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ABSTRACT

Back to back converters are widely used in many applications like uninterruptible
power supply (UPS), electric drives and wind energy conversion system. This
converter can convert the voltage and current from AC to DC and from the DC to
AC. This project aims at development a back to back converter on Raspberry Pl and
communicates with MATLAB Simulink. The key feature of the system is the ability
of Raspberry PI (RPI) as a microcontroller to control gate signal of power switches
of the converter. To make sure the output value as desired, the PID controller is used
to make sure the output value is equal to reference value and to make sure the error is
minimum for PWM generation while the Raspberry Pl will handle the PWM
switching strategies. Based on the result obtained, the back to back converter has
successfully created a stable three phase sinusoidal output by utilizing the external
ADC module and PID controller



ABSTRAK

Penukar berbalik digunakan secara meluas di dalam banyak aplikasi antaranya
bekalan kuasa tanpa gangguan (UPS), pemacu elektrik dan system pertukaran tenaga
angin. Penukar ini dapat menukar voltan dan arus dari ulang alik ke arus terus dan
arus terus ke ulang alik. Matlamat projek ini adalah pada pembangunan penukar
berbalik menggunakan raspberry pi dan dihubungkan bersama MATLAB Simulink.
Ciri-ciri utama untuk system ini adalah keupayaan raspberry pi sebagai pengawal
untuk mengawal pintu isyarat suis kuasa di dalam penukar. Apabila keluaran litar
berada dalam keadaan kesalahan, pengawal PID akan digunakan untuk memastikan
nilai keluaran adalah bersamaan dengan nilai rujukan dan juga untuk memastikan
kesalahan adalah minimum untuk penkanaan PWM sementara Raspberry Pl akan
mengawal strategi pensuisan PWM. Berdasarkan keputusan yang diperolehi, penukar
berbalik Berjaya menghasilkan voltan tiga fasa sinusoidal yang stabil dengan

menggunakan modul ADC luaran dan pengawal PID.
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CHAPTER 1

INTRODUCTION

1.1  Background

The first electronics revolution began in 1948 with the invention of the silicon
transistor at Bell Telephone Laboratories by Bardeen, Bratain, and Schockley. Most
of today’s advanced electronic technologies are traceable to that invention, and
modern microelectronics has evolved over the years from these silicon
semiconductors. The second electronics revolution began with the development of a
commercial thyristor by the General Electric Company in 1958. That was the
beginning of a new era of power electronics. Since then, many different types of
power semiconductor devices and conversion techniques have been introduced [1].

With the advancement of power electronics, microprocessors and digital
electronics, typical electric drive systems nowadays are becoming more compact,
efficient, cheaper and versatile. The objective is simple, to varies the electric source
and can be used for communication, high voltage engineering, green energy
technology and many more.

Electrical energy sources are varied and of many types. It is natural, then, to
consider how electronic circuits and systems can be applied to the challenges of
energy conversion and management. This is the framework of power electronics, a
discipline that is defined in terms of electrical energy conversion, applications, and
electronic devices. More specifically Rectifiers are probably the most familiar
example of circuits that meet this definition. Inverters (a general term for DC to AC
converters) and DC to DC converters for power supplies are also common

applications [1].



The combination of Rectifiers and Inverter with the mid voltage of DC
voltage (\Vdc) or called as DC link, past researcher came with the idea of Back-To-
Back converter. The idea is to generate the AC source voltage from AC voltage
(Vac) with diversion from AC to DC and divert back to AC. This approach
eliminates the main drawback of diode rectifiers and introduces a number of
advantages like increased DC link voltage and minimized energy storage as well as
active filtering and reactive power compensation capabilities [2].

In this project, the main idea is to convert the single phase AC voltage to DC
voltage and DC voltage to three phase AC voltage. The first part of the converter is
known as Rectifier which transfers an AC voltage to DC voltage. The second part of
the converter is known as Inverter which transfers the DC voltage to AC voltage. By
using Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET) as a power
electronics device, it will control the voltage bias based on the signal entered to it.
The control signal or wave sequence algorithm is required (by using Sinusoidal Pulse
Width Modulations or SPWM) to control the signalling pulse to the MOSFET and
produced a wave sequence algorithm as required. Unfortunately, to trigger the
MOSFET is not simple. It required the high DC voltage from 10 VDC to 15 VDC.
To coup with this problem, the Gate Drive have been use to boost up the voltage to
meet the required voltage [3].

