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WELCOME MESSAGE 

It is my privilege and pleasure to welcome to the beautiful island of Bali all the 
distinguished participants to the International Conference on Smart-Green 
Technology in Electrical and Information Systems (ICSGTEIS 2016) which is 
held on 6 – 8 October 2016, in Sanur, Bali. The ICSGTEIS 2016 is organized by 
Department of Electrical and Computer Engineering together with Magister of 
Electrical and Computer Engineering, Udayana University, for international 
researchers, experts, students to share, exchange ideas, innovation, experience and 
the latest research in the field of Smart-Green Technologies. The conference is 
conducted in conjunction with 54th Anniversary of Udayana University and 51st 
Anniversary of Faculty of Engineering.  

The conference includes a wide range of topics, that is not limited to Energy and Power Engineering, 
Electronic Devices and Systems, Multimedia Telecommunications, and Software Engineering and 
Information Systems. The conference has received 95 submissions. All submissions then have been 
reviewed through peer revieweng process.  There are 38 selected papers for presentation.  

Additionaly, the conference run three programs that are international workshop on ‘e-Government toward 
Smart City Implementation’, Udayana University IEEE Student Branch Workshop with topic of ‘Internet of 
Thing for Smart City’, International Student Conference conducted by Udayana University IEEE Student 
Branch, and social events. Totally eight keynote speakers are pleased to present and share their latest 
reseach in the plenary sessions and in the workshops.   

For this good opportunity, I would like to express my great gratitude to all keynote speakers for their kind 
support to make this conference a great success.  I would like to thank the IEEE Indonesia Section for their 
continuous support. My high appreciation goes to the President of Udayana University and Dean of 
Engineering Faculty of Udayana University for their encouragement and funding.  Many thanks go to 
Primakara, PT. Telkom, and all technical sponsors for their kind assistance. In addition, I am grateful for 
great support of all technical program and organizing committees for their hard work for more than one 
year.  Finally many thanks go to all participants. With all of your supports, the conference could be run now.  

I wish you all have a successful conference and pleasant experience of Bali. 

Dr. Linawati 
ICSGTEIS 2016 General Chair 



ii 

ORGANIZING COMMITTEE 

General Chair: 

 Linawati

Co-Chair: 

 W. G. Ariastina

 Gede Sukadarmika

General Secretary: 

 N. M. A. E. Dewi Wirastuti

 I. Gst. Agung Komang Diafari Djuni Hartawan

 I. G. A. Putu Raka Agung

Publication: 

 Nyoman Putra Sastra

 I M. Arsa Suyadnya

 Duman Care Khrisne

Secretariat: 

 I. B. Alit Swamardika

 I Nyoman Satya Kumara

 Nyoman Pramaita

Finance: 

 I W. Sukerayasa

 I Nyoman Setiawan

Sponsorship: 

 I M. Oka Widyantara

 Widyadi Setiawan



iii 

TECHNICAL PROGRAM COMMITTEE 

 Lie Jasa (Indonesia – Chair)
 I.A. Dwi Giriantari (Indonesia)

 Eunice Sari (Australia)
 Daniel Churchill (Hongkong)

 Naoto Yorino (Japan)
 Yutaka Sasaki (Japan)

 Buyung Kosasih (Australia)
 Taufik (USA)

 Chan Ying Hui (Singapore)
 Mazlina Esa (Malaysia)

 Takako Hashimoto (Japan)
 Ken Umeno (Japan)
 A Min Tjoa (Austria)

 Soo Young Shin (Korea)
 Kondo Kunio (Japan)

 Manos M. Tentzeris (USA)
 Hugh Outhred (Australia)

 Maria Retnanestri (Australia)
 B. T. Phung (Australia)

 T. R. Blackburn (Australia)
 Rukmi Sari Hartati (Indonesia)
 Suprapta Winaya (Indonesia)
 Made Sudarma (Indonesia)

 Ngakan Putu Gede Suardana (Indonesia)
 Gunantara (Indonesia)

 Agus Dharma (Indonesia)
 Yoga Divayana (Indonesia)

