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TELKOMNIKA (Telecommunication, Computing, Electronics and Control) ISSN: 1693-6930, e-ISSN:
2302-9293 is a peer-reviewed, scientific journal published by Universitas Ahmad Dahlan (UAD) in collaboration
with Institute of Advanced Engineering and Science (IAES). The aim of this journal is to publish high-quality
articles dedicated to all aspects of the latest outstanding developments in the field of electrical engineering. Its
scope encompasses the applications of Telecommunication and Information Technology, Applied Computing and
Computer, Instrumentation and Control, Electrical (Power), and Electronics Engineering. It was first published in
2003. Beginning with issue 1 of volume 16 (2018), TELKOMNIKA will be published as a bimonthly journal (6
issues/year). The journal registered in the CrossRef system with Digital Object Identifier (DOI) prefix 10.12928.
The Journal has been indexed by SCOPUS, Google Scholar, Scholar Metrics etc; accredited 'A" Grade by DGHE
(Ministry of Research, Technology and Higher Education, Republic of Indonesia); registered BASE - Bielefeld
Academic Search Engine and CORE KMi, etc. The Journal also have a license agreement with ProQuest

LLC and EBSCO Publishing.
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Authors should submit only papers that have been carefully proofread and polished. Manuscripts are accepted with
the understanding that they are an original or extended version of previously published papers in conferences
and/or journals and that, if the work received an official sponsorship, it has been duly released for open publication.
Before submission please make sure that your paper is prepared using the journal paper template. The authors
must refer to TELKOMNIKA Journal for writing format and style (Please download and use as a template for initial
manuscript submission in .DOCX or LATEX). This will ensure fast processing and publication. Any papers not
fulfilling the requirements based on the guideline to authors will not be processed.

If you have any problems with the online submission, please do email to telkomnika [at] ee.uad.ac.id (subject:
Your Name_Problem with Online Submission), and cc: tole [at] journal.uad.ac.id, tole.uad [at] gmail.com.
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Call for Editors

TELKOMNIKA Telecommunication, Computing, Electronics and Control (Scopus indexed
journal) is a peer-reviewed scientific journal publishes high-quality articles dedicated to all
aspects of the latest outstanding developments in the field of electrical engineering.

TELKOMNIKA TCEC is calling for academics with sound academic background and who want to
leave their footprints on the sand of time to serve as editors. Applicants must have significant
publishing his/her specific field of research and reviewing experience (min H-index: 5 in
Scopus/Thomson Reuters Web of Science database).

Posted: 2014-12-07 More...

Search

Search Scope
All v

Search I

Browse
« By Issue
« By Author
« By Title
« Other Journals

More Announcements...


http://icw.telkomnika.com/by-edas/
https://www.scimagojr.com/journalsearch.php?q=21100256101&tip=sid&exact=no
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/about/editorialPolicies#custom-1
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/about/editorialTeam
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/pages/view/reviewers
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/about/submissions#onlineSubmissions
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/pages/view/Indexing
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/about/editorialPolicies#custom-0
http://statcounter.com/p10241713/?guest=1
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/about/contact
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/pages/view/Order
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/issue/archive
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/search/authors
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/search/titles
http://www.journal.uad.ac.id/index.php/index
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/index
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/about
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/login
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/user/register
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/search
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/issue/current
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/issue/archive
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/announcement
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/index
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/
http://www.scopus.com/results/results.url?cc=10&sort=cp-f&src=s&st1=16936930&nlo=&nlr=&nls=&sid=0E83DF471F309FD3994D80FB084B026B.kqQeWtawXauCyC8ghhRGJg%3a20&sot=b&sdt=b&sl=14&s=ISSN%2816936930%29&ss=cp-f&ws=r-f&ps=r-f&cs=r-f&origin=resultslist&zone=resultslist
http://scholar.google.com/scholar?q=telkomnika&hl=en&btnG=Search&as_sdt=2001&as_sdtp=on
http://scholar.google.com/citations?hl=en&view_op=list_hcore&venue=bw24ljX9HAIJ.2013
https://www.base-search.net/Search/Results?filter%5b%5d=f_dccollection%3A%22ftuniahmaddahlan%22&lookfor=telkomnika&type=all&sort=score+desc%2Cid+asc&oaboost=1&refid=dcdden
http://www.proquest.co.uk/en-UK/aboutus/default.shtml
http://www.ebscohost.com/
https://drive.google.com/file/d/1huujCV9bvesWWVrtfuDIKGDHn_9JHnkK/view?usp=sharing
https://drive.google.com/file/d/1HSQaAWx9otcCrQPwkXcnwqsViKZdRF6l/view?usp=sharing
http://ee.uad.ac.id/
http://www.journal.uad.ac.id/
http://gmail.com/
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/announcement/view/3
http://www.journal.uad.ac.id/index.php/TELKOMNIKA/announcement

HOME ABOUT LOGIN REGISTER SEARCH

ANNOUNCEMENTS

CURRENT ARCHIVES

Home > About the Journal > Editorial Policies
Editorial Policies

» Focus and Scope

» Section Policies

» Peer Review Process

» Open Access Policy

» Archiving

» Publication Ethics and Publication Malpractice Statement
» Checklist for preparing_your paper for publication

» TELKOMNIKA Profile in Scimago and Google Scholar

» Withdrawal of Manuscripts

» Retraction and Correction policies

Focus and Scope

TELKOMNIKA (Telecommunication Computing Electronics and Control) is a peer reviewed International Journal in
English published four issues per year (March, June, September and December). The aim of TELKOMNIKA is to
publish high-quality articles dedicated to all aspects of the latest outstanding developments in the field of electrical
engineering.

