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Summary

In last 5 Academic Year, the faculty of The Oxford College of Engineering has presented 34 papers in
international conferences. There are total 7 books published last 5 academic years.

Sl. No Academic Year Conferences Book
National International
1 2016-17 0 13 5
2 2017-18 0 4 1
3 2018-19 0 4 0
4 2019-20 0 5 0
5 2020-21 0 8 1
Total 34 7
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1 Dr. Digital 2016 The Oxford College of CBS,
Preethasharan Communicatio Engineering, Bangalore Publications,
n Lab Manual Delhi.
2 R.Bhargava Real Time Advanced ICACCCT International | 2016 1978-1- The Oxford College of Syed Ammal
Rama Gowd Implementation Communication, 4673- Engineering, Bangalore Engineering
of Multimedia Control& 9544-1 college,
Traffic Unicast Computing Ramanathpura
and Multicast Technologies m,Tamilnadu.
groups using
Optical Network
3 Gunjan Thakur A digital Cross 2016 IEEE INDICON International | 2016 2325- The Oxford College of IEEE Explorer
Vemana Connect (DCS) Annual India 9418 Engineering
Institute of switch for Conference
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Bangalore, broadcast traffic
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management model for Engineering, Bangalore
education for determining
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86232-
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Abstract— The performance and analysis of Multicast
groups using optical cable of 1KM distance network
based on RTP(Real time Transfer Protocol) for the
communication on real time connection oriented network
Multimedia communication in internet need a large
Bandwidth, Viewers or Peoples are more interested in
watching live programs. Thus here we are using the RTP,
During the transmission of the data from server to client
systems redundant bit are introduced leading to
buffering in order to overcome this streaming is adopted.
Transmitting Multicast data from one point of server to
the interested receiver or groups receiver systems, The
main aim of this project is to improve the life time of
network, Qos, communication system, Increases
Bandwidth and Essential to avoid packet loss, delay than
the unicast communication.

Index Terms— Unicast, Multicast, Optical Network,
Addresses of IP.

I. INTRODUCTION

The popular application in internet is a Multimedia
communication. It needs to larger bandwidth a unicast
is a point to point communication and acts a single
direction or single host to overcome this here we taken
Multicast group communication, Multicast
environment consist of data is send server to multiple
group of receiver is called multipoint communication
or Multicast group, it gives packets are delivered high
quality and The Qos(quality of service) is dependents
on computer network. A Multicast address starts from
224.0.0.0 to the 239.255.255.255. the membership of
hosts. Local area network of a the translation address
between multicast traffic is sent over a switched
Ethernet network. In this we used IGMP (Internet
Group Management protocol ) when TTL =1 then the
IGMP is a joining the Multicast groups to hosts, and it
is transmits the Membership Report Messages to the
router system. For given multicast packets. IGMP
messages are never forwarded by routers provides a
path to receiver groups of Multicast computer systems.
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A Multicast address is chosen for the receives in a
multicast group. The membership of hosts can join and
leaves at any time, A multicast group can be active for
a long time network system are converters the routers
systems, In multicast data communication the router
system are used the IGMP. Multicast is delivery of

High quality video, Bandwidth.

@
."“\

Figl.1: unicast communication.

Multicast < @
#
o

Fig 1.2: Multicast communication.

Unicast

Fig 1.1 and fig 1.2 Comparison of unicast and
multicast communication from server to client system
a shown in above figs. Peoples are more want to watch
live programs like audio, video conferences, cricket
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program, live News ect.. here Multicast results is more
efficient than unicast.

II. SCOPE AND MOTIVATION

To maintain an unwanted flow of data also Quality
of service(Qos), it is to avoid packet delay in the
multicast data stream. Applying Qos and giving
Multicast data packets. priority over other packets. The
multicast stream usually have some buffering built in
so that losses are smoothed out than the unicast
communication. The data is transfer from one point to
point communication or single directions.A service
where data is delivery from a sender to a multiple
receiver groups is called multicast communication.
Main aim of this project is it eliminates redundant bits
and gives the High quality of results, The more
important gives the long distances communication by
using Optical cable.

Gmp(Internet Group Managament Protocol) Multicast
Communication

Internet group management protocol (IGMP)
supports to multicast communication. It does not send
messages to router system. IGMP is informs to router
for receive multicast host or multicast packets from
the given Multicast address of host.

Version | IGMP byte Unused 16-bit
(1) (1-2) Checksu
m

32-bit groups address(class D IP Addresses )

Fig 3.1: IGMP Packet.

IGMP consist of 32- bit as shown in the fig 3.1. it
has the 32-bit group address of class D addresses. The
class D is a higher order four bits of 1110 and the
range of IP Multicast group address is from 224.0.0.1
to address 239.255.255.255.

III. IP MULTICAST GROUP

IP Multicast point to group of receiver points. IP
multicast over ATM point to multipoint virtual
circuits(VCs) as feature of dynamically. It creates the
ATM point to multipoint is a switched virtual circuits
gives the I[P multicast traffic more efficient.
Components required are in hardware are Computer
network, switches, Ethernet cable, optical cable, and
software are Linux based on Ubuntu OS (version
14.04), Wireshark analyser to analyses the real time
results. VLC Player to streaming the video and audio
of Multimedia files. Because of live program
connection oriented network used (RTP) Real time
transport protocol like audio and video of Live
conferences. RTP is Monitor transmission statistics

and quality of service(Qos) and synchronization of
Multiple streams.

ROUTER1 ROUTER2
MULTI
SOUR CAST
Cig ROUTE

Fig 3.1: Block diagram of IP Multicast group.

The above fig 3.1 shows IP Multicast group of
multimedia traffic. It consist of four network systems,
first system is a server and two systems are act as a
routers the last system has a client system or Multicast
group. Router is used to forward the packets from the
server(sources)to client(destination) network systems.
For long distance communication I have used optical
cable of 1Km for Multicast communication network.
Multimedia is easy to watch and listen in the form of
Text, audio, video. FM radio, this was shown by below
fig 3.2 it has similar to the fig 3.1.

Fig3.2: unicast and Multicast communication
using 1KM distances of Optical cable.

IV. ANALYSIS AND RESULTS OF REAL TIME
APPLICATION

The above fig 3.2 unicast and Multicast
communication of using Optical cable connecting the
system network using switches by the desired
Topology, configure the sever systems using linux
based commands and also configure client systems.
Similar to routers, then analysis the real time results of
Audio, video. Comparison between the unicast and
Multicast. Stored data is 2-3 Mbps in one second.
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Fig 4.1 unicast audio file.

The above graph of unicast live Audio file consist
along y-axis packets per interval and along x-axis time
per second (.MP3).

e LR

-y D)

Fig 4.2: unicast video file.

The above figd.2 is unicast live video file by
analysis results using Wireshark analyser for point to
point of receiver network system. Video file denoted
as .Mp4. it is one second of data is stored or frame of 2

P cthernet 11, src: i an:07:39 |
[ 5 sseress resotation provocel. (reg

Fig 4.3: Multicast Audio file.

A service where the data is delivery from sender to
Multiple receiver network systems or Multicast groups
has shown in fig3.2. it consist of graph of long Y-axis
Packets per interval and long X-axis time per seconds.
By connected the etho and eth1(Ethernet 1). Audio file
denoted as .Mp3. one second of data is stored in rang of
2-3Mbps of quality of real time result.

The above fig 4.4: is a Multicast Video files of
live systems it denoted by each frame consist of 2Mbps.
Multicast of traffic is less than Unicast communication
network. Video file configure by access of live
programs by capture the frames from the web camera
with streaming process.
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Fig 4.5 Summary of Multicast Packets.

The summary of Multicast packets captured by
39665, Displayed 39665 and given packet displayed
100.00%, the average per sec is 475.385,average packet
size 64.783 bytes, Between first packet and last packet
is 83.366 sec.
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In this Multicast data streaming Eliminates the
buffering while Transmission of live Audio or Video
data from server to client bits Detected bits are 2988
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Multicast streams. Max Bandwidth 1.5 Mbps and Max
Buffer size is 1.4KB.

Multicast consist of IP address are IPV4 and IPV6
by given addresses.

Example: Audio streaming
All clients listening to the same 8-Kbps audio

08
CMulticast

BUnicast 06

Traffic
Mbps o2

00
1 0 4 60 80 100

Number of Clients

Fig 4.7: Comparison of Unicast and Multicast of Traffic
in Mbps.

From the fig 4.7 Comparision of Unicast and
Multicast of Traffic. The graph consist of long Y-axis
Traffic Mbps and long X-axis Number of clients. Here
we conclude that Multicast of a Traffic is less than
Unicast as shown in fig 4.7.

V. CONCLUSION

The analysis and Implementation of a Multicast
group communication using optical cable 1KM based
on real time transfer protocol presented in this paper.
The multicast network is used in Live program
communications like a cricket, live News, Audio,
Video conferences without buffering the data. The main
aim of this project is increases the life time of Network
bandwidth and Avoids the delay than the Unicast
communication. Achieve Wavelength is 1550nm and
Bandwidth is 1.5Mbps. Unicast traffic is more than the
Multicast communication.

VI. FUTURE SCOPE
The analysis is carried out Multicast communication
better than the Unicast. In order to Improve the
Network system or network communication. Network
system proposed work is Broadcast communication.
The data transfer from sender to all Receiver systems or
many Network computer.
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I. Introduction

In recent years we have seen a large number of applications supporting
the use of multicasting. These rapidly growing popular applications such
as sharing of audio & video, group based interaction, online gaming,
video conferencing, streaming of multimedia etc results in tremendous
increase of multicast traffic over the internet. At the same time the
advancement in technology offers a wide range of broadcasting
applications and services such as live video streaming, distance
learning, IPTV etc. Therefore, the fusion of broadcasting and

multicasting traffic has-ereated-an-imperative-demand-for high
performance switches capigiolénaoh@odtinge&eatbrgultjpoint
communication efficientty-Asaresult, mumerous switching architectures
have been proposed for efficient multicast traffic support. A Digital Cross
Connect (DCS) is a crossbar based switch and has been considered the
most suitable switching architecture owing to its scalability, low cost and
intrinsic multicast capabilities [1], [2]. The crossbar switch allows
simultaneous connection between any input ports and all the output
ports. DCS has various applications which includes Mobile Switching
Centers (MSC), LAN connectivity, Broadband Exchanges, Landline
Exchanges, Internet hubs etc.
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Photonic crystal technology is used in many areas of detection and measurements of parameters like

pressure, temperature, displacement etc. The sensor is based on two dimensional photonic crystals. A two

dimensional photonic crystal gives high sensitivity. The Nano cavity is formed by modifying the radius of

one air hole in the centre of lattice structure. Simulation results show that resonant wavelength of Nano

cavity shifts to longer wavelength with increasing the pressure.
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The demand for the design and implementation of efficient crossbar arbiters has raised
due to advancement in network-on-chip communication. The function of arbiters is to
resolve contention among different i/o ports accessing a common resource. Digital
circuits such as multiplexers are building blocks for the implementation of such arbiters

IV. Proposed Work

V. Conclusion

Authors in order to provide the best connectivity. The major challenge for the design of on-chip
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Figures proposed an optimized design for 4:1 MUX using Quantum Dot Cellular Automata
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As there is a new advent in VLSI technology in the mobile industries
there is a serious lack of industry academic interaction in performance
and scaling. SPR is the best answer for impenitently VLS| Technology.
SPR [surface plasmon-resonance] and micro fabrication can be
combined into an advan@igrigyiecCoatufacReagingethpd in order to
address the memory shert-eoming-of\L-Stmemery-devices. Some of
the micro generation of storage devices available in market, which is
having the capability to store in gigabytes of digital data with blue ray die
s, pendrive and some externally connectable hard drives that are similar
to be like microprocessor system. The motivation of this research is to
compare the blue-ray technology with SPR.
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Abstract:
A sensor based on 2D photonic crystal is proposed and designed in present work. Here
the sensor can measure the small changes in dielectric constant of the samples. As the
refractive index for fresh water and saline water varies, the sensor can easily
differentiate between saline and non-saline water. The sensor is a Dual-hexagonal
shaped Photonic crystalring resonator (PCRR) structure composed of Si rods
embedded in air medium. Here the Photonic crystal is designed and modeled by using
MIT electromagnetic equation propagation tool. Analysis is done using Finite Difference
Time Domain (FDTD) method. The transmission spectrum is obtained after the
simulation. From this spectrum, it is observed that there is a shift output in frequency
and transmitted power. Hence it acts as a sensor.

Published in: 2016 3rd International Conference on Computing for Sustainable Global
Development (INDIACom)

Date of Conference: 16-18 March 2016  INSPEC Accession Number: 16426466

https://ieeexplore.ieee.org/abstract/document/7724759

More Like This

Finite difference time domain analysis of a
photonic crystal substrate patch antenna

2005 IEEE Antennas and Propagation
Society International Symposium

Published: 2005

Finite-difference time-domain analysis of
bandgap characteristics of transversely
probed hollow-core photonic crystal fibers

2010 Photonics Global Conference
Published: 2010

Show More

1/3


http://www.ieee.org/
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://innovate.ieee.org/Xplore/Subscribebutton
https://innovate.ieee.org/Xplore/Subscribebutton
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/abstract/document/7724759
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/7589474/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore.ieee.org/author/37085363630
https://ieeexplore.ieee.org/author/37085893242
https://ieeexplore.ieee.org/author/37085342422
https://ieeexplore.ieee.org/xpl/dwnldReferences?arnumber=7724759
https://ieeexplore.ieee.org/alerts/citation
https://ieeexplore.ieee.org/abstract/document/7724759
https://ieeexplore.ieee.org/abstract/document/7724759/authors
https://ieeexplore.ieee.org/abstract/document/7724759/figures
https://ieeexplore.ieee.org/abstract/document/7724759/references
https://ieeexplore.ieee.org/abstract/document/7724759/keywords
https://ieeexplore.ieee.org/abstract/document/7724759/metrics
https://ieeexplore.ieee.org/abstract/document/7724759/similar
https://ieeexplore.ieee.org/xpl/conhome/7589474/proceeding
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsv_6JWpArsmm7E4ny7R_kI6vdWQKd9jJHFkZ4KE_ybv3Osp5UwFWl-Yjy0szFFLU2s_wSBIH1aaT5HXjtGY8ndNT4MieO1z_DFqDYl2SvsWf6CFDnd2XJ_bVSQBC9iAPqNY3MN59oh44qUtGQpb5FBm-bAb8W4KiTcr7AGz6NFH67ZM2rMSbyfDovzi-BOP9Ik_YF3tQgxYaLHsRYUeybcelrqDu-Pxc75HdTxNbzHzxSiifdMiX6VnCY1DQ692qxFkObn70xN_VJHzEA-SSllVluLlkCvMPV8RvcXjusU9VRpCLjDKoorkwvPrtQ&sai=AMfl-YR1kgLP81OSFBCbCdXRGn2QXBRgkWI7MbpMUGLukH-wn6N3MT0sNCjB9GQD88ZN3M3uBJM3qrMhyIfE&sig=Cg0ArKJSzFwVGE6T1PGd&adurl=https://innovate.ieee.org/interested-in-a-subscription-for-your-organization/%3FLT%3DXPLLG_XPL_2020_SUB_Conferences300x250_Sub-NFT
https://ieeexplore.ieee.org/document/1551424/
https://ieeexplore.ieee.org/document/5705949/
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
javascript:void()

3/28/2021

CHANGE USERNAME/PASSWORD

Date Added to IEEE Xplore: 31 October
2016

ISBN Information:
Electronic ISBN:978-9-3805-4421-2
DVD ISBN:978-9-3805-4420-5
Print on Demand(PoD)
ISBN:978-1-4673-9417-8

Publisher: |IEEE

Conference Location: New Delhi, India

i= Contents

Nomenclature
FDTD

Finite Difference Time Domain

MEEP-

MIT Electromagnetic Equation Propagation

Sign in to Continue Reading

MIT-
Massachusetts Institute of Technology

PCRR-
Photonic Crystal Ring Resonator

Authors

Figures

References

Keywords

Metrics

PAYMENT OPTIONS

VIEW PURCHASED DOCUMENTS

COMMUNICATIONS PREFERENCES

PROFESSION AND EDUCATION

TECHNICAL INTERESTS

US & CANADA: +1 800 678 4333

WORLDWIDE: +1 732 981 0060

CONTACT & SUPPORT

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

IEEE Account

» Change Username/Password

» Update Address

Purchase Details

» Payment Options
» Order History

» View Purchased Documents

https://ieeexplore.ieee.org/abstract/document/7724759

Profile Information

» Communications Preferences
» Profession and Education

» Technical Interests

Need Help?