 Putu Alit Suthanaya (Indonesia)
 Ontoseno Penangsang (Indonesia)

 T. Basaruddin (Indonesia)
 Gamantyo Hendrantoro (Indonesia)

 Yoke S. Iwaran (Indonesia)
 Mauridhi Hery Purnomo (Indonesia)

 Ardyono Priyadi (Indonesia)
 Dadang Gunawan (Indonesia)
 Inggriani Liem (Indonesia)

 Royyana Muslim Ijtihadie (Indonesia)
 Rudi Lumanto (Indonesia)

 I Ketut Eddy Purnama (Indonesia)
 IGP Wirawan (Indonesia)

 Yoyon K. Suprapto (Indonesia)
 I Wayan Mustika (Indonesia)

 Soegijardjo Soegijoko (Indonesia)



iv

 Wirawan (Indonesia)
 Dewa Made Wiharta (Indonesia)

 Oka Saputra (Indonesia)
 Kalvein Rantelobo (Indonesia)
 I Made Ginarsa (Indonesia)



 v 

INVITED TALKS 



vi 

Inkjet-/3D-/4D- Printed Paper/Polymer-Based "Green" mmW Modules: 
The Final Step to Bridge Cognitive Intelligence, Nanotechnology and RF for 

IoT and 5G Applications 

Professor Manos M. Tentzeris 

School of Electrical and Computer Engineering 
The Georgia Institute of Technology 

etentze@ece.gatech.edu 

Abstract. In this talk, inkjet-/3D-printed flexible antennas, RF electronics and sensors fabricated on paper 
and other polymer (e.g. LCP) substrates are introduced as a system-level solution for ultra-low-cost mass 
production of Millimeter-Wave Modules for Communication, Energy Harvesting and Sensing 
applications.  Prof. Tentzeris will briefly touch up the state-of-the-art area of fully-integrated wireless sensor 
modules on paper or flexible LCP and show the first ever 2D sensor integration with an RFID tag module 
on paper, as well as numerous 3D and 4D multilayer paper-based and LCP-based RF/microwave structures, 
that could potentially set the foundation for the truly convergent wireless sensor ad-hoc networks of the 
future with enhanced cognitive intelligence and "rugged" packaging. Prof. Tentzeris will discuss issues 
concerning the power sources of "near-perpetual" RF modules, including flexible miniaturized batteries as 
well as power-scavenging approaches involving thermal, EM, vibration and solar energy forms. The final 
step of the presentation will involve examples from mmW wearable (e.g. biomonitoring) antennas and RF 
modules, as well as the first examples of the integration of inkjet-printed nanotechnology-based (e.g. CNT) 
sensors on paper and organic substrates for Internet of Things (IoT), 5G and autonomous vehicles 
applications. It has to be noted that the talk will review and present challenges for inkjet-printed organic 
active and nonlinear devices as well as future directions in the area of environmentally-friendly ("green") 
RF electronics and "smart-skin' conformal sensors. 
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Learning Design and Digital Resources 
for STEM Education 

Professor Daniel Churchill 

The University of Hong Kong 

dchurch@hku.hk 

Abstract. STEM (curriculum integration of Science, Technology, Engineering and Mathematics) is being 
strongly recognized as critical for development of contemporary societies in the atmosphere of increasing 
economic, scientific and technological globalization. STEM related reforms emphasize that the teaching 
practices must (a) focus across the curriculum of the STEM disciplines, (b) be inquiry-, problem- and 
activity-based, and (c) incorporate digital literacies. In this paper we explore learning design framework and 
suitable digital resources for development of concept knowledge in STEM education. Further attention in 
this paper is given to an appropriate curriculum design that can serve needs and requirements of STEM 
education. Such curriculum must clearly emphasize importance of concept learning in STEM, in addition to 
that, promote knowledge uses and development of digital literacies.



viii 

TABLE OF CONTENTS

Welcome Message .................................................................................................................................. i 

Organizing Committee ........................................................................................................................... ii 

Technical Program Committee ............................................................................................................... iii 

Invited Talks ........................................................................................................................................... v 

