
Enter Journal Title, ISSN or Publisher Name



   

 

 



7/16/2020 Vol 16, No 4

journal.uad.ac.id/index.php/TELKOMNIKA/issue/view/554 1/4

USER

You are logged in as...
ary

My Journals
My Profile
Log Out

ONLINE SUBMISSION

TEMPLATE

QUICK LINKS

Author Guideline
Editorial Boards
Reviewers
Online Submissions
Abstracting and
Indexing
Scopus: Add missing
document
Publication Ethics
Visitor Statistics
Contact Us

JOURNAL CONTENT

Search 

Search Scope 
All

Search

Browse
By Issue
By Author
By Title
Other Journals

JOURNAL HARDCOPY

Order journal prints
(hardcopy)

<<click in here>>

HOME  ABOUT  USER HOME  SEARCH  CURRENT  ARCHIVES  ANNOUNCEMENTS

Home > Archives > Vol 16, No 4

Vol 16, No 4Vol 16, No 4
August 2018
DOI: http://dx.doi.org/10.12928/telkomnika.v16i4 

Table of Contents

Comparative Study Improving Residential Load Factor Using Power Shifting
and Load Shifting

PDF

Hartono BS, Sri Paryanto Mursid, Sapto Prajogo 1396-1403

Cost implication of Line Voltage variation on Three Phase Induction Motor
operation

PDF

Aderibigbe Israel Adekitan, Bukola Adetokun, Tobi Shomefun, Alex Aligbe 1404-1412

Maximum Power Point Tracking Charge Controller for Standalone PV System PDF

Mohd Asri Jusoh, Mohammad Faridun Naim Tajuddin, Shahrin Md Ayob, Mohd Azrik
Roslan

1413-1426

Non-uniform Rooftop PVs Distribution Effect to Improve Voltage Profile in
Residential Feeder

PDF

Zamzami Zamzami, Nelly Safitri, Fauzi Fauzi 1388-1395

High PV Penetration Impact on European-based LV Residential Network
PDF

Kyairul Azmi Baharin, Nur Aliah Isa, Chin Kim Gan, Meysam Shamshiri 1375-1382

A Front Surface Optimization Study for Photovoltaic Application
PDF

A. Nawabjan, F. Iqbal, A. S. Abdullah 1383-1387

Efficiency of Wireless Power Transfer System with PWM Methode as Rectifier
on Receiver

PDF

Zuansah Rachmat Munggaran, Mudrik Alaydrus 1427-1434

Design and Experimental Results of Universal Electric Vehicle Charger Using
DSP

PDF

Ali Saadon Al-Ogaili, Ishak bin Aris Aris, Mohammed Lutfi Othman, Norhafiz Azis, Dino
Isa, Yap Hoon

1435-1444

Effect of Anchoring Groups on the Conduction Properties of Terphenyl
Molecules Connected to Copper Leads

PDF

Setianto Setianto, Aswad H.S., K.M. Liu 1445-1448

Evaluation of Research Standards at Ministry of Research, Technology and
Higher Education with I-MR Map Control Analysis

PDF

Muhammad Dimyati, Akhmad Fauzy 1449-1456

Design of Electronic Nose System Using Gas Chromatography Principle and
Surface Acoustic Wave Sensor

PDF

Anifatul Faricha, Suwito Suwito, M. Rivai, M.A. Nanda, Djoko Purwanto, Rizki Anhar R.P. 1457-1467

Asthma Identification Using Gas Sensors and Support Vector Machine
PDF

Hari Agus Sujono, Muhammad Rivai, Muhammad Amin 1468-1480

Microcontroller-based Control and Data Acquisition System for a Grid-
connected Renewable Energy System

PDF

Kevin D. Dugay, Adam Z. Luisaga, Jomille Angelo Carlo O. Bancud 1481-1489

Characteristic MIMO 2x4 Antenna for 5G Communication System
PDF

Yusnita Rahayu, Jodi Wijaya, Elsa Syafitri 1508-1514

Meander bowtie Antenna for Wearable Application
PDF

N. Othman, N. A. Samsuri, M. K. A. Rahim, K. Kamardin, H. A. Majid 1522-1526

Ship Speed Estimation using Wireless Sensor Networks: Three and Five
Sensors Formulation

