voltage divider in the controller with a 

multiplier of 4.5, as presented in equation (4).  

 
trvcmV = measured vol0.45 tage  () 

B. Test 1: Current Mode Test at Different 

Irradiances 

The tests in current mode were performed in laboratory 

considering the following irradiance conditions at 35 ºC: 100 

W/m², 200 W/m², 300 W/m², 400 W/m², 500 W/m², 600 

W/m² and 700 W/m². Due to electrical limitations, the 

maximum irradiance value obtained through the LED matrix 

Figure 4 – Boost converter operating curve at current mode, 
considering vpv of 16.3 V. 

Figure 5 - Boost converter operating curve at voltage mode 
considering vbat of 26.4V 

Figure 3. Yingli-20 PV module characteristic curves at 35°C 
considering different irradiance conditions: (a) Ipv x Vpv (b) Ppv x 
Vpv. 

https://creativecommons.org/licenses/by/4.0/
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was 700 W/m². The current mode test validated in this section 

present a steady state analysis of the voltages and currents of 

the photovoltaic module and the battery bank with the 

objective of validating the MPPT controller based on the 

constant voltage method and its robustness in different 

irradiance situations. The irradiance is controlled by an LED 

matrix installed on the surface of the PV module. Power 

signals in current mode obtained in oscilloscope are presented 

in Fig. 6 and Fig. 7. 

The results presented in this work consider the maximum 

power relative to the module voltage of 16.3V, related to the 

maximum voltage of 1000 W/m² and 35 °C. In this way, vref 

was set to the reference value of 16.3 V. Table 3 presents the 

steady-state power variables and the Boost converter 

efficiency (η) in the mentioned conditions during current 

mode when the battery is discharged.  

As consequence of CV mode MPPT, the voltage has 

practically the same value for all irradiance   cases, having a 

small variation between 16.18 V and 16.4 V which 

corresponds to an error of 0.7 % and 0.6 %, respectively. The 

use of this MPPT together with the advantages inherent to the 

OCC already observed in this paper, guarantee the minimum 

of disturbance in the battery bank in sudden changes of 

irradiance.  

As can be observed, as the irradiance increases, both the 

current provided by the PV module and the charging current 

of the batteries increase proportionally. This demonstrates the 

system's ability to effectively harness solar energy and 

convert it into electrical energy for battery charging. 

 
TABLE 3. System Variables in Steady considering different 

irradiance conditions and 35 °C. 

Variable 
Irradiance (W/m²) 

100  200 300  400 500 600 700  

Vpv (V) 16.2 16.18 16.4 16.32 16.25 16.4 16.2 

Ipv (mA) 63 201 294 433 530 663 756 

Vbat (V) 26.80 30.40 31.60 32.00 32.43 33.20 32.80 

Ibat (mA) 7 49 104 166 222 273 341 

Ppv (W) 1.03 3.25 4.82 7.06 8.61 10.88 12.24 

Pbat (W) 0.18 1.49 3.28 5.33 7.22 9.06 11.18 

η (%) 18 46 68 75 84 83 91 

 

It is evident that higher irradiance levels result in higher 

battery charging voltages. This can be attributed to the 

increase in battery charging current, which is more significant 

at higher irradiances. For instance, at an irradiance of 100 

W/m², the PV module provides a voltage of 16.2 V and a 

current of 63 mA, resulting in a power output of 1.03 W. The 

corresponding battery voltage is 26.80 V with a charging 

current of 7 mA, leading to a power injection of 0.18 W into 

the battery. The efficiency of the boost converter at this 

irradiance is 18%. The low charging current at this level 

justifies the battery charging voltage being lower than 14.4 V 

Figure 6. PV current and voltage considering PV temperature of 35 °C and different irradiance conditions: (a) 100 W/m²; (b) 200 W/m²; 
(c) 300 W/m²; (d) 400 W/m²; (e) 500 W/m²; (f) 600 W/m²; (g) 700 W/m². 
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per battery, i.e., below 28.8 V for the series configuration, 

which explains the low efficiency of the system under this 

condition. 

As the irradiance increases to 700 W/m², the PV module 

voltage remains relatively stable around 16.2 V, while the 

current rises significantly to 756 mA, yielding a power output 

of 12.24 W. The battery voltage at this level is 32.80 V with 

a charging current of 341 mA, resulting in a power injection 

of 11.18 W. The efficiency of the boost converter improves 

to 91% at this irradiance level, indicating the system's 

enhanced performance under higher solar irradiance.  

These results highlight that the system exhibits higher 

efficiency at higher irradiances, showing that the charging 

process is more effective as the irradiance increases. The 

minimum charging voltage for the batteries is achieved at 

irradiances of 200 W/m² and above, where the charging 

voltage reaches the necessary level of 28.8 V for the series 

configuration. This underscores the importance of sufficient 

irradiance for optimal system efficiency. 

C. Test 2: Current and Voltage Modes Signal 

Analysis  

In this section, the control signals are analyzed in both 

modes (current and voltage). In current mode the PV module 

operates at 16.2 V and the batteries voltage is 29.4 V. In 

voltage mode the PV module operates close to open circuit 

voltage point at 18.6 V while the batteries voltage is 26.4 V 

(floating voltage). Figures 8 and 9, shows the control signals 

(OCC carrier and the Pulse Width Modulated waves) in 

steady state during current mode and voltage mode, 

respectively.  