Table of Contents .................................................................................................................................... viii 

Learning Design and Digital Resources for STEM Education ......................................................... 
1 

Daniel Churchill 

Frequency Response and Vibration Analysis in Transformer Winding Turn-to-Turn Fault 
Recognition ............................................................................................................................................ 10 
M. Bagheri, B. T. Phung 

Modeling and Control of Permanent Magnet Synchronous Generator Variable Speed Wind 
Turbine .................................................................................................................................................. 16 
Ratna Ika Putri, M. Rifa’i, Lie Jasa, Ardyono Priyadi, Margo P, Mauridhi Hery P 

Penetration Maximisation of Residential Rooftop Photovoltaic using Demand Response ............ 21 

Md Moktadir Rahman, Ali Arefi, GM Shafiullah, Sujeewa Hettiwatte 

Voltage Harmonic Effect on Losses in Distribution Transformers ................................................. 27 

Thinh Dao, H. Abdull Halim, Z. Liu and B.T. Phung 

Phase Arrangement for 500kV Quadruple Circuit Transmission Line in Indonesia .................... 33 

Aristo Adi Kusuma, Putu Agus Aditya Pramana, Buyung S. Munir 

Transformer Inrush Transients Using Jiles-Atherton Model in PSCAD/EMTDC ....................... 38 

H. Abdull Halim, Thinh Dao, B.T. Phung, and J.E. Fletcher 

Spatial Multiplexing using Walsh-Hadamard Transform ................................................................ 43 

Man Hee Lee, Muhammad Basit Shahab, Md Fazlul Kader and Soo Young Shin 

Performance Evaluation of Wideband Radio Communication Systems Using Almost Periodic 
Frequency Arrangement ...................................................................................................................... 47 
Isao Nakazawa, Ken Umeno 

Swapped Huffman Tree coding Application for Low-Power Wide-Area Network (LPWAN) ..... 53 

Jang Yun Seong, Muhammad Rehan Usman, Muhammad Arslan Usman and Soo Young Shin 

Performance Comparison of DFT and DWPT based OFDM system using 64 DAPSK ................ 59 

Arsla Khan, Muhammad Rehan Usman, Muhammad Basit Shahab, Hye Yeong Lee, Ummi Khaira 
Latif and Soo Young Shin 



ix 

New Expression of SNR Formula for CDMA System ....................................................................... 64 

Hirofumi Tsuda, Ken Umeno 

An Approach for Selecting Optimum Number of Base Stations using Harmony Search ............. 69 

I Made Oka Widyantara, I Kadek Susila Satwika, I Made Oka Widyantara, Nyoman Pramaita 

From Smart to Smarter Cities: Bridging the Dimensions of Technology and Urban Planning ... 74 

Selin Akaraci, Muhammad Arslan Usman, Muhammad Rehan Usman, and Dong Joon Ahn 

OLAP Applications as Knowledge Management Tools on E-Health .............................................. 79 

Ida Bagus Gede Dwidasmara, Kadek Cahya Dewi, I Putu Agustina 

Environmental Monitoring as an IoT Application in Building Smart Campus of Universitas 
Udayana ................................................................................................................................................. 85 
Nyoman Putra Sastra, Dewa Made Wiharta 

Proposed Model For  E-Exam Availability In WLAN Environment .............................................. 89 

Gede Sukadarmika, Rukmi Sari Hartati, Linawati, Nyoman Putra Sastra, Dewa Made Wiharta, 
Made Agus Setiawan 
Integration of E-Government Blue Prints Through GIS-Building Data Collection 
Implementation in Badung Regency .................................................................................................. 93 
Jatmiko Wahyu Nugroho Joshua, I Putu Agus Swastika, Komang Wahyu Trisna 

Adaptive Online Learning Design Using Moodle .............................................................................. 98 

Linawati, N.M.A.E.D. Wirastuti, Gede Sukadarmika, I Made Arsa Suyadnya, Duman Care Khrisne 