PDF

Ajib Setyo Arifin, Dina Kusuma Wahyuni, Muhammad Suryanegara, Muhammad Asvial 1527-1534

http://journal.uad.ac.id/index.php/index/user
http://journal.uad.ac.id/index.php/TELKOMNIKA/user/profile
http://journal.uad.ac.id/index.php/TELKOMNIKA/login/signOut
http://edas.info/N27504
https://iaescore.com/gfa/telkomnika.docx
http://journal.uad.ac.id/index.php/TELKOMNIKA/about/editorialPolicies#custom-1
http://journal.uad.ac.id/index.php/TELKOMNIKA/about/editorialTeam
http://journal.uad.ac.id/index.php/TELKOMNIKA/pages/view/reviewers
http://edas.info/N27504
http://journal.uad.ac.id/index.php/TELKOMNIKA/pages/view/Indexing
http://journal.uad.ac.id/index.php/TELKOMNIKA/pages/view/missing
http://journal.uad.ac.id/index.php/TELKOMNIKA/about/editorialPolicies#custom-0
http://statcounter.com/p10241713/?guest=1
http://journal.uad.ac.id/index.php/TELKOMNIKA/about/contact
http://journal.uad.ac.id/index.php/TELKOMNIKA/issue/archive
http://journal.uad.ac.id/index.php/TELKOMNIKA/search/authors
http://journal.uad.ac.id/index.php/TELKOMNIKA/search/titles
http://journal.uad.ac.id/index.php/index
http://journal.uad.ac.id/index.php/TELKOMNIKA/pages/view/Order
http://journal.uad.ac.id/index.php/TELKOMNIKA/index
http://journal.uad.ac.id/index.php/TELKOMNIKA/about
http://journal.uad.ac.id/index.php/index/user
http://journal.uad.ac.id/index.php/TELKOMNIKA/search
http://journal.uad.ac.id/index.php/TELKOMNIKA/issue/current
http://journal.uad.ac.id/index.php/TELKOMNIKA/issue/archive
http://journal.uad.ac.id/index.php/TELKOMNIKA/announcement
http://journal.uad.ac.id/index.php/TELKOMNIKA/index
http://journal.uad.ac.id/index.php/TELKOMNIKA/issue/archive
http://journal.uad.ac.id/index.php/TELKOMNIKA/issue/view/554
http://dx.doi.org/10.12928/telkomnika.v16i4
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7715
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7715/5470
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9628
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9628/5472
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9512
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9512/5473
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7789
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7789/5469
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9056
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9056/5467
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9059
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9059/5468
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8046
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8046/5474
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7308
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7308/5475
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5900
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5900/5476
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/10491
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/10491/5483
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7127
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7127/5479
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8281
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8281/5480
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9042
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9042/5482
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8377
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8377/5497
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9061
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9061/5489
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7596
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7596/5492


7/16/2020 Vol 16, No 4

journal.uad.ac.id/index.php/TELKOMNIKA/issue/view/554 2/4

Optimum Work Frequency for Marine Monitoring Based on Genetic Algorithm PDF

Fahraini Bacharuddin, Hadi Wuryanto, Yuliza Yuliza, Beny Nugraha 1551-1559

Modelling Optical Waveguide Bends by the Method of Lines
PDF

Ary Syahriar, Nabil Rayhan Syahriar, Jusman Syafiie Djamal 1490-1499

Beam Steering using the Active Element Pattern of Antenna Array PDF

Norun Abdul Malek, Othman Omran Khalifa, Zuhairiah Zainal Abidin, Sarah Yasmin
Mohamad, Nur Aqilah Abdul Rahman

1542-1550

Specific Absorption Rate Assessment of Multiple Microstrip Patch Antenna
Array

PDF

Nur Ilham Aliyaa Ishak, Norhudah Seman, Noor Asmawati Samsuri 1500-1507

Design and Fabrication of the Novel Miniaturized Microstrip Coupler 3dB Using
Stepped Impedance Resonators for the ISM Applications

PDF

Azzeddine Sardi, Jamal Zbitou, Ahmed Errkik, Mohamed Latrach 1560-1567

Bi-directional Beams Waveguide Slotted Antenna at Millimeter Wave
PDF

Muataz W. Sabri, Noor A. Murad, Mohammed K.A. Rahim 1515-1521

Switchable Wideband Metamaterial Absorber and AMC reflector for X-band
Applications and Operations

PDF

M. M. Gajibo, M. K. A. Rahim, N. A. Murad, O. Ayop, H. A. Majid 1535-1541

Distributed Control System Applied in Temperatur Control by Coordinating
Multi-loop Controllers

PDF

Edi Rakhman, Feriyonika Feriyonika 1568-1576

Measurement of Shear Strain in Map Liquefaction Area for Earthquake
Mitigation in Bengkulu City

PDF

Muhammad Farid, Arif Ismul Hadi 1597-1606

Deep Learning for Tuning Optical Beamforming Networks PDF

Herminarto Nugroho, Wahyu Kunto Wibowo, Aulia Rahma Annisa, Hanny Megawati
Rosalinda

1607-1615

Development of Fall Risk Detector for Elderly
PDF

Nor Aini Zakaria, Nur Amalina Rashid, Muhammad Amir Asa’ari 1577-1582

Metamodel-based Optimization of a PID Controller Parameters for a Coupled-
tank System

PDF

Marwan Nafea, Abdul Rasyid Mohammad Ali, Jeevananthan Baliah, Mohamed Sultan
Mohamed Ali