»US & Canada: +1 800 678 4333
» Worldwide: +1 732 981 0060
» Contact & Support

A comparative study of saline and non-saline water in application of tomato yield by using photonic sensor | IEEE Conference Publication...

finy

2/3


https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssL3QFf8JUs74MyCHUC5G-2Exef7Wp_095uM8hfZZSB6QdVcVTRstTsL1cDfH_ZdWKM78qxZ1xGCHj3GR8LM1jR18WKA2IY9GM526QoQeLvwGVPoweJe4W4zisoDlO2Vjf4cZHYAYV675bw9-L0ZAIMEXrIUjV1sUJJ9aEdcl_foRl7ibTHv14GKsNk9xH3sSQGsh7ZjRs5rPmeZ7kwro4V7cpA0F6pQXQb3LMU6psR4Uc1pkEuFvYWqEmrEmMb7NdkNYTzVHz6edy5xMuAlQuFMdqNAmb7ypgGejC1OWd7NNyJItlYK8JKXfec8PtDiw&sai=AMfl-YQKfhFDwhdChl3xPtxP0Ddk7qGmFuSt0Dn7vsD4ilcPxqgNUO7nMOoCXmbpl53KWMdSg3POXg9IdBVW&sig=Cg0ArKJSzIvxygBBfX7n&adurl=https://forms1.ieee.org/English_for_Technical_Professionals.html%3FLT%3DXPLLG_XPL_2020_LM_IEEE_English_for_Technical_Professionals_Program
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact

3/28/2021

IEEE.org

IEEE Xplore

A photonic crystal based pressure sensor | IEEE Conference Publication | IEEE Xplore

IEEE-SA  IEEE Spectrum  More Sites SUBSCRIBE

Browse v My Settings v Help v

Institutional Sign In

Conferences > 2016 International Conference... @

A photonic crystal based pressure sensor

Publisher: IEEE

Indira Bahaddur ; P C Srikanth ; Preeta Sharan

77
Full
Text Views

Abstract

Cite This Cite This PDF

Authors

Keywords

Metrics

More Like This

All Authors

Alerts

Manage

Content Alerts

Add to Citation
Alerts

Abstract:Photonic detecting technologies have extended physical parameter like
temperature, stress detecting for huge selection of applications. The process of the
photonic detect... View more

Metadata
Abstract:
Photonic detecting technologies have extended physical parameter like temperature,
stress detecting for huge selection of applications. The process of the photonic
detecting technological innovation is to observe the modification of indicative catalog.
MOEMS based micro-sized stress indicator can be developed to identify even sub-
micron variety sizing modify using the photonic amazingly. The applied stress on the
item will modify the sizing of the waveguide designed in the photonic amazingly. As a
result, this alternation in space can alter the reproduction feature of electro-magnetic
surf that passes through them that is changing the transmitting variety. So, this
modification can directly be planned to stress on the noticed item. In this paper, the
stress indicator using photonic amazingly has been made and examined.

Published in: 2016 International Conference on Electrical, Electronics, and
Optimization Techniques (ICEEOT)

Date of Conference: 3-5 March 2016 INSPEC Accession Number: 16497463

DOI: 10.1109/ICEEOT.2016.7755444

https://ieeexplore.ieee.org/abstract/document/7755444

SUBSCRIBECart (2) Create Account

Personal Sign In %)

Institutional Sign In

Q

ADVANCED SEARCH

More Like This

A photonic crystal fiber sensor for pressure
measurements

IEEE Transactions on Instrumentation and
Measurement

Published: 2006

Development of a Microfabricated Optical
Bend Loss Sensor for Distributive Pressure
Measurement

IEEE Transactions on Biomedical
Engineering
Published: 2008

Show More

12


http://www.ieee.org/
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://innovate.ieee.org/Xplore/Subscribebutton
https://innovate.ieee.org/Xplore/Subscribebutton
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/abstract/document/7755444
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/7731602/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore.ieee.org/xpl/dwnldReferences?arnumber=7755444
https://ieeexplore.ieee.org/alerts/citation
https://ieeexplore.ieee.org/abstract/document/7755444
https://ieeexplore.ieee.org/abstract/document/7755444/authors
https://ieeexplore.ieee.org/abstract/document/7755444/keywords
https://ieeexplore.ieee.org/abstract/document/7755444/metrics
https://ieeexplore.ieee.org/abstract/document/7755444/similar
https://ieeexplore.ieee.org/xpl/conhome/7731602/proceeding
https://doi.org/10.1109/ICEEOT.2016.7755444
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstXnvgLmYc3-NXNlQ94rKH2VhTGjTkHN9_AhLzuqR3Mzf_ZD-j492mExsW27QAhOMQPUHyJsD0MrFjfCU6O8p5vPxExYNVfAfkfD58oBVzuAVMl_pZ6JWVS7uMNFHNvgo-hZCNMOWTEwhaARk0TC8TBcS1AvJZfm68nwwDzRcvnAqwoglOW2nZ9SO7Ci3oZ_fs5veBRZlv-if5qjylo5vxopXRs9xotPcygAc8YCoETNGKWpIw2LwqiwPsp89GL0iywNvNyUIMk3M1DWgWO-WTrOumshlpHYgmejaIHilV8651BZgtUEXNLvYAVIw&sai=AMfl-YR4R9D198ZRLI4KaNrHKvVs6wnI1msN87pNFdNtbJQ7XHmcDpxaOxyKuxiTZKu2A3buOH7LnwxRV1mz&sig=Cg0ArKJSzMy0aA35tfcX&adurl=https://innovate.ieee.org/interested-in-a-subscription-for-your-organization/%3FLT%3DXPLLG_XPL_2020_SUB_Conferences300x250_Sub-NFT
https://ieeexplore.ieee.org/document/1658361/
https://ieeexplore.ieee.org/document/4432760/
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
javascript:void()

3/28/2021 A photonic crystal based pressure sensor | IEEE Conference Publication | IEEE Xplore

Date Added to IEEE Xplore: 24 November
2016

Publisher: |IEEE

Conference Location: Chennai, India
ISBN Information:

Electronic ISBN:978-1-4673-9939-5
CD:978-1-4673-9936-4

DVD ISBN:978-1-4673-9937-1

USB ISBN:978-1-4673-9938-8

Print on Demand(PoD)
ISBN:978-1-4673-9940-1

Authors v

Keywords v

Metrics v

CHANGE USERNAME/PASSWORD PAYMENT OPTIONS COMMUNICATIONS PREFERENCES us &
VIEW PURCHASED DOCUMENTS PROFESSION AND EDUCATION WOR

TECHNICAL INTERESTS CON'

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

IEEE Account Purchase Details Profile Information
» Change Username/Password » Payment Options » Communications Preferences
» Update Address » Order History » Profession and Education

» View Purchased Documents » Technical Interests

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

Need Help?

»US & Canada: +1 800 678 4333
» Worldwide: +1 732 981 0060
» Contact & Support

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

© Copyright 2021 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

https://ieeexplore.ieee.org/abstract/document/7755444

2/2


https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuEYv7yclQWnu_9DkIYAiPKoiGnwbuHZahZ8TX6f9-88Z_aP2KoW5Axq5Vsmi66bLUUPx3oAZ0ra00elzaso6FxBcMGkDO5Qryxfd7Pcn7n3aosYb19tn__mPlXr5Q8StwNd04PY73FSgkNV5pP60V0xEnkNdduzxbtyl4P9qOA7LCoAmLGIC1b5TNWSEbB5mkqznPcOWQ5iMwLCEy_sOXBabUNXl4yJKrB-vUL_znvR0UGGZhpzXax_v70SiisEfRLF07K1NyrYzrmlR7HCjrE9G48ZdNvSaDrMNxcUhe9fiJKC8SLSWzH1ewo22e7MA&sai=AMfl-YTrXS04hx96yExWnk88yyKndjiEv11dG7pMbsTvBBehukE8rAapMEWS_rgsgkjnS9CU2fFbfA8Fk3zP&sig=Cg0ArKJSzHFm4iGC5jmg&adurl=https://open.ieee.org/%3Futm_source%3DXplore%26utm_medium%3DXplore_Ads%26utm_campaign%3DCall_For_Papers_2021
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html

&
ird india

Modular Phase DC-DC Convertor with Soft Switching High
Frequency lIsolation in Series and Parallel Output

Weena A P, 2Nisha C Rani
“2Department of EEE, TOCE, Bengaluru

Abstract -A new power transmission and distribution
system concept for HVDC is Modular stacked DC
architecture. Presently high frequency isolated DC-DC
power conversion has special interest in high power
applications. The two essential requirements of these high
power applications are high reliability and high power
density. The Modular stacked architecture fulfil this
requirements .Its main application is in subsea oil and gas
fields where the reliability and retrieval are the most
critical requirements. The subsea oil and gas fields
searching better way of power delivery to the loads without
significant increase in the overall system cost. So a suitable
system for subsea power transmission and distribution
system is Modular stacked with soft switching and high
frequency isolation. In this project series connection is
preferred at input side and parallel connection is preferred
at output side. This arrangement is used to improves
voltage blocking capability at the input side and to reduces
the current ripples at the output side. The basic building
block is Zero current switching full bridge phase shift DC-
DC converter. In this architecture fault detection
techniques are used for continued operation of the
converter.

Key words: subsea power distribution, high frequency
isolation, current ripples.

I. INTRODUCTION

Presently DC-DC converter with high frequency
isolation is having more attentions in renewable energy
sources due to their compact size and power density. In
this project high frequency isolation dc-dc converter is
using in subsea oil and gas fields for transmission and
distribution system. The subsea oil and gas fields have
many technical challenges like long distance power
transmission .Here huge power is transmitted over long
distance. For this dc transmission is better and efficient
than ac transmission. When high power loads distributed
in long distance ac transmission creates severe problems
and charging current flows along the ac cables due to the
capacitance of the cable. This decreases cable capacity
for carrying useful current. When the length of the cable
is long then it has high capacitance and high charging
current. So by considering the above factors dc
transmission is more suitable for subsea power system
as compare to ac. Converters are required to connect
HVDC system . The component that enables the
converter process is used Insulated gate bipolar

transistors(IGBT) or thyristors. These controllable
switches can carry very high current and are capable to
block very high voltage upto 10 kv.

Conventional HVDC system in subsea power system
results in large size and high count of component limit
application and it has many disadvantages. So a
promising system topology for subsea power system is
modular stacked method. This consists of cascaded
connection of three level converters. The main
disadvantage of this method is frequency, here low
frequency subsea transformers make system larger in
size and it also decreases the reliability. So the main
aim of this is to replacement of low frequency DC-DC
converter with high frequency isolated converters.
Which results in smaller size and efficient operation of
the system. In this paper converter analysis, fault
detection and fault tolerance operations are discussed
with simulation and experimental results.

Il. PROPOSED SYSTEM

The basic block diagram of the proposed system is
shown below. Which implies the basic operation of

proposed system.

Figurel: basic block diagram of proposed system

The above block diagram gives the brief idea about the
operation of the proposed system. Which consists of
input as dc source and is given to the main building
block that is interleaved zero current switching dc-dc
converter. It consists of IGBT or thyrister as switches at
the primary side and at the secondary side diode rectifier
is connected. And transformer having a 1:1 turns ratio.
In this system microcontroller is used to generates the
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pulses but these pulses are having insufficient voltage to
drive the load. Because microcontroller having only 5 v.
So the driver circuit is introduced here to drive the load.
This circuit amplifies the pulses from 5v to 12v which
sufficient to drive the load. In this interleaving is used to
decreases the ripples of the voltage and currents at the
dc link. Finally output of the converter is given to the
load.
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Figure 2: Block diagram of three phase inverter for
power conversion system

The above block diagram shows the three phase inverter
for the power conversion system. Basically conversion
system used here is dependent on the two level dc-dc
converter with high frequency isolation. Very low to
high ranges power levels are there in two level system.
Power conversion uses the three level inverters at the
output side. In this each leg is consists of four IGBT
switches namely Q1, Q2, Q3, Q4 in series connection.
Leg is completed only when the two clamping diodes
are added to the each leg.

It produces the output as three voltage levels. They are
positive bus voltage, zero voltage and negative bus
voltage. For single phase when switches Q1 and Q2 are
closed then the output is connected to positive bus
voltage, When Q2 and Q3 are on then output is
connected to zero voltage, and when Q3 and Q4 are
turned on then output is connecting to negative voltage.
Here series connection is implemented for input ports
and parallel-series connections are implemented for the
output ports. This arrangement gives the necessary dc
link for the inverter. Depending on the ratings of current
and voltage of the transmission line, the number of
modules are decided. It is a current fed circuit at the
input side and having full bridge zero voltage current
switching circuit with switching frequency of 20 kHz. In
two legs two adjacent switches having phase shift which
can be controlled for the output voltage regulation. The
switches in the full bridge circuit at the primary side
must have a ability to blocks the voltage. Due to
presence of galvanic isolation flexibility is obtained in
designing part and in output stage interconnections.
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Figure 3: ZCS three phase DC-DC converter

The above circuit diagram shows three phase dc-dc
converter. Each module is full bridge dc-dc converter.
These full bridge switches must have voltage blocking
capability at the primary side. For this purpose modules
are connected in series. It is similar to normal boost
circuit operation .In single module four switches are
connected in full bridge circuit at the input side and
diode rectifier circuit is present at the secondary side for
rectification purpose. Here isolation is provided between
primary and secondary circuits. The below diagram
shows single module of the proposed system. These
modules are cascaded and connected in series and
parallel to the input and output respectively. It operates
equivalent to the basic boost converter, but the only
difference is, phase shift is introduced in the module
which is helpful to controlling the power flow in the
system.
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Figure 4:(a) full bridge phase shift ZCS converter (b)
basic boost converter

Because of high power applications in this current fed
converter is preferred since advantages are more in
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current fed converters as compared to voltage fed
converters. In voltage fed converters transformer turns
ratio is very high so parasitic components produces the
high voltage and current spikes which creates switching
loss problems in the circuit. This problem is overcome
by zero current switching operation. Regulation of
output is done by variable frequency control operation,
from this we can reduce the size and mass of the
converter. Increasing switching frequency results in
increased switching losses so soft switching techniques
are used to eliminates the switching losses and it will
improves the efficiency also. DC —DC converter uses the
leakage inductance and parasitic capacitance which
shown in fig 4 above.

I1l. STEADY STATE ANALYSIS

Figure 5: Proposed three phase converter for single
module waveforms

Figure 5 shows the steady state waveforms of the
proposed converter. Here switches S; Sig consists of
complement gate signals with little overlapping portion.
Zero current switching utilized this portion for ZCS
operation. In converter power flow controlling is done
by phase shifting the lower leg gate signals with gate
signals of upper leg switches. i.e S,a S,g gate signals are
phase shifted with S, and Syg.

Analysis of steady state converter operation for
developing the simple model is done for system level
simulation. It considers the zero current switching effect.
Resonant frequency wq and characteristic impedance Z,
of the LC circuit is given as follows

1
o =
° " JIC

L
Zo- |7

Where L and C are inductor and capacitor of the
resonance circuit.

Normalized input current J;, is defined as

Zyl;
]L'n = Tm
0
Where I, is the input current and V, is the output

voltage

The interval by interval analysis is help to calculating
the interval length in terms of normalized current and
resonant parameters.

The first, third and fourth intervals length can be
calculated by analysing the circuit within that interval.
In first interval switches S;a, S,a and S,z are on the
inductor and load current decreases and capacitor
voltage is maximum in this interval. In second interval i,
and iy becomes zero and V. remains at the maximum
voltage. It is control parameter duration when the gate
signals are phase shifted this sets the interval. In the
third interval S;a, Sig,S,a are closed. I current goes
negative gradually and i, remains in the zero current
only, the voltage V. starts decreasing slowly. In the
fourth interval switches Sig,S,aare on inductor current
reaches to negative of the input current, output current
increases and V. reaches to negative of the output
voltage. The fifth and final interval is calculated using
constant frequency switching taken into account. i and
V. are in the negative phase only but i, reaches its
maximum value. From the figure 5 it can be seen that in
second and fifth interval converter operation is more so
it is equivalent to boost converter operation i.e on state
and off state of the switches. The below table 1 gives
details of the intervals conduction in steady state
operation.

Table 1: summary of intervals conduction

Mode Conducring devices iyt velt) w,T
LTe=T | St Sea San Dug, D ’TVA“_%)”G Vo Jin
1T~ T Sia. 514 0 4 -
1 (1.~ 7, L —z_l;sm‘%”_ W) Vycos{ws(ts = t2)) st ()

o
(1, =T, Sia Saa Iy o dotnotn | L e
s t) + ¥, cos{a,(t; — 1)) E(H\.l ,m]
Vill,=Tsl | Sig. Saa. Dugs Doy “ln T -
The model investigation and waveforms of the

converters gives the following formula for duty cycle of
basic boost is given below

_ Tor + 2(Typ + Tp3 + T34)
eq — Ts

Where T;=T;-T; i=0,1,2,3 and j=i+1

And Tj is switching instant.