Its scope encompasses the engineering of signal processing, electrical (power), electronics, instrumentation &
control, telecommunication, computing and informatics which covers, but not limited to, the following scope:

Signal Processing: Signal Theory, Digital Signal & Data Processing, Stochastic Processes, Detection and
Estimation, Spectral Analysis, Filtering, Signal Processing Systems, Environmental Signal Processing, Software
Developments, Image Processing, Pattern Recognition, Optical Signal Processing, Digital Signal Processing, Multi-
dimensional Signal Processing, Communication Signal Processing, Biomedical Signal Processing, Geophysical and
Astrophysical Signal Processing, Earth Resources Signal Processing, Acoustic and Vibration Signal Processing, Data
Processing, Remote Sensing, Signal Processing Technology, Speech Processing, Signal Processing for Audio, Visual
and Performance Arts, Radar Signal Processing, Sonar Signal Processing, Seismic Signal Processing, Medical
Imaging Equipment and Techniques, Biomedical Imaging and Image Processing, Video Processing, Industrial
Applications, New Applications, etc

Electronics: Electronic Materials, Microelectronic System, Design and Implementation of Application Specific
Integrated Circuits (ASIC), VLSI Design, System-on-a-Chip (SoC) and Electronic Instrumentation Using CAD Tools,
Biomedical Transducers and instrumentation, Biomechanics and Rehabilitation Engineering, Transistor, MOSFET,
CMOS, etc

Electrical: Electrical Engineering Materials, Electric Power Generation, Transmission and Distribution, Power
Electronics, Power Quality, Power Economic, FACTS, Renewable Energy, Electric Traction, Electromagnetic
Compatibility, High Voltage Insulation Technologies, High Voltage Apparatuses, Lightning Detection and Protection,
Power System Analysis, SCADA, Electrical Measurements, etc

Telecommunication: Modulation and Signal Processing for Telecommunication, Information Theory and Coding,
Antenna and Wave Propagation, Wireless and Mobile Communications, Radio Communication, Communication
Electronics and Microwave, Radar Imaging, Distributed Platform, Communication Network and Systems, Telematics
Services and Security Network, etc

Instrumentation & Control: Optimal, Robust and Adaptive Controls, Non Linear and Stochastic Controls,
Modeling and Identification, Robotics, Image Based Control, Hybrid and Switching Control, Process Optimization
and Scheduling, Control and Intelligent Systems, Artificial Intelligent and Expert System, Fuzzy Logic and Neural
Network, Complex Adaptive Systems, etc

Computing and Informatics: Computer Architecture, Parallel and Distributed Computer, Pervasive Computing,
Computer Network, Embedded System, Human—Computer Interaction, Virtual/Augmented Reality, Computer
Security, Software Engineering (Software: Lifecycle, Management, Engineering Process, Engineering Tools and
Methods), Programming (Programming Methodology and Paradigm), Data Engineering (Data and Knowledge level
Modeling, Information Management (DB) practices, Knowledge Based Management System, Knowledge Discovery
in Data), Network Traffic Modeling, Performance Modeling, Dependable Computing, High Performance Computing,
Bioinformatics, Computer Security, Human-Machine Interface, Stochastic Systems, Information Theory, Intelligent
Systems, IT Governance, Networking Technology, Optical Communication Technology, Next Generation Media,
Robotic Instrumentation, Information Search Engine, Multimedia Security, Computer Vision, Information Retrieval,
Intelligent System, Distributed Computing System, Mobile Processing, Next Network Generation, Computer Network
Security, Natural Language Processing, Business Process, Cognitive Systems, etc

Section Policies

Telecommunication

This Section covers all topics in telecommunication engineering with specific emphasis on information theory,
communication theory and techniques, modulation, source and channel coding, switching theory and techniques,
communication protocols, optical communications, microwave theory and techniques, radar, sonar, antennas, wave
propagation, etc.