1590-1596

Path Tracking on Autonomous Vehicle for Severe Maneuvre
PDF

Zulkarnain Zulkarnain, Hairi Zamzuri, M. H. M. Ariff, Umar Zakir Abdul Hamid 1583-1589

Hybrid Head Tracking for Wheelchair Control Using Haar Cascade Classifier
and KCF Tracker

PDF

Fitri Utaminingrum, Yuita Arum Sari, Putra Pandu Adikara, Dahnial Syauqy, Sigit
Adinugroho

1616-1624

Implementation of Fuzzy-PD for Folding Machine Prototype Using LEGO EV3
PDF

Wahyu S. Pambudi, Titiek Suheta 1625-1632

Bull Sperm Motility Measurement Improvement Using Sperm Head Direction
Angle

PDF

Akbar Akbar, Eros Sukmawati, Dwi Utami, Muhammad Nuriyadi, Iwan Awaludin, Priyanto
Hidayatullah

1642-1649

Color Distribution Analysis for Ripeness Prediction of Golden Apollo Melon
PDF

Usman Ahmad, Dwi Pamungkas Bermani, Mardison Mardison 1659-1666

Development of Pose Estimation Algorithm for Quranic Arabic Word
PDF

Luqman Naim Mohd Esa, Malik Arman Morshidi, Syarah Munirah Mohd Zailani 1633-1641

Determining Best Window Size for an Improved Gabor Transform in EMG
Signal Analysis

PDF

E.F. Shair, S.A. Ahmad, A.R. Abdullah, M.H. Marhaban, S.B. Mohd Tamrin 1650-1658

A Model to Predict The Live Bodyweight of Livestock Using Back-Propagation
Algorithm

PDF

Inggih Permana, Ria Agustina, Endah Purnamasari, Febi Nur Salisah 1667-1672

The Forecasting Technique Using SSA-SVM Applied to Foreign Tourist Arrivals
to Bali

PDF

Yosep Oktavianus Sitohang, Yudhie Andriyana, Anna Chadidjah 1679-1687

Designing Fuzzy Expert System to Identify Child Intelligence
PDF

Muhamad Bahrul Ulum, Vitri Tundjungsari 1688-1696
PDF

http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7328
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7328/5514
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5191
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5191/5484
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9040
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9040/5498
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9041
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9041/5485
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9230
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9230/5501
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9057
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9057/5493
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9065
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9065/5727
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/3135
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/3135/5504
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8043
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8043/5515
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8176
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8176/5509
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9066
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9066/5505
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9069
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9069/5507
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9068
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9068/5511
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/6595
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/6595/5513
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7569
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7569/5553
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8685
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8685/5519
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8432
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8432/5585
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9048
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9048/5584
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9049
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9049/5554
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/6716
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/6716/5586
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7293
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7293/5441
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7779
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7779/5442
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/6668/5446


7/16/2020 Vol 16, No 4

journal.uad.ac.id/index.php/TELKOMNIKA/issue/view/554 3/4

Improve Interval Optimization of FLR using Auto-speed Acceleration Algorithm
Yusuf Priyo Anggodo, Imam Cholissodin 1724-1734

Optimizing Laying Hen Diet using Multi-Swarm Particle Swarm Optimization
PDF

Gusti Ahmad Fanshuri Alfarisy, Wayan Firdaus Mahmudy, Muhammad Halim Natsir 1712-1723

Significance of Speech Intelligibility Assessors in Medium Classroom Using
Analytical Hierarchy Process

PDF

Mokhtar Harun, Khairunnisa Mohd Yusof, Mohamad Ngasri Dimon, Puspa Inayat Khalid,
Siti Zaleha Abdul Hamid

1673-1678

The Development of Javanese Language Teaching Materials Through
Introduction of Java Scripts Using Artificial Neural Network

PDF

Siswo wardoyo, Kuntari W., Anggoro S. Pramudyo, Suhendar Suhendar, Syarif Hidayat 1697-1703

News Reliability Evaluation using Latent Semantic Analysis
PDF

Guo Xiaoning, Tan De Zhern, Soo Wooi King, Tan Yi Fei, Lam Hai Shuan 1704-1711

Biometric Analysis of Leaf Venation Density Based on Digital Image
PDF

Agus Ambarwari, Yeni Herdiyeni, Irman Hermadi 1735-1744

WCLOUDVIZ: Word Cloud Visualization of Indonesian News Articles
Classification Based on Latent Dirichlet Allocation

PDF

Retno Kusumaningrum, Satriyo Adhy, Suryono Suryono 1752-1759

Applied Healthcare Knowledge Management for Hospital in Clinical Aspect
PDF

Sevenpri Candra, Ichsan Kurniawan Putrama 1760-1770

Semi-Supervised Keyphrase Extraction on Scientific Article using Fact-based
Sentiment

PDF

Felix Christian Jonathan, Oscar Karnalim 1771-1778

Algorithm for Predicting Compound Protein Interaction Using Tanimoto
Similarity and Klekota-roth Fingerprint