Waveforms of the output current is almost square wave
if the duration of small overlap is neglected. By
adjusting the phase shift of gate signals we can control
the duty cycle of the square waveforms. Duty cycle of
the converter and number of modules decides the current
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ripple of the output. In this we are using duty cycle of
2/3 which makes the output current ripple free. Fault
detection circuit is proposed in this project. It is very
advantages to the subsea power system. The circuit
arrangement is shown in below figure 6.

Figure 6: Fault detection arrangement for three phase
dc-dc converter

Reliability, high power density, maintainability, and
fault tolerance are essential requirements for the subsea
power system. This proposed system is having high
reliability so we can concentrating on the faults occurs
in the modules. Proper techniques are designed to fast
detection of the faults and continued operation of the
system when fault occurs in the one module.

The above figure 6 shows the arrangements for the fault
detection in this circuit we are adding bypass switches
Sr1,Sk2,Sk3 at the primary side when fault is occurred in
the one module that module is disconnected and
bypassed switches will be activated for continued
operations. In this case converter is operating in CCM
Mode and input is almost constant in the normal case
with the 50% duty cycle. Current wave forms of this
switches are square wave in this fault detection circuit
fault is found when sampling frequency is greater than
the switching frequency. When this happening the
circuit duty cycle changes to less or greater than 50%
then the fault flag is set and additional bypass switch is
closed and it starts next period of fault detection.

IV. RESULTS

The simulation results for the proposed system is given
below. And laboratory prototype specifications are given
in table 2.

Table 2: Laboratory prototype specifications

Items Values
Switching frequency 20KHz
Nominal load power 3kwW

Nominal input 300V
Nominal output 150V

1Fig: simulation for cascaded module

=

The above simulation circuit shows the cascaded three
phase ZCS dc-dc converter connected with pulse
generators which provides the phase shift to the gate
signals. Here ,output current and voltages are measured.
The simulating waveforms for this circuit is given
below.

Fig 7: simulation for cascaded circuit

2 fig: Simulation for the single module circuit
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The above simulation circuit is for the single module of
the proposed system. Here, we got the pulse waveforms
with phase shift, inductor current, output current, and
capacitor voltage waveforms. And output voltage and
current for the single module. The simulation
waveforms for the above circuit is shown below.

Fig 8:single module circuit

Fig 9:single module voltage and current waveforms

The closed loop operation of the proposed system is
shown below. The closed loop system is more
advantages than the open loop system. In closed loop
system we can get the required output voltage without
using the pulse generators. Here, the reference voltage is
set that voltage is compared and generates the error
voltage. output of the comparator given to the PI control
that sets the duty cycle and it is compared with saw
tooth waveforms, and generates the PWM pulses. The
simulation circuit for the closed loop operation is shown
below.

Fig: closed loop zcs converter

The simulation waveforms for above showed closed
loop circuit is given below which gives the constant
voltage and little bit vary in current values. For example
the reference voltage value is 200 volts means the output
of the module gives nearly 200 volts.

Fig 10: closed loop voltage and current waveforms
. Modified Phase Shift Full Bridge Zcs Converter

The proposed system is modified by replacing the
resistive load with dc motor load. From the output of the
proposed converter we can run the dc motor. Which
gives required speed. This modification is shown in the
below diagram.

The simulation of this motor load circuit is shown below
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[2
[3]
[4]
Fig 11: speed and torque of the dc motor
V. CONCLUSION
Modular phase high frequency isolation design [5]
architecture provides the high reliability and high power
density. The proposed system is applicable in subsea
power distribution system. It is simple but efficient
model. The faults detection techniques also helps to [6]
improves the overall efficiency of the system. Modified
circuit is used in the different high power applications.
Simulation results are verified and observed.
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Abstract - The antibacterial potency was studied for the isolate
RHC-1, isolated from soil samples of Western Ghats of
Karnataka, India. The isolate RHC-1 was identified as
Streptomyces spp. 13636G based on the 16s r DNA genomic
sequence and the bioactive compound of ethyl acetate extract of
RHC-1 was predicted as propyl 4-(3-oxo-1, 3-dihydro-2H-
benzo[g]indazol-2-yl) benzoate based on the mass spectral, IR and
NMR studies. The RHC-1 showed significant activity against both
gram positive and negative bacteria. The present study discloses
that, the potency of the isolate for the expansion of a novel
antibacterial drug possessing ability.

Key words: Western Ghat’s; Streptomyces; Antimicrobial; 16s r
DNA sequence.

I. INTRODUCTION

Actinomycetes are the major promising sources for the
bioactive compounds with agricultural and pharmaceutical
prominence. They belong to the order Actinomycetales and
they are Gram’s positive, filamentous eubacteria with higher
G+C content M. The metabolic diversity of actinomycetes
owing their importance in the antibiotic production along with
the other bioactive metabolites like Iytic enzymes, plant growth
promoters, herbicides, insecticides, and antitumor agents .
Hence they are considered as industrially treasured prokaryotes
since they have produced a huge amount of compounds of
pharmaceutical and agricultural significance & 4 5 €l
Approximately among in the 150 described actinomycetes
species, a very few are accountable for the majority of over
25,000 microbial products recognised so far I\, In specific, the
genus Streptomyces accounts for about 80-85 % of the
actinomycetes products reported .  The assortment of natural
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actinomycetes has extraordinary importance in numerous
extents of science and technology, around 60-70% of naturally
occurring antibiotics with of medical significance are from
actinomycetes °). The diversity of secondary metabolites
produced by Actinomycetes is unrevealed and unmatched in
medical significance ™. The findings of novel actinomycetes
from different territory with distinctive metabolic activity will
often leads to the discovery of new antimicrobial agent.
Several studies reported that, now a day about 60-70 % of the
bacteria that cause infections in hospitals are resistant to at least
one of the drug most frequently used for the treatment. Recent
studies showed that few microbes are resistant to numerous
antibiotics and it is an alarming increase in resistance of
pathogenic microbes which is responsible for the communit}/
acquired infections and also causes diseases and mortality ™.
In order to overcome this problem, research and development
in the search of novel antibiotics for all the resistant strains
using effective drugs ™2. This frightening state demands
search of novel bioactive compounds having ability to act
against drug resistant pathogens. In the present study, we made
an effort to isolate novel actinomycetes species from soils of
Western Ghat’s region having antimicrobial potency.

Il. MATERIALS AND METHODS

A Collection of Soil Sample and Isolation Actinomycetes:

The soil samples were collected from the different localities of
Western Ghats region of Karnataka State in sterile sample
containers by following the method by Kekuda et al.,*®.. The
pure colonies of actinomycetes were isolated from pre-
processed soil sample using Actinomycetes Isolation Agar by
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following pure culture techniques. The pure colonies are sub
cultured on GAA (ISP-5) slants and stored at 4°C 141,

B Morphological features and microscopic and biochemical
characters of the isolate RHC-1:

The strain RHC-1 was inoculated on various media namely
ISP-3, ISP-4 and ISP-5. Colony characteristics and production
of diffusible pigments for the isolate was recorded. The
distinguishing arrangement of spores was studied according to
the method followed by Akshatha et al., ™. by the slide
culture  technique. Gram’s nature and biochemical
characteristics for the isolate RHC-1 was studied according to
the method followed by Aneja, 1996 %), Florencio, 20121¢),

C Primary antibacterial screening of the actinomycetes
isolates:

In order to screen the antibacterial activity of the isolated
actinomycetes, perpendicular streak method was followed 7.

D Production and extraction of bioactive secondary
metabolites:

The production of secondary metabolite from the isolate RHC-
1 was observed by inoculating the sporulated culture into Yeast
Extract Malt Extract broth (YEMEB). The culture filtrate from
the YEMEB was subjected to centrifugation and the obtained
supernatant was extracted using ethyl acetate solvent according
to the method followed by Kekuda et al., ™ Akshatha et
al.,". The obtained crude extract was used to screen for its
antimicrobial potency.

E Antibacterial activity of ethyl acetate extract of RHC-1:

Agar well diffusion method was performed by employing the
method by Akshatha et al., ™ to check the antibacterial
potency of the ethyl extract of RHC-1. Six gram positive
bacteria and nine Gram negative bacteria are inoculated on
Muller Hinton Agar (Himedia-M173). Finally the bioactivity of
the test isolate was determined by measuring the zone of
inhibition (in diameter ‘mm’).

F  Determination of Minimum Inhibitory Concentration
(MIC):

Based on the results of antibacterial broad spectrum activity,
the isolate was selected to determine the MIC. The lawn culture
of the test pathogens was prepared by adjusting the cell density
with 0.5 McFarland turbidity standards. The different
concentration of the extract was loaded to corresponding wells
20 pl, 10ul, 5upl, and 3 pl respectively. The plates were
incubated for 18-24 hrs. at 37° C. The minimum concentration
producing the zone of inhibition was considered as MIC.

G 16s r RNA Sequencing:

The genomic DNA of RHC-1 was extracted by following the
method Dasari et al., "1, The purity of the extracted DNA and
its quantity was measured at 260 and 280 nm using
spectrophotometer. The PCR amplification of 16s r DNA of
RHC-1 was made wusing two primers: 27f (5-
AGAGTTTGATCCTGGCTCAG-3) and  1498r (5'-

Copy Right © INDIACom-2016; ISSN 0973-7529; ISBN 978-93-80544-20-5

GGTTACCTTGTTACGACTT-3"). The determined sequence
was compared for its similarity level using the NCBI data base
(ncbi-nlm-nih.gov) web site.

H Spectral studies for RHC-1:

The absorption spectrum of the extract was determined in the
UV region (200-400 nm) using a UV-visible spectrophotometer
(Thermo Evolution 201) according to the method Sahin and
Ugur 29,

Infra-Red spectra were recorded on Perkin Elmer-spectrum
RX-1model spectrophotometer using KBr pellets. NMR spectra
was verified by Bruker DRX 400MHz spectrometer and
acquired on a Bruker Avance-2 model spectrophotometer using
DMSO as a solvent and TMS as an internal reference.

1. RESULTS

Cultural characteristics and Microscopic study:

The cultural characteristics of the isolate RHC- 1, studied using
three different media viz., ISP-3, ISP-4 and ISP-5. The growth
was good on ISP-4 and ISP-5 whereas temperate growth was
noticed on ISP-3. The colour of substrate and aerial mycelium
varied in different media. The organism produced colonies with
3 mm diameter, entire, slightly umbonate colony with grey
colored powdery mass of sporulation on ISP-5 with inhibition
of neighbouring colony. The isolate produced good growth on
ISP-4 medium. Colonies were 3 mm in diameter, entire and
umbonate margin, bearing cream colored spores. On ISP-3 it
showed poor growth when compared with colonies on ISP-4 &
ISP-5, these colonies were minute, light cream colored, entire,
elevated margin, with grey colored powdery sporulation. The
organism was gram positive (Fig. 1), positive for starch
hydrolysis, casein hydrolysis and lecithinase & lipase
production. It is negative for gelatine hydrolysis and citrate
utilization. Based on morphological and biochemical
characterization of the organism it was found to be
Streptomyces sp.

Preliminary antibacterial activity and MIC:

The ability of ethyl acetate extract of RHC-1 to impede bacteria
was tested against 15 bacteria (Fig. 1). It was noticed that the
Gram positive bacteria shows maximum inhibition by the
extract was high compared to Gram negative bacteria. Among
Gram positive and Gram negative bacteria, high vulnerability
to extract was shown by S. aureus and K. pneumoniae
respectively. However, the inhibitory effect of extract was
lesser than that of standard antibiotic and control (Fig. 1; Table
1).The MIC was determined against 2 bacteria S. aureus (10 pl)
and K. pneumoniae (10 pl) and found to be 10 pl for both the
bacteria (Table 1).
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(b)
Fig. 1. (a,b)Preliminary antibacterial activity and MIC by ethyl acetate extract
of RHC-1

TABLE I. PRELIMINARY ANTIBACTERIAL ACTIVITY OF RHC-1
AND MINIMUM INHIBITORY CONCENTRATION (MIC) OF RHC-1
Zone of Inhibition (mm)
Test
organisms Standard
RhC-1 (Streptomycin)
B. cereus 0| 2.5+0.1
P. vulgaris
NCIM-2078 1.3+0.1 2.810.1
S. marscences
NCIM-2078 2.1+0.1 3.4+0.1
B. coagulans
MTCC-492 1.8+0.1 2.5+0.1
E. coli MTCC-
1610 1.5+0.1 3.1+0.1
A.  baumanii
NCIM-5152 2.2+0.1 3.5+0.1
S. typhi
MTCC-734 1.8+0.1 3.0£0.1
P. aerogenosa
MTCC-7296 0.0£0.1 3.4+0.1
Micrococcus
spp.  NCIM- 0| 3.2+0.1
2913
B. megaterium
MTCC-4912 0|29:01
B. subtilis
NCIM-2063 1.3+0.1 2.5+0.1
S. sonii
MTCC-2959 2.0£0.1 3.3:0.1

Copy Right © INDIACom-2016; ISSN 0973-7529; ISBN 978-93-80544-20-5

MRSA 0.0:01 | 26+0.1
%mm-zg%eus 17401 | 29+01
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ba-lt;i:ia Zone of Inhibition in cm
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Fig. 2. 16sr DNA sequence data for RHC-1 and Phylogenetic tree

16s r DNA sequencing

The 16s r DNA sequence showed, total of 1446 bp, amplified
fragments and its compared with the NCBI data base. The
results showed about 96.3 % and 97.8 % similarity with
Streptomyces Sp. 13636G. Using the related obtained data the
Phylogenetic tree was constructed (Fig 2).

Spectral study:

The ethyl acetate extract of RHC-1 showed maximum
absorption Ams at 396 nm. IR (KBr) cm™ = 2915.8(-OH),
2849.8(CHj), 1742 (C=0), 1638 (N=N), 1512(c C) 90(Fig 9).
'"H NMR (DMSO) & ppm= 7.3 (n, 8H Ar-H), 5.3(m, 1H, -
NH), 3.4 (s, 1H, -OH), 2.1( S, 4H, -CH,), 1.05(s, 3H, -CHs)
(Fig 11). MS m/z = 346 (M") (Fig. 10).Anal. Calcd. For
CoHigN,0s; C, 72.82; H, 5.24; N, 8..09 Found; C, 72.53; H,
518; N, 8.14. From the UV-Visible, IR, NMR and mass
spectral data the structure of the isolate predicted as propyl 4-
(3-ox0-1,3-dihydro-2H-benzo[g]indazol-2-yl)benzoate and the
structure of isolate given in the Fig. 03-06.
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Fig. 3. IR spectra of RHC-I

Fig. 4. MS spectra of RHC-I

Fig. 5. H-NMR of RHC-I

Fig. 6. propyl 4-(3-0x0-1,3-dihydro-2H-benzo[g]indazol-2-yl)benzoate

IV. DISCUSSION

In this study we found that Gram positive bacteria were
susceptible to high extent than gram negative bacteria. The
lowest activity of ethyl acetate extract of RHC-1 against the
gram negative bacteria, could be ascribed to the presence of an
outer membrane that possess hydrophilic polysaccharides
chains and forms an additional barrier for the entry of extract as
well as antibiotics into the cells *%. UV spectral studies showed
absorption maxima (A max) at 396 nm and indicates the presence
of the alkaloid and xanthone groups because most of bioactive
compounds of which are subsiding under this range. The

Copy Right © INDIACom-2016; ISSN 0973-7529; ISBN 978-93-80544-20-5

=

genomic partial sequence of 16s ribosomal RNA gene,
confirms the novel isolate RHC-1 is closely related to the
Streptomyces spp. 13636G. The structure of the isolate were
confirmed by the UV-Visible, IR, NMR and mass spectral
studies, in the UV-Visible spectra the absorbance at A, at 396
indicated the presence of pi conjugation in the isolate. In the IR
spectra absorbance at | cm™ 2915.8 indicate the presence of -
OH, 2849.8 indicates the presence of aromatic CH,, 1742
indicates the presence of C=0, 1638 indicates the presence of
N=N and 1512 indicates the presence of C=C. In NMR spectra
peak at & ppm 7.3 indicate the presence of aromatic hydrogen
atom, & ppm 5.3 indicate the presence -NH within the five
membered ring, § ppm 3.4 indicate the presence of -OH, §
ppm 2.1 indicate the presence of aliphatic -CH, and & ppm 1.0
indicate the presence of -CH;. The mass of the compound
found to be m/z = 346 (M"). From the above data the isolate
predicted as propyl 4-(3-oxo-1,3-dihydro-2H-benzo[g]indazol-
2-yl)benzoate. Further media optimization and strain
improvement to be carried.

