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Foreword from IEEE Indonesia Section Chair

Dear colleagues, Professors, researchers, ICT professionals, ladies and gentlemen, good morning.

On behalf of IEEE Indonesia section, I would like to express my sincere gratitude and welcome you to the 2nd
International Conference on Information Technology, Computer, and Electrical Engineering (ICITACEE
2015). The conference is an annual event, organized in collaboration between Computer Engineering
Department and Electrical Engineering Department, Diponegoro University. In this year, the conference is
organized by Computer Engineering Department, Diponegoro University, Semarang Indonesia.

ICITACEE 2015 with the theme Green Technology Strengthening in Information Technology, Electrical and
Computer Engineering Implementation, has been approved and technically co-sponsored by IEEE Indonesia
Section, with the conference No. #36226. The previous conferences in 2014 were also technically co-
sponsored by the IEEE and successfully held in Semarang on 07 Nov 2014. The ICITACEE 2014 publication
has been indexed by IEEE Xplore® Digital Library and Scopus.

As we may aware, IEEE is one of the largest professional associations in the world. Having been founded over
130 years ago, nowadays it brings-together over 432,000 active members in more than 160 countries. This is
the world’s largest technical; professional society, dedicated to fostering technological innovation and
excellence for the benefit of humanity. IEEE provides more than 3.5 million digital libraries and currently has
organized about 1,300 annual conferences, worldwide.

IEEE Indonesia section, which is a part of IEEE global, has already been established for 28 years. It currently
has about 1,395 active members, with activities in 6 society chapters, namely Computer Society Chapter,
Communications Society Chapter, Circuits and Systems Chapter, Engineering in Medicine and Biology
Chapter, Solid State Circuits Society Chapter, and Power and Energy Chapter. Moreover, IEEE Indonesia
section also has 4 joint chapters, namely Joint chapter of Microwave Theory / Antennas & Propagation, Joint
chapter of Aerospace & Electronics Systems Society / Geoscience & Remote Sensing Society, Joint chapter of
Control System Society / Robotics & Automation Society, and Join Chapter of Education Society / Electron
Devices Society / Power Electronics Society / Signal Processing Society.

IEEE Indonesia Section has 25 student branches in several universities in Java, Sumatera, Bali and Sulawesi
islands and three Affinity Groups, namely Women in Engineering, SIGHT in Telemedicine, and SIGHT in
Humanitarian Technology.

IEEE Indonesia section has organized several activities almost weekly. Its activities are related to Technical,
Education, and Social Activities, such as ICT Training, Workshop, International Seminar, Focus Group
discussion, and Distinguish Lecturer Tour (DLT) activities all around Indonesia. The main discussed topics are
related to the technology for humanity, such as Internet of Things (IoT), Artificial Intelligent, Robotic
technology, Biomedicine Technology, Antenna and Microwave, Circuit and Device, Renewable Energy, etc.
Recently, IEEE Indonesia section organized two days 5G training; with the trainer is the one of the worldwide
recognized professor in the field of Wireless Communication. We believed that it was the first 5G training
activities in the Asia Pacific region.

In terms of collaboration, IEEE Indonesia section has a good and mutual relationship with ICT organizations,
Industries, Universities as well as the government in Indonesia. IEEE Indonesia also participated in the
preparation of forming a new regulation related to the ICT in Indonesia.

Through this opportunity, I would also like to highlight that Indonesia is an emerging country, one of the
fastest growing countries in South East Asia and Pacific. Based on International Data Corporation, Indonesia
has become the largest spender on ICT in South East Asia and is ranked 19th by spending globally. This is



related to the Indonesia Economic Masterplan to 2025 (MP3EI) that Indonesia has ambitious plans and
strategies to accelerate the economic development through ICT infrastructures.

As a critical hub to the Sub-Districts and Villages, the Palapa Ring Development Project connects 34
provinces and 440 cities/districts, stitching a circamference of 36,000 km fiber optics cable. The National
Backbone Network, the Palapa Ring, will be completed with the last implementation in the submarine cable in
the most eastern part, Papua Province. The National Network capacity and speed would be much improved
with its completion. A network failure or disconnection in the Ring would be compensated by rerouting traffic
through the other side.