As the source of signalling will be produce by an external controller. In this
case, the Raspberry Pi (RPI) microcontroller will be used to generate the signal and
been supported by MATLAB Simulik Toolbox software as the algorithm. This
algorithm similarly operates as a close-loop system to control the output with the
information from the feedback signal. The controlling concept use conventional or
numeric controller types such as Proportional (P) Controller, Proportional-Derivative
(PD) Controller, Proportional-Integral (P1) Controller and Proportional-Integral-
Derivative (PID) Controller [3]. The feedback signal will be measured by voltage
sensor (designing Bridge rectifier with voltage divider) and give the reading back to
RPI and will be compare with reference value and the controller will make and
necessary adjustment so that the output not exceeding the reference value.

The Raspberry Pl is chosen because it allows flexibility in the choice of
programming languages and installation of software that could be used [4]. The user
can directly use programming that suitable with Linux operating system or can use

the MATLAB Simulink which is well known as data flow graphical programming



language tool for modelling, simulating and analysing. Raspberry P1 has an ability to
control the system comes with advantages like low cost and compact size [5].

Figure 1.1 below shows the block diagram of this project. This project consist
uncontrolled Rectifier that convert the single phase AC source to DC voltage. The
DC voltage will pass thru Inverter (controlled) and the output voltage on Inverter will
be measured by voltage sensor and will feed the readings to RPI to simulate with
Simulink program. After comparing the output voltage with reference voltage, the
RPI automatically send back the signal to Inverter to meet the desired voltage.

Three —]
@7 e 1 Filer | | Voltage
ectifier T phase Sensor
Inverter
Gate
Driver ADC

RPI link with MATLAB / Simulink

Figure 1.1. Block diagram

1.2 Problem Statement

Nowadays renewable energy has become one of the global agenda in energy
production. In addition to preserving the environment, it also reduces human
dependence on fuel to produce energy. One of the renewable energy is wind and
engineer has come out with an idea to develop a wind turbine to produce voltage
source using back to back converter. The problem is, this system have to transfer the
generated voltage from rotating blade that produce an VVac with unstable frequency to
desired Vac with stable frequency and voltage for resident use.

PWM control method is mostly used in power converter applications. These

PWM signals can be generated using analogue circuit as well as digital circuit. PWM



generation using analogue circuit requires large number of discrete circuits such as
triangular carrier wave generator circuit, sine wave generator circuit; comparator,
adder circuits and phase shifters etc. Each of this circuit is formed by connecting
many discrete components together such as transistors, resistors, capacitors,
inductors, op-amps and so on. In addition analogue method of three phase PWM
generation requires accurately designed phase shifter circuits and other circuit. Also
the response of analogue circuit may get affected by environmental conditions, noise,
changes in the voltages and currents in the circuit and so on. Thus analogue method
is critical and increases complexity and cost of the circuit. Digital method of PWM
generation requires only microcontroller and its minimum configuration [6].

There are many controller have been used in power converter circuit. The
function is to maintain the output value from the back to back converter. This is
important if the voltage is higher than a set point, it not suitable for the user and
could damage the electrical equipment or appliance. One of the controller that been
used in power converter is Hysteresis controller [2]. By using limit-cycle oscillation
in the line current vector, the controller is kept inside a small area of some shape in
the current vector space. The problem for the controller is switching pattern is more

or less random, making it hard to predict power converter losses [2].

