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INTERNATIONAL CONFERENCE ON
INNOVATIONS IN INFO -BUSINESS AND TECHNOLOGY
2017
ICIIT 2017

The International Conference on Innovations in dbfsiness and Technolo@p17 (ICIIT-2017),
organized byhe IEEE Student Branch of Informatics Institute of Technology (IIT) will be held on 30th
Novenber 2017 at OZO Colombo from 8&m to 5.00pm.

The conference is technically sponsored by thiedEning and Technical Communication ACM
Professional ChaptelgpareseSection. The theme fahec onf er ence is O6Business il
Big Data analyticso.

The event will feature Professor lan Witten from the University of Waikato, New Zeaartle
keynote speaker. Professor lan is a Professor of Computerc8aead will sha his experience and
knowledgeon Data mining, Machine Learning and the Weka tool

As part of the conference, a panel discussion will be befiBusiness innovation through Big Data
analytic® .

There will also be oveR5 presenterdrom local and international universities, who will share their
views and experiences, during the conference.

This will be an invaluable opportunity for researchers, academics, professionals and interested parties,
to gain an insight into emerging trends in the fields of IT and business, network with colleagues,
communicate with industry leaderstjmulatetheir innovative selvesand expandheir vision while

havinga relaxing and memorable time.
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MESSAGE FROM THE FOUNDER AND CHAIRMAN:
INFORMATICS GROUP OF COMPANIES, SRI LANKA

The Informatics Group which is a pioneer in the ICT sector consists

of Hardware and System Integration, Software, Education and
Agriculture arms. The Informatidsistitute of Technology (IIT),

which is the education arm of the Group, has been credited to be
Sri Lankads first private higher
world renowned British degrees in the field of ICT and Business.

Today, Information Communation Technology has evolved
rapidly with new technological innovations being introduced every

day. | am proud to say that we have kept up with the new trends in
technology and as a country, we have made great progress in the
ICT sector. We started Informies 31 years ago with the vision to
empower the ICT sector. Back then people in Sri Lanka were cynical of ICT. However, they soon
realized the value of ICT. In order to strengthen the workforce in the ICT sector in Sri Lanka, we need
an ICT literate workfrce and we strived to achieve that objective. With this in mind, we established
IIT in 1990. As of now, IIT has produced over 3000 graduates and has awarded nearly 600 scholarships.

We have been able to shape and empower the progress of many indos8red anka through
technol ogy. The next goal for Sri Lankads | CT
companies working in the ICT industry should work towards achieving that goal.

We are once again hosting the International Conferentronations in Infobusiness and Technology
(ICIIT-2017) for the 2nd consecutive yeamptomoteresearch and knowledge sharing to facilitate the

ICT industry with current trends in data analytics. We are show casing 26 research papers today.
Congratulatios to all the authors who will be presenting their work. We also warmly welcome
Professor lan Wi tten, who accepted our invitati
and participants a fruitful session

Dr. Gamini Wickramasinghe

Founder and Chairman Informatics Group
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MESSAGE FROM THE DEAN:
INFORMATICS INSTITUTE OF TECHNOLOGY, SRI LANKA

Welcome to the 2nd International Conference on Innovations in Infobusiness and Technology (ICIIT
2017) organized by Informatics Institute of Teology (IIT). IIT has produced several high caliber IT
and Business graduatehoare playing a pivotal role in empowering many industries and organizations
across the globe.

ICIIT 2017 has proved its maturity with over 25 acadepresentations from local and international
universities in the fields of Computer Science and Business Management. It brings to the forefront the
work carried out by researchers worldwide to present their findings and ongoing work to academia and
industry.In pursuit of innovation and enhancement, it enables researchers around the world to showcase
their novel perspectives on diverse issues related to big data analytics.

We are extremely thankful to our technicalsgmnsor the Hearning andlrechnical Communication
ACM Professional Chapter of the JapaéaSection. We also acknowledge the support of our Sri Lankan
industry sponsors in making this a reality.