On the Performance of Perfect and Imperfect SIC in Downlink Non Orthogonal Multiple 
Access (NOMA) ..................................................................................................................................... 102 
Muhammad Rehan Usman, Arsla Khan, Muhammad Arslan Usman, Yun Seong Jang and Soo Young 
Shin 
Simulink Implementation of Non-orthogonal Multiple Access over AWGN and Rayleigh 
Fading Channels ................................................................................................................................... 107 
Muhammad Basit Shahab, Md Fazlul Kader, Man Hee Lee, Soo Young Shin 

Network Performance Framework Analysis Multi Protocol Label Switching (MPLS) in 
Wireless Network .................................................................................................................................. 111 
Candra Ahmadi, Joko Lianto Buliali, Achmad Affandi 

Study on Emergency Message Communication System for Ensuring Safety in Antarctica 
under Extremely Severe Environments .............................................................................................. 116 
Kiyoshi Igarashi, Ken Umeno, Masaki Okada, and Masayuki Kikuchi 

Performance Comparison of MC-SS MIMO and OFDM MIMO Systems on Selective Fading 
Channel .................................................................................................................................................. 120 
N.P.E.A. Yuniari, N.M.A.E.D. Wirastuti, I G.A.K.D.D. Hartawan 

On the Proposal of Novel Transmit Scheme with Impedance Switching ........................................ 127 

Hye Yeong Lee, Arsla Khan, Soo Young Shin 



x 

Lesson Learned from Badak LNG Process Plant Trip Due to Sea Cooling Water System 
Failure .................................................................................................................................................... 131 
Iqbal Nusya Perdana 

New Design Banki's Water Turbine Model for Pico Hydro in Tabanan Bali ................................ 136 

Lie Jasa, Putu Ardana 

Design of a GPS-Based Solar Tracker System for a Vertical Solar Still ......................................... 140 

Dian Artanto, A. Prasetyadi, Doddy Purwadianta, Rusdi Sambada 

Evaluation of Transmission Line Parameter for Non Horizontal Earth Contour ......................... 144 

Putu Agus Aditya Pramana, Aristo Adi Kusuma, Buyung Sofiarto Munir 

DC/AC Power Converter for Home Scale Electricity Systems Powered by Renewable Energy .. 149 

Faizal Arya Samman, Arie Azhari 

Architecture, On-Chip Network and Programming Interface Concept for Multiprocessor 
System-on-Chip ..................................................................................................................................... 155 
Faizal Arya Samman, Bj¨orn Dollak, Jonatan Antoni, Thomas Hollstein 

Context Modeling for Intelligent Building Energy Aware ............................................................... 161 

Gusti Agung A. Putri, Lukito Edi Nugroho, Widyawan 

Prototype of Fire Detection System in Wireless Transmission Environment ................................. 167 

Made Dita Rahayu Putri, Linawati, I Made Oka Widyantara 

Selection of Mother Wavelet for Medical Image Compression ........................................................ 171 

I Made Oka Widyantara, I Gusti Ayu Garnita Darma Putri, Nyoman Putra Sastra, N.M.A.E.D 
Wirastuti 
Smart Microgrid System with Hybrid System Supply: Udayana University Pilot Project 
Design ..................................................................................................................................................... 178 
IAD. Giriantari, Rina Irawati 

Characterization of Titanium Dioxide (TiO2) thin films as materials for Dye Sensitized Solar 
Cell (DSSC) ........................................................................................................................................... 182 
I Nyoman Setiawan, Ida Ayu Dwi Giriantari, W.Gede Ariastina, IB Alit Swamardika and Agus 
Selamet Duniaji 
Opinion Mining System with Pos Tagging and SVM Method for Data Extraction Services 
Public Opinion on Bali Mandara Health Insurance .......................................................................... 187 
Luh Ria Atmarani, I.A. Dwi Giriantari, Made Sudarma 

Design and Balancing Load Current in 3 – Phase System using Microcontroller ATMEGA 
2560 ........................................................................................................................................................ 193 
C.G.I. Partha, IGAP Raka Agung, IM Arsa Suyadnya 

Evaluation of NAS Infrastructure at Centralized Network Architecture ....................................... 198 

Made Sudarma, Dandy Pramana Hostiadi 



139 

Conference on Condition Monitoring and Diagnosis (CMD), Sept., pp. 
882–885. 