1.3 Objective

This project has state four main objectives to be achieved. The objectives are:

i. To develop the three phase back-to-back converter hardware.

ii. To design back to back converter model with PID controller and PWM
generation using MATLAB Simulink.

iii. To run back- to-back converter hardware using Raspberry Pi with MATLAB
Simulink model.

iv. To study the alternative method of converting the analogue signal to digital

signal since the Raspberry Pl input are only in digital.
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Scope of Project

To more specific with the objective of the project, the project scope is created. Scope

of project is a limitation on the project. These scopes parallel with the objectives of

the project.

This project will consider being supply with 20 Vac single phases to the back
to back converter. The set point value for the three phase inverter output is 18
Vac and 20 Vac. Output from back to back converter will be connected with
Resistor, Inductor and Capacitor (RLC) filter to produce 50 Hz sinusoidal

wave.

. Develop Pulse Width Modulation (PWM) generation using MATLAB

Simulink R2014a. The model can be tested in simulation for open loop and
closed loop. For the PWM signal, maximum pulse frequency is up to 250 Hz.

.Integrate the communication between MATLAB Simulink software and

Raspberry Pl microcontroller board thru local area network via Ethernet port
in Raspberry Pl board. This MATLAB Simulink software and RPI
microcontroller will generate the PWM pulse to back-to-back converter from
Raspberry PI GPIO pin.

. The development of gate driver with the rating of the voltage is around 10 V

to 16 V since the MOSFET gate switching within this value of voltage. The
gate driver receive three input signal from Raspberry Pl and produce 6 output
signal to operate 6 MOSFET on the back to back circuit.

Output value from the back to back converter will be converted from the

analogue to digital limited to 3-bit data only.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction to Back to Back Converter

Back to back converter widely known as a power electronics device that can convert
AC source voltage to DC voltage and back to AC voltage. The concept are by using
the combination of rectifier that produce pure DC voltage and the DC voltage will be
redirect to inverter and be back to AC source. Back-to-back converter has been use in
much application such as High Voltage DC voltage (HVDC), Wind Turbine
generation system, double fed induction machine and many more.

By using power electronics such as IGBT or MOSFET in the system, the
voltage bias can be tune base on the switching pulse generated to the rectifier or
inverter. The result of the controlling process, the output voltage and frequency can
be controlled based on the desired reference. Another main component must be
added in the controller is a filter such as capacitor and inductor. This is important to

smooth the output weather for rectifier side or inverter side.

2.2 Rectifier Vac to VVdc

Rectifier is important nowadays due to industrial application, power transmission and
renewable energy developing rapidly. The concept is to control the input voltage
(Vac) to flow in one way (pass thru electronics component such as diode, thyristor,
IGBT, MOSFET and etc.) and produce a direct current voltage (\Vdc).

It can be find in several circuit, single phase rectifier circuit or multi-phase
circuit (commonly used in industry is three phase). Single phase rectifier commonly

used in domestic equipment due to low power input. The main component can be use



in single phase to let the voltage pass thru one direction is diode. For heavy industry
that required high power input with power switching, the three phase rectifier is
preferred. With the capability to control the switching pulse (control the switching to
the power electronics component), it can make the output voltage controllable.

2.2.1 Single Phase Rectifier

For the single phase rectifier, it can be conclude the basic rectification can be
dividing into two, half wave rectifier and full wave rectifier. In half wave rectifier,
only the positive or negative Vac wave is passed with the other half is blocked. Since
the half phase is blocked, the output must be filtered aggressively to eliminate the
harmonics. Figure 2.1 shows the half wave rectifier output circuit and Figure 2.2

shows the output waveform.

No current flows

Open
circuit R EDC
(a) Diode forward biased (b) Diode reverse biased

Figure 2.1. Forward biased and reverse biased [4]
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Figure 2.2. Half wave rectifier output [4]

Single phase rectifier also can be done in full wave rectifier. By adding the
diode in the circuit, the input voltage will be directed the entire negative wave to



become positive. When the Vac input directed in positive cycle, two diodes will pass
thru the voltage with the same amplitude and another two will blocked the negative
cycle. It also apply the same method with the negative cycle. Unfortunately during
each half cycle the current flows through two diodes instead of just one so the
amplitude of the output voltage is two voltage drops ( 2 x 0.7 = 1.4V ) less than the

input Vin amplitude [5]. The formula as follows;
Vout = Vin - (2 x0.7V) (2.1)
After completing transforming the voltage cycle, the voltage must be filtered

so that the output will become Vdc and follow the desired result. Figure 2.3 shows

the circuit and output waveform after filter.
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Figure 2.3. Full bridge rectifier circuit and output [5]