PDF

Isnan Mulia, Wisnu Ananta Kusuma, Farit Mochamad Afendi 1785-1792

Combining Two Models of Successful Information System Measurement
PDF

Pualam Dipa Nusantara, Nyoman Ayu Gayatri, Martin Suhartana 1793-1800

Implementation of Augmented Reality as Information and Promotion Media on
Dieng Tourism Area

PDF

Banu Nur Affan, Agus Suryanto, Arief Arfriandi 1818-1825

Multi-class K-support Vector Nearest Neighbor for Mango Leaf Classification
PDF

Eko Prasetyo, R. Dimas Adityo, Nanik Suciati, Chastine Fatichah 1826-1837

Integrated Social Media Knowledge Capture in Medical Domain of Indonesia
PDF

Kridanto Surendro, Dicky Prima Satya, Farrell Yodihartomo 1846-1856

Development of Leaf Area Meter Using Open CV for Smartphone Application PDF

Tony K. Hariadi, Zulfan Fadholi, Anna NN Chamim, Nafi A Utama, Indira Prabasari, Slamet
Riyadi

1857-1863

Fingerprint Pattern of Matching Family with GLCM Feature
PDF

Bahtiar Imran, Karya Gunawan, Muhammad Zohri, Lalu Darmawan Bakti 1864-1869

Identifying Citronella Plants From UAV Imagery Using Support Vector Machine
PDF

Candra Dewi, Achmad Basuki 1877-1885

An Early Drowning Detection System for Internet of Things (IoT) Applications PDF

Muhammad Ramdhan MS, Muhammad Ali, Paulson Eberechukwu N, Nurzal Effiyana G,
Samura Ali, Kamaludin M.Y

1870-1876

Token-based Single Sign-on with JWT as Information System Dashboard for
Government

PDF

I Putu Arie Pratama, Linawati Linawati, Nyoman Putra Sastra 1745-1751

A Novel Forecasting Based on Automatic-optimized Fuzzy Time Series
PDF

Yusuf Priyo Anggodo, Wayan Firdaus Mahmudy 1809-1817

Analysing Signal Strength and Connection Speed in Cloud Networks for
Enterprise Business Intelligence

PDF

Gananda Hayardisi, Kudang Boro Seminar, Arief Ramadhan 1779-1784

Backtracking Search Optimization for Collaborative Beamforming in Wireless
Sensor Networks

PDF

N.N. Ahmad Nazri, N.N. Nik Abd Malik, L. Idoumghar, N.M. Abdul Latiff, S. Ali 1801-1808

Design of Miniaturized Multiband Patch Antenna Using CSRR for WLAN/WiMAX
Applications

PDF

http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/6668
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7765
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7765/5445
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9043
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9043/5440
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8465
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8465/5443
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9062
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9062/5444
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7322
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7322/5447
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8194
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8194/5449
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5673
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5673/5450
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5473
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5473/5451
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5916
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/5916/5453
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7737
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7737/5454
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7759
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7759/5457
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8482
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8482/5458
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8320
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8320/5460
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8608
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8608/5461
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8534
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8534/5462
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7450
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/7450/5464
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9046
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9046/5463
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8388
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8388/5448
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8430
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8430/5456
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8454
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8454/5452
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9058
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9058/5455
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9064
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9064/5459


7/16/2020 Vol 16, No 4

journal.uad.ac.id/index.php/TELKOMNIKA/issue/view/554 4/4

Murtala Aminu Baba, Mohammad Kamal A Rahim, Farid Zubir, Mohd Fairus Mohd Yusoff 1838-1845

Actuator Fault Decoupled Residual Generation on Lateral Moving Aircraft
PDF

Samiadji Herdjunanto, Adha Cahyadi, Bobby Rian Dewangga 1886-1893

Training of Convolutional Neural Network using Transfer Learning for Aedes
Aegypti Larvae

PDF

Mohamad Aqil Mohd Fuad, Mohd Ruddin Ab Ghani, Rozaimi Ghazali, Tarmizi Ahmad
Izzuddin, Mohamad Fani Sulaima, Zanariah Jano, Tole Sutikno

1894-1900

TELKOMNIKA Telecommunication, Computing, Electronics and Control
ISSN: 1693-6930, e-ISSN: 2302-9293
Universitas Ahmad Dahlan, 4th Campus, 9th Floor, LPPI Room
Jl. Ringroad Selatan, Kragilan, Tamanan, Banguntapan, Bantul, Yogyakarta, Indonesia 55191
Phone: +62 (274) 563515, 511830, 379418, 371120 ext. 4902, Fax: +62 274 564604

View TELKOMNIKA Stats

http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9055
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/9055/5465
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8744
http://journal.uad.ac.id/index.php/TELKOMNIKA/article/view/8744/5466
http://www.statcounter.com/
http://statcounter.com/p10241713/?guest=1