[10] C. A. Mockmore and F. Merryfield, “The Banki Water Turbine,” Bull. 
Ser. No25, Feb. 1949. 

[11] W. Dongsheng, Y. Qing, and W. Dazhi, “A novel PSO-PID controller 
application to bar rolling process,” in Control Conference (CCC), 2011 
30th Chinese, 2011, pp. 2036–2039. 

W. Cai, L. Jia, Y. Zhang, and N. Ni, “Design and Simulation of Intelligent 
PID Controller Based on Particle Swarm Optimization,” in 2010 International 
Conference on E-Product E-Service and E-Entertainment (ICEEE), 2010, pp. 
1–4.



ISBN : 978-1-5090-2689-0 Bali, 6 - 8 October 2016 ICSGTEIS 2016 

Design of a GPS-Based Solar Tracker System         
for a Vertical Solar Still  

Dian Artanto   
Politeknik Mekatronika 

Sanata Dharma Yogyakarta 
dian.artanto@gmail.com 

A. Prasetyadi 
Teknik Mesin Universitas 

Sanata Dharma Yogyakarta 
pras@usd.ac.id 

Doddy Purwadianta   
Teknik Mesin Universitas 

Sanata Dharma Yogyakarta 
purwodadi@gmail.com 

Rusdi Sambada   
Teknik Mesin Universitas 

Sanata Dharma Yogyakarta 
rusdisambada@yahoo.co.id 

Abstract—Compared with horizontal solar still, vertical solar 
still has better condensation but lower evaporation. To increase 
the evaporation, it needs a control system that moves a vertical 
solar still to follow the azimuth angle of the sun. This paper 
presents a design of a GPS-based solar tracker system, that can 
moves the vertical solar still follow the azimuth angle of the sun. 
Furthermore, to determine the effect of this solar tracker system, 
research was done by comparing the power of 2 solar cells placed 
in different positions. The first solar cell was placed upright and 
rotated with the solar tracker system. The second solar cell was 
placed horizontally. The result showed that the power generated 
by the first solar cell is greater than the second solar cell.   

Keywords—GPS-based; solar tracker system; azimuth angle; 
vertical solar still; solar cell  

I.  INTRODUCTION 

Solar still is a prominent method to produce clean and 
healthy water from polluted water using solar energy. As a 
country with abundant solar energy resources, and also 
because most of the remote areas in Indonesia have not been 
reached with the electricity supply, it becomes a powerful 
reeason to implement and develop solar still. The weakness of 
solar still is the low productivity of resulting water. Many 
researches are proposed to increase the productivity which can 
be classified to two main approaches.  

The first one and the most conducted approach is 
enhancement of condensation process. Among these 
approaches are addition of condenser and reduction of the 
cover temperature [3,7,8]. The second common method is pre-
heating approach. The methods are focused on enhancing the 
evaporation process. The problem of evaporation is the energy 
supply. To increase evaporation, the methods exploit 
approaches which increase energy supply.  

A vertical solar still is naturally good in condensation due 
to the position of its cover.  Vertical surface has better 
convection than horizontal [5]. Wind is also important in 
reducing the temperature of the cover which enhancing the 
condensation process. But it is lack in evaporation due to path 
of the solar rays especially in tropical areas. Therefore it is 
reasonable to increase the vertical solar still productivity 
through increasing the energy supply. The simplest approach 
of increasing energy supply is facing the solar still to the path 
of solar rays. 

To be always faced the solar path, the solar apparatus need 
solar tracker system. Some mechanisms have been proposed. 
Most of them are designed for PV, photovoltaic [2,4,6,9,10]. 
The other are proposed for horizontal solar still. On the other 
hand discussion of such mechanisms for vertical solar still is 
very rare. The solar tracker for PV does not consider fluid 
surface and flow while the solar tracker for solar still consider 
both. The other situation that should be taken into account is 
the weight of the apparatus. The solar still naturally is heavier 
than PV [1].  