This yeards theme fABusiness I nnovat i oearcherfito ough
review the new trends in Big Data AnalytiGhe revolution of Big Data Analytics lies in improved
statistical and computational methods. The increasing demand and its capabilities are spurring advances
in new ways of linking datasets to geaternew insights and creative approaches to visualizing data for
creating knowledge.

Professor lan Witten from University of Waikato, New Zealand who is akmellvn researcher in Data

mining, Machine Learning and the Weka tool is most fitting to be thenkée speaker. We warmly
welcome him. We also thank our panel members for their contribtdiono d ay 6 s s essi on
experience and knowledge adds immense value to our conference. We are indeed grateful to the 50
local and international reviewers atfte conference organizing committee, who tirelessly worked
towards the success of the conference.

Wishing you all a very fruitful and rewarding conference.

Ms Naomi Krishnarajah

Dean Informatics Institute of Technology
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MESSAGE FROM THE CHAIR:
ACM CHAPTER ON E -LEARNING AND TECHNICAL
COMMUNICATION, JAPAN

On behalf of the ICIIT2017 organizing committee, | am honored and
delighted to welcome you to the International Conference on
Innovations in InfoBusiness and Technology atitifiermatics Institute

of Technology, Colombo, Sri Lanka. | believe we have chosen a venue
that guarantees a successful technical conference nestled in the culture
and scenery of incredible Sri Lanka.

The IEEE student branch of IIT is organizing this coefee with
technical sponsorship from the ACM chapter otheaning and
Technical Communication, Japan. This is a unique conference in a
developing economy context that is broadly focused on both pure
technological innovations and the business of technoldgygh of the
research discussions and presentations related to this confaremstated to the use, design and testing
of software and other interfaces for iffasiness applications.

The last decade has seen the industry evolving significantly with amallenges requiring new
approaches in applying technology to achieve cost and operational efficiencies, sustainability and
stakeholder expectations. This new trend calls for innovation and new initiatives across every aspect of
how the industry engagéscally and functions globally. Given the changes and commercial realities, a
customized set of tools and technology, systems, models and capabilities can further ensure cost
efficiencies. This conference will address the approaches, challenges, suaeddbeduture direction

for new growth opportunities in this dynamic environment.

The ICHIT 2017 conference theme is Business Innovation through Big Data Analytics. 2016 was a
landmark year for big data with more organizations storing, processing, aactiegtvalue from data

of all forms and sizes. In 2017, systems that support large volumes of both structured and unstructured
data will continue to rise. The market will demand platforms that are expected to help data custodians
govern and secure big dathile empowering end users to analyze that data. These systems will mature
to operate well inside of enterprise IT systems and standards.

ICIIT2017 is an opportunity to explore and discuss business technology in a way that can help small
businesss look bigger than they are and keep them ahead in a competitive marketplace.

Our technical program for ICIIT2017 is rich and varied with keynote speeches and multiple live
presentations on software and hardware technology, business technology and practieeslopang
economy. We also expect to provide an intellectually diverse and open exchange of ideas and numerous
opportunities for informal networking.

The local organizing committee members have worked endlessly with dedication and commitment in
planning ad organizing both the technical program and supporting social arrangements. In particular,
we thank the program chairs for their wise advice and brilliant suggestions on organizing the technical
program; the program committee for their thorough and timelewing of the papers, and our
sponsors who have helped us to maintain reasonable costs of attending and hosting ICIIT2017 for all
participants.

All in all, this effort is a brilliant achievement for this leading technological university in Sri Lanka.
This initiative by IIT will go a long way in establishing a magnificent trend that would widen the
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spectrum of infebusiness research in Sri Lanka and further open up networking opportunities with
Japanese Universities and research laboratories. Finadly\cdhference has laid the groundwork for

more facultyto-faculty cooperation and student exchange between The University of Aizu, Japan and
IIT.

I would like to thank everyone attending this conference. Have a great time.