2.2.2 Three Phase Rectifier

The back-to-back converter starts with the AC source being converted to DC source

by using rectifier circuit. The concept is to develop the sequential on-off gate drive to



control the AC sine wave and produce a smooth DC voltage with the filtering by
capacitor. In general, control strategy for switching patterns and their duty cycles on
the rectifier uses voltage or current. Figure 2.4 represents the topology of the three
phase active rectifier proposed. The dynamic model of rectifier consists of a three-
phase network connected to three-phase supply voltage ea , eb , ec by assuming a
balanced three-phase system, the three-phase input line currents ia, ib, ic and va, vb,
vc which represent the three-phase voltages generated by the PWM active rectifier. R
and L are the resistance and inductance of the line, a smoothing capacitor, and the

load represented by a current source [6].

io 1L
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R |
ia R L
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43 42 |

Figure 2.4. Three phase rectifier [6]

2.3 Inverter Vdc to Vac

A power inverter, or inverter, is an electronic device or circuitry that changes direct
current voltage (\Vdc) to alternating current voltage (Vac) [7]. Figure 2.5 shows the
circuit topology for a three-phase inverter. In this circuit, the transistors are made to
conduct in the order T1, T6, T2, T4 ,T3, T5. The recommended operation for this
inverter is 120° inverter. Each leg is delayed by 120°. This mode of operation has the
advantage of no possibility of a short circuit across the dc input because the period of
60° elapses between the end of conduction of one thyristor and the beginning of
conduction of the other thyristor of the same branch. In this particular mode of
operation, three thyristors will be conducting at any time. Triggering frequency of
the thyristors will decide the output voltage wave frequency. The output voltage

amplitude can be change by changing the dc input voltage. [8]
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T1 T2 T3

(ox

T4 < T5 T6
AN

Figure 2.5. Voltage source inverter [8]

2.4  Pulse Width Modulation (PWM)

In electronic power converters and motors, PWM is used extensively as a means of
powering alternating current (AC) devices with an available direct current (DC)
source or for advanced DC/AC conversion. Variation of duty cycle in the PWM
signal to provide a DC voltage across the load in a specific pattern will appear to the
load as an AC signal, or can control the speed of motors that would otherwise run
only at full speed or off. The pattern at which the duty cycle of a PWM signal varies
can be created through simple analogue components, a digital microcontroller, or
specific PWM integrated circuits [9].

The PWM control requires the generation of both reference and carrier
signals that feed into a comparator which creates output signals based on the

difference between the signals [9].

2.4.1 Sinusoidal PWM (SPWM)

SPWM concepts are similar with the PWM generation. Only the difference for
SPWM is it requires a sinusoidal signal as a reference signal. The reference signal is
sinusoidal and at the frequency of the desired output signal, while the carrier signal is
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often either a sawtooth or triangular wave at a frequency significantly greater than
the reference. When the carrier signal exceeds the reference, the comparator output
signal is at one state, and when the reference is at a higher voltage, the output is at its
second state [9].

When the reference signal is greater than the carrier signal the PWM will
generate high pulse until the signal cross with each other (sinusoidal signal in
positive state after comparing with the triangular wave). When the triangular wave is
greater than the reference signal, the PWM will generate low pulse to the system. As
a result, the pulse will only generate in digital signal.