However, the challenge is how to make these plans come into fruition and provide greater access to ICT
beyond Jakarta and the Island. Palapa Ring connects Provinces and all Districts, as a critical hub to the Sub-
Districts and Villages. The capacity is practically unlimited (Tbps), cheaper access and better guarantee of
continuity.

The Palapa Ring could easily provide Network Transit for Asia and Pacific Region, between the Indian and
Pacific Oceans and the three (3) Continents(Asia-Australia-Americas). It would be easy to access our
neighboring ASEAN countries, Singapore, Brunei Darussalam, Malaysia, Philippines, and Thailand.

The ICITACEE 2015 conference provides a forum for researchers, academicians, professionals, and students
from various engineering fields and with cross-disciplinary working or interested in the development and
design of information technology, computer system, and electrical engineering to interact and disseminate the
latest issues and researches. It also offers opportunity to enjoy the heritage and the beauty of Semarang.

I do hope in the near future the event will be continued and strengthened, so the result will give more benefit
and positive impact to the Indonesian people. Technology drives innovation, people can do more, do better.
Technology drives higher quality of life, people can live better.

In this occasion, I would also like to say welcome to-Semarang, one of the famous destinations in Indonesia.
Semarang serves beautiful heritages, mountain and scenery with warm and friendly people, a vibrant culture

and lifestyle.

Finally, we do hope all of you will have enjoyable and valuable experience. During this 3 days conference,
you may share your best knowledge in your-area of research.and professional activities.

Thank you.
Semarang, 16 October 2015.

IEEE Indonesia Section Chair
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Design of Photovoltaic Powered Converter to Provide
AC Controlled Voltage Source

Slamet Riyadi
Dept. of Electrical Engineering
Soegijapranata Catholic University
Semarang, Indonesia
s riyadi672003@yahoo.com

Abstract—Stand-alone photovoltaic systems are still required
in locations where electricity is unavailable. They can provide
electric energy for pumping systems, lightings, etc. This paper
presents a design of a photovoltaic powered converter to provide
regulated AC voltage. The system consists of a buck chopper and
an inverter. The chopper acts as a Maximum Power Point Tracker
to optimize the battery charging. The inverter used in the
proposed system is operated as a controlled voltage source-to force
its output voltage tracks the reference. The controllers are
implemented by dsPICs. Simulation and experimental results
show the effectiveness of the proposed system with simple control
scheme. Sinusoidal voltage can be generated by the inverter based
on look-up table method. The power equilibrium is also achieved.

Keywords—photovoltaic; controlled voltage source; inverters
MPPT; power equilibrium

I. INTRODUCTION

Photovoltaic (PV) based electric energy is very important
due to the fossil energy crisis and is free from environmental
pollution. PV modules need solar energy to produce electric
energy in DC quantity. Due to the availability of the solar
energy, PV modules must be operated in their maximum power
point so the maximum power point tracker (MPPT) is required.
There are many method used in MPPT control techniques [1].

The PV systems may be grid-integration or stand-alone
systems. The first systems are connected to existed grid for
certain purposes. They are functioned to transmit electric energy
generated by PV modules to the grid. They sometimes. have
capability to reduce harmonics [2]-[3]. While the second
systems are commonly installed in the remote area with/without
batteries.

Most applications of the stand-alone PV systems are focused
on water pumping systems. A general PV powered water
pumping system consisted of PV, DC-DC converter, inverter
and induction motor was designed and simulated by using
SIMULINK [4]. Another system using boost chopper as a
MPPT was also simulated by using MATLAB [5]. The DC-DC
stage can also be implemented by current-fed inverter and
voltage-doubler rectifier [6] or by a push-pull inverter, high
frequency transformer and rectifier [7] to increase the system
performance. By using PV modules and boost MPPT to drive
DC motor coupled water pump, a simpler system can be

978-1-4799-9863-0/15/$31.00 (©2015 IEEE

designed [8]. To reduce the system costs, battery-less system has
been designed [9].

Commonly, the designed systems have no feedback control
on AC voltage so when the loads change the AC voltage will
also varies. The stand-alone PV system with regulated AC
voltage is presented in this paper. The proposed system consists
of two-stage converters, the first one is buck chopper functioned
as a MPPT and the second one is a single-phase inverter operated
as an AC controlled-voltage source.