The vertical solar still has different characteristic operation 
than horizontal solar still. The most differing threats which are 
greater than the horizontal solar still are wind and solar path 
effect. For tropical area, the horizontal solar still gets its 
abundant energy during middle of the day. The vertical solar 
still gets its abundant solar rays in the morning and afternoon, 
when the sun is near the horizon.   

A half-sphere coordinate with the apparatus as the center is 
exploited to define the position of the sun, where the rays 
arrive from. In such coordinate, a point above the observer (O) 
is defined as top. The point will be used to define zenith as the 
angle from the top to horizon.  A horizon is boundary of a 
surface where the center (O) is located and perpendicular to 
the line from the top to the center. The horizon is circular 
shape through North, East, South and West position. The 
azimuth is defined as the angle around the horizon which is 
counted from the north. The description of the zenith and 
azimuth is figured on Fig. 1 below. 

Fig. 1. A half-sphere coordinate for describing zenith and azimuth
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Because the solar still here is vertical and it can not be 
rotated along zenith line, the adjustable position is only 
azimuth. Therefore, it need to determine the azimuth angle of 
the sun. The following equation presented herein are taken 
from NOAA Sunrise/Sunset and Solar Position Calculators, 
that are based on equations from Astronomical Algorithms by 
Jean Meeus. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Here the parameters list of the above equation: 
γ = fractional year (radians),  
eqtime = equation of time (minutes),  
decl = solar declination angle (radians), 
tst = true solar time (minutes),  
ha = solar hour angle (degrees),  
φ = solar zenith angle (radians),  
θ = solar azimuth angle (radians).  

The azimuth angle of the sun is derived from Equation (8), 
that is measured clockwise from North. After knowing how to 
calculate the azimuth angle, then the following is presented 
the design of a GPS-based solar tracking system for vertical 
Solar Still. 

II. DESIGN AND IMPLEMENTATION PROCESS

A. Hardware Layout 
As described above, since the Vertical Solar Still can only 

be rotated along the azimuth line, it requires one actuator only. 
This condition is favorable, because the control becomes 
simpler and energy efficient, making it possible to eliminate 
an additional power supply in the future, and simply relying 
on the energy supply from the solar cell.  The Vertical Solar 
Still that has been made is shown on Fig. 2 below.  

Fig. 2. The Vertical Solar Still with Gearbox to ease rotating the Basin 

 The Vertical Solar Still is equipped with a gearbox to ease 
rotating the basin along the azimuth line. The following figure 
shows a prototype of the solar tracker system. 

Fig. 3. Prototype of the Solar Tracker System 

1 Solar Cell-1 7 SD Card Breakout 

2 Compass Sensor 8 Bluetooth HC-05 

3 Stepper Motor + Driver 9 DHT11 

4 Voltage Divider  10 Arduino Nano 

5 Battery  11 LDR 

6 GPS module  12 Solar Cell-2 

The prototype figure above shows two pieces of solar cells. 
Both solar cells are used to measure the efficiency of solar 
energy. The first solar cell was placed in an upright position, 
slightly tilted, on top of a stepper motor , which will rotate the 
Solar Cells following the azimuth angle of the sun. The second 
solar cell was placed on a fixed horizontal position facing up.  

B. Control System  
The following figure shows the block diagram of the circuit 

in the prototype of solar tracker system above. 

Fig. 4. Block Diagram of the Solar Tracker System 
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Working principle of the prototype circuit above is as 
follows: vertical solar still, which is simulated by a solar cell 
1, rotated by a stepper motor, which is controlled by Arduino 
Nano. Arduino Nano was chosen because it is economical, 
with free programming software. Positioning control of 
Vertical solar still by Arduino Nano is based on equation of 
Astronomical Algorithms by Jean Meeus. The equation 
entering data of lattitude, longitude, date and time that 
provided by the GPS GY-NEO6MV2. By inserting these 
values into the equation, the value of azimuth angle of the sun 
will be obtained. Then the azimuth angle value was compared 
with the angle value of the compass sensor, which reads the 
face position of the vertical solar still. When the azimuth angle 
value is different from the angle value of the compass sensor, 
the stepper motor will be rotated automatically to minimize 
this differences. 