Prof. Debopriyo Roy

Chair - ACM Chapter on E-learning and Technical Communication, Japan

vi
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KEYNOTE SPEAKER

Emeritus Professor lan Witten

(University of Waikato i New Zealand)

lan H. Witten is a computer scientist at tdeiversity of Waikato, New Zealand. He is a Chartered
Engineer with the Institute of Electrical Engineers in London who graduated from the University of
Cambridge with a BA and MA (First Class Honours) in mathematics in 1969 and a M.Sc. in
mathematics andomputer science from the University of Calgary, where he was a Commonwealth
Scholar, in 1970. He received his Ph.D., Learning to Control in 1976 from the University of Essex,
England (Electrical Engineering Science). Witten is-@rmator of the Sequit@gorithm and original
creator of the WEKA software package for data mining.

Witten is a Fellow of the Royal Society of New Zealand and a recipient of the Hector Memorial Medal
which was awarded to him in 2005.
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KEYNOTE SPEECH:
BIG DATA, DEEP LEARNING, AND WEKA

lan Witten
Department of Computer Science
University of WaikatpNew Zealand
ihw@cs.waikato.ac.nz

ABSTRACT

When is data Abigo? We examine this question
mining system. Thevidely used Explorer interface is limited by the fact that datasets must fit into main
memory. However, Weka also has facilities that transcend this limitation and can learn from effectively
unlimited datasets which requires machine learning methods thadrate incrementally, in one pass
through the data. Weka includes incremental implementations of standard classifiers. Its Knowledge
FIl ow and command | ine interfaces can be used
expressly designed to woon unlimited data streams, and includes suitable data generators and
evaluation methods. Distributed Weka allows Weka to operate on multiprocessor clusters based on
either the Hadoop or Spark architect utearsng We
renai ssanceo: the application of high capacity
particularly in areas of image recognition, face recognition, and language processirgpetdhGPU
implementations are critical to the succegshese techniques. Weka supports deep learning with a
classifier that applies Deeplearning4j, an open source program library that includes distributed parallel
versions and the ability to operate on a GPU. This Weka facility is unique in that youataa leep

| earning network without writing code. The aim
of big data as fidata of a very | arge size, typ
present significant logistical challergge 0

Xi
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PANEL DISCUSSION:

NBUSI NESS | NNOVATI ON THROUGH

ANALYTI CSo

Thepaneldisaussionwill revolvearoundhow4 keytechnocratsrecreatingnewindustriesattheglobal
levelin areagangingfrom datasciencebusinessntelligence big dataanalysisdatamining, andgive

you the opportunityto find out directly from themhow you could bestsetaboutfollowing their lead.

Panelists include

Panelists

Dr. Ranjiva Munasinghe

Head of Delivery for Gestetner
KPO and CEO of Argyle X

Ranjiva is the Head of Delivery for Gestetner KPO and CE
Argyle X. He oversees business operations & delivery for
two companies. Both companies are in the Data Science ¢
with Argyle X focusing on Business Intelligence & Finance,
GestetneKPO specializing in Biostatistics. Previously Ranj
was Vice President at Copéd
Knowledge Services) in the Quantitative Services division.

His areas of expertise are Data Science and Quantit
Finance, covering a wide rga of projects in areas such
portfolio optimization, interest rate modelling, ctsnefit
analysis, Monte Carlo simulations, derivative pricing, ¢
mining, credit scoring, segmentation and survival analysis.

Ranjiva has lectured at the University ®¥arwick, UK;
University of Colombo and Informatics Institute of Technolo
Sri Lanka. He also has extensive experience in training t
throughout his career at Copal Amba, Argyle X and Geste
KPO.

Ranjiva obtained a PhD. in Mathematics and a BSklaths &
Physics from the University of Warwick, and a Masters
Mathematics from the University of Cambridge. In addition
holds a Certificate in Quantitative Finance (CQF) professi
gualification in Financial Engineering.