II. THE PROPOSED SYSTEM

The proposed system consisted of PV modules, a buck-type
MPPT, batteries, a single-phase inverter and AC loads is
depicted in Fig.1. Electric power generated by PV modules will
be forced at its maximum power point by the MPPT. The output
power of the MPPT is used to charge the batteries and supply
the AC loads via an inverter under a certain condition (under
sufficient irradiance). For a critical condition, the AC loads will
be supported by the sum of power from PV modules and the
batteries.

AC
Loads

Buck-type

Inverter
PV MPPT

Battery

Fig::1. Block of the proposed system

A. PV Modules and Buck-type MPPT

A PV module can be used to convert solar energy into
electric energy. For its characteristic looks like a combination of
current source and voltage source, a PV module must be
operated at a point that generates highest power at certain
irradiance, it is named maximum power point. Operation under
this condition, the PV module produces current lypp at its
voltage Vypp so the maximum power Pypp can be stated as

Pupp =Vypp-Lypp (1

304
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Direct connecting a PV module to certain load (R;) results in
current flowing from the PV module /py at its terminal voltage
Vpy, where

v
R, =1~ )
Ipy

The power generated will be maximum only if

V,
Ry = Rypp = [Ml Q)
MPP

power
current

P-V curve

-V curve
R_mpp

=N

voltage V_men

I_mpp

Fig. 2. Characteristic curve of a photovoltaic cell

This value is too difficult to be achieved because /yppand Vipp
will vary according to solar irradiance. So this can be concluded
that connecting loads directly to PV modules will produce power
less than Pupp.

[xl‘ Is
Ip
Ipy
14
RL < MPP. VMPP
IMPP RL ) SR
Voe e o
@ 7, (b) Voy

Fig. 3. Load line of direct connecting PV modules to loads

For the load resistance less than Rpp, a buck-type MPPT can
be inserted between PV modules and the load. This MPPT is
implemented by a buck chopper which is operated to-make the
PV modules see the load resistance R; always-equals to Rupp.
The relationship of input voltage £, output voltage V, and duty.
cycle d of a buck chopper can be expressed as

V,=d.E 4

tpy

Ry

jII

PV

Fig. 4. A buck chopper as the core of MPPT

978-1-4799-9863-0/15/$31.00 (©2015 IEEE

Due to the power equilibrium, the input power and output power
of'a chopper under ideal condition are the same, expressed as the
following

E 4
— =V,
Rin RL

where R;, , Ii» and I, are the equivalent input resistance, input
current and output current of a buck chopper, so that
B2 p2

Rin RL

EY 1
R, :(ZJ R, :(gj R, )

The comparison between R; and R;, will vary from 0 (d = 0) to
unity (d=1)

0 0,2 04 0,6 0.8 1

Duty Cycle (d)
Fig. 5. The relationship between R, and R,

Connecting PV modules to the input side of the MPPT and a
load to the.output side will result in an equation under maximum
powerpoint as the following

V,
lEe= IMPP = Rypp (6)
MPP

By Substituting (6) into (5)

1)
Rypp = (_) Ry

d
d= R (7)
Rypp
For d < 1 then Eq.(7) is valid for
R,
<1 then R; <Rypp (8)
MPP

By varying the value of d then R, can be made equal to Ryppr
and the operation point of the PV modules is on its MPP.
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B. Battery and Single-Phase Inverter as Controlled Voltage
Source

In the proposed system, PV-MPPT block was connected to
batteries and a single-phase inverter to supply AC loads.
Regardless the power losses of the MPPT, the input power
(Pin_m) and output power (Pous 1) of the MPPT can be written as

Pin_M = Pout_M

When the MPPT output power is expressed by multiplication of
duty cycle, PV modules voltage and MPPT output current Zou; u
, then

Viarp-Lvpe = AV aippLows

1
I()utiM :% (9)

For the MPPT is parallel connected to the batteries and the
inverter, so the relationship of battery current /4, and inverter
input current /;,, are stated as

IoutiM :Ibat+linv (10)

If the batteries can be modeled as a series connection of an
internal voltage £ and an internal resistance 5, then the batteries
terminal voltage Vris stated as

Ve bar = Tpartpar + Epas

VT bat — Ebaf
Ly =—=—"—" )
Tpat
Here Vi par =Vour st =Vac—ting(Vac-tink 18 the inyerter input
voltage).

