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Abstract— — This paper presents the design and simulation of a
programmable multi-voltage battery charger using the PICI6F8774
microcontroller for renewable energy storage applications. The proposed
system supports 12V, 24V, and 48V battery configurations through a user-
selectable interface with real-time voltage monitoring via a 20%x4 LCD. A
voltage sensing circuit with a precision divider network enables accurate
battery voltage measurement, while a relay-based control system ensures safe
charging by automatically disconnecting at predefined thresholds. The charger
was simulated in Proteus Design Suite to validate its performance,
demonstrating a voltage regulation error below 0.5% and rapid response times
of under 50 ms. Results confirm the system's ability to maintain stable charging
across all voltage modes while providing an intuitive user interface. This work
demonstrates an effective microcontroller-based solution for adaptive battery
charging, offering significant advantages over fixed-voltage chargers in
renewable energy systems. The design's combination of flexibility, accuracy,
and cost efficiency makes it particularly suitable for solar power applications,
electric vehicles, and portable power systems that require accommodating
multiple battery voltages.

L INTRODUCTION

The increasing demand for renewable energy storage
systems has highlighted the need for efficient and adaptable
battery charging solutions [1],[2]. Batteries with different
voltage ratings—such as 12V, 24V, and 48V—are widely
used in solar power systems, electric vehicles, and portable
requiring versatile charging methods to
maintain optimal performance and lifespan. Conventional
chargers are often limited to fixed voltage outputs, making
them unsuitable for multi-battery applications [3],[4]. To
microcontroller-based
programmable chargers offer a flexible and cost-effective

electronics,

address this challenge,

through software control [5].

This study presents the design and simulation of a
programmable multi-voltage battery charger utilizing the
PIC16F877A microcontroller, which is capable of
supporting battery configurations of 12V, 24V, and 48V. The
system incorporates a voltage sensing module for real-time
monitoring, a relay-based switching mechanism for charge
control, and a 20x4 LCD interface for user feedback. Using
Proteus Design Suite, the proposed charger was simulated
to validate its accuracy, response time, and stability under
different load conditions.

The primary objectives of this research are:

alternative by allowing adjustable charging parameters
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1. To develop a low-cost, microcontroller-based
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charger with programmable voltage settings.

2. To ensure precise voltage regulation with minimal
error for safe battery charging.

3. To provide a user-friendly interface for selecting and
monitoring charging parameters.

4. To verify the design's feasibility through Proteus
simulation before implementing it in hardware.

This work contributes to the advancement of smart
charging technologies [6],[7] by demonstrating how
embedded systems can enhance energy storage efficiency.
The findings will benefit renewable energy applications,
particularly in off-grid [8] and portable power systems
where adaptive charging solutions are critical. The
following sections detail the methodology, simulation
results, and performance evaluation of the proposed
programmable battery charger.

II. MATERIALS AND METHODS

In this section, the detailed design scope is presented
with the necessary materials used and the methods that are
deployed to create the functional programmable charger
using PIC16F877A microcontrollers.

2.1 System Overview

The system overview captures the main outline of the
system under consideration in a renewable -energy
harvesting setting. The flexibility of the programmable
battery charger provides environmental adaptation and
battery selection variation available in the market.

DC Loads

vV

Unidirectional =
Buck/Boost Converter

! = AC Loads

s Unidirectional
Bidirectional =
Inverter
Buck/Boost Converter

Proposed
Programmable
Charger

12v/24v/48V

Fig 1:  Solar PV system with proposed
programmable charger

From the diagram in Figure 1, the unidirectional
buck/boost converter (unidirectional BBC) enables power
flow in a single direction, whereas the bidirectional
buck/boost converter (BBBC) enables power flow in both
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directions [9]. The programmable charger receives electric
charges from the photovoltaic (PV) panel through the
BBBC.

The programmable charger will operate automatically
and is responsible for monitoring the state-of-charge of the
battery upon the manual selection of the battery being
connected.

2.2 Hardware Design
2.2.1 Microcontroller Circuit

The main controller of the proposed system is the
PIC16F877A microcontroller shown in Figure 2. The IC
PIC16F877A is an 8-bit microcontroller with 8k x14 bit
flash program memory, 368 bytes of RAM, and many other
peripherals such as ADC, universal asynchronous
synchronous transmitters, the main synchronous serial port,
and analog comparators [10]. This set of instructions
depends on the computer architecture (RISC). The
PIC16F877A works with the sensor output to calculate the
voltage in volts. The ADC inside the microcontroller is used
to change the analog output of the sensor to an equivalent
digital value. The microcontroller's internal ADC has 8
analog inputs and provides 10-bit digital signals [11].