Editors
Francis C.M. Lau
Andrea Morabito
Leo P. Ligthart
Phisca Rosyady
Youssef Said
Lunchakorn Wuttisittikulkij
Zahriladha Zakaria

M Open Submissions M Indexed M Peer Reviewed
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Computing and Informatics: Computer Architecture, Parallel and Distributed Computer, Pervasive Computing,
Computer Network, Embedded System, Human—Computer Interaction, Virtual/Augmented Reality, Computer
Security, Software Engineering (Software: Lifecycle, Management, Engineering Process, Engineering Tools and
Methods), Programming (Programming Methodology and Paradigm), Data Engineering (Data and Knowledge level
Modeling, Information Management (DB) practices, Knowledge Based Management System, Knowledge Discovery
in Data), Network Traffic Modeling, Performance Modeling, Dependable Computing, High Performance Computing,
Computer Security, Human-Machine Interface, Stochastic Systems, Information Theory, Intelligent Systems, IT
Governance, Networking Technology, Optical Communication Technology, Next Generation Media, Robotic
Instrumentation, Information Search Engine, Multimedia Security, Computer Vision, Information Retrieval,
Intelligent System, Distributed Computing System, Mobile Processing, Next Network Generation, Computer Network
Security, Natural Language Processing, Business Process, Cognitive Systems, etc

Editors
Franco Frattolillo, Ph.D.
Wanquan Liu
Yin Liu
G. Papakostas
Dr. Deris Stiawan

M Open Submissions M Indexed M Peer Reviewed

Electronics

This Section covers all topics in electronics engineering with specific emphasis on Electronic Materials,
Microelectronic System, semiconductor devices, analogue circuits, digital electronics, embedded systems, Design
and Implementation of Application Specific Integrated Circuits (ASIC), VLSI Design, System-on-a-Chip (SoC) and
Electronic Instrumentation Using CAD Tools, medical electronics, biomedical transducers and instrumentation, etc.

Editors
Faycal Djeffal
Mark Hooper
Munawar Riyadi

M Open Submissions M Indexed M Peer Reviewed

Power Engineering

This Section covers all topics in power engineering with specific emphasis on Power System, Protection systems,
Electrical Engineering Materials, Electric Power Generation, Transmission and Distribution, Power Quality, Power
Economic, FACTS, Renewable Energy, Electric Traction, Electromagnetic Compatibility, High Voltage Insulation
Technologies, High Voltage Apparatuses, Lightning Detection and Protection, Power System Analysis, SCADA,
Electrical Measurements.

Editors
Tarek Bouktir
Mochammad Facta
Ahmad Samosir
Ahmet Teke

g Open Submissions M Indexed M peer Reviewed

Power Electronics and Drives

This Section covers all topics in Power Electronics and Drives with specific emphasis on power Electronic designs,
inverter, converter, machine drives, etc.

Editors
Pekik Argo Dahono
Yang Han
Shahrin Md Ayob
Nik Rumzi Nik Idris

M Open Submissions M Indexed M Peer Reviewed

Signal Processing

This Section covers all topics in digital signal processing with specific emphasis on signal processing, image
processing, video processing, pattern recognition, medical Imaging Equipment and techniques, biomedical Imaging
and Image processing, signal and system, neural-network for signal processing, fuzzy logic for signal processing,
etc.

Editors
Hussain Al-Ahmad
Supavadee Aramvith
Nidhal Bouaynaya
D. Jude Hemanth
Arianna Mencattini

M Open Submissions M Indexed M Peer Reviewed

Control Engineering

This Section covers all topics in control & automation theory and its applications with specific emphasis on Control
Theory; Control Applications; Robotics and Automation; Intelligent and Information Systems for control system;
Optimal, Robust and Adaptive Controls; Non Linear and Stochastic Controls; Modeling and Identification; Robotics;
Image Based Control; Hybrid and Switching Control; Process Optimization and Scheduling; Control and Intelligent
Systems; Artificial Intelligent and Expert System, Fuzzy Logic and Neural Network for for Control systems; Complex
Adaptive Control Systems; etc

Editors
Srinivasan Alavandar
Auzani Jidin
Omar Lengerke
Zhixiong Li
Alfian Maarif

M Open Submissions M Indexed M Peer Reviewed

Machine Learning, AI and Soft Computing

This section covers machine learning, machine intelligence and machine translation, evolutionary computing,
evolutionary algorithms and genetic programming, computational models for machine intelligence, bee colony
algorithm, harmony search algorithm, evolutionary and swarm algorithms, artificial intelligence (AI), intelligent
search, reactive distributed AI, neural science and neural net systems, expert systems, fuzzy set theory and fuzzy
systems, probabilistic reasoning, chaos theory and chaotic systems, hybrid intelligent systems, morphic Computing,
rough sets, multi-agent systems, emotional intelligence, etc.

Editors
Huchang Liao



Mirostaw Swiercz
Mario Versaci
Achmad Widodo
Longquan Yong

M Open Submissions M Indexed M Peer Reviewed

Special Section: Recent Trends on Computing and Information Systems

This special issue summarizes some the recent trends in the Computing and Information Systems (IS) such as
services, technologies, embedded devices and applications, and explores one key area of growth: Computing and
Information Systems. To illustrate the role of Computing Applications and Web Services in the growth of services’
industries, an example focusing on the learning, government and security are used. Recommendations for future
areas of research are presented.