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/326544466

Modelling Optical Waveguide Bends by the Method of Lines

Article · August 2018

DOI: 10.12928/TELKOMNIKA.v16i4.5191

CITATION

1
READS

64

3 authors, including:

Some of the authors of this publication are also working on these related projects:

Dark and bright soliton in fiber optics View project

VLC UAI View project

Ary Syahriar

University Al Azhar Indonesia

47 PUBLICATIONS   82 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Ary Syahriar on 21 December 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/326544466_Modelling_Optical_Waveguide_Bends_by_the_Method_of_Lines?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/326544466_Modelling_Optical_Waveguide_Bends_by_the_Method_of_Lines?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Dark-and-bright-soliton-in-fiber-optics?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/VLC-UAI?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ary_Syahriar?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ary_Syahriar?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ary_Syahriar?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ary_Syahriar?enrichId=rgreq-a0d4744bceae9da06bb730e5c5bdd91d-XXX&enrichSource=Y292ZXJQYWdlOzMyNjU0NDQ2NjtBUzo3MDYxMDE0MDYzNjM2NDhAMTU0NTM1OTEwMjg0Mw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


TELKOMNIKA, Vol.16, No.4, August 2018, pp. 1490~1499 
ISSN: 1693-6930, accredited First Grade by Kemenristekdikti, Decree No: 21/E/KPT/2018 
DOI: 10.12928/TELKOMNIKA.v16i4.5191   1490 

  

Received November 14, 2016; Revised January 30, 2018; Accepted April 16, 2018 

Modelling Optical Waveguide Bends by the Method of 
Lines 

 
 

Ary Syahriar*1, Nabil Rayhan Syahriar2, Jusman Syafiie Djamal3 
1,3 Electrical Engineering Department, Faculty of Science and Technology University al Azhar Indonesia, 

Jakarta Indonesia 
2 Mechanical Engineering Department, Bandung Institute of Technology 

*Corresponding author, e-mail: ary@uai.ac.id 
 
 

Abstract 
 A rigorous analytical and semi analytical method of lines has been used to calculate the 

transverse-electric field attenuation coefficient of guided mode as it travels in waveguide bends structure. 
Both approaches then were compared to get a better understanding on how the attenuation behaves along 
single curve waveguides with constant radius of curvature. The Helmholtz Equation in polar coordinate 
was transformed into a curvalinier coordinate to simulate the waveguide bends using the method of line 
analysis. The simple absorption boundary conditions are used into the method of lines to demonstrate 
evanescent field of the guided mode nature as its travels in waveguide bends structures. The results show 
that a reasonable agreement between both theoretical approaches. 

  
Keywords: Optical waveguide bends, Method of lines, The transverse-electric field attenuation coefficient 
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1. Introduction 

One of the most important optical integrated devices building blocks is waveguide 
bends because it defines the overall size of integrated optics in single subtrates. Waveguide 
bends are required in many basic optical structures, including directional couplers, modulators, 
ring resonators [1], arrayed waveguide filters [2], optical delay lines [3], S-bend attenuators [4]. 
and Mach-Zehnder interferometers. However, waveguide bends experience loss as the guided 
mode enters the curved section which depends on confinement factors and radius of curvature. 
The loss can be minimized by increasing the mode confinement i.e. by increasing the refractive 
index differences between core and cladding layers or by decreasing radius of curvatures. 
Increasing mode confinement will increase the coupling losses when waveguide is coupled into 
the fiber optics and decreasing radius of curvature will increase the overall integrated optics 
size. In a silica-based waveguide, there is normally only a very slight variation in refractive index 
across the cross-section, to allow low loss coupling to a single mode fibre. The slight variation in 
index is most helpful as it permits the vector wave equation to be replaced by a scalar equation 
in which the electric field is represented by one vector component. This simplification is known 
as the weak-guidance approximation. Therefore a precise knowledge on bend waveguides 
characteristics become important to design a compact integrated optical systems.  

So far, a number of efficient numerical techniques have been proposed for the analysis 
of optical waveguides. These include the finite difference method (FDM), the finite element 
method (FEM), the beam propagation method (BPM), and the method of lines (MoL) [5]. The 
finite difference method is the oldest numerical method for solving partial differential equations. 
It is simple to program and easily applied to non-homogenous refractive index profiles. This 
method subdivides the domain into many subregions, in which the partial derivatives are 
replaced by finite difference operators. A set of linear equations are then solved to obtain the 
eigenvalues. The drawback of the FDM is it offers less flexibility in the modeling of the domain 
since the subregion is normally rectangular in shape [6]. The finite element method (FEM) can 
model the most intricate domain geometries. In FEM, the waveguide cross section is divided 
into surface or volume elements and the field in each element is approximated by a polynomial. 
The field continuity conditions are imposed on all interfaces between the different elements.  
A variational expression for Maxwell’s equations then is employed to obtain an eigenvalue 
matrix equation which is solved by standard methods. This method requires a more complex 
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programming structure and is more demanding in both computer time and memory [7]. The 
beam propagation method (BPM) has been used to analyze various two- and three-dimensional 
optical devices. The original BPM used an FFT algorithm and solved a paraxial scalar wave 
equation. The basic idea of the BPM is to represent the electromagnetic field by a superposition 
of plane waves propagating in homogenous media. The advantages of the BPM are that it can 
be applied to a structure with an arbitrary cross-section, and that both guided and radiative 
waves are included in the analysis. However since the formulation is derived under the 
assumption that the refractive index variation in the transverse direction is very small, the FFT-
BPM cannot be applied to structures with large index discontinuities [6].  