The principle of the SPWM illustrated in Figure 2.6. The sinusoidal
modulating signal (Um) refers to the required output waveform. The high frequency
triangle carrier signal (Uc) is synchronized by the Vac supply. Usually the carrier
frequency is much greater the reference frequency [10]. The amplitude ratio, Um /
Uc is called modulation index. Various PWM schemes allow Um / Uc < 1 that
represent an important performance criterion as the inverter maximum power
depends on the maximum voltage at load terminals [10]

An increase in the output voltage is possible by making Um / Uc > 1 but the
output is then no longer proportional to the modulation index. This condition of over
modulation lead to the incensement in harmonics current and also result in

undesirably large jumps of voltage [10].
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Figure 2.6. Principle of PWM

2.5  Control System

A control system consists of subsystems and process assembled for the purpose of
obtaining a desired output with desired performance, given a specified input [15].
Figure 2.7 shows a control system in its simple’s form, where the input represents a
desired output.

Input; Stimulus Control Output; Response
Desired Response system Actual Response

Figure 2.7. Simplified Description of Control System [15]

Open loop control system and closed loop control system are common classes

in control system. For open loop control system, the output result based on the input
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value but for the closed loop control system, current output value is taken into
consideration and correction made based on feedback. Nowadays, the common
control system widely used in industry is PID controller and also the Fuzzy logic

controller.

2.5.1 PID Controller

PID is an acronym for “Proportional, Integral and Derivative”. The PID controller
was first placed in 1939 and has remained the most widely used controller in process
control until today. [11]

PID control is the method of feedback control that uses the PID controller as
the main tool. The basic structure of conventional feedback control system is shows
in Figure 2.8, using a block diagram representation. In the figure, the process is the
object to be controlled. The purpose of control is to make the process variable (y)
follow the set point (r). To achieve the purpose, the manipulated variable (u) is
changed at the command of the controller [11].

As an example of process, consider a heating tank in which some liquid is
heated to a desired temperature by burning fuel gas. The process variable (y) is the
temperature of the liquid, and the manipulated variable (u) is the flow of the fuel gas.
The “disturbance” is any factor, other than the manipulated variable, that influences
the process variable [11].

The error (e) is defined by e = r-y. The compensator C(s) is the computational
rule that determines the manipulated variable (u) based on its input data, which is the
error (e) in the case of Figure 2.8 [11]. The data from the feedback (y) is measured

by detector (sensor) and send the signal back to controller to be process.

d
r K \
+ e u
o C (s) = P (s)
Controller Process

Figure 2.0.8. Conventional Control system [11]
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Early PID control system had exacly the structure same with Figure 2.7,
where the PID controller is used as the compensator C(s). When used in this way, the

three element of PID controller porduce outputs with the following nature:

e P element: proportional to the error at the instant t, this is the “present” error.

e | element: proportional to the integral of the error up to the instant t, which
can be interpreted as the accumulation of the “past” error.

e D element: proportional to the derivative of the error at the instant t, which

can be interpreted as the prediction of the “future” error. [11]

2.5.2 Fuzzy Logic Controller

Fuzzy logic has rapidly become one of the most successful of today's technology for
developing sophisticated control systems. Several studies show, both in simulations
and experimental results that fuzzy logic control yields superior results with respect
to those obtained by conventional control algorithms. Thus, in industrial electronics
the fuzzy logic control has become an attractive solution in controlling the power
converter controller [17].

Fuzzy control provides a formal methodology for representing, manipulating,
and implementing a human’s heuristic knowledge about how to control a system

[18]. Figure 2.9 shows the fuzzy logic controller architecture.

r(t)

Inference
S Mechanism S
Reference In b= g Output
eference Input g % Proces
> N y(t)
N >
> S
L a)

Figure 2.9. Fuzzy logic controller architecture [18]

The fuzzy controller has four main components: The “rule-base” holds the

knowledge, in the form of a set of rules, of how best to control the system. The
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inference mechanism evaluates which control rules are relevant at the current time
and then decides what the input to the plant should be. The fuzzification interface
simply modifies the inputs so that they can be interpreted and compared to the rules
in the rule-base. And the defuzzification interface converts the conclusions reached
by the inference mechanism into the inputs to the plant [18].

To develop the fuzzy logic controller, there are several steps to be considered.
First step is to choose the state and control variable. State variable consist of input
variable of the fuzzy control system while control variable is the output variable of
the fuzzy control system.