Mr. Sankha Muthu
Poruthotage

Co-Founder- LinearSquared

Sankha, is the efounder of LineaiSquared providing
sophisticated analytics solutions in a eeffective manne
across multiple industries such as Telecommunication, Apg
Finance and Insurance, IT and FMCG. idalso involved in
developing unique, customized and innovative solution
predictive modeling, forecasting, segmentation / clustering,
optimization and an expertise in applying a wide array
modeling and analytics techniques drawn from stadist
mathematical, machine learning paradigms. He has also w
in the capacity of a researchePredictive Modelling ang
advanced Analytics at the Plymouth Rock Assurance in Bo

Xii
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Sankla, holds a Bachelors degree in Statistics from
University d Colombo and has followed his Masters
Actuarial Science. He has obtained his PhD in statistics fror
University of Connecticut. His research interests are toward
areas of Sequential sampling techniques, Probabi
convergences, Multivariatanalysis, Data mining, Predictiy
models, Decision theory and Bayesian inference

Mr. Sriganesh Lokanathan
Team LeadeBig Data Research
T LIRNEasia

Sriganesh Lokanathan is Team Leadld3ig Data Research @
LIRNEasia, a prepoor, premarket think tank based in §
Lanka, but active across emerging ABiacific. At LIRNEasia,
Sriganesh coestablished and leads a muisciplinary researc
practice onbig data for development in Sri Lanka a
Bangladesh. His worksnvolve the conceptualization an
implementation of big data analyses to support gl
development, understanding its implications on society,
mainstreaming its use for social good. The research inv
combining big data (mobile network big data, electyi
consumption data, satellite imagery, CCTV footage) \
traditional statistics and data to develop insights for inforn
various developmental policy domains (official statistics, ur
and transportation planning, health, etc.).

At the invitation of he Government of Sri Lanka, he recen
contributed to the Western Region Megapolis Plan, provi
data driven insights in the planning process. He has publ
widely and is often invited to speak on the topic in internati
forums. He holds a Bachelods degree in

from the Massachusetts I ns
degree in Public Policy from the Lee Kuan Yew School of P
Policy of the National University of Singapore.

Jiffry Zulfer
FounderCEO of PickMe

An entrepeneur counting 17 years of founding and success
running several technologyased ventures, Jiffry Zulfer
currently FoundeCEO of PickMe, a ground Dbreakir
technological innovation that addresses an everyday proble
taxi hailing. Zulfer has ot only driven the substantial growth
the 2 year old staup, but has also inspired many others to t
up the challenging route o
space.

Zulfer started off with a server solutions business, when he
just a 1#year old school boy. He then went on to develop a[
to-peer trading platform, followed by a fulledged Internef
Agency.

Zul ferds efforts in techn
Young Entrepreneur of the Year Award in2004) and the I
Young IT Profesenal Award in 2006.

Xiii
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He was CTO and part of the founding managemen
anything.lk (rebranded as wow.lk, following its acquisition

Dialog). Anything.lk was the first of its kind in thecemmerce
space in Sri Lanka and is still the market leader of the daily

businessZulfer exited wow.lk in 2014, to give life to his n¢
brainchild, PickMe.

Following the global trends towards smart investment

shared economy and with his experience with PickMe, Z
believes car ownership will soon become a thing of the pag
says ride sharing is the smart alternative to car ownership, \
also benefits both the overall economy as well as

environment. He believes Sri Lanka has come a long way &
ready to embrace the next wave of growth.

Convener

Dr. Ruvan Weerasinghe

Former director of the University
of Colombo School of
Computing

A former Director of the University of Colombo School
Computing He also served as a Visiting Professor at
Management & Science University of Malaysia (MSU) @1@
-2011, visiting Faculty at the Umea University of Sweden in
Fall of 2013 and Dean of the Informatics Institute
Technology, Sri Lanka in 2015/2016. In 208&was an ERCIM
Fell ow at Franceds | NRI A L
Visiting Scholar at Carnegie Mel | on Uni ver
Technology Institute in Pittsburgh, USA.

More recently,he serve®n national committees for upscali
the talent pool in data science through the National Hu
Resource Development Council (NHRDC), &mtting up ofa
Biotechnology park through the Ministry of Science Technol
and Research (MoSTR), for designing a National Ex
Strategy in Sri Lanka through the Export Development B
(EDB) and for developing a policy for promoting Knowled
Services through the National Science and Technol
Commission (NASTEC).