V. CONCLUSION

The RHC-1 isolate is a novel Actinomycetes strain obtained
from the soil of Western Ghats region of Karnataka, India. The
isolate shows conspicuous antimicrobial and antioxidant
activity. Hence we conclude that the isolate RHC-1 is a potent
strain closely related to Streptomyces spp. 13636G and
presence  of propyl  4-(3-oxo-1, 3-dihydro-2H-
benzo[g]indazol-2-yl) benzoate compound was predicted by
IR, NMR and Mass spectra, having the antibacterial ability
further off other biological assays was carried using the
obtained compound.
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Abstract:
Marijuana apart from its slight usage in certain medical departments is a very harmful
drug if consumed on a regular basis. Detection of Marijuana in blood is a must to
identify the addicted person and provide treatment. In current study, we have proposed
detection and analysis of drugs in blood by using the Photonic Crystal (PHC) based
sensor. A two-dimensional PHC based double ring resonator structure is thereby used
to detect its presence. Here, we have used GaAs (Gallium Arsenide) substrate. The
objective is to provide fabricator an ideal basis for the production ready design. While
designing our emphasis was not compromise on efficiency and sensitivity of the device.
MEEP Simulation tool was used for implementation of Finite Difference Time Domain
(FDTD) method for modelling the double ring resonator structure. Output transmitted
spectrum shows shift in frequency because of change in refractive index due to
presence of Marijuana in blood (analyte). The sensor can differentiate between the
signature of normal and drug infected blood. A high quality factor obtained of 27,692 for
normal blood and 17,149 for marijuana contaminated blood. The novelty of the work is
use of GaAs and double ring resonator structure.
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I. Introduction

Substance abuse, otherwise called drug manhandle, is a designed
utilization of a drug in which the user consumes the substance in sums
or with techniques which are destructive to themselves or others, and is
a type of substance-related turmoil. Drug addiction may be an
inveterately reversion disorder that has been characterized by the
compulsive use of addictive substances despite adverse consequences
to the individual and society. Some of these substances are obtained
from natural sources yhile others aé%r? ntheﬂ%gé%esigt/er drugs. The

ign In to inue i
particular reason for substgnce manhanglue is not clgar, ith hypotheses

including one of two: either a hereditary manner which is found out from
others, or a propensity which if compulsion creates, it shows itself as a
ceaseless weakening disease. In 2010 about 5% of people (230 million)
used an illicit substance. Of these 27 million have high-risk drug use
otherwise known as recurrent drug use causing harm to their health,
psychological problems, or social problems or puts them at risk of those

dangers. [1]
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Metadata
Abstract:
Detection of cancer in early stage is what the top priority in the field of medical. This
early stage detection of cancer can lead to much added benefits and also a life saving
technique. In this paper, a 2-dimensional SPR based sensor is designed for thorough
spectral analysis of “Leukemia”. As dielectric properties of the cancer cells differ from
the normal cell, they can be differentiated and detected using photonic approach. In the
present work, SPR technique is done and the simulation is done to analys the sensor
using Eand H fields. The shifts in the output waveforms and frequencies have been
observed for a normal blood cell and that with a cancerous cell. Its clear from simulation
that for minor change of RI of the biosample taken into consideration there will be shift
in the resonant frequency therefore exhibiting an biosensor. The designed sensor can
distinguish between normal and cancerous cell. This indicates its high sensitiveness
even for minute change in refractive index. The achieved sensor has an sensitivity of
343 nm/RIU.
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1. Introduction

Sensors based on surface plasmons exhibit high sensitivity which does
not require the need for labelling of molecules [1]. It is highly employed
in the field of science which act as powerful tool for the characterizing
and studying the interaction of biomolecule. Although conventional SPR
sensors are simple, compact, robust and highly sensitive prism coupled
the device. dimensiong arécll iﬁsiﬁ_egcégﬁ%nm%oﬂ%rggiﬁé? too large that they
are not suitable for th¢ minfaturization and integration [2] [3], thus
making it out of lab on chip application. Advancement in the
development of high sensitive optical fibre and waveguide based surface
plasmons as resulted in the development of a sensor based on silicon
which has an increased refractive index material system which
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Authors v
Figures v
References v
Keywords v
Metrics v
CHANGE USERNAME/PASSWORD PAYMENT OPTIONS COMMUNICATIONS PREFERENCES US & CANADA: +1 800 678 4333 f in ¥
VIEW PURCHASED DOCUMENTS PROFESSION AND EDUCATION WORLDWIDE: +1 732 981 0060

TECHNICAL INTERESTS CONTACT & SUPPORT

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

IEEE Account Purchase Details Profile Information Need Help?
» Change Username/Password » Payment Options » Communications Preferences »US & Canada: +1 800 678 4333

https://ieeexplore.ieee.org/abstract/document/8067918 2/3


https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://ieeexplore.ieee.org/abstract/document/8067918/similar
https://ieeexplore.ieee.org/xpl/conhome/8053864/proceeding
https://doi.org/10.1109/ICNETS2.2017.8067918
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjst5wQACSqN742DDC6muBUjDJS54pmLQfnQH5S2NEt1uDsl8fPItAgzO7j3i2fxMVCo6HFS-OMxsBOXAnTAHcMJq9xsuMDR-TT5c3ctTvvLEo9yDYAWz6KhDL6izVsBbINHlstfH_MLDtBkwKuZ5FhQCykqMupSEMTjFgSZyXiGBViGhTmeFJCICnjxoua7rRLvW2qpoUsjtRwV58lPpdn7QpAeSVi5PjBRP64tAg3wXjP190nx5SQOynU-ZOHgIbITCc8LtRkvSVEM60ShZoZKupoHL6qulxsRed4HRYWw4LecfY5lr5fZ5RdlHKKQ3og&sai=AMfl-YS39QSVK71RCpsrGwaBKuzbzkxEi3TU1YMw_6mSGvN0jc5NJPxSZYZxb-DZQqHNdojKJQQdIrfxKNJh&sig=Cg0ArKJSzAhuucuWoIeR&adurl=https://codeocean.com/signup/ieee
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore

2017 International Conference on Electrical, Electronics, Communication, Computer and Optimization Techniques (ICEECCOT)

Command Driven Scalable & Programmable FPGA
Based Digital Test Pattern Generator

Manjula C

Department of Electrical and Electronics Engineering
The Oxford College of Engineering , Bangalore,
Karnataka, India
manjulacmoksha@gmail.com

Abstract— The proposed FPGA based digital Automatic Test
Equipment (ATE) consists of two main design modules i.e.,
Digital Test Pattern generator (DTPG) & Digital Logic
Analyzer. In this paper, novel FPGA approach is explained
and the design and functionality COMMAND DRIVEN
DTPG modules — 6 channels Frequency Synthesis block
(FSB), 8x8 switch matrixes, 24 bit COMMAND Pattern
Register are discussed. For all the design modules of DTPG,
coding is done using Verilog HDL and simulated using Xilinx
(FPGA) ISE simulator.

Keywords - Digital Test Pattern Generator; Digital Logic
Analyzer (DLA); Device under Test (DUT); ATE, Frequency
Synthesis; Switch Matrix; Pattern Register; Scalable etc.

I. INTRODUCTION

As a part of my ongoing research on FPGA based
scalable & programmable Digital ATE, I have conducted
exhaustive survey covering- Testing principle, Levels,
Types, Process, VLSI or Chip testing, Automatic Test
equipment (ATE) — configuration, evolution, three case
studies of FPGA interfaced with ATE, FPGA generating
ATG for ATE & FPGA used with PC scope for VLSI /
Chip testing etc. and published a survey paper [1].

I also undertook in-depth survey into very important &
popular research nearest to my work on FPGA based Built
In Self Test (BIST), Logic Simulator, ATPG, Fault
Detection and Emulation, TPG, Test scan, Frequency
synthesizer, Multiple clock generation, Memory testing &
RISC processor testing covering their various block
diagram, architecture, functionality, approaches, modules,
strategies etc. and I have published a case study paper [2].

Making use of the above two survey papers, [ am able
to formulate my research design and a part of that, I have
already published in my technical paper [3]. Other
researchers have used hardware, software and embedded
design methodologies and approaches. Each has its own
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merits and demerits - which have to be surveyed, studied
& experimented. But I am using FPGA design
methodology owing to its standard technology
advantages.

II. DIGITAL AUTOMATIC TEST EQUIPMENT

The Logic Analyzers and Pattern Generators are very
expensive, as they run into Lakhs of Rupees (more
expensive than the Design cost itself). Hence there is a
need to evolve low cost, indigenous and accurate PC
based equipment, which can perform the Test Vector
Generation and provide Synchronous or Asynchronous
Signals over 8/16/32/64 channels or bus widths, required
to test ICs, Circuits or PCBs.

Digital Digital
Pattern Logic
Generator Analyzer
o N

—

Fig.1: Generic Digital ATE [1]

The main components of the digital ATEs include Test
Pattern Generator and Logic Analyzer as shown in
figurel.

A. Digital Test Pattern Generator

Digital Test Pattern Generator is used for functional
testing; to debug the new designs and failure analysis of
existing designs. Pattern register stores the different
patterns of waveforms and the signals with different



frequencies supplied by the Frequency synthesis block. A
switch matrix routes high frequency signals between the
device under test (DUT/CUT) & measurement equipment;
Input signals are controlled by control signals (command).

B. Digital Design of Digital Test Pattern Generator
(DTPG)

The proposed novel design & block diagram of Digital
Test Pattern generator (DTPG) is shown in figure2.
DTPG generates the programmable digital patterns to test
the digital circuit or Design under test (DUT). DTPG
consists of three main blocks namely frequency synthesis
block (FSB), Switch Matrix (SM) and Command Pattern
Register.

Fregquency Synthesis

10 MHz CLK Block

(FSB)

Ch

Swvitehl VISt

. o [l

24 "
Ratterm Registen

Fig.2: My Novel approach towards FPGA based Digital Test Pattern Generator (DTPG)

» B [0
1 «k

-
m rst

-|;.1 out_board

¢ B pattern_rg
» B oate_select[20] o

Fig.3: Simulation result of top Level of complete DTPG functionality

DTPG sub system & its sub modules are designed and
simulated using Xilinx ISE EDA tool. Verilog HDL is used to
implement all these 3 sub modules of DTPG.

First, all the three sub blocks are individually designed,
simulated and verified using the Verilog test bench. In the top
module, the three modules are instantiated and connected with
respective inputs and outputs of the other modules. The inputs

of the DTPG block are clock, reset, input pattern to pattern
register and only output is 8 channel outputs. Here 8 output
channels are used to test the DUT. Any of the 8 input channels
can be mapped to the output of DTPG. Hence, to select any of
the 8 channels & to map them into 8 outputs, we need 24
select lines. So total 24 bits of input signals called
COMMAND signals are applied to the COMMAND Pattern
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Register to map, any of the required frequency or signal to 8
switch matrices to be output from DTPG.

Above figure 3 shows the simulation results of the DTPG.
In the simulation, different inputs of the DTPG blocks are
provided using the verilog test bench such as clock, reset and
digital pattern to pattern register. Different logic gates such as
AND, OR, EXOR etc. are used as a DUT to verify the DTPG.
In the above figure, different signals are used such as Green
LED, Red LED signals and the channel Ch [7:0] - 8 channels,
two channels are used to verify the two inputs of the AND
gate. Out_board signal is the output of the DUT which verifies
the reference value and based on the value, it tells whether the
DUT output is proper by making green signal and red signal
high or low. From the simulation result it shows that, four
different input patterns are applied to the combinational gates
and response is compared with the reference value and if the
real output and reference are matched for all the possible
combination then output green will be high otherwise red will
be high.

C. Design of DTPG Frequeny Synthesis Block (FSB)

The block diagram of the frequency synthesis block is shown
in the figure 4. The reference clock frequency is used to
generate the different frequency signal. In this experiment,
reference clock frequency is 10MHz. So 10MHz is down
converted into 6 different frequencies by dividing the
reference clock frequency by 10 several times & the divided

10MHz

\ \ Y

IMHz  100KHz 10KHz

frequency is used as a reference for the next frequency
converter logic.

The RTL schematic diagram of the FSB is shown in the
figure 5. The clock input is used to drive the FSB block
(which is referred as a master or reference clock) and the reset
initializes and resets the FSB at its initial state. The output of
the FSB is 6 different frequency signals.

The simulation result of the FSB is shown in the figure 5
which includes four simualtion images of 6 different
frequency signal. The first two signals in all figurere present
reference clock and reset. In figure 5(a) 1IMHz and 100KHz
frequency signals are shown, in figure 5(b) 100KHz and
10KHz are shown, in figure 5(c) 10KHz and 1K Hz are
shown and figure 5(d) 1KHz, 100Hzand 1Hz.

\ \ \ \
1KHz  100H: 10z 1H:

Fig.4 : Digital Design of Frequency Synthesis Block (FSB)
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Fig.5(c): FSB generating 10KHz and 1KHz
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Fig. 5(d): FSB generating 1Khz, 100Hz and 1Hz

Figure 5: Figure (a) shows the IMHz and 100Khz freuency, Figure (b) shows the 100Khz and 10Khz frequency signal, Figure (c) shows the I0KHz and 1KHz, Figure
(d) shows the 1Khz, 100Hz and 1Hz.

D. Design of DTPG Switch Matrix

§

Channel O

PRENE

The block diagram of the switch matrix is shown in the
figure 6. Switch matrix selects one input signal from the 8 T—
different frequency signals coming from the FSB. Total 8
different inputs are given to the switch matrix out of which
one signal is selected as per the requirement. Three select lines

SN

) ) . . Channel 1
are used to select one signal out of 8 different input signals. —

The select lines are controlled by the pattern register, by e
applying the input pattern to the pattern register. When the T e = ma
three bit input sequence is applied, the select lines selects the
required input signal from the eight input signals. Figure 7
shows the RTL schematic of the switch matrix and figure 8 is
the simulation result. In the simulation result, signal 3 is the R
input signal coming from the FSB which is 5 down to O i.e., e
total 6 signal. Here 8 channel switch matrix is implemented so
total 8 select lines SO to S7 are used and each select line is of

- 1

1

1

1

:
2 down to O i.e., three select lines for one channel. In this -
experiment 24 COMMMAND lines are used to select 8 -
channel. ——=

Select Lines

PiER G

sShA2

Channel 2

il e

Channel 7

smnE8

Fig.6: Switch Matrix 8 x 8 - Block Diagram
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Fig.7: RTL Schematic of 8 x 8 Switch Matrix
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Fig.8: Simulation Result of 8 x 8 Switch Matrix

Figure 8 shows the simulation result of the switch matrix. It
indicates that when reset is applied all the inputs and outputs
are initialized to zero. Output of FSB, logic 1 and logic 0 is
connected as the input to the switch matrix and either logic 1
or logic 0 is selected based on the specific purpose or design.
Another signal in the switch matrix is select line SO to S7 and
Ch is the channel output. Based on the sequence given to the
select lines respective input get selected and applied to the
respective channel. The above figure shows that, by applying
000 000, 000 111, 111 000, 111 111 two channels of the
switch matrix is selected and the sequence 00 01 10 11 will be
produced at the output of the two channel.

E. Design DTPG COMMAND Pattern Register (TPR)

Block diagram of the pattern register is shown in the
figure9. Pattern register captures the input COMMAND

manually from the sources such as hyper terminal or through
keypad or keyboard and provides a specific input bit pattern
called COMMAND, to the respective select lines of the switch
matrix.

It has multiple input and multiple output. Output of the
pattern register is the select line which is connected as the
input for 8x8 switch matrix which selects the respective output
channel of the switch matrix. RTL schematic of pattern
register is shown in the figure 10. Inputs of the pattern
register include 24 bit pattern_rg signal, clock and reset and 8-
output lines SO to S7 and each line is a 3 bit signal. Simulation
result of the pattern register is shown in the Figure 11. The
input is of 24 bit COMMAND sequence which is assigned to
the particular output signal of SO to S7. The simulation result
shows that, input pattern is assigned to SO and S1 output lines
i.e., input is given only for the two channel.
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Fig. 10: RTL Block Diagram of Test Pattern Register

Fig.11: Simulation Results of the Pattern Register.

IIT CONCLUSION

After in depth analysis of all those several Research efforts on
DTPG, I have developed this novel architecture of FULLY
SCALABLE = PROGRAMMBALE & COMMAND
CONTROLLED FPGA based DTPG using Verilog HDL, to
be implemented & tested on Xilinx FPGA. In this Paper, I
have explained top level block diagram of DTPG & its 3 sub
modules—Frequency Synthesis Block, Switch Matrix, Test
Pattern Register. I have used VERILOG HDL & XILINX ISE
Design suite v14 for Simulation & RTL extraction. I included
snap shot of the simulation waveforms & RTL schematics in
this paper.
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Abstract— The evolution of sliding mode controller is more than
five decade old and at present its functionality has been further
more improvised with an aid of fuzzy logic giving rise to a Fuzzy
Sliding Mode Controlling System (FSMC). From practical utility
viewpoint, it is found that usage of controller is very common in
majority of commercial products in current scenario; however, it
has not received the stage of excellence by incorporating peak
intelligence system using fuzzy logic. Therefore, the present
manuscript highlights the research contribution using FSMC
towards evolution of various forms of controller design and
performs quantitative analysis of the existing research trends to
identify certain hidden traits in the existing approaches. The
main contribution of this paper is to let a novel researcher
working on control system know about the true picture of
progress being made by utilizing FSMC and also put forwards
certain sets of unaddressed problems in the form of research gap.