Second step is to determine the inference method to be used in the fuzzy
control system. The commonly used methods in fuzzy control system are Mamdani,
Larsen and Tsukamoto [19]. The third step is the process of making crisp quantity
fuzzy or fuzzification. If it is assumed that input data do not contain noise of
vagueness, a fuzzy singleton can be used. If the data are vague or perturbed by noise,
they should be converted into a fuzzy number [18].

Next step is to develop the knowledge based for the fuzzy controller. There
are two parts in developing the knowledge based. The first part is data based and the
second part is rule base. Data based is the partition of the variable spare with the
partition is determined based on how many terms should exist in a term set. It also to
find the number of primary fuzzy sets (linguistic terms). Figure 2.10 shows the 7

linguistic terms are often used.

NB NM NS ZE Ps PM PB

»
Y

-1 0 +1

Figure 2.10. Linguistic term
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NB are refer to Negative Big, NM refer to Negative Medium, NS refer to
Negative Small, ZE equal to Zero, PS refer to Positive small, PM refer to Positive
Medium and PB refer to Positive Big.

Another part is rule base for fuzzy control. Source of the fuzzy logic rule
come from expert knowledge and control engineering knowledge. Also came from
observation of operator’s actions. Another source is linguistic description of the
dynamic properties [18].

After completing the knowledge base for the fuzzy controller, the data then
will be defuzzification. In many practical applications, a control command is given
as a crisp value. So the defuzzification is a process to get a non-fuzzy control action
that best represents the possibility distribution of an inferred fuzzy control action.
There are no systematic procedures for choosing a good defuzzification strategy.
Centroid, Mean-of-maximum and Weighted-average are the example of
defuzzification method. Lastly the system will be tested and tuned. The processes
consist of adjusting the data based, adjusting the rule base, try difference inference
method and try different defuzzification methods [18].

2.6 Raspberry Pi Microcontroller

Raspberry pi (RPI) is a small but powerful computer (with its size) is designed to
help a people of using and understand the computing world. With the size about a
credit card, it can be run like a normal computer. But with its different processor, it
can’t be install with Microsoft Windows and only can use the Linux operating
system. Not only can be used to write an email, it also can surf the internet and many
more used.

The beginning idea comes from United Kingdom charity organization that
exist to promote the study of computer science and to put the fun back into learning
computing [12]. Not only have that, the RPI also provided the input output pin
(GPI0O). The function is to embark the user to try a simple project that requires the

input output pin with the support by feeder software such as Matlab Simulink.
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2.6.1 Raspberry PI Series

Since the release of RPI, the models of the product have thrived globally. From the
time being, the RPI have variant model starting form RPI Model A, Model A+,
Model B and Model B+. Each of the model have the advantage from each other. All
RPI model also powered with 700 MHz processor, video core IV GPU and build in
RAM with the capacity up to 512 megabytes. It can be so handy to carry and solve
the problems for rural people who have limited access to use a computer.

2.6.2 Raspberry Pi Model B

Before raspberry Pi Model B+ is launched, the top rating RPI is Model B type. The
function is also the same with other RPI but the improvement on some specification
lead the RPI Model B higher. Table 2.1 shows the specification on RPI Model B

type.
Table 2.0.1. Raspberry Pl Model B General Specification [13]

Item RPI1 Model-B Rev 1

CPU 700 MHz ARM11 ARM1176JZF-S core

GPU: Broadcom VideoCore IV,OpenGL ES
2.0,0penVG  1080p30 H.264 high-profile
encode/decode

Memory (SDRAM)iB 512 MiB (since 15 Oct 2012)

USB 2.0 ports: 2 (via integrated USB hub)

Power ratings: 700 mA, (3.5W)

Size: 85.0 x 56.0 mm x 17mm

Weight: 409

Onboard Network 10/100 wired Ethernet RJ45

With the ports like Audio Port output, Video Port Output (RCI and HDMI)
and USB port 2.0 provided, just install the Operations System (OS) that suitable for
the controller (Linux), it can be works as simple computer. Nevertheless, the
connection with MATLAB Simulink also can be made. This can be done by the
using of MATLAB R2103a version and above. The connection can be done by
installing the add-on package and the block diagram for RPI is installed to Simulink

programme. It is necessary to write down the firmware to the memory card and
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manage the connection via Ethernet connection regarding to the IP address. Figure
2.11 shows the RP1 Model B board. Despite of its size, its still can handle up to 19
GPIO from 34 GPIO (including 5Vdc source, 3.3 VVdc and ground).