+5V

e
——» €
L 13
— d7

L > 6
—dS

I

L >4

Fig?2: PICI6F877A proposed controller circuit

A 10kQ resistor is connected to pin 1 MCLR, and
300Q resistors to pins 23, 24, 25, 26, and 40. Two 22pF
capacitors connect the S8MHz oscillator that provides a clock
signal to the PIC16F877A.

2.2.2 Voltage Sensing Module

A key element of the system is the voltage sensor,
which effectively translates variations in external circuit
voltage into a physical signal. This signal plays a vital role
in assessing the voltage differential between two points
[12]. By reliably capturing and analyzing these fluctuations,
the voltage sensor improves the system’s accuracy in
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voltage monitoring and supports its integration into a
photovoltaic-powered ~ smart  energy  management
framework [13].

Battery +

Battery -

Fig 3:  Precision voltage sensor module

Ry

S =———V,
voensor (Rl +R2) battery

(M

where,
= R, = 1200 kQ precision resistor,
= R, = 133 kQ precision resistor,
*  Vpattery = battery voltage (0 — 50V),

=  vSensor = sensor value of battery’s voltage

The vSensor is the ADC voltage value (0—5V). Itis a
voltage input to the ADC pin (A0) of the PIC16F877A. This
ensures that the battery voltage is scaled to the ADC’s input
range. The voltage sensor module is shown in Figure 3.

The ADC conversion can be computed using Eq. (2)
shown below.

ADCvalue X Vref X (Rl + RZ)
1023 X R,

2

Vbattery =

where,
»  ADCyqpye 1s the 10-bit ADC output (0-5V),
* Ve is the ADC reference voltage (5V)

This enables the conversion of ADC digital values
back to the actual battery voltage.

2.2.3 User Interface

The push buttons are used to enter the maximum
voltage range of the battery under connection. It interfaces
the PIC16F877A as the inputs. The 20x4 LCD displays the
measurement reading, reference voltage value, and the
status of whether the programmable charger is idle or
operational. The operational function displays whether the
battery is charging or fully charged.
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Fig4:  20x4 LCD system display interface

The LCD and push button circuit connection is
depicted in Figures 4 and 5. The buttons 1, 2, and 3 indicate
the selections for 12V, 24V, and 48V, respectively.

1
o L
b1 O—I—ﬂ bzo—I_B bao—I—ﬂ
| a a
Lbﬂ | L:TPL

Fig 5:  Battery selection buttons for 12V/24V.48V

The pull-down resistor is connected to each push
button, ensuring the digital input of PORTC.BO,
PORTC.B1, and PORTC.B2 reads logic 0 when the button
is not pressed. The detailed program of the push button
operation (debounce) is provided in section 2.3. During a
specific button press, an LED indicator is illuminated to
indicate that a particular voltage level is set for 12V, 24V,
and 48V.

224 Relay Control Module

The switching of charging is achieved through the use
of an electromagnetic relay. It is a type of electrically
operated switch that uses the principle of electromagnetism
to control the opening and closing of contacts. Figure 6 is
the electromagnetic relay module.

Solar +

Battery +

Fig 6:  Solar battery charger 5V/304 relay

The relay operates through a 5V power supply and
accepts a maximum current of 30A. This high current relay
is suitable for solar PV systems and battery’s charging and
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discharging capabilities [4].

The charging threshold, especially for the relay control
logic for start and end charging, can be computed using Eq.
(3) and Eq. (4).

Start Charging: Vpgerery < 0.95 X Vger ?3)

Stop Charging: Vpatrery = 0.98 X Vg @)

The Vy,; is the user-selected voltage (12V/24V/48V).
The purpose defines the hysteresis for relay control to
prevent frequent toggling.

2.3 Firmware Development

The development of the low-level software algorithm
firmware of the programmable charger directly controls and
interacts with the PIC16F877A hardware. The algorithm
built is described using the flow chart in Figure 7 and a
pseudocode snippet as follows.

Initialize ADC, LCD,
Buttons, Relay, LEDs

Read ADC
Button Pressed? -

.23

Button 1 -Set 12V - LED1 ON
Button 2 -Set 24V - LEDZ ON
Button 3 -Set 48V - LEDZ ON

]
Check Setpoint

Compare Battery
Voltage >98%

Update LCD
* Reference Voltage Selection
* Current Battery Voltage
« Status (IDLE/CHARGING/FULL)

Turn OFF Relay,
LED Full ON

Turn ON Relay,
LED Charging ON

Fig 7:  Programmable battery charger system
operational flow chart

The charging program algorithm is provided by the
pseudocode snippet given below.