The goal of this special issue is to bring together researches and technical reports from the areas of artificial
intelligence, databases, social networks, distributed computing, web engineering, data mining, information
systems, and others to discuss the latest research trends in computing and IS such as:

o Embedded systems

e Modeling and building Web agents

e Using Web Technologies to solve problems in E-commerce and E-government
o IS applications, architectures and services

Computing and Web research can benefit from ideas and cross-fertilization with many other areas: Artificial
Intelligence, Natural Language Processing, Databases and Information Systems, Information Retrieval, Multimedia,
Distributed Systems, Social Networks and Web Engineering. Many advances within these areas can contribute
towards the realization of the Web, Computing and IS.

This special issue will be intended for researchers and practitioners who are interested in issues that arise from
using applications technologies of computing and information systems advancements. In addition, such issue is also
targeted to anyone who wants to learn more about the computing research advancements in design and
applications.

The manuscript must not be under consideration for publication elsewhere. Conference papers may only be
submitted if the paper was completely re-written or substantially extended (50%). For additional questions please
contact the guest editors.

Editors

Shadi Aljawarneh
Juan Alfonso Lara Torralbo

M Open Submissions M Indexed M Peer Reviewed

Peer Review Process

Submitted papers are evaluated by anonymous referees by double blind peer review for contribution, originality,
relevance, and presentation. The Editor shall inform you of the results of the review as soon as possible, hopefully
in 3 months. Please notice that because of the great number of submissions that TELKOMNIKA TCEC has received
during the last few months the duration of the review process can be up to 5 months.

Open Access Policy

This journal adhere to the best practice and high publishing_standards and comply with the following conditions:

1. Provides immediate open access to its content on the principle that making research freely available to the
public supports a greater global exchange of knowledge;

. Allows the author to hold the copyright and to retain publishing right without restrictions;

. Deposits content with a long term digital preservation or archiving program;

. Uses DOIs as permanent identifiers;

Embeds machine-readable CC licensing information in articles;

Allows generous reuse and mixing of content, in accordance with CC BY-NC license;

. Can Provide Provide article level metadata for any indexers and aggregators

. Has a deposit policy registered with a deposit policy registry, e.g. Sherpa/Romeo.

Archiving

This journal utilizes the LOCKSS system to create a distributed archiving system among participating libraries and
permits those libraries to create permanent archives of the journal for purposes of preservation and restoration.
More...

Publication Ethics and Publication Malpractice Statement

This statement clarifies ethical behaviour of all parties involved in the act of publishing an article in our journals,
including the authors, the editors, the peer-reviewers and the publisher (Universitas Ahmad Dahlan and
Institute of Advanced Engineering and Science). This statement is based on COPE’s Best Practice Guidelines
for Journal Editors.

Ethical Guideline for Journal Publication

The publication of an article in a peer-reviewed IAES Journals is an essential building block in the development of a
coherent and respected network of knowledge. It is a direct reflection of the quality of the work of the authors and
the institutions that support them. Peer-reviewed articles support and embody the scientific method. It is therefore
important to agree upon standards of expected ethical behavior for all parties involved in the act of publishing: the
authors, the journal editors, the peer reviewers, the publisher and the society.

Universitas Ahmad Dahlan (UAD) and Institute of Advanced Engineering and Science (IAES) as publisher of this
Journal takes its duties of guardianship over all stages of publishing extremely seriously and we recognize our
ethical and other responsibilities. We are committed to ensuring that advertising, reprint or other commercial
revenue has no impact or influence on editorial decisions. In addition, the UAD, IAES and Editorial Board will assist
in communications with other journals and/or publishers where this is useful and necessary.

Publication decisions

The editors of the IAES journals are responsible for deciding which of the articles submitted to the journal should
be published. The validation of the work in question and its importance to researchers and readers must always
drive such decisions. The editors may be guided by the policies of the journal's editorial board and constrained by

such legal requirements as shall then be in force regarding libel, copyright infringement and plagiarism. The editors
may confer with other editors or reviewers in making this decision.

Fair play

An editor at any time evaluate manuscripts for their intellectual content without regard to race, gender, sexual


https://publicationethics.org/resources/guidelines-new/principles-transparency-and-best-practice-scholarly-publishing
http://www.lockss.org/
http://publicationethics.org/files/u2/New_Code.pdf

orientation, religious belief, ethnic origin, citizenship, or political philosophy of the authors.

Confidentiality

The editor and any editorial staff must not disclose any information about a submitted manuscript to anyone other
than the corresponding author, reviewers, potential reviewers, other editorial advisers, and the publisher, as
appropriate.

Disclosure and conflicts of interest

Unpublished materials disclosed in a submitted manuscript must not be used in an editor's own research without
the express written consent of the author.

Duties of Reviewers

Contribution to Editorial Decisions

Peer review assists the editor in making editorial decisions and through the editorial communications with the
author may also assist the author in improving the paper.

Promptness

Any selected referee who feels unqualified to review the research reported in a manuscript or knows that its prompt
review will be impossible should notify the editor and excuse himself from the review process.