The advantages of using the RPI is it act like a small computer. The user can
connect the circuit with internet via Ethernet port and can access the RPI automation
control through internet where subject of the received communication signal such as
email or via MATLAB Simulink is read by the developed algorithm fed into

raspberry Pi and system responds to the corresponding instructions [14].

GPIO Header RCA Video 3.5mm Audio

. Header
DSl Display !
Connector 1
N 2X
SD Card Slot USB 2.0
(On Rear)
| 10/100
. Ethernet

Microuss |

e SRR |
E - . T g

HDMI  ¢s| Camera Connector

Figure 2.11. RPI Model B board [14]

2.6.3 Raspberry Pl as a Microcontroller

Raspberry Pi model B has dedicated general purpose input outputs pins. These GPIO
pins can be accessed for controlling hardware such as LEDs, motors, and relays,
which are all examples of outputs. As for inputs, raspberry pi can read the status of
buttons, switches, or it can read sensors like temperature, light, motion, or proximity
sensors. Some GPIO pins have alternate function such as UART, SPI, 12C and etc.
[16].

Raspberry Pi cannot read analogue input since there are only digital inputs
present on the board. So, analogue output from sensor is converted into 0-5 volts.

User can use analogue to digital convertor MCP3208 which converts 0-5 volts into
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12 bit digital output. MCP3208 is 12 bit 8 channels ADC which can be interfaced
with Raspberry Pi using SPI protocol [16].

The problem when using MCP3208 is it will used 12 bit on the raspberry pi
as an input. Number of GPIO pins of Raspberry Pi is limited [16]. To coup with the
problem, the bit of the input must be reduce and also can integrate the raspberry pi

with another microcontroller to help the raspberry pi to read analogue signal.

2.7 Others Power Converter Controller

The new innovations in industrial power conditioning equipment resulted in the
process development. This technological innovations are only because of the
revolution in the field of digital electronic control by microcontroller, digital signal
processor (DSP), complex programmable logic device (CPLD), field programmable
gate array (FPGA), and application specific integrated circuit (ASIC) technologies
[15]. Digital electronic controller is used to generate necessary pulses to drive the
power electronics devices.

For efficient power utilization, various new PWM techniques are developed
and still developing [16]. With the support of control circuit, the PWM generation
can be done basically with some of requirement in the controller such as gate count
and clock speed [15]. Some of the controller can be used to generate the PWM signal

to the rectifier, inverter or back-to-back converter.

2.7.1 FPGA for PWM Generation

Computation speed and programming flexibility are the key features in the field of
digital implementation of various control schemes in electrical systems. But these
features become a challenge for the digital control schemes with microprocessor or
DSP. However, a control scheme with Field Programmable Gate Array (FPGA) can
compromise these challenges up to a good extend. Thus an FPGA-based
implementation of digital controllers can efficiently face the current and future
challenges of this field. The reconfiguring property of FPGA makes it a good choice

for control schemes in the field of power electronics. This controller can be adapted
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in run-time to fulfil the needs of the whole system by dynamically reconfiguring it
[15].

Since the back to back converter widely used in many application such as
uninterruptible power supplies (UPS), electrical drives, and wind energy conversion
systems, the selection of controller also important [17]. FPGA have the higher gate
count, easiness of hardware/software resources, high clock speed and low cost [15].

FPGA based controller can be used to generate necessary pulses to drive the
devices of the rectifier or inverter in back to back converter. FPGA can be
programmed by using VHDL or (VHSIC Hardware Description Language) or Digital
Signal Processing Block (DSPBIlock) [18].