Hisresearch interests are in Computational Linguistics inclu
Machine Translation, and particularly in techniques emplo
statistical methods and machine learning using large data
He leadsa group of &8 researchers involved in Langud
Technol ogy at the UCSCb6s L

(LTRL) since 2004 His research interests expand naturally
Artificial Intelligence and more recently Bioinformatics.

Xiv
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Realizing the True Benefits of Public Complaint
Management Via an IT-Enabled Conceptual

Framework
PrassannBathmanathan Ryan Poulier
Informatics Institute of Technology Informatics Institute of Technology
57, Ramakrishna Rd 57, Ramakrishna Rd
Colombo 06, Sri Lanka Colombo 06, Sri Lanka

via hotlines, websites and mobile apps, on issues such
ABSTRACT 1-1 as potholes, broken sidewalk$looding, garbage
Adoption of open government initiatives and dumps, illegal graffiti, faulty street lights, overgrown
enhancement of citizen engagement is on the ridges, etc.; with photo and video evidence and accurate
across the world. Public complaint managemerféPS locations. After capturing the complaints in a
solutions are a key part of such initiatives. Howeirer centralizedsystem, government officials are able to
Sri Lanka, there is general dissatisfaction amongdfalyzethese complints and forward them to the
citizens due to issues ithe current public complaint reélevant departments, while monitoring the complaint
management process. Having identified these issué$atus in reatime.

this research details the approach for creating afitizens are also provided access to this system,
effective IT solution which is backed by ayhereby they too can monitor complaints via a
comprehensive conceptual framework. In order tQepsite/mobile app. In addition to monitoring
ensure greater citizen partiaigon in public complaint  complaints, citizens can also submit votes and
management, the framework highlights attitudinaleomments  for eachcomplaint. Therefore both
social, technological, ~and knowledge  andyovernmeninstitutions and citizens work together in
communication factors which must be taken intQesolving complaints in a transparent manner. As a
account. These factors weaealyzeased on existing resylt of this transparency, the perceptions of trust and
literature and validated via intervis with government  accountability of these institutions is high amongst
officials and questionnaire distribution amongstitizens [2]. In addition, due to the abilityaveissues
citizens. As a result, this research provides thgsolved fasterand the subsequent creation of a better

blueprint for both an IT solution and a conceptugimage ofthe government, the occurrence of conflicts
framework which government institutions aatilizeto  \yith the nstitutions is also racted [3].

successfully improve their publi complaint
management process. 2. RESEARCH PROBLEM

Categories and Subject Descriptors This researchcenterson the question of whether

Applied computing- E-government citizens have an effective public complaint
management solution for submitting complaints to

Keywords government institutions and monitoring these
Citizen engagement, Complaint management, &omplaints;inamanner which suits theiquirements.
Government, Conceptual framework As such, the objectives of the research are
understanding the influence of citizen engagement
1. INTRODUCTION concepts on public complaint management, identifying

In many countries, citizens are able to directly interaépe factors affecting citizen participation in_public

with government institutions, in line with open Complaint management, a_nd_ o provide

Lo o X Jecommendatlons based on the findings.
government initiatives. These initiatives are title
6citizen engagement d6. A dmrcSolkadka,ordy a tinoted @ymben of iSsaes submittete n t
Guide, citizen engagement is crucial if opervia existing methods were resolved successfully [4]. In
government initiatives are to be successful. Citizeaddition, the problems highlighted below have led to
engag@ment is important for governments asitensuresi t i zens being di ssatisfied
citizens enjoy their basic human rights via the creatiorespnsiveness to resolving their issues, while there is
of a just and fair society [1T-he ability for citizensto al s o a 6di sconnect 6 bet ween
participate in government activities is also in line witlcitizens due to low levels of transparency and
the Universal Declaration of Hiem Rights. As a key accountability [5]. Thus it is practical for a country like
component of engaging with citizens, many of thes8ri Lanka to implement a comprehensive public
countries have implemented complaint managemenonplaint management solution, considering it is also
solutions which enable citizens to submit complainta participant in the Open Government Partnership [6].
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government institutions resolve these issues in order to