International Journal of Advanced Engineering Research and Science, 12(11)-2025

IF BTN 12V is pressed:
set_voltage = 12.0
DEBOUNCE(50ms)

ELSE IF BTN 24V is pressed:
set_voltage = 24.0
DEBOUNCE(50ms)

ELSE IF BTN 48V is pressed:
set_voltage = 48.0
DEBOUNCE(50ms)

IF set voltage > 0:
IF battery voltage < (set_voltage * 0.95):
RELAY =ON
status = "CHARGING"
ELSE IF battery voltage >= (set voltage * 0.98):

RELAY = OFF
status = "FULL"
ELSE:

status = "IDLE"

LCD _SHOW("Set: ", set_voltage, "V")
LCD _SHOW("Bat: ", battery_voltage, "V")
LCD_SHOW("Status: ", status)

DELAY (100ms)
END

BEGIN
Initialize:
- Set ADC, LCD, LEDs, GPIO pins
- Default: RELAY = OFF, set_voltage = 0

MAIN LOOP:

adc value = READ ADC(ANO)
battery voltage = (adc_value * 50.0) / 1023

www.ijaers.com

2.4 Proteus Simulation

Proteus Design Suite is an electronic design
automation (EDA) software developed by Labcenter
Electronics. Since it combines several tools, such as
schematic capture and VSM simulation, into one integrated
environment, it meets the critical demand for the circuit
simulation of the proposed programmable battery charger.

2.4.1 Schematic Design

The schematic circuit is built and compiled using
Proteus. Figure 8 shows the virtual circuit of the proposed
system under simulation.

Page | 47



http://www.ijaers.com/

Tirones and Hu International Journal of Advanced Engineering Research and Science, 12(11)-2025

U1 D6
RL1 421 0sCCLKIN RBQINT —2—0) &4 LED-GREEN
5 'R‘I_‘ T OSCCLKOUT g; E :
= e = =cH f
— RAZIANZNREF CVREF RE5 20 c EE-RED
Ry munodeon el P o 888 g2, szzzasss
BAT1 B =] RABAN4ESICZOUT 15
-2 renansFED R‘:Rcu:[r}?ggl“rjc?rﬂ b2 —Hnl 17 hlml‘}l?‘l: = =
i REVANGARE RGHCCP GND
p—— RENANTICS REISCHISCL o
N0 L WTRppTHY R ty500 /| ¢ Aad,
i 2 e
ROGPSD == 5 . w3 5
o ot J mef ] =e
e = i B
~ D3 - D4 = 5
_|_—.—°‘ I.—‘“ .
e GE) GP:CI
Fig 8:  Overall, programmable battery charger circuitry in the Proteus design suite
III. RESULTS AND SIMULATIONS The key observation is that the ADC error remained <
The proposed programmable battery charger was 0.5% fiue to the calibrat.ed .Voltage (.iiVider and 10-bit
validated through Proteus Simulation. The key performance resolution. The system malntalned.premse average voltage
metrics are summarized as follows: control across all modes, as shown in Table 1.
3.1 Charging Threshold Accuracy
Table 1: Charging threshold of the proposed programmable charger
Mode Set Voltage (V) Start Charging (95%) Stop Charging (98%)
12V 12.0V 11.40 =0.05V 11.76 £ 0.03V
24V 24.0V 22.08 £0.07V 23.52+£0.05V
48V 48.0V 45.60 £0.10V 47.04 £0.08V
3.2 Response Time and Stability 3.3 LCD Interface Performance
The relay activation delay and the ADC conversion The simulation comparison test of the interface
and observations are considered in this section. The trigger performance is highlighted in this section. In Table 2, the
voltage is 3.3V to SVDC. The microcontroller sends a 5V accuracy of the push button performance, LCD, switching
at full battery capacity to the normally closed (NC) position. behavior, and the LED indicator response was observed.

During the charging cycle, the relay is switched to normally

Table 2: Performance of LEDs and LCD
open (NO); that is inactive state of the relay.

Voltage LED LCD Column
float Read Battery Voltage() { Button Setting Indicator 2
unsigned int adc_value = ADC_Read(0); 1 12.0V D3 11.999V
float voltage = (adc_value * 50.0) / 1023.0; 2 24.0V D4 23.999V
return voltage; 3 48.0V D5 47.999V
}

The conversion of the ADC values depends on Eq. (2).
The precision of the resistors in the voltage divider circuit
in Eq. (1) provides stability in the ADC reading.