The method of lines (MoL) has been proved to be a very useful tool for the analysis of 
general waveguide systems [8]. It is a semi analytical method, in which the wave equation is 
discretized as far as necessary in the transverse direction and solved analytically in the 
longitudinal direction, which results in less computational effort. An accurate result can be 
obtained since the MoL behaves in a stationary fashion and convergence is monotonic [9]. 
Discontinuous fields can be described accurately because the interface conditions are included 
in the calculation. Furthermore, the MoL is relatively easy to implement using computer 
numerical methods. In this paper we compare two different approaches, namely a simple quasi-
analytic theory based on integration of a phenomenological absorption coefficient, and the 
method of lines (MoL). Both are applied to a number of different waveguide bend curvatures.  

In this paper we applied the method of lines with third order absorbing boundary 
condition to analyse weakly guiding optical waveguides bends characteristics. For the first 
approximation we have transformed the Helmholtz wave equation in polar co-ordinates to 
Cartesian coordinates to simplify the discretisation of waveguide structures. In the process we 
compared the results with analytical methods as the correct references that has been developed 
previously. We found that the MoL results are in good agreement with analytical methods. The 
discrepencies arised from differents radius of curvature used in the calculation and the choices 
of absorbing boundaries parameters. 
 
 
2.    Research Method 
2.1. Analytical Approach 

To analyse the effect of a waveguide bend, consider a bend formed by a circular arc 
with radius of curvature r as shown in Figure 1. It is assumed that only the fundamental mode 
propagates in the guide. If the radius of curvature is large enough ( r ), then the properties 
of the mode are effectively those of a mode traveling in a straight guide. However, as r 
decreases, attenuation is expected to occur. Let P(s) be the total power carried by the mode at 
any point s along the bend. Assuming that the rate of power loss is proportional to the power 
carried by the mode at that point, we can write: 
 
 

 
 

Figure 1. Section of a curved planar waveguide 
 

 

)(
)(

sP
ds

sdP   (1) 
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where  is the attenuation coefficient. Provided is constant, equation 1 has the solution: 
 

sePsP  )0()(  (2) 

 
Marcatili and Miller have shown that the attenuation coefficient is indeed constant for a fixed 
radius, and can be expressed as [10]: 
 

rCeC 2
1

  (3) 

 
where C1 and C2 are functions of the waveguide parameters but are independent of r.  
Equation 3 shows that the attenuation coefficient increases exponentially with decreasing 
bending radius; however, if the radius of curvature become large enough the attenuation 
becomes negligible. It also shows that the change of with r is dominated by the value of C2, 
which (for a weakly-guiding guide) is given by [11]: 
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  (4) 

 
Here neff = neff  - n2, where n2 is the refractive index of the cladding. 

The C2 value also provides a method for characterising mode confinement, which is 
useful when investigating techniques for reducing bend losses. Equation 3 shows that  is also 
affected (but less strongly) by the value of the coefficient C1, which is defined as [11]: 
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where  is given by: 
 

2
20

21
nk 


 (9) 

 
and h, and  have their usual meanings [12].  

The C1 coefficient as defined in equation 4 is not a direct function of neff, but is related 
to the difference between the propagation constant within the guide and the cladding refractive 
index n2. Additionally, the C1 coefficient is strongly model dependent, and so can be used to 
calculate the guide shape and other parameters. The above formulation of the C1 and the C2 
coefficients was based on the derivation made by Marcatili et.al [10] and later adopted by 
Minford et.al [11]. However, two other formulations have been provided by Lee [12] and 
Marcuse [13,14]. Lee’s version of the C1 and the C2 coefficients is as follows [12]: 
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and,  
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Here, ko,  and h have their usual meaning. In a similar way, Marcuse’s version of the 
coefficients is as follows [14]: 
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and, 
 

2

3

2 3

2




C  (13) 

 

here, the propagation constant is defined as effonk . It might be expected that these 

different formulations would give similar results; however, this was not found to be the case.  
 
2.2. Method of Lines 

In this analysis we begin by considering the behaviour of a guided mode as it travels 
around a bend of constant curvature. Figure 2 shows a schematic of the geometry. The 
waveguide has a constant radius of curvature r, which is measured from the centre of the guide.  
The guide is of width h, which is assumed to be much less than r and is centred on a 
computational window of width w. The core and cladding refractive indices are given by n1 and 
n2 respectively.  
 