2';" Ha33|e In reporting _ . improve the future of citizens/momu ni t i es 6 .
It is evident that the current methods of submitting

complaints have several issues including unnecessd#§ing a democratic nation, Sri Lanka has indeed
wastage of time makinga call to government officials Provided opportunities for its citizens to be involved
is time consuming and costly for citizens while publigvith their government. Some of the examples of
meetings are also tireonsuming. Citizens are also complaint management in Sri Lanka include such

inconvenienced as calls are unanswered and letters Af@grams as Jana Saviya, Gramodaya Mandala,
misplaced by officials. Gemidiriya, Jana Sabha and Gama Neguma [12]. In

most of these initiatives, citizens are able to discuss

their concerns and voice their opinion with government

'gstitutions. Many private media institutions and NGOs
ave alsoorganizedsimilar programs, makingse of

2.2 One-directional reporting
This results in citizens experiencing issues such

difficulty in tracking the status of a complaint in real

time. Thus citizens are unclear if the issue has beé ghnolog|e§ SUCh. as tgleconfergncmg to enable
attended to or not, unless they contact governmeﬁ izens to directly discuss issues with top government

institutions. This lack of feedback has caused ° g:{ia St:I Lt?]r(]ekaGslseorngaesntaIgifgzzi?q hgg::?é
levels of transparency on government operations [ P y v '

There is also inability to easily provide feedback on th %IC)Ié.n\;VSh'CI\r;lana”OV;Serﬁ'#éirtls égs'tseibr:lgo t;‘li;r
solution provided for the complaint as the onlyC mplants. y gov WebsI w

6feedbackd is to submitV torsntgv\?ubr(plb FH r_{_cgmptl_?qjts/qn%vqnc% N3 san
issue. online forms. n a dition, various goygrnment
institutions have dedicated hotlines for citizens to

. . complain about breakdowns, hazards and other related

2.3 Lack of an organized complaint issues. Further, municipal councils have public
management process compl aint offi c-eveeklyameetingép ubl i
Government institutions face issues such as inability {@here citizens can meet government officials [8]. The

readily track history of issues in different geographicaturrent generalizell complaint management process
locations due to the lack oentralizedrecord storage. in institutions is shown below (see Figure 1).

Duplication of work is also an issue as many citizens i

could submita complaint on the same issue howevefOWever there are several issues. One of the more

these would be treated separately by different officia@2Vious is the focus on the use of letters [7], [8], [9].

due to manual filing systems [8]. Inability to easily!NiS would certainly slow down the process. In

track status is also an issue for government institution@ddition, there is no method for citizens to provide

It would take at least a few hours for the vaiet feedback on the solution providedhey simply have

reports to be prepared in order to identify the stafus ©© £ ¢ e€pt the complaint as o6c
complaints9]. some government departments such as the Colombo

Municipal Council (CMC) and Central Environmental

. Authority (CEA) have implemented IT systems for

_2'4 . La_Ck of evidence for government government officials to manage complaints, citizens do
Institutions not hae access to these.

Government institutions face issues such as
insufficient/poor gradevidence (photos, videos, etc.)
to supporta comphint at the tine of submission and

this impacts thealidity of thesecomplaintd7]. Delays e W g
also occur as officials would first need to visit the | B ol B LT
location in which the issue was reported and observ(EES leter e
the situation, before attempting to provide a solution| —

instructs

This is mainly caused due to the unavailability of i orcil relevant

forwards letter e

accurate locationsideally GPS locations are needed S et
[10]. Another headache for the government is that time 3

and effort is wasted as some reports are fakiee
government institution is unable to judge the validitv
of a complaint at the time of receiving it [7]. Figure 1. Current public complaint management