Keywords-Fuzzy Logic, Sliding Mode Controller, Uncertainty,
Chattering ,Stability

L INTRODUCTION

Basically, a sliding mode controller is a particular system of
variable structure in control system that has been widely
investigated for more than a five decade [1]. It is characterized
by implementation simplicity and better resistivity against any
form of fluctuation generated [2]. The important of sliding
mode controller is that the directionality of the velocity vector
associated with the state trajectory in controlled manner is
found towards manifold of switching under the proximity of
the recommended switching manifold [3]. Such forms of the
motion are generated due to control actions of discontinuous
type that are quite frequent in any strategies of switching
controls. When the dynamic equation of the control system is
satisfied by the system state than only it represents an existence
of the sliding mode. In order to achieve such condition, sliding
motion can be only ensured through endless switching events.
Inspite of increasing number of research activity in sliding
mode Controller till date, the topic is still shrouded by certain
ongoing problems i.e. adaptive learning, uncertainties,
chattering, enhancement of sustainability towards unstable
system, disturbances, elimination of artifacts of dynamic
system, etc. These set of problems has not been addressed with
full solution as till date, majority of research work still attempts
to minimize such fundamental problems in sliding mode
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controller apart from other related stability problems in
controller design. There is no full-proof solution towards any
of the existing research work till date. Slowly, it has been
found that such problems could be We could still find recent
studies where all these 50 year old problems are still being
attempted to minimize, which is a direct indication of lack of
robust technique to permanently deal with such issues
effectively tackled if other technologies are also considered in
this scenario. This leads to evolution of a trend where fuzzy
logic [4], neural network [5], genetic algorithm [6], chaos
theory [7] became the most preferred techniques that when
integrated with sliding mode controller offers effective results.
Out of all these techniques, fuzzy logic-based approach is
found to be the most dominant solution till date due to its usage
of human-based reasoning for dealing with uncertainties of
matched and unmatched type. It makes use of experience of
human expert in order to perform controlling over the
complicated design system [8][9]. The frequent used
approaches of using fuzzy logic in sliding mode controller is in
using low pass filter to reduce signal of sliding mode controller
and fuzzification of sliding mode controller for minimizing
chattering effect [10]. The present research paper outlines the
discussion of existing techniques of fuzzy sliding mode
controller system in order to scale the effectivity with respect to
control system. Section 1.1 discusses about the background
where different frequently used techniques are discussed for
fuzzy sliding mode controller schemes used in control system
lines followed by discussion of research problems in Section
1.2 and proposed solution in 1.3. Section 2 discusses about
existing research work towards using fuzzy sliding mode
controller followed by discussion of research trends in Section
3. Section 4 outlines the identified open research issues and
finally, the conclusive remarks are provided in Section 5

1.1 Background

At present, there has been various research works being
carried out towards control system using Fuzzy logic [11].
Existing studies have therefore harnessed potential of fuzzy
logic within the design of sliding mode controller system in
order to incorporate addictiveness. There are studies where
Fuzzy Sliding Mode Controller (FSMC) is used for designing
gyroscope [12], solving uncertainty problems [13], trajectory
tracking of nonlinear system [14], Single Input Single Output
system [15], electromechanical actuator [16], mobile robots
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[17], boiler drum of ship [18], robot manipulator [19],
controlling autonomous underwater vehicle [20] etc. There are
multiple cases of such control system where it is proven that
Fuzzy logic and sliding mode controller has significant
contribution in terms of minimizing chattering effect and
gaining enhanced stability condition. Both of these are
essentially required in order to deal with uncertainty problems
that are potentially associated with non-linear system in
practical life. However, such problems doesn’t behave in
similar way in different design mechanism of controller owing
to various forms of sub-problems associated with stability
parameters associated with it. The next section outlines the
research problems towards the usage of FSMC in controller
design followed by proposed aim of the present manuscript.

1.2 Research Problem

FSMC has become the most preferred means in order to
design any form of controller at present. It has been used in
motor drives, hydraulics, converters, robotic control, satellite
path control, harmonic suppression, etc. The existing research
papers are published since more than a decade is one evidence
of its usage. However, there are some open end question
regarding this research topic viz. i) Does the same FSMC
always offers similar stability performance to all the controller
design? ii) what the scale of effectiveness of existing controller
design using FSMC, iii) what are the scale of novelty in
implementing FSMC in improving the outcome, and iv) what
could be the possible research issues that may be still
unaddressed. Therefore, the research problem of the study is to
explore the research trend where FSMC is used for controller
design and identify the open research issues.

1.3 Proposed Solution

The primary aim of the proposed study is to perform an an
exhaustive review of existing usage of FSMC towards the
controller design in order to understand the research technique
being adopted in each cases. Owing to lack of existing review
work towards exploring the similar problem, the proposed
study investigates various ranges of problems that have been
addressed till date by adopting the design methodology of
FSMC. Another significant contribution of the proposed study
is to evaluate the patterns of research work being carried out till
date. Therefore, we consider only the research papers published
during 2010 to 2017 for discussing only the updated work. As
the number of work towards the usage of FSMC is
considerable more in control system, it is quite evident that
there must be certain problems that have positively being
addressed as well as there may also be some set of problems
which are yet to even initiate investigation. Therefore, our
research manuscript is meant of assisting the researchers by
providing a quick snapshot of the varied research problems
being solved using FSMC in order to withdraw a conclusive
remarks about the open end problems that needs immediate
attention among the research community. The next section
discusses about the existing research techniques where FSMC
is used to design wide ranges of controllers.

II.  STUDIES ON Fuzzy SLIDING MODE CONTROL

At present there is various work research techniques
towards enhancing the design of Fuzzy Sliding Mode Control
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(FSMC) system as well as existing studies also focused on
applying this on multiple form of applications. Usage of FSMC
towards harmonic suppression is seen in the work of Cao and
Fei [21] where an active power filter is used for faster tracking
the instruction by incorporating adaptiveness in the design of
FSMC. The compensation of reactive power can also be done
using FSMC. Study in this direction was carried out by
Mohanty et al. [22] where a controller is designed using fuzzy
sliding mode for enhancing the transient performance. The
work carried out by Rajendiran et al. [23] has designed a
controller using FSMc for enhancing the driving experience
using single/double actuator. The authors have adopted
fractional order FSMC to design the feedback controller.
Dasmahaputra et al. [24] have developed a design of hydraulic
system using FSMC. Further, Wang et al. [25] have addressed
the problem of Takagi-Sugeno fuzzy system with an aid of
delta operator approach for representing the non-linear system
with discrete time. Wang et al. [26] have integrated radial-basis
function along with the FSMC in order to incorporate adaptive
feature towards suppressing harmonic distortion. Adoption of
dynamic FSMC is found in the work carried out by Wen et al.
[27] in order to effectively control the active suspension
mechanism of non-linear form. Liu et al. [28] for regulating
output voltage using type-2 fuzzy logic. Various uncertain
coefficients were controlled using the presented adaptive
technique. Zhang et al. [29] have addressed the problem
associated with Tagaki-Sugeno fuzzy system by presenting a
sliding surface with memory-based considering both the state
of past and present of control system. FSMC is also found to be
used for harnessing maximum level of wind power as seen in
the work of Yin et al. [30]. The technique results in extracting
of maximum current and double integral FSMC for monitoring
the current flow. Soltanpour et al. [31] have presented a
modeling of a robotic system whose control system was framed
up by using adaptive FSMC in order to minimize the
uncertainties over system stability of closed loop. Similar
mechanism of control strategy on induction motor was seen in
the work of Saghafina et al. [32] where adaptive FSMC has
been utilized for controlling speed associated with the indirect
control system of field. Patre et al. [33] have presented a
mechanism for controlling nuclear reactors using FSMC for
controlling the spatial factor associated with reactors. The
technique performs approximation of the discontinuous control
system for addressing the chattering issue. Nair et al. [34] have
addressed the problem of path planning for multiple satellites
using SMC along with hybrid potential field technique. The
chattering effect is minimized using fuzzy logic that has also
assisted in achieveing further stability.

The works carried out by Li et al. [35] have used delta
operator method for addressing the problem associated with
Takagi-Sugeno fuzzy system along with singular value
decomposition. The study outcome is found to offer better
Uniformly Ultimately Bound (UUB). Yang et al. [36] have
addressed the problem of design control system of master-slave
pertaining to tele-operation system using a fast terminal based
FSMC with enhanced precision system. The technique also
used adaptive fuzzy logic system for dealing with the
uncertainties. Lian [37] have implemented radial basis function
in order perform regulation of fuzzy-based parameters by
addressing the problem of dynamic coupling effect arising
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between robotic control system and degree of freedom.
Khanesar et al. [38] have presented a study for networked-
based control system by introducing fuzzy system in order to
compute the amount of non-linear requirements induced y
delay from networks. Farhoud and Erfanian [39] have
developed a control mechanism for paraplegic pedaling using
fuzzy logic and sliding mode controller of higher order for
better control over pulse amplitude and pulse width.
Investigation towards stochastic system with non-linearity was
carried out by Gao et al. [40][41] who has addressed universal
integral SMC issue by incorporating dynamic behaviour in it.
Huang et al. [42] have presented a model for enhancing the
power control for improving the ability to discard the
disturbances. The technique also develops a switching state
using FSMC that results in better digitization of the controller
system. Lin and Li [43] have developed a model-independent
control mechanism using neural network and FSMC for

Table 1 Summary of Existing Techniques

compensating the error caused due to approximation. The
technique also introduces an adaptive learning mechanism.
Non-linearity issues arising from chaotic system are addressed
in the work of Niknam et al. [44]. Lian [45] have presented a
self-organizing fuzzy controller to address its stability issues.
The fuzzy components were enhanced by adaptive law in order
to testify on the case study of suspension system. Yeh et al.
[46] have developed a controller for an attitude of airborne
vehicle in presence of white noise. Similarly, there are various
researchers that has used FSMC for different problems e.g.
speed controller for synchronous motor [47], controller for
real-time application [48], stabilizing optical image [49], and
controlling electrical drive [50]. Therefore, there are various
ways that the existing researchers have exploited the potential
of FSMC for designing and improving different forms of
controllers. Table 1 highlights the summary of existing
techniques of FSMC.

Author Problem Technique Advantage Limitation
Cao and Fei Harmonic suppression Simulation-based Minimal Total harmonic No benchmarking
[21] distortion
Mohanty et al. Voltage stability, Mathematical Modelling Enhanced stability Doesn’t meet dynamic
[22] reactive power uncertainties in

management

transmission network

Rajendiran et

Assessing ride quality

Fractional FSMC

Better than conventional

Doesn’t consider non-

al. [23] FSMC linear problems with
uncertainties.
Dasmahaputra Hydraulic design Adative controller design Better performance System complexity not

et al. [24] in FSMC considered.

Wang et al. Discrete time Takagi- Delta Operator Highly fault tolerance Minimal assessment
[25] Sugeno fuzzy system scenario

Wang et al. Harmonic suppression Radial basis function, Minimize chattering effect No benchmarking
[26] FSMC

Wen et al. Active suspension Dynamic mode, FSMC | Effective study of non-linear Lacks complexity
[27] system of vehicle analysis

Liu et al. [28]

Regulating output
voltage of converters

Interval Type-2 FSMC

Ensures reachability in finite
time

Is not applicable on
power distribution line

Zhang et al. Memory management | Mathematical modelling Adaptive & robust Only applicable for
[29] matched certainties
Yin et al. Maximizing DC-DC Elimination of harmonic Enhance quality of power No benchmarking,
[30]. current current, FSMC, System complexity not
experimental considered.
Soltanpour et Robotic control Adaptive FSMC Better stability Doesn’t consider full

al. [31]

round of control
strategy.

Saghafina et Controlling induction | Experimental Approach, Better stability No benchmarking,
al. [32] motor FSMC, system complexity not
assured.
Patre et al. Controlling nuclear FSMC, approximation Enhance system Specific to water
[33] reactors performance reactors only
Nair et al. Path formation of Adaptive FSMC Effective path formation in No comparative
[34] multiple satellites shortest time analysis, system
complexity not
addressed
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Lietal. [35] Incorporate adaptivity | Mathematical Modelling, Good UUB performance Method is case specific
in SMC Delta Operator Method,
FSMC, Singular value
decomposition
Yang et al. Control design problem Adaptive FSMC Higher precision No Comparative
[36] in teleoperation system Analysis.
Lian [37] Dynamic coupling Radial basis function, Offer better stabilization Accuracy depends on
effective adaptive FSMC large epoch
Khanesar et Packet loss, Delay in Pade approximation, Effective controlling of No benchmarking
al. [38] time-varying network Adaptive FSMC dynamic attributes
Farhoud and Controller for FSMC, functional Minimal error Result specific to
Erfanian [39] paraplegic pedaling electrical simulation limited duration of
usage of controller.
Gao et al. Universal integral Stochastic TS fuzzy Ensure stochastic stability No comparative
[40][41] SMC problem approximation analysis
Huang et al. Controlling direct Switching state Minimal transient setting No comparative
[42] power in rectifier, controller by FSMC, time. analysis, narrowed
harmonic suppression experimental scope of experiment
Lin and Li Chattering, tracking Asymmetric Gaussian, Minimize tracking error No comparative
[43] trajectories FSMC, adaptive analysis, narrowed
learning, experimental scope of experiment
Niknam et al. Uncertain non-linear TS-fuzzy SMC Reduced chattering No comparative
[44] system analysis, narrowed
scope of experiment
Lian [45] Stability issues in fuzzy Experimental Better performance of Complexity is
controller control associated.

Yeh et al. [46]

White noise, attitude
controller of unmanned
vehicle

FSMC, experimental

Ensure better stability

No comparative
analysis, narrowed
scope of experiment

Leu et al. [47]

Stability problem in
synchronous motors

Experimental, torque
load observer

Effective speed tracking

Doesn’t minimize
chattering effect

Manceur et al. Uncertainties in Second order FSMC Better stability performance, Computational
[48] realtime application benchmarked effectiveness is not
computed

Liet al. [49]

Stability in optical
imagery (sensor-based)

Experimental, Voice-coil
method, gyroscope,
FSMC

Removes hysteresis non-
linearities

No comparative
analysis, narrowed
scope of experiment

Kowalska et
al. [50]

Controlling electrical
drive

Linear controller+tFSMC

Eliminates uncertainty,
disturbances

Experiment limited to
specific drive

I1I.

EXISTING RESEARCH TREND

found somewhat less as compared to fuzzy logic and neural

We have reviewed the existing system and performed
quantitative analysis of the existing research trend to find out
certain extra-ordinary facts. Fig.1 highlights the research trend
by considering the research papers published only during
2010-2017. The studies towards using conventional sliding
mode and fuzzy based sliding mode converter is nearly
equivalent (Fig.1(a)(b)), which will mean that there has been
good pace of adoption of fuzzy logic towards sliding mode
controllers. However, it is equally important to understand that
there are equivalent existing approaches where neural network
(Fig.1(c)) has been adopted. Study toward adoption of another
typical optimization technique called as Genetic Algorithm is

978-1-5386-0615-5/17/$31.00 ©2017 IEEE

network (Fig.1(d). At the same time, we find that there is also
a peculiar pattern of case study consideration. From Fig,1(e),
we find that majority of the research work has addressed the
problem associated with adaptivity and stability problems with
an usage of FSMC in existing system. At the same time,
specific problems towards chattering as well as uncertainty is
lower compared to stability and adaptivity problems in
existing research work. This is a clear indication that there are
not enough solution towards chattering and uncertainty
problems even when the Type-2 Fuzzy logic has been reported
to be used already. The underlying problem in this has never
been explored in any studies till date. We also find that study
pertaining to this topic has also adopted various forms of case
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studies or application where FSMC has been implemented
(Fig.1(f)). We find that majority of the targeted case study
application has considered robotics controlling system.
Similarly, vehicular application has also been potentially
found to be adopted considered some cases e.g. travel
experience etc. However, majority of work towards vehicular
application has also used motor drives to achieve certain
objectives. The studies towards converter as well harmonic
suppression using active power filter has also been reported to
be considered. Apart from this frequently considered case
studies, the other unique case studies that have been used in
tabulated in Table 1 in prior section. This research trend also
highlights that there are various unexplored area of case

Sliding Mode Controller

studies of application where FSMC could play a potential role
in enhancing the capability of the control system. Hence, from
past 50 years, there has been slow progress in sliding mode
controllers in terms of specific application with more scope of
enhancing the FSMC. The research trend shown in Fig.1
highlights the most frequently used cases of application where
there is further scope of exploring more number of critical and
essential controllers using FSMC. It also suggests that
research problems pertaining to chattering and uncertainty
could be further more investigated for effective outcomes. The
numerical outcomes of Fig.1 is considered from research
papers published in IEEE, Springer, and Elsevier.