The control charging program is given in the source
code below. It indicates the relay operation based on the
condition of the battery voltage and the set voltage. The
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relay is switched on and off as RELAY = 1 and RELAY =
0, respectively.

void Control Charging() {
if (set_voltage > 0) {

if (battery voltage < (set_voltage * 0.95)) {
RELAY =1;
strepy(status_str, "CHARGING");
CHARG=1;
FULL = 0;

H

else if (battery voltage >= (set_voltage * 0.98)) {
RELAY =0;
strepy(status_str, "FULL  ");
CHARG =0;
FULL =1;

)

H

else {
RELAY =0;
strepy(status_str, "IDLE");

-~
-

Extensive testing on eight electromagnetic relays
under voltage sags and short interruptions revealed that
EMRs exhibit tolerance within 48—74% of nominal voltage
and disengage when sag durations exceed 5-28 ms, with
response mechanisms highly influenced by factors such as
point-on-wave, phase angle jump, two-stage sag events, and
slow recovery profiles [14].

3.4 Simulation Results

The simulation test explores the behavior and
performance of the microcontroller-based multi-voltage
programmable battery charger in real-time.

The interaction of the user interface was tested, and the
observation during (a) start-up, voltage selection of (b) 12V,
(c) 24V, and (d) 48V was recorded and presented in Figures
9, 10, 11, and 12, respectively.

During start-up, the system is programmed to display
the following vital information of the system on the LCD as
shown in Figure 9. It consists of the battery selection type,
current battery voltage measurement, and the status of the
programmable charger in rows 2,3, and 4, respectively.

The system will scan and wait for the user to enter the
battery selection via buttons 1, 2, and 3 for 12V, 24V, and
48V, respectively. During button 1 selection, the
PIC16F877A will register 12V, and is equivalently shown
in Figure 10 as 11.9999V. The algorithm compares the

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 12(11)-2025

battery selection voltage with the current voltage
measurement of the battery.

o

£

Fig 9:  System start-up simulation

If the battery voltage is less than the voltage selection,
it will enable charging; else it will switch off charging, and
the status will be updated accordingly.

]

E Bl B

Fig 10: 12V battery selector simulation

During the relocation of the programmable charger to
a 24V battery system, the button is selected. The LCD will
be updated, and the system will perform a comparison of
the current battery voltage measurement and the battery
reference voltage being selected. Figure 11 shows the
battery's measurement voltage greater than the selected
voltage battery.

Fig 11: 24V battery selector simulation

The 48V battery selection through a routine selection
of button 3 enables the programmable algorithm to compare
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the battery voltage measurement. As described in Figure 12,
battery voltage is less than the selected battery voltage, so
the charging is continuous. When the battery voltage
reaches 47.04 £+ 0.08V, the charging will be disabled.

o
LCD CRETH

[&r
LEDRED

L] E B

e i '
R

(& (8-

Fig 12: 48V battery selector simulation

The simulation test indicates that the proposed
programmable battery charger is capable of monitoring the
multi—voltage battery's level through a voltage sensor and
performing automatic charging based on the battery usage
in the standalone solar PV system.

IV. CONCLUSION

This study successfully designed and simulated a
programmable multi-voltage battery charger using the
PIC16F877A microcontroller, demonstrating reliable
performance for 12V, 24V, and 48V renewable energy
storage systems through Proteus-based validation. The
system achieved precise voltage regulation with less than
0.5% measurement error and fast relay response times under
50 milliseconds, while the intuitive 20x4 LCD interface
provided real-time monitoring of charging parameters. Key
innovations included a cost-effective hardware design using
basic components and flexible user control through push-
button voltage selection, making the solution adaptable for
solar, wind, and off-grid applications. Although the
simulation results showed excellent agreement with
theoretical expectations, minor limitations were observed,
such as a 0.3V relay voltage drop that could be improved
with MOSFET switches and the absence of thermal
modeling in the Proteus environment. Future work should
focus on implementing maximum power point tracking for
renewable energy optimization, adding temperature
compensation, and exploring IoT-enabled monitoring
features. This research provides a practical foundation for
developing scalable microcontroller-based charging
systems, with potential applications ranging from electric
vehicles to portable power banks, while maintaining an
optimal balance between performance, affordability, and
adaptability for both academic and industrial energy storage
solutions.
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