 

 
 

Figure 2. Discretisation of a planar waveguides bends by the MoL 
 
 
Assuming a y-polarised electric field, the Helmholtz wave equation can be written in 

polar co-ordinates as [15]: 
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To implement a numerical solution of equation 14 a modification must be made.  

It involves changing the co-ordinates to a local co-ordinate system that follows the centre of the 
waveguide along the propagation direction [15]. This change also allows the possibility of 
analysing the field profile at the local cross-section. By making the substitution: 
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Equation 14 may be transformed to: 
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where the constant c = 1/r represents the waveguide curvature. Note that it is easy to see how 
equation 16 reduces to the scalar wave equation for a straight waveguide when c=0. There are 
some advantages using equation 16. Firstly, the computational window can be restricted 
because the centre is along the path of the waveguide. Secondly, the index profiles need not be 
altered as the radius of curvature changes, in contrast to the other methods which use the 
modified index profile [15]. To solve equation 16 by the MoL, the equation is now discretised 
using the finite difference operator, by putting: 
 

2
11

2

2

)(

2

x

EEE

x

E
iiiy




 




 (17) 

 
and:  
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If this is done, equation 16 can be written in matrix form as: 
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Assuming that there is no back-reflection, the general solution for constant matrix elements has 
the form: 
 

inp
sj ETeTE


1   (21) 

 

where  is a matrix containing the eigenvectors of  arranged in columns, 


 is a diagonal 

matrix containing the eigenvalues of , and 
inpE


is the input field vector. One of the most 

important parameters associated with the waveguide is the fractional power that remains in the 
core at point z. This power is approximately given by the overlap integral: 
 

2

),()0,()( 




 dxzxExEzP  (22) 

 
where E(x,0) is the input field and E(x,z) is the field at point z.  
 
2.3. The Absorbing Boundary Condition 

To calculate the modal field of the curved waveguide, it is necessary to restrict the 
extent of the computational window. Once again, this is done using absorbing boundary 
conditions. Derivation of appropriate boundary conditions in polar co-ordinate is generally rather 
complicated [16]. In the calculation described here, we have adopted a simpler approach, 
applying a straight guide boundary condition to the curved waveguide equation, by using the 
assumption that the radius of curvature is large enough that the mode inside the bend is similar 
to that of straight guide.  

The absorbing boundary condition is inserted into the edge of the matrix components of 
equation 20 [16]. In this case, we have used the more effective third-order absorbing boundary 
condition, where the radical is approximated by: 
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Sqq
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  (23) 

 
Differences in the choice of the coefficients, p and q, produces different families of 

absorbing boundary conditions. These result in differences in the angle of exact absorption of 
the incoming wave by the absorbing boundary layer. Table 1 shows a list of the coefficient 
values and absorption angles of the approximations that are most commonly used. Here, we 
have used the L type of approximation. 

 
 

Table 1. Coefficients for different third-order absorbing boundary conditions,  
after reference [4.16] 

Type of approximation p0 p2 q2 angle of exact absorption (o) 
Pade’ 1.0000 -0.7500 -0.2500 0.0 

Chebyshev L
� 0.9997 -0.8086 -0.3165 11.7, 31.9, 43.5 

Chebyshev points 0.9965 -0.9129 -0.4725 15.0, 45.0, 75.0 
Least square ( L2) 0.9925 -0.9223 -0.5108 18.4, 51.3, 76.6 

Chebyshev-Pade’ (C-P) 0.9903 -0.9431 -0.5556 18.4, 53.1, 81.2 
Newman points 1.0000 -1.0000 0.6697 0.0, 60.5, 90.0 
Chebyshev L 0.9565 -0.9435 0.7038 26.9, 66.6, 87.0 

q0 = 1.0000 for each approximation 
 
 
3. Results and Analysis 

To get a better understanding on how the guided mode evolution during its propagation 
inside curved waveguides; we have used two methods, i.e. an analytical theory that is assumed 
to be the right approach and the method of lines. In both calculations parameters of a 
waveguide bends with a radius 5000 m through an angle of 45o with different refractive index 
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changes have been used. Figure 3 shows the variation of C2 calculated using equation 4 with 
wavelength for different values of n, i.e. for different degrees of waveguide confinement. These 
results show that C2 increases as the confinement becomes higher and also that C2 values 
generally decrease slowly at long wavelengths. 

 
 

 
 

Figure 3. Variation of the parameter C2 with wavelength, for different values of n as predicted 
by equation 4 

 
 

Figure 4 (a) and (b) show a comparison of the C1 and the C2 values as a function of 
waveguide width, calculated by Marcatili’s approximation of equation 4 and 5; Lee’s 
approximation of equation 10 and 11; and Marcuse’s approximation of equation 12 and 13 
respectively.  Here, the parameters of n1=1.463, n2=1458, =1.525 m, with h varying from  
4 m to 7 m, have been used. 