Fuzzy Sliding Mode Controller
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Figure 1 Quantitative Analysis of Research Trend

IV. OPEN RESEARCH ISSUES

After reviewing the existing research work towards FSMC, it

is found that there are still some open research issues that stay

unaddressed at present. Following are the highlights of the
open research issues:

e Lesser Extent of Reusability: Although, it is always a
good idea to be explicitly design a problem-specific
controller using FSMC, but there are certain things that
every controller system has in common i.e. voltage,
current, power, orientation, etc. From computational
viewpoint, the extent of reusability of any of the
component design of controller is extremely less for
which reason the cost of the product will be tentatively
very expensive. It has also been noticed that even the
same problem of controller design is addressed using
different design attributes that emphasizes that there
should be more reusable components among the different
set of controller to make cost effective design.

e Lesser Novelty in FSMC Implementation: It is explored
that majority of the existing studies are carried out
without any form of significant changes in the
conventional design of FSMC in order to include
adaptiveness. Majority of the existing studies has just
used the same conventional FSMC over different problem
scenario of controller design, which is highly case
specific. Therefore, there are less amount of investigation
being carried out towards exploring the new form of
enhancement towards FSMC.

e Unexplored Area of Controller Design: Existing studies
have used various forms of controller design of wider
ranges of application, but at present there is no research
work towards vehicular navigational system, where the
use of controller for an effective road guidance system is
highly required. At present, the vehicular navigational
system uses GPS and internet for guiding that is not so
reliable means of navigation as it has many dependencies
on external factors that don’t reside within the vehicle.

e Less Focus on Computational Efficiency: A closer look
into existing research studies will show that there is
increasing number of adoption of experimental-based
approaches. Unfortunately, none of the experimental-
based approaches has proved to offer the similar
performance when exposed to more dynamic scenario of
uncertainties. At present, experimental scenarios are
highly controlled manner that tends to lowers the scope of
the experiment in real-time application

e CONCLUSION

At present, there are many electrical and electronics devices
that has a direct dependencies on controllers. More the robust
of controller design, more is the effectiveness of application.
The smartness of the controller-based application can be
enhanced by incorporating fuzzy logic, which is widely used

978-1-5386-0615-5/17/$31.00 ©2017 IEEE

in many commercial-based controller sytem. This success of
using fuzzy logic has led to get it integrated with sliding mode
controller to deal with certain issues like chattering, stability,
interference, uncertainty, etc. By observing all the research
work being done till date, it motivates to further adopt FSMC;
however by taking some more non-conventional case study
that has been never being considered in the past. This research
paper gives the insight that all the existing system does have
advantages as well as limitation. It also suggests that there are
more critical problems by which FSMC is implemented as
discussed in research gap. We also find that controllers have
been increasingly used in vehicular application but never in
navigational system. Therefore, our future direction of work
will be towards evolving up with a novel MEMS based
advanced navigation system that redefines the existing
controller system in very cost effective manner.

The future direction of the work will be towards designing a
framework that can design a novel vehicle navigational system
using fuzzy logic and sliding mode controller. The study will
focus on developing a novel coupled INS/GPS navigational

system along with minimization of chattering problem while
using sliding mode controller
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ABSTRACT

ZA-8,ZA-12,ZA-27 are the family of ZA alloys widely used as Low cost Bearing materials in High load and
Low speed applications. These alloys with low cost, low energy requirement for shaping, excellent cast
ability, and high strength properties are better than some bronze bearing alloys, but they still have restricted
application especially due to the deterioration of mechanical and wear resistance properties at temperatures
exceeding 100°C. Aluminium is one of the major alloying elements in Zn alloy systems where it imparts
fluidity to the alloys. In practice, the amount of Al added to Zn-based alloys in order to attain good
engineering properties varies over a wide range. Against this background, the present research work has been
undertaken with an objective to explore the potential of ZA alloys as a bearing material and to investigate the
effect of alloying elements at room temperature on the Tribological behaviour of the ZA alloy. Zinc and
aluminium are low cost bearing materials compared to conventional bearing material and this work is an
attempt to find a possible use of such economical materials which might gainfully be employed as low cost,
high strength and wear resistant alloys.

KEYWORDS: High load, Low speed, bearing materials

1. INTRODUCTION

The group of zinc-aluminium (ZA) alloys was developed in 1970s and became a substitute for
brass and cast malleable iron to produce the wear-resistant parts. These alloys with low cost, low
energy requirement for shaping, excellent cast ability, and high strength properties are equivalent
or better than some standard bronze bearing alloys, but they still have limited application
especially due to the deterioration of mechanical and wear resistance properties at temperatures
exceeding 100°C. Aluminium is one of the major alloying elements in Zn alloy systems where it
imparts fluidity to the alloys. In practice, the amount of Al added to Zn-based alloys in order to
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attain good engineering properties varies over a wide range. The effect of different Al contents
(namely 8, 12, 20 and 27) on the microstructure and tensile properties of Zn based alloy has
increased strength and wear resistance. Zinc-Aluminium alloys are known to possess excellent
bearing properties particularly at high load and low speed. They have found increasing use for
many applications and have competed effectively against copper, aluminium and iron-base
foundry alloys. However, the elevated temperature (> 100°C) properties of zinc aluminium alloys
are unsatisfactory and restrict their use in some applications. One promising approach to improve
the elevated temperature properties was reinforcing the alloys with SiCfibers or particles, alumina
particles and fibres, glass fibres etc.

All the zinc-aluminium alloys have excellent resistance to corrosion in a variety of environments.
However, there has been a lack of specific corrosion data of zinc-aluminium based MMCs and
their corrosion resistance to date, because of very limited use of zinc-aluminium alloys as matrix
material for MMCs. Most of the commercial work on MMCs has focused on aluminium as the
matrix metal. The combination of light weight, environmental resistance and favourable
mechanical properties has made aluminium alloys very popular for use as a matrix metal.
Aluminium and its alloys have been used as a matrix for a variety of reinforcements: continuous
boron, Al203, SiC and graphite fibers, various particles, short fibers and whiskers. As a result,
advanced metal matrix composites with improved mechanical, physical and tribological
characteristics, were obtained. The ZA alloys are suitable for casting by sand, permanent mould,
shell mould and high-pressure die casting methods. These alloys exhibit mechanical properties
equal to or exceeding those of conventional zinc die casting alloys and those of cast iron,
aluminium and copper alloys. In addition, they have excellent bearing properties, wear resistance
and machinability. Advantage of cast properties include low melting temperatures and hence low
melting energy consumption, increased die life and mould stability. They can be readily cast in
thin sections in sand moulds .1t is also appreciated that the microstructure of ZA alloys, as it is true
for any alloy, is associated with various factors such as compositions of alloy, production
techniques adopted etc., and that even a very small change in one of these factors can seriously
affect the quality, performance of the material. Hence, this leads to the argument that the field of
microstructure, phase formation and wear properties of ZA alloys with different compositions still
remains open for investigation for various purposes in industry.
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2. EXPERIMENTAL PROCEDURE OF WEAR TEST:

The Alloy was prepared using Liquid Metallurgy route using Pure Zinc (99% pure) and
Aluminium (99% pure) using Weight method. Composition as shown in the Table 1.

Obtained by optical emission spectrum with traces of Impurities.

Composition | Zn Al | Sn Cd Cu Fe Pb Bi Mg Ag Sh Si

Percentage | 88.480 | 9.8 | 0.094 | 0.007 | 0.01 | 0.600 | 0.032 | 0.08 | 0.236 | 0.008 | 0.264 | 0.353

Dry sliding wear tests for different number of specimens was conducted by using a pin-on disc
machine (Model: Wear & Friction Monitor TR-20) supplied by DUCOM is shown in Figure 1.

SPECIFICATIONS

APPARATUS : TRIBOMETER (DUCOM PVT LTDBANGALORE)
DISC ROTATION SPEED : 200-2000 RPM

SLIDING SPEED :0.5-10 M/S

TRACK DIAMETER : 50-100 MM

WEAR RANGE 1 1-2000 p

LOAD :5-200 N

POWER 1 2KVA, 230V

SPECIMEN STANDARD : ASTM G99
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Figure 1: Pin on Disc Machine

The pin was held against the counter face of a rotating disc (EN31 steel disc) with wear track
diameter 100 mm. The pin was loaded against the disc through a dead weight loading system. The
wear test for all specimens was conducted under the normal loads of 1kg, 2kg and a sliding
velocity of 2 and 4 m/s.

Wear tests were carried out for a total sliding distance of approximately 1250 m under similar
conditions as discussed above. The pin samples were 30 mm in length and 6 mm in diameter. The
surfaces of the pin samples were slides using emery paper (80 grit size) prior to test in order to
ensure effective contact of fresh and flat surface with the steel disc. The samples and wear track
were cleaned with acetone and weighed (up to an accuracy of 0.0001 gm using microbalance)
prior to and after each test. The wear rate was calculated from the height loss technique and
expressed in terms of wear volume loss per unit sliding distance.

In this experiment, the test was conducted with the following
Parameters:
» Load

» Speed
> Distance

In the present experiment the parameters such as speed, time and load are kept constant throughout
for all the experiments. These parameters are given in Table.
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Table 2: Parameter taken constant during sliding wear test

Pin material ZA-alloy
Disc material EN 31 steel
Pin dimension Cylinder with diameter 6 mm height 30 mm
Sliding speed (rpm) 400
Normal load (kg) 1,2,3
Sliding distance (m) 1250

3. PIN-ON-DISC TEST

In this study, Pin-on-Disc testing method was used for tribological characterization. The test
procedure is as follows:

» Initially, pin surface was made flat such that it will support the load over its entire cross-
section called first stage. This was achieved by the surfaces of the pin sample ground
using emery paper (80 grit size) prior to testing

» Run-in-wear was performed in the next stage/ second stage. This stage avoids initial
turbulent period associated with friction and wear curves

» Final stage/ third stage is the actual testing called constant/ steady state wear. This stage
is the dynamic competition between material transfer processes (transfer of material from
pin onto the disc and formation of wear debris and their subsequent removal). Before the
test, both the pin and disc were cleaned with ethanol soaked cotton (Surappa et al 2007)

Before the start of each experiment, precautionary steps were taken to make sure that the load was
applied in normal direction. Figure represents a schematic view of Pin-on-Disc setup.
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Table 3: Process parameters and levels

Sl no. Load (N) Sliding Speed, S (rpm) Sliding Distance, D (m)
1 10 400 1250
2 20 400 1250
3 30 400 1250
WEAR TEST

Dry sliding wear tests for the ZA have been conducted using pin-on-disc Tribometer(m/s Ducom
Bengaluru). The test have been conducted in air. Wear test have been conducted using cylindrical
sample ($12mm*30mm) that had flat surface in contact region and the rounded corner. The pin is
held stationary against counterface of 100mm diameter rotating disc made of En-32 steel having

HRCG65.

The wear test have been conducted under three normal loads 1kg, 2kg, 3kg and at fixed sliding
speed of 2.094m/s. Each wear test have been carried out for the sliding distance of 1.8km.
Tangential force has been monitored continuously. Height was is measured from graph using
slope and converted to volume loss data and wear rate is determined.

4. WEAR CALCULATION )
md*

1. Area, Cross sectional Area=4 = T

2. Volume loss,
Volume loss = Cross sectional Area x Height loss
3. Wear rate
Wear rate = Volume loss / Sliding distance
4. Wear resistance,
Wear resistance = 1/ Wear rate
5. Specific wear rate,
Specific wear rate = Wear rate/load
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Table 4: Wear rate Results at as Cast condition

Load Height Loss Time Distance Wear Friction Coeff_im_ent of
sl covered Rate Force Friction
Hi- (mm3/m)
Nolgg N | Hl E g ] sec m x103 N
pm pum
pm
1 1 | 10| 535 | 49.7 | 385 50 104.71 1.03 2.98 0.298
2 2 |20 |51.08 3826 12.82 50 104.71 3.46 10.1 0.505
3 3 | 30| 88.44 | 77.95 | 10.49 50 104.71 2.83 14.27 0.475
Load(N) ‘Wear resistance Specific wear rate
(m /mm?3) Load(N) %104
10 970.87 mm3/ N m
20 288.91 10 1.03
20 1.73
30 353.09 30 0.943
4 2

oW
Specific Wear Rtae

3
m 1 0.5
e
2 0
z 0
0 10 20 30 40 0 10 20 30 40
Load(N) Load(N)
Figure 1: Load vs Wear Rate Figure 2: Load vs Specific Wear rate
15
10
Z s
b
5 0
2
5 0 10 20 30 40
t
= Load(N)

Figure 3: Load vs Friction Force
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Table 5: Wear rate Results after Heat Treatment

Sl Load Height Loss Time | Distance ‘Wear Rate Friction Coeftficient
No covered Force of Friction
Kg |N |H H: Hi-H: | Sec m (mm?3/m) N
pm pm pm x10-3
1 1 10 | 4478 | 4222 | 2.56 50 104.71 0.691 4.72 0.21
20 | 58.96 | 43.92 15.04 | 50 104.71 4.06 8.71 0.22
3 3 30 | 9385 | 7052 |2333 |50 104.71 6.29 13.62 0.22
Load ‘Wear resistance (m /mm?) TLoad Specific Wear rate
1 1447.17 = 10*(mm3/Kg-m)
2 246.3 1 0.691
3 158.98 2 2.03
3 2.09
7 2.5
6 é 2
g 5 =
[ER g 15
= =
s 3 e 1
=, e
1 -
(1] 0
0 10 20 30 40 0 10 20 30 40
- Load{N)
Load({N)
Figure 1: Load vs Wear Rate Figure 2: Load vs Specific Wear rate
15
g 10
2
5 5
=0
0 10 20 30 40
Load{N})

Figure 3: Load vs Friction Force
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COMPARISON CHART:

LOAD Vs WEAR RATE

Em II II
20 30

10

B Room Temperature

B Heat Treated

Wear Rate mm3/m

S B N W & 00 o N

Load N

5. CONCLUSION

ZA alloy is a competitive Bearing alloy that shows improvement in both Mechanical and
Tribological properties compared with phosphor bronze, SAE 660 alloy and Cast Iron. As a First
step towards developing a new material for the tribological applications for component used in
various industrial applications.

Finally, at the end of completing the dry sliding wear test on the developed Low Aluminium and
High Zinc alloy (ZA) there is a very low wear rate observed for heat treated alloy when compared
to room temperature for Normal load of 10N, but wear rate increases at higher loaded for heat
treated alloy.