Confidentiality

Any manuscripts received for review must be treated as confidential documents. They must not be shown to or
discussed with others except as authorized by the editor.

Standards of Objectivity

Reviews should be conducted objectively. Personal criticism of the author is inappropriate. Referees should express
their views clearly with supporting arguments.

Acknowledgement of Sources

Reviewers should identify relevant published work that has not been cited by the authors. Any statement that an
observation, derivation, or argument had been previously reported should be accompanied by the relevant citation.
A reviewer should also call to the editor's attention any substantial similarity or overlap between the manuscript
under consideration and any other published paper of which they have personal knowledge.

Disclosure and Conflict of Interest

Privileged information or ideas obtained through peer review must be kept confidential and not used for personal
advantage. Reviewers should not consider manuscripts in which they have conflicts of interest resulting from

competitive, collaborative, or other relationships or connections with any of the authors, companies, or institutions
connected to the papers.

Duties of Authors

Reporting standards

Authors of reports of original research should present an accurate account of the work performed as well as an
objective discussion of its significance. Underlying data should be represented accurately in the paper. A paper
should contain sufficient detail and references to permit others to replicate the work. Fraudulent or knowingly
inaccurate statements constitute unethical behaviour and are unacceptable.

Data Access and Retention

Authors are asked to provide the raw data in connection with a paper for editorial review, and should be prepared
to provide public access to such data (consistent with the ALPSP-STM Statement on Data and Databases), if
practicable, and should in any event be prepared to retain such data for a reasonable time after publication.
Originality and Plagiarism

The authors should ensure that they have written entirely original works, and if the authors have used the work
and/or words of others that this has been appropriately cited or quoted.

Multiple, Redundant or Concurrent Publication

An author should not in general publish manuscripts describing essentially the same research in more than one
journal or primary publication. Submitting the same manuscript to more than one journal concurrently constitutes
unethical publishing behaviour and is unacceptable.

Acknowledgement of Sources

Proper acknowledgment of the work of others must always be given. Authors should cite publications that have
been influential in determining the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have made a significant contribution to the conception, design,
execution, or interpretation of the reported study. All those who have made significant contributions should be
listed as co-authors. Where there are others who have participated in certain substantive aspects of the research
project, they should be acknowledged or listed as contributors. The corresponding author should ensure that all
appropriate co-authors and no inappropriate co-authors are included on the paper, and that all co-authors have
seen and approved the final version of the paper and have agreed to its submission for publication.

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use, the



author must clearly identify these in the manuscript.

Disclosure and Conflicts of Interest

All authors should disclose in their manuscript any financial or other substantive conflict of interest that might be
construed to influence the results or interpretation of their manuscript. All sources of financial support for the
project should be disclosed.

Fundamental errors in published works
When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s

obligation to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct the
paper.

Checklist for preparing your paper for publication

You can use this list to carry out a final check of your submission before you send it to the journal for review.

1. Is your manuscript adhere to the minimum standards? (written in English; the length of submitted paper is
at least 4 pages and no more than 16 pages; use of a tool such as EndNote, Mendeley, or Zotero for
reference management and formatting, and choose Vancouver style)

2. Is your manuscript written in TELKOMNIKA format? At this stage, it is essential that you follow every detail

of the TELKOMNIKA format. Please try to follow the format as closely as possible.

. is your title adequate and is your abstract correctly written? The title of paper is max 10 words, without
Acronym or abbreviation. The Abstract (MAX 200 WORDS) should be informative and completely self-
explanatory (no citation in abstract), provide a clear statement of the problem, the proposed
approach or solution, and point out major findings and conclusions.

4. Authors are suggested to present their articles in the sections structure: Introduction - The Proposed
Method/Algorithm/Procedure specifically designed (optional) - Research Method - Results and
Discussion - Conclusion. Authors may present complex proofs of theorems or non-obvious proofs of
correctness of algorithms after introduction section (obvious theorems & straightforward proofs of existing
theorems are NOT needed).

. Introduction section: explain the context of the study and state the precise objective. An Introduction should
contain the following three parts:

- Background: Authors have to make clear what the context is. Ideally, authors should give an idea of the

state-of-the art of the field the report is about.

- The Problem: If there was no problem, there would be no reason for writing a manuscript, and definitely

no reason for reading it. So, please tell readers why they should proceed reading. Experience shows that for

this part a few lines are often sufficient.

- The Proposed Solution: Now and only now! - authors may outline the contribution of the manuscript. Here

authors have to make sure readers point out what are the novel aspects of authors work.

Authors should place the paper in proper context by citing relevant papers. At least, 5 references (recently

journal articles) are used in this section.

6. Method section: the presentation of the experimental methods should be clear and complete in every detail
facilitating reproducibility by other scientists.

. Results and discussion section: The presentation of results should be simple and straightforward in style.
This section report the most important findings, including results of statistical analyses as apropriate and
comparisons to other research results. Results given in figures should not be repeated in tables. This is
where the author(s) should explain in words what he/she/they discovered in the research. It should be
clearly laid out and in a logical sequence. This section should be supported suitable references.