To determine the effect of control by the solar tracker 
system, shown in the picture above, we use solar cell 2, which 
is placed in a fixed position facing upwards. Then Arduino 
Nano will measure the power generated by the solar cell 1 and 
solar cell 2, by adding a voltage divider resistor circuit in 
order to protect Arduino Nano from overvoltage. To determine 
the environmental conditions, light intensity sensor (LDR), 
temperature and humidity sensor (DHT22) has been added. 
Then the data of date, time, lattitude, longitude GPS, azimuth 
angle, compass sensor angle, power of solar cell 1, power of 
solar cell 2, light intensity, temperature and humidity, 
periodically stored in the memory card (8GB micro sd card). 

A Bluetooth HC - 05 was added for the purpose of wireless 
communication with the computer, which will be used for 
controlling and monitoring solar tracker system from 
computer using LabVIEW software. The following figure 
shows control and monitoring whole system from computer 
wirelessly using LabVIEW software and Bluetooth 
communication. 

Fig. 5. Control and monitoring whole system from computer wirelessly using 
LabVIEW software and Bluetooth communication 

C. Solar Tracker Control and Monitoring System Algorithm 
To facilitate the controlling, monitoring and testing of the 

solar tracker system, a program created using Labview 
software is used. The program can control the stepper motor, 

to rotate solar cell 1, manually or automatically based on the 
calculated azimuth angle and the compass sensor angle.  

The following figure shows the display of solar tracker 
control program using LabVIEW software. 

Fig. 6. The display of solar tracker control program using LabVIEW software 

The program can also monitor and display the following 
data in graphical form: data of solar cell 1 power, solar cell 2 
power, light intensity, temperature and humidity. The 
following figure shows the display of sensor data monitoring 
program using LabVIEW software. 

Fig. 7. The display of sensor data monitoring program using LabVIEW 
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The following figure shows the flowchart of the solar 
tracker control system using Arduino and control and 
monitoring whole system using LabVIEW software. 

Fig. 8. Flowchart of solar tracker control and monitoring system using 
Arduino and LabVIEW software 

III. EXPERIMENTAL RESULTS AND DATA ANALYSIS

The performance of the solar tracker system is measured 
by comparing the power generated by solar cell that controlled 
by solar tracker system (solar cell 1) with a solar cell placed at 
a fixed position facing up (solar cell 2). The power generated 
from both solar cell is recorded in memory card 
simultaneously for every minute from 6:00 am to 6:00 pm. 
The following figure shows the graph of recorded data of the 
power generated by solar cell 1 and solar cell 2.  

Fig. 9. The  graph of the power generated by solar cell 1 and solar cell 2 

From the experimental results shown in the graph above, 
the average power generated by the solar cell 1 is equal to 
92.09 mW, while the average power generated by the solar 
cell 2 is equal to 75.46 mW.  From this, it can be stated that 
the average power generated by solar cell 1 is larger than solar 
cell 2, which is about 22%.  

Based on this experiment, it can be said that the first solar 
cell, which was controlled by solar tracker system, captures 
more solar energy than the second solar cell. Furthermore , it 
can be expected that the evaporation rate on vertical solar still 
with solar tracker system will be higher than vertical solar still 
without solar tracker system. Another interesting thing is, with 
the use of GPS and astronomical calculations, solar tracking 
systems become faster, because it avoids the scanning and 
reading of conditions repeatedly, as happens in the solar 
tracking system using LDR 