3. LITERATURE REVIEW Thus .Sri Lan_!<a6§ _c_ompl aint
Citizen engagement is Kk H%Wﬂma'ﬁeg Iargqu(ftrat_mﬁqﬁaé ‘gl@ limited usg Qf; ¢ h
citizens participate in the life of a community in ordetmOdern technology an F’”ma'_“'y réquiring citizens to

to improve conditions for others or to help shape thgpproachgovernments to submit complaints. Ho!vever
communi tydés f uh the debnitign bfl ovaernmegnts Sh.OUI.d. nnow 9
public compl aint manage AhypEsatiqns, (pfe byb gngaglﬁge cﬂgcw%grréorei n
which citizens/communities can report issues @roactively an emons trat
government institutions and the manner in whicf "gagement 1s va luedo [13]
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3.1 Shortcomings in existing complaint 3.3 Comparison of existing IT solutions

management initiatives for complaint management

As highlighted previously, many countries haveHavinganalyzedhe existing solutionésee Table 1)
successfully implemented complaint management ambticeable limitatioris that none of the solutions allow
other related citizen engagement initiatives. Oneitizens to provide feedback on the solutien
primary example is 311 systems. Many cities in theomplaints are simply closed by governments; and
United States have 311 hotline systems for submissia@itizens have to assume that the government has
of nonemergency complaints. Such cities includectually resolved the issue. Further, citizens have no
Boston, San Francisco and Washington DC, which alsdea of how long the need to wait for a reply after
have websites and mobile apps [10]. 311 systems hasgbmitting a complaint. In addition, a majority of the
also been implemented in several European natiosslutions do not allow other users to up vote/down vote
including the UK and Germany. complaints, so there would be insufficient pressure on
the government. All solutions also give citizens the

While complaint managemeinitiatives have several . . .
benefits as highlighted in the first part of this papegmpressmn that governments have sufficient resources

many authors highlight a few inherent issues whicﬁ: solve all submitted complaints. It is also evident that

. . . ‘there can be an overabundance of data as even
should be considered when implementing a complangt

. S : mplaints which lack proper evidence (photos/videos)
management solution. One of the main issues is thg?e immediatelv directed to the svstem. Anv new
there could be anoverabundance of data and Y Y : y

) . . solution must take note of these and mitigate them.
complaints in government departments. According to

Offenhuber [14], this could lead to slow complaint, .
handling, which will lead to citizens feeling frustrated 3+4 Complalr_n management

Thus government officials should be sufficientymodels/theories

trained so they posss the skills and resources toThe framework created by the Ombudsman of New
respond to complaints quickly [2]. Governments ca®outh Wales (Australia) was chosen for identifying

also receive misleading and unhelpful complaints dugprovements to the current process, due to several

to reporting of issues not covered by the systenfiactors. Firstly the framework (see Figure 2) was
vengeful submissions, oveise of the system, etc. [10]. created in order to implement AS/NZS 10002:2014:
Clark and Logn [10] further highlight the issue of Guidelines  for  complaint ~management in
biases in complaint submission. They conclude that tlegganisations, which is itself based on SO
issue is unavoidable due to human nature. Howeveér0002:2014: Quality management Customer
evaluation of existing solutions indicates that a systesatisfaction- Guidelines for complaints handg in

of reputation or loyalty points for citizens will edab organisations. Thus the framework provides guidance
governments t o di scer n ondthe intematianally Hegognized upbingiples sand n s
from others. Therefore, IT-based complaint concepts of an effective and efficient complaint
management solutions need to be planned carefully meanagement system [16]. Several public complaint
ensure the benefits outweigh the costs. Government®nagement systems have also been implemented
woul d otherwise feel t hauccassfullyeiryAustralig ant beweealarsl daseddon e t
off6 with their existing thisframewosktandthésdurtharindicatesdts réleyames..
government institutions too need to be aware of thes

inherent issues, so they could have the suitablg TR [
mitigants in place. P

Teasons

Jor

decision

3.2 Impact of technologyon complaint

management initiatives

Governments throughout e¢h world have been
incorporating Web 2.0 technology into their initiatives
for at least a decade. A majority of these initiatives
facilitate the submission of complaints to speci  Figure 2. NSW Ombudsman complaint handling
government departments via websites. These platfa procedure[16]

have now evolved intmobile applications, driven by

the rapid growth of mobile phone technology and usg, . ;
of mobile phones [15]. The implementation of thess-?hls framework was compared with the current process