8. Conclusion section: Summarize sentences the primary outcomes of the study in a paragraph. Are the claims
in this section supported by the results, do they seem reasonable? Have the authors indicated how the
results relate to expectations and to earlier research? Does the article support or contradict previous
theories? Does the conclusion explain how the research has moved the body of scientific knowledge
forward?

9. Language. If an article is poorly written due to grammatical errors, while it may make it more difficult to
understand the science.

10. Please be sure that the manuscript is up to date. It is expected that 10 to 20% of references are to
recent papers.

11. Is the manuscript clearly written? Is the article exciting? Does the content flow well from one section to
another? Please try to keep your manuscript on the proper level. It should be easy to understand by well
qualified professionals, but at the same time please avoid describing well known facts (use proper
references instead). Often manuscripts receive negative reviews because reviewers are not able to
understand the manuscript and this is authors' (not reviewers') fault. Notice, that if reviewers have
difficulties, then other readers will face the same problem and there is no reason to publish the manuscript.

12. Do you have enough references? We will usually expect a minimum of 10 to 25 references primarily to
journal papers, depending on the length of the paper. Citations of textbooks should be used very rarely and
citations to web pages should be avoided. All cited papers should be referenced within the text of the
manuscript.

13. Figures and Tables. Relation of Tables or Figures and Text: Because tables and figures supplement the text,
all tables and figures should be referenced in the text. Authos also must explain what the reader should look
for when using the table or figure. Focus only on the important point the reader should draw from them, and
leave the details for the reader to examine on her own.
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Figures:

a. All figures appearing in article must be numbered in the order that they appear in the text.

b. Each figure must have a caption fully explaining the content

c. Figure captions are presented as a paragraph starting with the figure number i.e. Figure 1, Figure 2,
etc.

d. Figure captions appear below the figure

e. Each figure must be fully cited if taken from another article

f. all figures must be referred to in the body of the article

Tables:
a. Material that is tabular in nature must appear in a numbered captioned table.
b. All tables appearing in article must be numbered in the order that they appear in the text.
c. Each table must have a caption fully explaining the content with the table number i.e. Table 1, Table 2,
etc.
d. Each column must have a clear and concise heading
e. Tables are to be presented with single horizontal line under: the table caption, the column headings and
at the end of the table.
f.  All tables must be referred to in the body of the article
g. Each table must be fully cited if taken from another article
14. Each citation should be written in the order of appearance in the text. Citations and references must
sequential
15. Please be aware that for the final submission of regular paper you will be asked to tailor your paper so the
last page is not half empty.
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Abstract

This paper proposes a method of detecting air pollution in a region using image processing
techniques. The image used is the infrared image that obtained using a modified digital camera by
mounting the SRS filter. Image processing technique used is to utilize wavelet transformation. Pollutants
are detected based on the average number of white pixels that appear on the image. This white pixel
appears due to the reflection of the wavelength of the pollutant that hits the sensor on the camera. From
the results of the proposed method detection is known that the highest pollution occurs in 12.00 which is
the busiest traffic time and the lowest pollution occurred in 08.00 where the traffic passing through the area
has not been crowded.
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1. Introduction

Air pollution is a condition of air contaminated by chemicals, substances/particles, and
other biological materials that could endanger the health of living beings and other organisms.
Air pollution could be caused by motor vehicle fumes, a factory fumes or the forest fires.
The negative impact of air pollution on health is could be caused breathing problems or
inflammation of the respiratory tract, skin health disorders, and stress. This negative impact is
what drives the need for research about air pollution detection. This research aims to identify
the presence of air pollution in one place by using digital image processing in real time.
Image processing in this research conducted in the frequency domain. Therefore, the previous
done the transformation of the spatial domain to the frequency domain using wavelet
transforms. After the image transformation results obtained, hence can be done analysis
further. The use of image processing basically utilizes the electronic visual sensor (camera)
which replaces the human visual system (eye). The advantages of the electronic visual sensor
are to have a wavelength range that is larger than the human eye. In addition, an electronic
visual sensor is also more sensitive in distinguishing the degree of intensity of each pixel of
the image. By using image processing the little difference of the pixel intensity between
pollutants and air through this sensor can be differentiated.

A lot of research about the detection of air pollution has been done before. Wang has
been doing research about the rendering process of air pollutants based on image
processing [1-3]. In contrast to the research conducted by Wang, this research uses wavelet
transformation to detect air pollution from an infrared image. Joans has been used images
diffusion process and ratio factor to analysis polluted images. The Infrared imagery-based
research has been done before by doing image segmentation in infrared images to determine
the environmental conditions [4]. The infrared image obtained by using SRS filters whose
characteristics known from the previous research [5-7]. The SRS filter is a filter that transmits
infrared waves made from cellulose films.The other research that has been done is the
detection of indoor air pollution on wet or moist walls using a thermal camera [8].
This proposed research is done outdoors by taking infrared images using a camera. The
other research that has been done is the detection of air pollution on satellite images [9-13].