N

Step-up
transformer

IM coupled

/ water pump
/]

Fig. 6. Parallel connection of PV-MPPT with batteries and an inverter

Power equilibrium at dc-link of the inverter can be achieved if
the sum of power absorbed by the battery Py, and power
delivered to the inverter Pj, equals to the PV modules power
Pypp, written as

BPupp =Pparth

inv

Pyypp = Ve tini s + Liny) (12)
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Under normal condition, the inverter must be able to transfer
power required by the AC loads. The proposed inverter is
operated by Sinusoidal Pulse Width Modulation (SPWM). If the
power losses of the inverter are neglected, then power
relationship of the inverter input power P, and output power
P, is expressed as

P, =P

inv — " ac

Vdcflink'linv =Vyed

ac*ac

cos @ (13)

where Vi, I, and ¢ are RMS value of fundamental component
of the inverter output voltage, RMS value of the inverter output
current and phase angle between them. When a step-up
transformer is used to supply the AC loads, so equations
associated with apparent power of the inverter output S,. and the
AC loads S can be derived

Sac =S¢
Vaelae =V (14)
Finally
1; :&.[M (15)
NS
where Vi, I, N, and N; are RMS value of fundamental

component ofthe AC loads voltage, RMS value of the AC loads
current, the number of primary winding and the number of
secondary winding of the step-up transformer.

C. The Control Scheme of the Proposed System

The proposed system has two control blocks, the first one is
for the MPPT and the second is for the inverter. The MPPT
controller requires detections of the PV modules voltage and
current. The Perturb and Observe (P&O) concept is applied to
the proposed system by using 16-bit Digital Signal Controller
(DSC) implemented by dsPIC30f4012. The high speed ADC of
this dsPIC and its PLL facility give the accuracy of the
controller. The basic concept of the MPPT controller is how to
make the power of the PV modules maximum at any condition.
This is done by detecting PV current and voltage and force the
multiplication ofboth quantities will be maximum. The
movement of the operating point of the MPPT is controlled by
varying duty cycle. The flowchart of this control scheme is
shown in Fig.8.

Inverter

transformer
T AC
HE ] battery
P driver Loads
HE A
P : dsPIC30f4012

based voltage |__, i
i dsPIC30f4012 controller >| driver
IS PO concept ?

Fig. 7. The control scheme of the system

DA c2== W\E"j_’
:

ba/—l—

PV
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The second converter is a single-phase inverter used to
convert DC voltage into AC voltage with controllable magnitude
(AC controlled voltage source). It must be capable to provide
sinusoidal voltage with certain frequency and magnitude. The
control scheme requires a template as a reference. The DSC has
capability to provide look-up table facility. By using the
numbers represents sinusoidal waveform, a sinusoidal based
look-up table can be made. In every sampling process, the
content of the look-up table component address will be taken.
This will be compared to the actual voltage to get error. The
flowchart of the controlled voltage source is depicted in Fig.9.

Initialization
PORTS, ADC
TIMER

Start Sampling

Read (ADC)
Vand |

v

Calculate
dP, dV

Timer interrupt

Switch Switch

Switch
OFF ON OFF ON

Fig. 8. Flowchart of the MPPT controller

Initialization
PORTS
TIMER, ADC

v

Input
Sinusoidal based
Look-Up Table

Start Sampling

CNT=CNT +1

N Read
€< CNT=0 Data on Address
CNT as Ref

Read ADC

Err = Ref - ADC

Timer interrupt

2>

Y

| Switch OFF | Switch ON |

Fig. 9. Flowchart of the inverter controller
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III. RESULTS AND DISCUSSION

Due to the above analysis, computer simulations using PSIM
were done. Simulations were based on the circuit depicted in
Fig.7 with parameters shown in Table 1. By using digital control
in C-Block PSIM, the MPPT can make the PV modules
generated power near their maximum power (Fig.10a). For the
MPPT is a buck type, the MPPT output voltage is less than the
PV modules voltage (Fig.10b). Tracking process is done by
varying the duty cycle, it can be seen by investigating whether
the switch is ON or OFF. This will influence the PV modules
current (Fig.11).