 
 

 
(a) 

 
(b) 

 
Figure 4. A comparison of different approximations for (a) the C1 value, and (b) the C2 value 

 
 

Figure 4 (a) shows that the C1 coefficients of Lee’s and Marcuse’s expression are in a 
good agreement. However, Marcatili’s equation gives much lower value. This might well be 
because of the different approaches used to derive the C1 coefficient. The Marcatili 
approximation is obtained from the complex solution of the eigenvalue equation of the 
waveguide bend, while both Lee and Marcuse use a different approximation based on the local 
rate of power radiation from the bend. Furthermore, for the C2 coefficient, Lee’s and Marcatili’s 
approximations give a good agreement, while Marcuse’s approach gives apparently incorrect 
values. It can be concluded that Lee’s expression is the most likely to be correct. This 
assumption will be validated later by comparison with the rigorous method of lines. 
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To illustrate the way in which the guided mode evolves in a curved waveguide, we first 
compare the input and output mode shapes obtained after travelling round a bend of radius 
5000 m through an angle of 45o. Figure 5 (a) shows results obtained for a guide of core index 
1.464, cladding index 1.458 and width 5 m at a wavelength of 1.525 m, while Figure 5 (b) 
shows results for a similar but less strongly confining guide which has a core index of 1.463. 
The calculations have been done by using the MOL scheme.  

 
 

 
(a) 

 

 
(b) 

 
Figure 5.  Input and output field distribution of the fundamental mode after travelling around a 

waveguide bend of radius 5000 m through an angle of 450. (a) n = 0.006, (b) n = 0.005 
 
 

Figure 5 demonstrates that the output field profile of the mode generally extends into 
the cladding and its peak is reduced, so that it is gradually radiating power. The amount of the 
power loss depends on the degree of confinement. For example, in Figure 5(a), the output field 
extends into the cladding only to a very limited extent, and the input and the output field shapes 
are very similar. However, in Figure 5(b) the output field extends much further into the cladding 
due to the reduction in confinement. The degree of asymmetry also increases considerably as 
the confinement is reduced.  

We now use the results of the method of lines calculation to estimate an effective 
attenuation coefficient along a uniformly curved waveguide. This can be done by using  

equation 1, where the 
ds

sdP )(
 values are found by evaluating the difference in the integrated 

optical power across the mode in the computational area between two adjacent axial 
propagation steps. Figure 6 shows the attenuation coefficient found in this way as a function of 
bending angle , for the parameters n=0.005, 0.006, and 0.007,n2=1.458, =1.525 m,  
h=5 m, and r=5000 m. 
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Figure 6. Attenuation coefficient as a function of the bending angle , for a different  
degrees of confinement 

 
 

In each case, the value of is not constant, but rises gradually from zero at the start of 
the bend and settles to a steady-state value only after some rapid fluctuations. In early 
analyses, the fluctuations have been associated with transition loss [17-18]. However, recently it 
was demonstrated that they are merely a mathematical artefact which is inherent in numerical 
modelling of bends using beam propagation methods, and the steady-state value is an accurate 
estimate of the attenuation coefficient after the mode has settled to its final lateral position.  

A comparison of the attenuation coefficients predicted by simple theory and the MoL (at 
large axial distance) is shown in Figure 8. In the analytical approximations, the C1 and the C2 
coefficients needed to find the values have been calculated by using each of the three 
approximations. 

 
 

 
 

Figure 8. A comparison of the attenuation coefficients obtained from the MoL and from the three 
different analytical expressions 

 
 

Figure 8 demonstrates that good agreement is obtained between the analytical form for 
the loss coefficient based on Lee’s expression and the MoL calculation. A slight difference, 
however, occurs at a small radius. In contrast, Marcatili’s formulation predicts a very low value 
of when compared to Lee’s approximation and the MoL calculation, while Marcuse’s 
formulation predicts much higher values.   

The residual discrepancies between the predictions of Lee’s theory and the MoL may be 
explained as follows. In the MoL, the calculation results are highly dependent on a proper 
choice of absorbing boundary condition at the edge of the computational windows, so that un-
suitable conditions give rise to significant reflection back into the computational window and 
hence lower apparent loss. A similar effect also appears in another numerical scheme [19]. 
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4. Conclusion 
We have investigated different analytic approximations to the local loss coefficient in 

waveguide bends based on constant radius of curvature, and have uncovered disagreement 
between several previously published analytical expressions. To verify the accuracy of the 
attenuation coefficient on several publish analytical expression, we have used the beam 
propagation algorithm based on the method of lines in polar co-ordinate. We have found 
reasonable agreement with the analytic approximation to the local loss coefficient based on 
Lee’s approach. This agreement might be used to extend the calculation of loss in waveguide 
bends structure in modelling continuously-varying S-bends waveguides using cascaded section 
method. Residual disagreement is ascribed mainly to the moderate performance of the 
absorbing boundary conditions used to limit the range of the calculation window. 
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