The difference with this research is the method used. In this experiment, the image
processing is done in the frequency domain while the research that has been conducted
using the image processing in the spatial domain. Another difference is in the coverage area
of the image based research has been done before by doing image segmentation in infrared
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images to determine the environmental conditions. The infrared image obtained by using SRS
filters. The SRS filter (the name of creator) is a filter that transmits infrared waves made from
cellulose films whose characteristics known from the previous research. This proposed
research is done outdoors by taking infrared images using a camera. The difference with this
research is the method used. In this experiment, the image processing is done in the
frequency domain while the research that has been conducted using the image processing in
the spatial domain. Another difference is in the coverage area of the image.

2. Research Method

Air pollution is a condition in which air is polluted by chemical or biological particles
that can harm the health of living things. The particles that pollute the air are also called
pollutants. In urban areas, sources of the pollutants come from vehicle fumes and industrial
factory smoke. At low pollution levels, the number of particles in the outdoor air can reach
5,000-10,000 particles/cm?3. At high pollution levels, for example, when high traffic volume can
reach 300,000-1,000,000 particles/cm?® [14]. This particle size is very small namely less than
2.5 mm so the human eye cannot see it directly [15]. The existence of these particles can be
detected using a digital camera. These particles will be captured by the camera as noise.
The principle of pollutant detection using a digital camera is shown in Figure 1.

The previous research on the use of infrared images has been widely done.
Sulistiyanti has been conducted research on infrared image enhancement [16, 17]. The infrared
images can be used to obtain the thermal condition information of an object by performing a
spatial filtering of an object [18-21]. Another research was to use an infrared image captured
by digital cameras to determine isothermal calorimeter [22]. In addition, the other research
used infrared images to determine the ignition point from the magnesium chip cutting
temperature [23], and object discrimination [24]. Furthermore, practical applications for
national security used this image processing [25].

In this research, the image was taken using a 5 MP digital camera mounted a SRS
infrared filter. The usefulness of this filter is to pass the infrared light and to filter the other light.
The image data were taken around the Bambu Kuning market, Bandar Lampung between
08:00 until 16:00 and intervals of data collected every 2 hours. The infrared images are images
that obtained from a camera that uses filters to block visible light and allowed a near infrared
light (infrared photography). The wavelength ranges used in infrared photography is about
from 700 nm to 900 nm, shown in Figure 2. To get this image, the digital camera is modified
by installing an infrared filter. The infrared filter used in this research is the SRS filter.

Light Source
-
=
-
' i B
_1" _" 2 9 E
2] =
Transmission PARTICLE
AIRLIGHT

Figure 1. The radiance reaching the camera is the summation of the transmitted light from
the object and light from the sun after scattering by particles

Detection air pollution based on infrared image processing... (Sri Ratna Sulistiyanti)



1798 = ISSN: 1693-6930

.76 wm. 2um 4um 103 um

Short Medium
wave wave

Gamma Rays X Rays Ultraviolet Rays: Microwave Radio Waves
[ [ [ [ 1/ [ I [ [ [ [ |
1pm 1nm 1um 1mm 1m 1km
10-5 um 102 um | 10% um 105 um 10° um

Figure 2. The wavelength range in photography

Then the captured infrared images are processed using image processing in
the frequency domain, namely wavelet transform. The wavelet transform can be used as a
multi-resolution analysis that can represent the time and frequency information of a signal.
A signal whose frequency varies in time can be well analyzed using this transformation.
In image processing, the wavelet transforms used are 2-D wavelet transforms. The image for
image processing is represented as a 2-D matrix.

The decomposition process in the wavelet transform will attempt to divide the signal
into two parts by the same number of sampling signals. These two parts are separated by
two types of filters which have two different frequency bands, i.e. high-pass filter (h[n]) and
lowpass filter (g[n]). After that the process is continued by modifying the signal based on
the function of scale and time. This process repeatedly to determine the Discrete Wavelet
Transform level and will affect the magnitude of the frequency band in each coefficient.
The wavelet decomposition process is shown in Figure 3.

21 ]—> Yhighk]
hinl | 21 |—>Yhigh[k]
[ hin | 2l Yhigh[k]

X[n]

[T}
-2t

gir] f—e

| aln] | 2l > Yhigh[k]
Figure 3. The wavelet decomposition
Decomposition process can be through one or more levels Mathematical, the one level
decomposition is expressed by the following (1) and (2):
YHighlk] = ¥, X[n]h[2k — n] 1)
YLow[k] = X, X[nlg[2k —n] @)
Here YHigh and YLow are results from highpass filters and lowpass filters, x[n] is

origin signal, h[n] is highpass filter, and g[n] is lowpass filter. In the Haar wavelet, each
step of the transformation always takes into account the wavelet coefficients and the
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average set. The equations for calculating an average a; and Wavelet coefficients (c;) are (3)
and (4):

a; = Sﬁ% 3)
¢ = SiTSit1 (4)

here s; is the i-th data, s;,; is the data after i-th data, s;_, is the data before i-th data, a is
the data average, and c is the wavelet coefficient.