TABLE 1. SIMULATION PARAMETERS
PV module 4 modules in series connection
Pmax = 60,53 Wp Irradiance = 1000W/ m’
V(MPP) = 17.04 V I(MPP) = 3.55 4 Temp =25°C
Input Capacitor 200 uF
Output Capacitor 400 uF
Inductor 2 mH
Battery internal resistance (Rbat) 0.5 Ohm
Battery internal voltage (Ebat) 48V
MPPT Controller PO (Perturb & Observe)
Inverter Single-Phase full-bridge
Transformer Step-up Np:Ns = 1:6
AC Load Resistive 250 Ohm

Fig. 10. Simulation results (a) maximum power and instantaneous power of the
PV modules (b) the PV modules voltage and the MPPT output voltage

B e S PO A

o 0.005 0.01 0.015 0.02 0.025 0.03
Time (s)

Fig. 11. Simulation results (a) the PV modules current and the MPPT output
current (b) the MPPT output voltage and freewheeling diode voltage

To investigate power relationship, simulations with different
irradiance were made. When the irradiance 1000 W/m? was
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taken, the PV modules generates power greater than the AC
loads. The batteries absorb power from MPPT, this is shown by
the power curve with positive value (Fig.12). Using the
irradiance 500 W/m?, power generated by the PV modules
decreases until some points less than the AC loads. At these
points, the batteries will discharge. It can be seen that the power
curve of the batteries has negative value (Fig.13). The inverter
operated as an AC controlled voltage source is capable to
produce output voltage which tracks the reference (Fig.14).

400

B0 [ -m o oo oo e

W
200 f-{4--hf------ v ----------

w00 |- SRS N il ' R

-100

Time (s)

Fig. 12. Simulation results under irradiance 1000 W/m? for power generated by
the PV modules (Ppy), power absorbed by the battery (Py,,) and power delivered
to the AC loads (Piud)

200

200

-200

Time fs)

Fig. 13. Simulation results under irradiance 500 W/m? for power generated by
the PV modules (Ppy), power absorbed by the battery (P,,) and power delivered
to the AC loads (Praa)

Time (s)

Fig. 14. Simulation result shows that the load voltage tracks the reference

Finally, the laboratory experiments were completed to verify
the simulation works. Four PV modules were used generate
electric power.
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Fig. 15. PV modules used in experimental works

The PV modules voltage and current will change at every
switching process (Fig.17 and Fig.18). The relationship of the
PV modules voltage as the input voltage of the MPPT and its
output voltage can also be seen. The voltage on the AC loads can
be investigated by measuring the output voltage of the voltage
transducer LEM LV 25-P. The voltage transducer must be set to
provide values under 5 Volt due to the ADC of the DSC. Direct
measurement of the voltage and current on AC loads is shown
in Fig.19.

Fig. 16. Prototype of the proposed system

TABLE II. EXPERIMENTAL PARAMETERS OF THE PV MODULE
Max Power (Wp) 85w
Open Circuit Voltage (V_oc) 21,6V
Short Circuit Current (I_sc) 5,154
Max Power Voltage (V_mpp) 17,3V
Max Power Voltage (I_mpp) 4,63 A
BITEN =
AR A [

Fig. 17. Experimental results

(a) PV modules voltage
freewheeling diode of the MPPT (c) the MPPT output voltage [scale 10V/div]

(b) voltage on
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Fig. 18. Experimental results (a) PV modules current [scale 3A/div] (b) voltage
on freewheeling diode of the MPPT [scale 10V/div]

Al1EN o=

CHLz 1.6AL : : [ 1.8al : M 1A.6m= IE‘;%M
Fig. 19. Voltage and current of the AC loads directly measured (a) voltage
[scale 300V/div] (b) current [0.5A/div]

IV. CONCEUSION

A system consisted of PV powered converter with dual stage
has been presented. The first stage implemented by a buck
chopper as the MPPT has capability to force PV modules
generate maximum power. This is controlled by using P&O
concept applied to the 16-bit dsPIC. The dsPIC based controller
with feedback signal taken from the AC load voltage can operate
a single phase inverter as the second stage able to produce
regulated AC power. The proposed system has better
performance for the output voltage is regulated. Implementation
the system to any loads can deliver the required rating of power.
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