2.7.2 PIC Microcontroller

PIC or Programmable Integrated Circuit widely used in PWM control method and
mostly used in power converter applications. Digital method of PWM generation
requires only microcontroller and its minimum configuration. With the advent in the
technology now many microcontrollers has in built feature of PWM generation.
While some special controller ICs are also available that are designed and fabricated
for three phase PWM generation and control purpose. PWM generation digitally
require only knowledge of internal architecture of controller and good programming
skill [17].

PWM generation using microcontroller requires instantaneous PWM pulse
width data values. These pulse width data values for single phase cycle are sufficient.
Using three different pointers PWM pulse width data values corresponding to the
three phase waveform are accessed. These pointers are adjusted so as to point to
pulse width values that are 120 degree phase shift apart in time from other. The
number of PWM pulses per cycle is equal to fc/fm. Where fc is carrier frequency and
fm is modulating signal frequency. This number must be divisible by three in order

to obtain synchronous three phase PWM waveforms [17].



CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter will be discussing about the method or flow in doing this project. It’s all
start with the understanding about the project first. The problem, the objective and
scope must be clarifying before start the project. After the introduction is clearly
understood, the project begins. The study on the project must be done and does some
Literature Review. In this process, detail study is important. By referring others
book, journal, article and many reading source to find the others finding about this
project.

From the information gathered, the designing phase is started. By doing some
basic step on developing the integration between the RPI and Matlab Simulink, the
data is started to be collect. After the integration has successful result, the simulation
process take part. By developing the project part by part simulation (rectifier study
and inverter study), the two part will be combined to get the full circuit control.

When the simulation seems to be success, it is time to develop the hardware
part. After the hardware is complete, the combination part of hardware and software
will be done. In this part, the troubleshooting process is important. This continuous

process can be refers as in Figure 3.1 below.
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Figure 3.1. Project flow chart
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3.2  Detail Block diagram
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Figure 3.2. Detail block diagram of the project

Figure 3.2 shows the detail block diagram of the project. There are seven important
block in this project. The first block and the first process to start is the software block
by using MATLAB Simulink. This block consists of the development in PID
controller, SPWM and 3-bit input data. PID controller will control the feedback from
voltage sensor via ADC to make sure the desired output control from SPWM same as
the target.

Second block is the rectifier block. The single phase Vac is injected to the
single phase rectifier. For this project the full wave bridge rectifier will be use in this
project. The rectifier than convert the Vac to Vdc voltage and transfer the Vdc thru
dc link and pass thru the inverter.

The inverter as the third block will convert the Vdc to three phase Vac by
using the power electronics device (MOSFET) and the switching of the MOSFET is
controlled by the help RPI that connected with MATLAB Simulink. Before the
signal is injected to the MOSFET, the fourth block or the voltage sensor will sense

the output voltage and convert it from Vac signal to Vdc signal so that the ADC
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device (Arduino) can read it directly. Unfortunately the Arduino pin can only read
the analogue signal only up to 5 Vdc. So the voltage divider is needed to step down
the voltage to the range of 0 to 5 VVdc only.

The ADC as fifth block will generate the 3-bit data to be feed to the RPI.
After completing the analogue to digital conversion, the sixth block or Raspberry Pl
will receive the input data and produce the output to the seventh block or gate driver.
The gate driver will boost the signal from 3.3 Vdc (from RPI) up to 16 Vdc and also
can divide the signal into the not-state to be fed to the MOSFET. This means the RPI
only need to produce 3 true-state data and the gate driver will automatically provide

the not-state data (from RPI 3 input produce 6 output).

3.3 Rectifier Circuit

The development of rectifier circuit starts with the research of the suitable single
phase uncontrolled rectifier. The best result of the research is by using the full wave
bridge rectifier. Despite it’s easy to understand, the rectifier also produce the output
closer to the input value. The selection of KBPC3504 is made. This bridge rectifier
can control the input and output up to 35A and 400V maximum. Figure 3.3 shows

the bridge rectifier.

- ~. @. } :.aﬁj'

Figure 3.3. Bridge rectifier
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