IV. CONCLUSION

A prototype of a GPS-based solar tracker system has been 
proposed and designed to harvest solar energy for vertical 
solar still as much as possible. Research has been conducted 
by simulating the vertical solar still with a solar cell, which is 
mounted upright at a slight angle, which is then compared 
with another solar cell that placed in a fixed horizontally 
facing up. The result showed that the first solar cell, that is 
controlled by solar tracker system can capture more solar 
energy than the second solar cell, that placed in a fixed 
horisontally facing up.  
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Abstract—Calculation of transmission line parameter such as 
capacitance and inductance had been done by several 
researchers. However, it’s common that in calculation, the earth 
surface under the transmission line is assumed to be horizontal. 
In fact, the earth surface is not horizontal but has an uneven 
contour. This paper explained a method to determine the 
parameter value of transmission line which passing through non 
horizontal earth contour, by entering the conductor height as a 
function of x axis for every segment of calculation. The total 
transmission line parameter values are the total sum of 
transmission line values of each segment. Calculation and 
simulation results show that the value of parameter is influenced 
by earth contour. The precision of the parameter value depend 
on the width of the segment that being used. However, the 
maximum voltage in switching transient has smaller relative 
error than the relative error obtained for transmission line 
parameter. 

Keywords—transmission line; capacitance; inductance; earth 
contour 

I. INTRODUCTION

Transmission line parameters consist of capacitance, 
inductance, and resistance. Its value is very essential to be 
known accurately. Because it will influences the transient 
condition. Nowadays, calculation method of transmission 
capacitance had been given by several researchers. Estimated 
value of transmission line using finite element method is 
described in [1]. Finite element method was able to calculate 
the capacitance value for conductor that has diverse cross 
section shape. Besides that, calculation of capacitance value 
using tower geometric and mirroring effect of earth surface is 
explained in [2]. Calculation of line impedance using 
supervisory control and data acquisition (SCADA) data has 
been conducted in [3], while estimated capacitance value is 
also can be determined with fault data record [4]. In the other 
side, determination of transmission line parameter using phasor 
measurement data is given in [5-12]. The references show that 
the result using measurement method is influenced by error in 
measuring process, so it is necessary to do some estimation 
method to predict the actual value.  

In determining the value of transmission line parameter, 
generally there is an assumption that the distance between 
conductor and ground is always constant. In fact, the path of 
transmission line is not horizontal. Therefore, there is a 

possibility of error in determining the transmission line 
parameter.  

In this paper, a method to calculate the parameter value of 
transmission line through non horizontal path has been 
discussed. This method is the modification of method 
described in [2], with an addition of conductor height as a 
function of horizontal spacing along the transmission line. 
Therefore, the result of capacitance value is expected to be 
closer to the actual value. The result from this method then 
compared with the previous methods, so it can be known the 
difference between the results.  

II. CALCULATING CAPACITANCE AND INDUCTANCE

Based on method in [2], calculation of capacitance value 
uses matrix which describe the relationship between phase 
conductor and ground wire geometry, and it has been 
considered with the effect of earth on the assumption that the 
earth contour is horizontal. The matrix form is given in (1). 

ێێۏ
ೌۍ ್⋮ ۑۑے

ې = ێێۏ
ۍ ೌ ೌ ೌ್ ೌ ್ೌ ್್ ್ೌ ್ భೌ భ್ భ⋮ ⋮ ⋮ಿೌ ಿ್ ಿ

ೌ భ … ೌಿ್భ … ್ಿభ … ಿభభ … భಿ⋮ ⋱ ⋮ಿభ … ಿಿۑۑے
ې ൦ ೌ್భ⋮ಿ൪ (1) 

ܸ, ܸ, ܸ represent the phase to neutral voltage of phase 
a, b, and c, respectively. While,ݍ, ݍ, ݍ, ݍ represent the 
charge in phase a, b, c, and earth wire, respectively. For more 
compact form, (1) can be modified into (2). ൣ ൧ = ൣ ൧ ቂ ቃ (2) 

PA matrix states the relationship of capacitance between 
each phase in transmission line, while PB and PC matrix state 
the relationship of capacitance between phase conductor and 
ground wire. PD matrix is a matrix that states the relationship 
of capacitance between each ground wire. Each element of PA, 
PB, PC, and PD is obtained from (3). 

ܲ = ଵଶగఌ ∑ ݈݊ ுೖೖேୀ   is the distance between conductor k and the image ofܪ(3)
conductor m. ܦ is distance between conductor k and 
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