During the tests performed to obtain Fig. 8, vpv is 16.2 V 

and vbat is 29.4 V which corresponds to the approximate 

obtained value of the duty cycle (db) (48.7 %). It is important 

to consider that the width of the generated PWM signal is 

proportional to the width of the sawtooth signal. However, 

due to the delay generated by the OCC analog integrator reset, 

there is a small error between the duty cycle of the sawtooth 

signal (41.7%) and the DC-DC converter switching signal 

(48.7%). This error is generated by the discharge time of the 

OCC controller integrator capacitor.  

Ideally, the expected duty cycle the Boost converter 

equation would be 44.2%, showing a deviation of 9.3% in 

relation to the obtained duty-cycle of 48.7%. When 

comparing these values with the expected results from Figure 

4, it is observed that the point on the curve corresponding to 

a vbat of 29.4 V aligns with a duty cycle of approximately 

45%. The error in the observed duty cycle is 3.7% (48.7% - 

45%), which can be attributed to several factors. First, the 

curve in Figure 4 was developed for a PV module voltage of 

Figure 7 - Battery bank current and voltage considering PV temperature of 35 °C and different irradiance conditions: (a) 100 W/m²; 
(b) 200 W/m²; (c) 300 W/m²; (d) 400 W/m²; (e) 500 W/m²; (f) 600 W/m²; (g) 700 W/m². 
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16.3 V, whereas the experimental test used a PV module 

voltage of 16.2 V. This slight difference in input voltage 

affects the duty cycle, as the converter must adjust to maintain 

the desired output voltage. Additionally, real-world factors 

such as converter losses, including resistive losses in 

components, switching losses, and inductor core losses, 

contribute to the discrepancy. These losses are not accounted 

for in the ideal Boost converter equation but have some 

impact on the actual performance. However, as observed, a 

3.7% error is considered quite small, emphasizing the 

robustness of the controller. This small deviation indicates 

that the controller is effectively managing the variations and 

losses inherent in practical applications, maintaining a high 

level of performance and reliability.  

In voltage mode, the PV module stops operating at MPP and 

starts operating at vpv voltage of 18.6 V and the vbat is 26.40 

V, which corresponds to the approximate obtained value of 

the duty cycle (db) (31.7 %). Notice that the switching duty-

cycle is equal to the period of the integration of the switching 

variable. According to (1), the maximum amplitude of Vtrvcm 

is equal to the difference between vpv and Vbatref. The 

maximum value of Vtrvcm obtained is 9 V and the real value is 

7.8 V which corresponds to an error of 13 %. 

According to Figure 5, for an output voltage (vbat) of 26.4 

V, the ideal graph shows the relationship between Vpv and 

the duty cycle of around 29.5%. This is very close to the 

experimentally obtained duty cycle of 31.7%, indicating a 

minimal error of 6.8 %. This slight discrepancy can be 

attributed to practical factors such as converter losses, 

component tolerances, and the dynamic response of the 

control system. The comparison demonstrates that the 

experimental results closely match the expected values 

derived from the ideal graph. The small error of 6.8% 

highlights the robustness and accuracy of the controller in 

maintaining the desired output voltage under varying 

conditions.  

The correlation between the experimental and ideal values 

validates the system's design and confirms its capability to 

operate within expected parameters, ensuring optimal 

performance in practical applications. 

IV. CONCLUSIONS 

This paper presents a photovoltaic system designed to charge 

a battery bank using an analogically implemented One-Cycle 

Control method. The system operates in two modes: current 

control and voltage control. In current control mode, the 

controller optimizes charging time by delivering maximum 

power to the battery through the Constant Voltage (CV) 

Figure 8. Control signals at steady-state conditions in voltage 
mode: (a) PV voltage (vpv) and Batteries voltage (vbat), (b) Duty 
Cycle of Modulated Signal (Db) and triangular carrier (Vtrvcm). 

Figure 9. Control signals at steady-state conditions in current 
mode: (a) PV voltage (vpv) and Batteries voltage (vbat), (b) Duty 
Cycle of Modulated Signal (Db) and triangular carrier (Vtrccm). 
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Maximum Power Point Tracking (MPPT) method. In voltage 

control mode, the OCC regulates the battery at its floating 

voltage. A multiplexer switches from current mode to voltage 

mode when the battery bank is fully charged. 

Experimental results demonstrate that in current mode, the 

system effectively manages irradiance fluctuations, 

consistently delivering a stable voltage according to its 

capacity. The robustness of the OCC technique in battery 

charging applications is highlighted by its ability to generate 

the PWM signal duty cycle from the width of the sawtooth 

signal, modulated by a switching variable at each clock cycle. 

In control signal analysis, the observed error between the 

expected duty cycle and experimental results, approximately 

3.7% and 6.8% for current and voltage modes respectively, is 

mainly due to DC-DC converter losses and delays caused by 

the reset of the OCC integrator. These issues could be 

mitigated by implementing a digital OCC controller. Despite 

these minor drawbacks, the analog OCC controller offers a 

simple and cost-effective solution. 

The results validate the application of OCC for charging 

batteries in both current and voltage modes. The use of OCC 

modulators significantly enhances performance, as OCC is 

known to minimize voltage overshoot and undershoot in 

battery applications. The advantages of the CV MPPT 

method in maintaining a steady-state constant voltage for the 

PV module, combined with the fast, accurate, and robust 

control capabilities of the OCC technique, make it an 

excellent choice for optimizing battery charging efficiency. 

This approach not only extends battery life but also ensures 

reliable operation.  

In conclusion, the findings confirm the effectiveness of the 

OCC method for battery charging in PV systems, 

demonstrating its potential for practical applications in 

renewable energy systems. 
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