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Abstract

This project focused on simulation of open loop repetitive current controller for lead acid battery using
MATLAB R2013b and Arduino microcontroller software. A repetitive current controller is been developed
using MATLAB Simulink Toolbox which communicates with Arduino Support Package library in order to
generate the pulse width modulation (PWM) signals for converter circuit. The project uses designed Buck-Boost
converter circuit with reference voltage of 14V from the battery. The range of buck operation input voltage is
between 18V to 15V while boost operation input voltage range is between 10V to 13V. The results of simulation
output current slightly increase with the minimum value of 0.38A and the maximum value of 0.73A. As a
conclusion, the project is able to communicate between MATLAB and Arduino software.
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1.0 INTRODUCTION

The battery is being rapidly increasing use in a variety of subject areas, such as power
sources for telecommunication equipment, car starters, hybrid electrical vehicles, renewable
energy storage systems and etc. Furthermore, battery has also been employed as a standby
power source when the main power having disturbance of electricity. Battery as the most
popular energy storage device has two different types, primary battery and rechargeable
battery. Primary battery also known as disposable battery which have higher density than
rechargeable battery. Also have a lower self discharge. The primary battery is not suitable for
the energy storage systems since the battery intended to be used once and then discarded.
Rechargeable battery which also known as a secondary battery because electrochemical
reactions are electrically reversible (Musio & Damiano, 2014).

The potential problems that encountered in the battery is the charging technical
problem which lead to longer charging time that causing the quality of the battery become
poor and shorten the life of the battery (Lee, Moon, Lee, Kim, & Won, 2011) (Mubdir &
Fayadh, 2010). The battery charger requires a converter that able to charge the battery with
the variable input voltage and a constant output voltage for charging process. Converters are
categorized into four categories: AC to DC converter (rectifier), DC to DC converter
(chopper), AC to AC converter (cycloconverter) and DC to AC converter (inverter)
(Perturbation, 2017).
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Three basics DC to DC converter topologies: Buck converter, Boost converter and
Buck-Boost converter. Buck-Boost converter circuit has been decided to use in this project
since the converter consists of two modes of operation, Buck and Boost. This project uses
software MATLAB as a control while the Arduino serves as a signal processing controller
(Genikomsakis, Gutierrez, Thomas, & loakimidis, 2015). MATLAB has been chosen for this
project due to accessibility this software and can easily modify and improve the code
provided. While, Arduino has been selected due to affordable cost and has an easy
programming language based on ready C/C++ libraries. Both software should be able to
communicate each other in order to receive input and output signal. The purpose of
MATLAB R2013b software is to develop repetitive current controller block diagram to create
a PWM input signal.

The block diagram of the project in Figure 1 starts with DC supply input voltage to
the Buck-Boost converter circuit. The output voltage of the converter starts charging the lead
acid battery. A current sensor detects the current and send an output signal to the Arduino.
The Arduino generates PWM output signals and send through the gate driver to control
switching on the Buck-Boost converter circuit.
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Figure Error! No text of specified style in document.: Block diagram of the project

2.0 MATERIALS AND METHODS

The software used in this project is MATLAB R2013b and Arduino UNO
microcontroller which features a maximum clock rate of 16 MHz with 32 KB Flash Memory.
The Arduino has 14 digital input and output pins which 6 pins can be used as PWM outputs
and another 6 pins used as analog inputs. A repetitive current controller has been developed
using MATLAB Simulink Toolbox in order to generate the pulse width modulation (PWM)
signals.
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The Arduino receives PWM output signals and send through the gate driver to control
switching on the Buck-Boost converter circuit. The circuit analyzed in two operations: Buck
operation and Boost operation. In Buck operation (18V to 15V), switch 1 (SW1) is in PWM
mode and switch 2 (SW2) is opened. While in Boost operation (10V to 13V), switch 1(SW1)
is closed and switch 2 (SW2) is in PWM mode.
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Figure 2: MATLAB simulation diagram of Buck-Boost converter circuit
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The MATLAB simulation diagram of Buck-Boost converter circuit in Figure 2 shows
the components for Buck-Boost converter circuit is a pair of switches, two controlled
MOSFET (IRF540) and two uncontrolled diodes (IN4001). The converter also uses one
capacitor (47uF), one inductor (10mH) and one resistor (100ohm).
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Figure 3: Open loop simulation diagram for Boost operation
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The open loop simulation diagram in Figure 3 is for Boost operation. Input voltage for
Boost operation is 10V and will compare in relational operator with reference voltage 14V. If
the input voltage is lower than the reference voltage, the output signal becomes 1, the results
are in Boost operation. For this project, two controlled MOSFET used, switchl and switch 2.
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Figure 4: Open loop simulation diagram for Buck operation

The open loop simulation diagram for Buck operation is shown in Figure 4. Input
voltage for Buck operation is 18V and will compare in relational operator with input
reference 14V. If the input voltage is higher than input reference, the output signal becomes
0, the results are in Buck operation.