3. Results and Analysis

The captured image results are shown in Figure 4. The image size obtained from
the camera is 4 MP. The image is cropped with a size of 100x200 pixels on the area to be
observed (region of interest/ROI), shown in Figure 5 respectively.

(b) 10.00 () 12.00

(d) 14.00 (e) 16.00

Figure 4. Results of capturing an image

(@) (b)

Figure 5. The position of the observed area in the research (a) original image and
(b) the position of cropping

In this proposed method, infrared images of a RGB mode are converted into a grayscale
to find out how much noise of the object. In this conversion process, the original image has a
24 bit pixel depth become to 8 bits. The next step is the image registration process.
This process is done to get the same area on the different image. This process is done
because the image is taken at different times so that there may be changes a camera
position due to movement.

The use of cropping which has 8-bit image format is assigned wavelet transformation
process and then done the decomposition process. The result of the decomposition process
is shown in Figure 6. From the decomposition result, the intensity of the four images is
summed to obtain the final image, shown in Figure 7.

Detection air pollution based on infrared image processing... (Sri Ratna Sulistiyanti)



1800 = ISSN: 1693-6930

The image of the summing of these intensities is segmented into 4 segments,
8 segments or 16 segments. From the final image is calculated the average intensity to
obtain image data that represents the presence of pollutants. Calculation of the average
intensity using (5):

| DX e ¥ s 1) 5
average — MXN 5)

here M is the image width, N is the image height, and I;; is the intensity of
the(i, j) pixel.

Figure. 6 The wavelet decomposition result Figure 7. The summing result of the
in the image at (a) 08.00, (b) 10.00, decomposition image at (a) 08.00, (b) 10.00,
(c) 12.00, (d) 14.00, and (e) 16.00 (c) 12.00, (d) 14.00, and (e) 16.00

The result value of the sum and average of the intensity for each segment and time
is shown in Table 1. The minimal number of pollutants in the observed area occurred at 08.00
and the maximum number of pollutants occurred at 12.00. The area observed is
the shopping area where the trade activity and the busiest traffic occurred in 12.00. In
the observed area, the primary source of the pollutant comes from the smoke of vehicles
passing through the area. At 08.00, traffic conditions in the area have not been crowded
because the shops open at 09.00 so the condition of air pollution is still low. Similar pollutant
detection results from the use of segmentation of 4 segments, 8 segments, and 16 segments,
is shown by the graph in Figure 8.

Seen in Figure 8, in the morning (08.00) qualitatively produces images that look
mostly dark, this means the air condition is still relatively clear. The black color declared a
state of air condition that there are no pollutants while the color other than black is a pollutant
because it is due to the wavelength reflections of the pollutants. Increased white pixels that
indicate the presence of pollutants in the air in the observed area looks at 10.00-16.00.
Increased air pollution is due to the increasing number of vehicles that pass through or has
activities in the area.

The pollution peak occurs at 12:00 because at that hour the store employees use
their time for activities in the outside because that time is a rest time. At 14:00 there was a

TELKOMNIKA Vol. 17, No. 4, August 2019: 1796-1802
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decrease in pollution because traffic activity was not as busy as at 12:00. The increased of
the pollution occurred again in 16:00 because ahead of the shops closed so that traffic
vehicle activity of the buyers who leave a shop increased. CO2 measurement were carried
out using a Combo IAQ meter at a location and the same hour proving that the highest
levels of CO2 were at 12:00 and 16:00, shown in Figure 9.

This research proves that the more pollutant in the air, then the more noise arising in
the image too, this phenomenon is shown in Figure 1. This noise appears from the reflection
of the wavelength transmitted by pollutants that hitting the sensors in the camera.
The wavelength of this pollutant is different from the wavelength reflected by the background
object. This difference is that causes the occurrence of spots as if the noise.

Table 1. The Result Value of the Sum and Average of the Intensity

Clock 4 segment 8 segment 16 segment
Sum Average Sum Average Sum Average
08:00 224592 112296 246000 12.3000 235024 117512

10:00 789156 39.4578 726477 36.3239 809631 404816
12:00 1003695 501846 898299 44.9150 912234 456117
14:00 821454 410727 742931 371466 721778 360889
16:00 927678 463839 776300 38.8150 815852 40.7946

60 2.5
L s0 /‘\/‘ 2.4
© 5.
> <
ué) 40 ///‘-\ Nn——u § 2.3
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Figure 8. The average value of intensity for Figure 9. Trend of percentage CO: levels in
each segment the air using Combo IAQ meter

4. Conclusion

This paper proposes a pollutant detection technique on air pollution using Wavelet
transforms. Using a wavelet transforms, the noise on the image can be well recognized so
that it can be used to represent the presence of pollutants. The trends of an increase of
the air pollution are obtained from the calculation data of the intensity average of the image in
the observed area. This is in accordance with the condition that at 12:00 is the busiest traffic
time resulting in maximum air pollution in the area.
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