There is more scope for further research by changing the process of fabrication of alloy and also
Reinforcing with hard phase Reinforcements like Sic, Al,03, graphite, MoS,etc.
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I. Introduction

Precious liquids and chemical gasses [ are transported in pipes
throughout the world. There are pipes that carry refined petroleum pipes
that carry other fuels such as biofuels, oils and natural gas 2. If the
transportation of these liquids were to stop, the world as we know it
would stop. Man would not be able to go about his day to day duties and

his life would come to - turers face is
that it is hard to keep a tr@ignadh tteeQapeiv oadeeibdirigstalled. This is
mainly because the p i ittan’t be

monitored. even after they realise that there is a leak, they have to dig
up large areas of land to find where the leak is coming from. This
demanded for something to keep track and monitor the underground
pipelines. That's where the Fibre Bragg Grating Sensor ¥l comes into

play.
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Abstract:The simulation tool which is quite common in use for the design and
implementation of the digital circuits is QCA i.e. Quantum Dot Cellular Automata. This
software enable... View more

Metadata
Abstract:
The simulation tool which is quite common in use for the design and implementation of
the digital circuits is QCA i.e. Quantum Dot Cellular Automata. This software enables
the designer to study the behavior of the charge carriers in cells at very root level. Due
to this approach of the root level features of QCA, the circuit elements overall
performance gets enhanced with an optimization in the characteristics of the system.
This technique of the quantum computing provides advances in the characterization of
the devices which eliminates the limitation of the VLSI technology i.e. minimal impact of
the heat generation by the components due to heat dissipation. In the today's era of the
upcoming technology of the quantum computing, tremendous works has been carried
out in the reverse logic domain that enhances the overall of the quantum processors
with an innovative design of the ALU in terms of the size, delay and cost. In this paper,
the author has presented the design of a 4:1 multiplexer which enhances the overall
computational capabilities of ALU. In this discussion, the author ha put the emphasis on
the size, delay and accuracy of the multiplexer. The simulation of the 4:1 MUX been
carried out with the help of QCA tool that provides an highly optimized parameters for
the circuit with a better characteristics in terms of size, speed and delay.
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. INTRODUCTION

The characterization and scaling of the mixed signal processing circuits
are converging towards the range of nanoscale design i.e. from microns
to nano scale. Due to this phenomenon, the domain of the fabrication of
the device is growing at a quite fast rate. A lot of research is going on
now a days to find the solution for this and then we have come out an
innovative approach which is based on the quantum computing
techniques i.e. with the migration of size of the component from microns
to nano scale. This technology is called as the nanotechnology which is
based on the nano scale of the device and makes the use of light or
photons as its basic principle of operation. Now the researchers are
looking for some sophisticated tool with which one can carry out the
simulation of the characterization of the components in nao range.
Finally, researchers come out with one of the most proficient tool of
simulation i.e. QCA i.e. Quantum Cellular Automata. The most dominant
module of this tool is the quantum dots which are responsible for the
probable transition of t gt ircuits. With the
use of this tool, one can Ségpigin tar@wrdiBoelBaadthgirs as well as the
universal gates which i er development
of processors. The Reversible logic is another very promising and
upcoming computing design that presents various techniques of
designing the computers which are capable of executing the task without
any heat dissipation. This approach is basically an extension of the
concepts of the quantum which is applied in the design of latest
machines in digital domain. The operational performance of this
approach is somewhat dependent on the concepts of the quantum
electrodynamics i.e. the availability of the charge carriers within a
particular time of transition of the carrier. In addition to this, the basic
difference in between the traditional logic and the reversible logic
approach of the implementation of the various circuits is that in this later
approach, the device has got individual lines for input and output
purpose with a negligible amount of heat dissipation. On the other hand,
in the traditional approach i.e. in irreversible logic there is a considerable
amount of heat dissipation with other limitations.
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In this work, we are using frequency scaling, toggle rate scaling and of POD IO standard
to design and implement energy efficient 64-bit ALU on ultra scale FPGA. We have
analyzed both static and dynamic power for three different toggle rate, three different
frequencies, and three different POD |0 standards. Scaling of toggle rate is directly
proportional to dynamic power but it does not make any effect on static power. Scaling

V. Toggle Rate
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Authors of frequency and changes in 10 standards have the significant impact on both dynamic
) and static power. POD10 is the most energy efficient IO standard. Power is lowest when
Figures the device is operating on the lowest frequency of 0.1 GHz. When toggle rate is 3.125%,
dynamic power is the lowest in comparison of 12.5% toggle rate. There is 81.55%
References power saving with POD10 10 standards along with 0.1 GHz frequency and the 3.125%
toggle rate in comparison to POD12_DCI |0 standards with the 10 GHz and 12.5%
Keywords toggle rate. There is 63-80% saving in power with frequency scaling only.
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I. Introduction
Every processor has some predefine maximum frequency or clock rate
on which chip like central processing unit (CPU), or one core of multi-
core processor operates called processor speed. CPU frequency
measured in Hertz. Processor speed of the first microprocessor was
around 1 MHz (0.001 GHz). The world record of CPU frequency set on
29™ August 2014 was 8.723 GHz [1]. The highest clock speeds
(requiring cooling through liquid nitrogen) are stuck between 8.5 GHz
and 9 GHz [2]. Intel commercial processor delivers more than 3 GHz
and AMD commercial processor delivers approx. 5 GHz processor. It is
possible to develop a processor with 10 GHz speed. But, power is
directly proportional to frequency. With the increase in processing
speed, more heat will generate eventually cooling mechanism will not

. . to C tinue Rea%.}n
economically feasible for s cthpe Of processor. rgore, we are also
not crossing threshold of 10 GHz and operating our ALU design for 0.1
GHz, 1 GHz and 10 GHz processing speed. We also analyzed both
dynamic and static power dissipation with scaling of toggle rate (shown
in Fig. 1) on these three frequencies in order to check operational
stability and power requirement of our design. This analysis confirms
computability of our design with the different type of existing processor.
Also, we are using POD |0 standards in our 64-bit ALU design. As we
know that, SSTL IO standard was used in DDR3 memory. This POD has
replaced SSTL in DDR4 memory. Figure 1:

Parameters taken for energy efficient ALU design
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Abstract:
Tire is an essential automotive component, since it plays an important role in safety,
mobility, fuel economy and ride comfort. Road irregularities causes deflection of carcass
which is an internal layer of tire that sustains load and absorbs shock. This causes tire
to generate faulty input to the steering which reduces durability of the automobile in the
long run. In this project, MOEMS (Micro Opto-Electro Mechanical System) based sensor
associated with photonic crystal is developed to observe carcass deflection and to study
its characteristics in order to design a more efficient automobile. The MOEMS device
functionality is achieved through micromechanical sub- wavelength inward displacement
of the dielectric slabs. The finite-difference time-domain(FDTD) method is used for
analysis of the results with the help of MEEP software. Simulation results show that the
displacement occurring (of the dielectric slabs) will change the dimensions of the
waveguide carved in the photonic crystal having silicon as a substrate. As a result, this
change in spacing alters the propagation virtue of electromagnetic waves that run
through them, due to periodic modulation of refractive index. Results show that distinct
shift in frequency with high quality factor of 37074.566 was obtained by displacing the
inclined and vertical slab by keeping horizontal slabs fixed.
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I. Introduction

A tire is an advanced engineering product made of rubber, fiber,
synthetic polymers, steel etc. [1] Tires are the only point of contact with
the road and the only means to aid the transfer forces between the

ground surface (road)-and-autemebile—They-alse-generate forces
necessary to control the Sigorimotul€ohtiey enRspliogide| sufficient
traction, excellent roa i itities, effici nering property,
appreciable maneuvering ability, low rolling resistance [1]-[3] and they
should also aid the suspension in absorbing road shock. This makes

them a very important vehicular component [2].
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Abstract:
The optical photonic crystal sensor design is proposed, which contains Silicon (Si)
circular rods, made in a square lattice structure. The input point has a light source of
wavelength 1.55um and has two output points to observe the output. The paper
proposed different Photonic Crystal structure and power analysis for the same. The
calculation for change in Refractive index value and power - wavelength shift for
Water(1.33 RI) and E-coli (1.388 RI bacteria in water) analyte is analyzed and plotted.
The procedure repeated for proposed different structures. Using a new design of 2D
slab, we have observed the power output, amplitude and quality factor for different
structure. The quality factor for proposed structure is observed and Cantilever structure
is giving very high quality factor of 25954.
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I. Introduction

The power splitter is a critical component in a silicon chip. The
prominent applications of silicon chips include photonic computing, long
haul fiber communication, and bio-photonic sensing. Photonic Crystals
(PC) are dielectric formation with periodical spatial rotations of the
refractive index on the order of the wavelength of the light [1], [2].
Photonic bandgap can be realized and artificially introduce defects to
control the light emanation and transmission and trapping of the
photons. The photonic bandgap (PBG) formation due to periodicity and
the electromagnetic wave propagation gets forbidden for all wave
vectors inside this bandgap. Therefore, the detection of the unwanted
and harmful content which is present in water is a crucial issue in
decimating its adverse impact on public health and hygiene. So the
determination of Escherichia-celi{E-eoli)-and-ebservatign of the power
for a different structure isSégsential CloritieueaRendirghaye used RI value
of analyte i.e E-coli withrRt-vatue of 1:388; the rarmfutcontent present in
water. Power splitting technique is performed using 2D and 2D slab PC
line defect waveguides by investigating different structure for 1x2. For
power splitter experiment, the required components are input and output
waveguide channels which act like branches of the splitter. The intersect
point from where the branches are coming out is called a junction [2].
From the intersection of power division, one input and two output
branches form 120° waveguide bend with each other [3]. Further, the
two output branches make an extra 60° bend with the input branch. To
perform the function for the power splitter, the transmission of light
power should be maximum without suffering any reflection. The efficient
and well-executed design of waveguide bends is essential to achieve
the above objectives.
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In this work the pressure sensor based two dimensional photonic crystal is proposed
and designed with the high quality factor. The sensor is formed by coupling of two
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defect is placed at the centre. For the radius of the holes, optimization is carried out for
high Q factor. For the radius of a hole at 165 nm, Q factor obtained is 5355.93.The
photonic crystal structure with radius of hole as 165 nm is considered for pressure
sensor application.The Refractive index values of the material are calculated for
different pressures. Normalized transmission with wavelength shift for different pressure
is observed. Through simulation it is noticed that the resonant wavelength of the sensor
is shifted linearly towards highest region while increasing the applied pressure. This
simulation and analysis is done by software called FDTD Lumerical solution. And the
best quality factor is achieved.
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I. Introduction

The photonic crystal is composed of periodic dielectric or dielectric
nanostructure that has both low and high dielectric constant (refractive
index) to affect the light wave to pass inside the structure. By introducing
line and point defect itis-pessible-te-pass-thelightinthg photonic band
gap(PBG) The classif|caftigmiaitdyCaorisists REadadimensional, two
dimensional and threedimensional-photonic crystals-—The pressure
sensor based 2Dimensional photonic crystals are receiving attention
because of its simple structure, small size and better confinement of

light. [1]
Authors v
Figures v
References v
Keywords v
Metrics v
CHANGE USERNAME/PASSWORD PAYMENT OPTIONS COMMUNICATIONS PREFERENCES US & CANADA: +1 800 678 4333 f in ¥
VIEW PURCHASED DOCUMENTS PROFESSION AND EDUCATION WORLDWIDE: +1 732 981 0060
TECHNICAL INTERESTS CONTACT & SUPPORT

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

IEEE Account Purchase Details Profile Information Need Help?
» Change Username/Password » Payment Options » Communications Preferences » US & Canada: +1 800 678 4333
» Update Address » Order History » Profession and Education » Worldwide: +1 732 981 0060

» View Purchased Documents » Technical Interests » Contact & Support

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

https://ieeexplore.ieee.org/abstract/document/9013843 2/3


https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://ieeexplore.ieee.org/abstract/document/9013843/metrics
https://ieeexplore.ieee.org/abstract/document/9013843/similar
https://doi.org/10.1109/WRAP47485.2019.9013843
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvnG98m52fLncR4XX8OIw7xvYHCEFXmj3mI95CCdMT1T0ZqQwR0Xu5vvoVIAPL-dkkHeMDCqou5Y2_ISHBKU0_fQ7jDNL_zZMjNM5cGiSrTTJX0SHneQw62vw61H2l_ovJvODBRZzLMjvLN0ZqxPp0msBT2GW-ns4YZX47g6q6ff-g08XkhGaTc736nKxQmXFJV0NXL0SZKlK47YcFyMEQOMpDffc6L_IEgDidvThBsykpsSF2Q4RxfH5Ys1F0Fgj0RD4qFOhWJNjJEEcl_481r2wZSPLLSMoBLOnaOGd2zX4mnSI5Xe2rVFSF8JO_jCQ&sai=AMfl-YRs_JCffHgcdgkxNEBERIEymrE5hBv7yTKS6f9FJpabD8tQccrk-srVlXtlcRj7TixgS2zvJHvNP_nq&sig=Cg0ArKJSzJ41BkzJvJmU&adurl=https://codeocean.com/signup/ieee
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html

8/3/2021 Interpretation of Photonic Crystals with Hexagonal Symmetry | Semantic Scholar

\‘ SEMANTIC SCHOLAR Search 195,620,099 papers..  Search Q Sign In Sign Up
DOI: 10.1007/978-3-030-22263-5_86 + Corpus ID: 195353098 Share This Paper [1 11 @ B

Interpretation of Photonic
Crystals with Hexagonal
Symmetry

Harshada J. Patil, T. Indumathi, Preeta Sharan, Somesh Nandi less
Published in IMIS 2019 -« Computer Science

Photonic crystals provide us excellent opportunity to build
sensors and other vital components used in industries or labs
because they can block electromagnetic waves propagating
through them at certain frequencies and allow few. This property
of selective allowance can be exploited by carefully studying the
properties of light propagating through them and also the media
through which it is travelling. Photonic crystals are well known for
their flexibility and it is this convenience of them... Expand
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I. Introduction

Due to growing demand of sensing application in healthcare, security
and structural health monitoring, opto mechanical sensors are showing
more enhancement towards increasing sensitivity. Since electronic
components are most of the time affected by electromagnetic
interference in harsh environments sensibility will automatically
decreases. Due to properties like insensitivity to EMI and micron level
and less circuitry parts involved in optical sensor system, it has been
widely used in application for monitoring stress, deformation,
temperature, biomolecule detection and many other health care and
structural health monitoring applications. Photonic crystal sensor is
having significant role in urodynamic and cardiovascular assessment.
Better guiding of light wave is made possible by periodic arrangement of
micro pillars in photonic crystal pillar configuration or micro holes in hole

in silicon slab configui - highly sensitive
for its alteration in its perRidic iartarGentienie Rehidingay slight change in
arrangement of crystatri ift ant peak

wavelength. It has been observed from the literature of opto mechanical
sensor based photonic crystal that application of pressure on sensing
layer will deflect the position of holes or rods in longitudinal or lateral
direction. Change in shape or position of the photonic crystal structure
brings out the shift in wavelength. So propagation of light wave in the
photonic crystal structure will be altered by many construction
parameters like filling ratio such as radius of rod, lattice parameter
thickness of perfectly matching layer, intensity of light wave etc.
Structural parameters like change in position of holes or pillar, shape of
the sensing layer, stiffness of the sensing layer plays major role in
deciding the life time of sensor and it has been less explored. Since the
sensitivity of any sensing layer is depends on these properties it is very
much essential to analyses above factors for various application.
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Abstract:Proposed work here consists of Micro Opto Electro Mechanical System based
pressure sensor integrated with ring resonators. Single, double and triple ring
resonators are i... View more

Il. Working Principle
and Methodology

Ill. Results and
Discussion

Metadata
Abstract:
Proposed work here consists of Micro Opto Electro Mechanical System based pressure
sensor integrated with ring resonators. Single, double and triple ring resonators are
integrated with photonic crystal sensing layer have been investigated for different

IV.  Conclusion

Authors sensitivity and minimum detectability by coupling FEA modelling with optical system.
Figures Photonic crystal sensing layer is modelled using Ansys Multiphysics for modelling and
analysis. For applied pressure in the range of 1Mpa to 6Mpa, deformation and
References Maximum stress developed in different direction is calculated. Influence of mechanical
deformation and stress developed during application of pressure for peak resonance
Keywords wavelength shift is explored for each combination of ring resonators. Minimum
observable deformation of 1.0073um for single ring resonator at pressure of 6.3uPa.
Metrics Deformation of 1.051um for double ring resonator at pressure of 6.5 yPa and 1.009 um

deformation for triple ring resonator at pressure of 6.9 yPa is detected. Maximum
sensitivity of 450nm/RIU and Quiality factor of 12,245 is observed for single ring
resonator. Proposed type of sensor investigation having remarkable application in
biomedical instruments with appropriate design.
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I. Introduction

By Using the Micro Electro Mechanical System Technology with optical
component many different types of sensors are projected to the scientific
community as well as to people. Foremost important of using optical
component along with MEMS is insensitive to electromagnetic
interference. Machzendher Interferometer, Fabry perot pressure sensors
are the main techniques came up to the practical scenario [1]. MEMS
micro sensors built in the past decades having ability to sense the
different physical and chemical properties. MEMS based sensor
applicable in sensing pressure, temperature, force etc. combination of
optical components and mechanical system expected to give good
sensitivity, better detection ranges. It is well established concept that
microelectronics is furthermost significant technology in this era.
Successful of Miro Electromechanical System in engineering industries
is mainly because of evolutionary steps took towards the
microelectronics. Components under micro system and microelectronics
are different. Micro system ium Arsenide,

polymers. Assembly O ponents
compared to microelectronics. Micro electro mechanical system based
sensor are giving more sophisticated sensing capabilities mainly
because of miniatures in size, lighter with less inertia[2]. Due to its
miniature size, optical MEMS or MEMS system having ability in
exposure to vibration and distortion. In addition to accurate performance
of optical MEMS system their miniature size makes it suitable in many
biomedical instruments in invasive or non-invasive way. Miniature of
optical MEMS may can also shrink size, weight, power and cost.
Integration of optical system in MEMS made it applicable in many
applications like micro mirrors, adaptive display, optical fibre sensors
and in biomedical science. Measurement principal of optical MEMS
system involves nano mechanical system coupled to micro nano
mechanical devices, where motion of micro mechanical devices
measured in micro scale. With the help of local optomechanical
interaction precision motion readout is made possible.
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Abstract:
In nano-technology, Quantum dot is a new technology that has recently become one
among the most prominent research areas that has the caliber of getting applied in
construction of computers in near future. This paper includes additional features of
achieving easiness in processing, deriving the features, compressing and storing the
discrete images using reversible logic technique in Quantum dot Cellular Automata,
over the translation of color space method. Additionally, we are employing the method of
aggregation of color stream. The complete circuit is implemented in Quantum Dot
Cellular Automata to reduce power dissipation and cell area. Further analysis has been
done for delay and simulation time of each of the computing elements involved in the
development of architecture of reversible full summer. The standard full summer is a
core aspect of the design of aggregation of color stream architecture. This paper
focuses on development of new logical circuits for some of the reversible gates that are
needed to build a reversible summer. The designs that are being proposed in this paper
are very unique, novel and efficient with its associated output waveforms. By using
reversible gates, an effective reversible summer can be developed whose circuit
diagram is discussed in the lower section. It is a well-known fact that reversible logic can
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Abstract:

Quantum dot was invented at Bell labs in 1982 as light-emitting nanocrystals that can
absorb light of one wavelength and convert it to another. In the nanoscale
implementation, quantum dot has become a new emerging technology, as one of the
most prominent research areas. It has the potential of getting applied in the construction
of quantum computers as well as in communication switching networks. The proposed
multiply-accumulate operation (MAC) unit can be used to reduce the processing time of
the central processing unit (CPU) or arithmetic logical unit (ALU). In this paper the MAC
unit has been designed to reduce the complexity of the cross-connect circuits. The
complete circuit has been implemented using quantum dot cellular automata to reduce
the power dissipation and cell area. The standard AND gate and full adder are the core
aspects for the design of MAC architecture. This work involves the design of a low-
power MAC unit circuit. The circuit can be used with cross-connect networks with M
parallel operations and with N size networks to make M x N operations per unit time.
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Abstract

Skin cancer is the uncontrolled growth of abnormal skin cells, and it may occur due to
unrepaired DNA damage to skin cells; some of the common types are squamous cell
carcinoma, basal cell carcinoma, melanoma. Squamous cell carcinoma is a type of cancer
caused by an uncontrolled growth of abnormal squamous cells. Basal cells produce new
skin cells as old ones die. Limiting sun exposure can help prevent these cells from
becoming cancerous. The first step toward skin cancer detection is to asses skin type.
Photonic crystal (PhC) is a periodic optical nanostructure used in the current work as a
biosensor. PhC exhibits optical band gaps which are used for super-prisms, negative
refraction, and dispersion compensation. We have created a biosensor with three sensing
holes or point defects in PhC. The designed biosensor can sense three refractive indices
simultaneously. By changing the properties of the sensing hole, the wavelength shifts and
new resonant wavelength can be observed. Using a square lattice structure, we can
distinguish between various sensing levels concerning amplitude and different
wavelength values for all the three types of skin, namely Asian, Dark, and Caucasian
skins. When the nano-sensing hole size is 0.22 um, the result shows a distinctly
separable wavelength shift. When the sensing hole size decreases, then we cannot
distinguish between Dark and Asian skin as the content of the melanin pigment present
is more. We could conclude from the simulation that the designed biosensor can be used
as a multichannel biosensor for skin type analysis.
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Abstract:

In today's era, monitoring train speed is an important factor in structural health
monitoring of trains in railways. In this work, finite element analysis has been done for
rail wheel model using ANSYS15.0 software. Simulation of Fiber Bragg Grating sensor
is done by GratingMOD. Here train speed varies from 20 to 80kmph to observe the
stress and strain response on the rail, with maximum stress, 190.96 MPa, strain of
111.89e-5mm and total deformation of 697.4mm, at constant wagon weight 57.3tons.
Shift in Bragg's wavelength is 1551.4845nm at maximum speed, 80 kmph.
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I. Introduction

An optical sensor is a device which converts light into an electronic
signal. The main purpose of using optical sensor is to convert incoming
light into an electronic signal and this electronic signal can be used for
the various measurements in the human readable format. Optical sensor
is usually a part of the integrated device, this device can be used for the
specific applications like-detectionmeasurements;-eentrolling etc., From
the general light theory oBigmysids, Goniimoecdehdirght jis also an
electromagnetic wave; whichrobeys the properties of etectromagnetic
wave. Using this principle, all the electromagnetic wave equations like
Maxwell's equations, Schrodinger wave equations etc., can be directly
applied to study the behavior of light signal. Now a days, the technology
is shifting from semiconductor device technology to optical device
technology, due to the lot of advantages available in optical devices.
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Abstract—Automated system for real-time health monitoring
system of railway track is a major need in India to ensure the
passenger, a safe journey. The Indian railway system is facing
breakthrough problems such as wheel flat spot due to wheel set
drag, axle misalignment, bogie performance, rail health and
many other geometric faults. In the proposed research work, we
analyzed the nonlinear response of the rolling wheel on Indian
standard 136 RE rail and observed the wavelength and strain
variation during the integration of the Fiber Bragg Grating
(FBG) sensor in the web and foot of the rail. Finite Element (FE)
results and FBG results have shown consistency with the wheel
movement. Wavelength shift obtained for each change in strain
step size of 0.5 in the foot part of the rail. Displacement of wheel
in for true distance covered data assist in finding the faulty
wheel. Obtained sensitivity of designed FBG sensor is 450nm/RIU
as per the requirement of high loading capacity. Proposed
dynamic wheel analysis of rail and wheel is the very important
aspects or need in the current scenario of Indian railway system
for automating the safety system.

Keywords—Fiber Bragg Grating (FBG); finite element model;
nonlinear; rail; wheel.

I. INTRODUCTION

The wheel is one of the most important parts of a vehicle.
The wheels of a train usually have a conical geometry with a
flange towards the inner side[1]. When the face of the wheel
rolls over the track, they transmit the load of the train at the
point of contact. The flange of the wheel guides the wheel to
traverse on the rail and prevents it from falling off the rails. The
flange of the wheel is subjected to lateral forces as both the
wheel and rail are made of hardened steel[2].

To control the speed or to stop any vehicle, brakes are
applied. When the break force applied on the rotating wheel is
more than the proportional load, the train comes to a sudden
halt. Hence the wheel slides over the track before coming to
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rest[3]. This damages the perfectly symmetric shape of the
wheel thread and creates flat spots due to friction at the point of
contact when the wheel slides over the track.A single rotation
of the wheel covers up to 8 feet (2.4 meters) of the track. Thus
the wheel makes about 264 hits for every kilometer and in
every 4 meters there is a welded joint which is considered to be
the weakest section of the track[4]. When the flattened wheel
hits the track, it causes heavy shock thereby causing cracks and
weld failure at the joints. This poses a serious threat to the
operation of railways as crack protrudes internally which leads
to major disasters.According to Indian railway standard
specifications CMI-K003 standards, some other wheel defects
are shattered rim, spread rim, thermal crack, shelled thread and
disc crack. These wheel defects if gone unnoticed may lead to
accidents and endangers many lives[5]. Hence use of various
sensors to measure and monitor the various physical condition
of the track will provide an effective solution to these
problems[6]. According to a recent survey, the volume of
goods transported has increased by 23% in the year 2019 and is
expected to increase further in the coming years hence there is
a need for better monitoring and maintenance of railway track
in India[7].

Fibre Bragg Grating is a section in the core of an optical
fibre with periodic variations, FBG core has a very small
diameter of 4 to 9 um and it also consists of an outer layer
called cladding whose diameter ranges from 80 to 125 um[8].
Material used to fabricate these sensors are usually silicon
whose refractive index is 3.46. Optical FBG sensors are
gaining importance because of their sensitivity and
versatility. FBG sensors can be used to measure various
parameters like strain, temperature, load, acceleration,
vibration, inclination, etc.[9]. these kinds of sensors uses the
light from the wavelength spectrum to reflect it to higher or
lower level to be used as measuring instruments[10-12]. They
can be easily installed and are not affected by external

144

Authorized licensed use limited to: University of Exeter. Downloaded on May 07,2020 at 06:51:53 UTC from IEEE Xplore. Restrictions apply.



disturbances like electromagnetic interference, lightning, and
other external disturbances. FBG sensors are fabricated in tiny
optical fibres and the sensing signal can be read at a distance
more than 100 km away. They can also monitor points that
cannot be accessible by traditional electrical sensors as well. In
the proposed work we examined the consistency of fiber Bragg
grating sensor results positioned in rail web and rail foot
portion with nonlinear FEA analysis by considering time
variation[13]. The sensor network is assembled by placing
FBG sensors on the railway track for real-time monitoring of
track to measure displacement and strain, these variables are
monitored by the FBG interrogator to find out the changes in
these variables[14-16]. FBG sensor’s longer life span, stability,
costless and ease of installation makes it more useful than the
normal strain gauges. The strain induced in the FBG can be
used to find the weight and speed of the train, FBG is advance
and cost-effective sensor which can be used to monitor the
structure and health of the railway track. Proposed work help
solves major problems in real-time Indian railway system
monitoring[17-19]. Operational passenger railroad with FBG
system 1is investigated in Hong Kong city. FBG sensor are
located in the various region of rail with specific measurement
system. Hong Kong was anticipated the ever demanding safety,
reliability and efficiency required in railway system and
brought out the efficient system FBG integration over railway
track[20] [21].

FBG sensors are used in different application of train such
as temperature measurement in the wheel rail system,
measuring tilt angle, acceleration measurement. FBG system is
developed for WIM — Weighing in Motion and Wheel Flat
Detection (WFD). TWBCS system is developed for measuring
strain for vertical direction force. Frequently rail and wheel
engagement during the rotation will reduce the life of wheel
and gradually increase the flatness due to unexpected heavy
loads, vibrational shock[22]. Detecting the flat wheel is highly
challenging the in the incase of railway system, FBG sensing
system can make the challenging task easier by its high
sensitivity to load and period change can be observed in the
grating region. Real time safety monitoring of railway system
has been simulated and experimented. Physical quantitates and
harmful aspects in the railway system is detected in using this
real time sensing detection using optical fibre brag grating
technology. This technique is designed and proposed by

II. DESIGN APPROACH AND PRINCIPLE

The dimensions of wheel and rail are obtained from Indian
railway standard specifications for wheel and axle assembly for
carriages and wagons IRS R-19/93(Part-1). 136 RE rail design
is chosen with the wheel.

The section area of the rail, shown in Fig.1, is 86.13 sqmm
and its calculated weight is 67.364 K/m. The wheel is designed
as per given prescribed dimension of Indian railway, as given
in Fig 2.

Based on the given design parameters the 3-D model is
designed and assembled using CATIA. The volume mesh of

the model is then performed using ANSA. All the physical
properties like materials, interactions, boundary conditions, and

load were applied and nonlinear analysis was carried out using
ANSYS. Material of density 7800 Kg/m3, young modulus of
21e10, and poisons ratio of 0.3is applied to the model. Contact
surface interactions were applied along with suitable boundary
conditions. Load steps were created and load of 200 KN was
applied on the wheel during the analysis. Fig. 3 shows standard
track dimension of Indian railway.
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Fig. 3. Standard dimensions of Indian Railway track
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III. MODEL DESCRIPTION

Based on the given design parameters the 3-D model was
designed and assembled (Fig. 4 and Fig. 5) using CATIA v5
R20 and the assembled model was meshed using ANSA.

Fig. 4. Design and assembly of model using CATIA v5 R20

Fig. 5. Model after volume mesh done using ANSA

All the physical properties like materials, interactions,
boundary conditions, and load were applied and nonlinear
analysis was carried out using ANSYS.

Material of density 7800 Kg/m3, young modulus of 21¢10,
and poisons ratio of 0.3 was fed to the model. Contact surface.
Interactions were applied along with suitable boundary
conditions were applied. Load steps were created and load of
200 KN was applied on the wheel. And the result was obtained.

After the fabrication of FBG sensor, the sensor can be
placed in the web or the foot region of the track, but because of
larger stress concentration in the web region it is more
preferable to place the sensor that area. FBG are placed at a
distance of 960cm apart. These FBG are interconnected to a
fibre optic junction box, it is a device which is used to connect
different FBG devices. The system also consists of a FBG
interrogator which acts as a measuring device whichallows the
FBG output to be used as static and dynamic monitoring as
shown in Fig. 6. It represents the layout of the proposed work
through which the monitoring can be implemented in the
Indian railway system.

IV. RESULT AND DISCUSSION

Fig.7 shows the propagation of stress when the wheel is in
motion over the track. Fig. 8 demonstrates the concentration of
stress on the rail due to the wheel movement. Changes in the
displacement of rail along the specified path of rail are shown
in Fig. 9. It is observed from the graph (Fig. 9) that for 0.5
increments of distance on rail their sharp dip indicates the
wheel load on a specific position of rail. Peak strain value is

observed in Fig.10, which indicates the change in dimension
during the movement of the wheel on the rail. During the
consideration of specific measuring point of rail, there is an
increase in strain when the wheel comes in contact with that
point and again there is a decrease in strain when the specific
point overcomes the wheel load. In this way, rail will act like
elastic material to withstand the higher load.

FBG accelerometer

FBG2 direction of

\lhf train
fibre optic
junction box

1x4 optical coupler

towards FBGs
interrogator

e
1.4677e-10 Min

0 piod] 102090 ram)
— T —

Fig. 7. Propagation of stress from wheel to rail

Fig. 8. Stress concentration on the rail due to wheel

The displacement of rail with time variation is shown in
Fig. 11. During the movement of the wheel on the rail, there is
a consistency of displacement in the rail. When the wheel
movement slows down between 0.1 to 0.2 seconds there is a
sharp fall in displacement.

Fig.12 shows the FBG results obtained for time variation
there is a change in wavelength during the wheel movement.
This result is obtained when the FBG sensor is positioned in
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the foot portion of the wheel. Fig.13 shows the FBG sensor
results obtained when the sensor located in the web portion of
the rail. Fig.15 shows the designed FBG sensor in R-Soft and
Fig.14 shows the wavelength change for variation of strain
values obtained during the fiber Bragg grating analysis. Neutral
fiber located in the web portion of rail will make the rail to
withstand the fluctuation load. This causes the FBG sensor to
present plot with variation in strain value, as shown in Fig.15.
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Fig. 9. Displacement of rail due to wheel movement along specified path on
136RE rail

Knowing the displacement of wheel in the path of travelling
of wheel is important aspect in nonlinear or dynamic analysis
of the rail and wheel. If the wheel is flat mode frequency
obtained will be sharp peak. There will be always change in
resonance peak frequency for change abrupt change in
displacement for flat wheel.

Designed FBG and its nonlinear analysis procedure not
only assists in detecting the faulty wheel but also useful in
counting the axle of rail during the motion of rail. Fig. 13 is
special aspect in the nonlinear analysis of flat wheel aspects.
Figure has shown inbuilt design aspect of the rail such increase
in the strain in the region of web. High strain value is observed
only during the presence of wheel in specific region of rail.
Load exerted by wheel on the rail shows high strain the chosen
region. Strain gradually decreased in the center of rail. Rail is
designed in such a way the it should be able to absorb the
heavy vibrational shock during the wheel rotation

Strain

True distance along path

Fig. 10. Strain variation in 136RE rail due to wheel movement along the
specified path on rail
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FBG sensor designed as simulated for different obtained
strain value from nonlinear analysis of wheel and rail. Each
obtained value of strain is applied on FBG sensing system.
During this design process FBG sensor is optimized for
different length and width of core and cladding. Thickness of
FBG coating is used is also optimized for each load application
of FBG senor. Change in pitch is obtained for each load
application on the FBG sensor. There is change in overall
refractive index obtained for change is pressure on FBG
sensing structure. Gradually change in reflective is observed
for change in modulation depth and length of fibre. Length of
fibre specified in the work is obtained by iterating the FBG
sensing structure for each step increment in length. Application
of load on fibre induces strain and changes the period of
grating inscribed on the fibre. Reflectivity obtained for
specified length is 98.9%. This reflectivity of spectrum
obtained indirectly assisted in obtaining the resonance peak
wavelength in the transmission spectrum shown in Fig. 14.
Sensitivity is obtained by measuring the change in peak
wavelength and change in effective refractive index of
respective peak wavelength. 450nm/RIU sensitivity value is
realistic to withstand and sense the heavy load application
especially in case of rail and wheel fault detection system.

Fig. 15. FBG sensing structure

V. CONCLUSION

The proposed research work consists of nonlinear response
and FBG sensing system investigation for health monitoring of
Indian railway track. Standard dimension of Indian rail 136 RE
and wheel is considered during the analysis. FBG sensor is
embedded in the foot and web portion of the rail. Displacement
of rail with respect to time for rotation of the wheel on rail is
obtained. Change in strain along the specified length of the
track is monitored. Strain obtained from the nonlinear analysis
of rail and wheel show consistency with strain obtained from
the FBG sensor with a shift in wavelength. Position embedded
FBG sensor in the foot and web portion of rail has shown a
distinct result. Sensor embedded in foot portion has shown a
consistent shift in wavelength, but sensor embedded in web
region has shown larger strain value at the beginning with
gradual decrement and strain values will increase as it reaches
the endpoint. This indicates that neutral line within the web
portion of rail effectively designed can withstand the highly
fluctuating load during the movement of the wheel on the rail.
Proposed research work carried out here will be helpful to
analyze the problem arising in the railway system due to wheel
flat spot and axle counting and many other geometric
alignment indications. It can also be helpful in avoiding

accidents and mishaps. Hence makes transportation by train
much safer.
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