For Buck and Boost operation, logical operator of AND and OR gate is selected
because only these two gates enable to generate PWM signals. By referring Table 1, the truth

table of OR and AND gate shown and the simulation of output waveforms is proved.

Table 1: The truth table of OR GATE and AND GATE in Boost operation

A B Output switch 1
0 0 0
0 1 1
1 0 1
HEHEH
OR GATE
A B Output switch 2
0 0 0
0 1 0
1 0 0
UL L1 L
AND GATE

I5] MatrixT7
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Input gate A in Table 1 represents the output for relational operator while input gate B
represents for PWM signal. For Boost operation, when the input voltage is lower than input
reference, the output of relational operator is 1. Therefore, according to the truth table, the
output switch 1 shows the switch is close while output switch 2 shows the switch is in PWM
signal.

Table 2: The truth table of OR GATE and AND GATE in Buck operation

A Output switch 1

1

OR GATE

Output switch 2

R R jo ol >
o

= OO

AND GATE

Input gate A in Table 2 represents the output for relational operator while input gate B
represents for PWM signal. For Buck operation, when the input voltage is higher than input
reference, the output of relational operator is zero. By referring the Table 2, the truth table of
OR and AND gate, the output switch 1, shows the switch is a PWM signal while output
switch 2, shows the switch is open.

3.0 RESULTS AND DISCUSSIONS

The open loop simulation diagram is analyzed from MATLAB Simulink Toolbox. For
open loop simulation, the circuit use 14V as a reference voltage that will compare with input
voltage. If input voltage lower than the reference voltage, the results are in Boost operation.
Hence, if the input voltage greater than the reference voltage, the results is in Buck operation.

162 Matrix'17
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The output simulation signal of switch 1 when the converter in Boost operation is
shown in Figure 5. The output signal becomes 1 meaning the switch 1 is close.
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While for switch 2 in Figure 6, the output signal becomes a PWM signal meaning the

Figure 5: Switch 1 Boost operation
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Figure 6: Switch 2 Boost operation

switch 2 is open and close continuously.

153 Matrix'17
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Figure 7: Switch 1 Buck operation

The output simulation signal of switch 1 for Buck operation shows in Figure 7 where
the output signal becomes a PWM signal and it means the switch 1 is open and close
continuously.
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Figure 8: Switch 2 Buck operation

While for switch 2 in Figure 8 is when the converter in Buck operation. Output signal
becomes 0 meaning the switch 2 is open.
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The results shows in Table 3 is obtained from open loop MATLAB simulation
diagram of Buck-Boost converter circuit.

Table 3: Results from open loop simulation in Buck-Boost operation
Input Voltage Output Current

V) (A)
10 0.38
11 0.38
12 0.43
13 0.48
15 0.58
16 0.63
17 0.68
18 0.73

Input voltage in Buck-Boost operation starts with 10V to 18V with reference voltage
14V. The maximum output current is 0.73A and the minimum output current is 0.38A.

1 0.73
Scale z z ; ; ; ;
s X - Vohtage (V) [-Ssswsasdinvnsn om0 gg oo i
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: _ | 0.63
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_ _ | 054 | :
: 1 0.48 : : : 3
0.38 | 0.38 | :
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The graph of the open loop simulation result in Buck-Boost operation is shown in
Figure 9. The X-axis represents the Buck-Boost input voltage between 10V to 18V while Y-
axis represents the value of output current from the converter. The graph is a linear
relationship between the input voltage and output current which is when the input voltage at
X-axis is increased, the output current at Y-axis also increased.

40 CONCLUSION

The simulation of open loop repetitive current controller using MATLAB and
Arduino software is successfully analyzed with minimum value of output current 0.38A and
the maximum value is 0.73A. The more higher output current, the more faster charging
process for lead acid battery. The project is also able to communicate between MATLAB and
Arduino software in order to receive input and output signal.
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