. 1 Sri Lanka and sevaf notable differences were
systems has also been made simpler due to eaﬁljﬁéntified

accessible geographical information systems like '

Google Maps.Therefore,it is certainly prudent to § Receive- At the reception stage, all complaint
utilize the latest technological trends in citizen  details, even for complaints which can be resolved
engagement. fairly quickly (e.g. wordof-mouth); must be
recorded and assigned a unique identifier. These
guidelines are curremntinot fully adhered in Sri

Lanka since even though letters are indexed, there

Opticns for

redress and

close complaint
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is no method to easily track them except in thostking action based on their input within a reasonable
institutions which use IT systems. time period, there is a tendency for them to feel their
opinions were unvalued [13]. This would reduce
. : ) articipation levels. In addition to this, perception of
prowde_ acknowledgement_ of having recewgd th overnment institutions plays a major pait
complaint and the action taken, W't.h'n aWiIIingness to participate [19]. Most citizens tend to
reasonaple r_1umber of working days. This doe ave a negative view of their local government and
_happen in Sri Lanka, wherelthe rule in dgpgrtmenbse"eve the government would disregard their opinions
is that a letter must be dispatched within threﬁnd views, citing such reasons as poor provision of

working days [7], [8]. services, uncooperative government offisiand false

f Address and investigate The government Promises of politicians
institution which receives the complaint must
decide if the issue raised is within its control and.5.2 Social factors
must also consider the outcome sought by th&ocial factors are those factors related to complaint
citizen/s. Following this, information must be management which are shared by large groups of
gathered on the issue and it must be investigat@itizens. Some groups of citizens are of the rsad
thoroughly. that participation only suits certain typespeople and
. " . that they themselves do not belong in this group. This
T Provide easons for decision The citizen must o conion is especially true amongst youth, according

receive_ information on the outcome of theto Lowndes, Pratchett and Stoker [19]; who feel that
complaint action taken, justification for the

1 Acknowledge- The government institution must

- . . i overnments are not interest
decision, the solution put in place and options t ddition, according to Udmma [20], especially in
review the decision. Though this does happen ig ", n,t ries such a,s Sroi Lanka

Sri Lanka, the information isometimes only , ¢ ychosiso where citizens h
received after a significant period of time; ancEubmittin complaints due to the belief that this would .

citizens cannot easilyy tﬁe?n%ohteoWavoF \bjitﬁ‘ ot cttifehs"aMtf fie © S

decisions. government. According tBrennan and Douglas [18],

§ Options for redress and close complaiffthis is  confidential complaint submission channels (which
the end point of the process, where there is mudifizens trust) must be available. Lack of any form of
room for improvement in Sri Lank&ccording to  direct reward- tangible or intangible, would also lead
the NSW Ombudsman, governments must stof® reduced motivation. In Fbased initiatives, such
records on how the complaint was managed, tHaotivation couldbe provided more easily as citizens
outcome/s of the complaint and any outstandingould berecognizedthrough gamification techniques
actions that need to be followed up. This allow$ Uch as a o6points systemd b

analysis of the complaint at a later date and alsdcuracy of submissions, validity, etc. [21]. Further, if
ensures history on the issue. governmentsecognizecitizens through channels like

newgapers, there would be an even greater sense of

3.5 Factors affecting citizen participation ~ achievement.
in complaint managemer initiatives
Rather than simply identifying the existing issues an hese factors relate to the use of ICT in complaint

attempting to provide a solution, thigsearchalso management solutions. Mergel, Schweik and Fountain

cons!ders what WOUId o!rlve C|t|zgns to use Such 5] highlight that there is a high tendency for citizens
solution. Thus this section examines factors whic L )
0 use commuication method where less effort is

would ensure citizens will use the complaint ; ; . .
. . . equired(such as IT solutions) teubmit complaints.
management solution since failure to have adequa . . : :
- o . . According to Mergel [5], citizenfavor using dedicated
citizen participation would only contribute to its . ;
failure telepho_ne hotlines, websites and apps d_udhts
’ convenience. Ease of use of the IT solution is key [21].
IT-based complaint management solutions which

tudinal f | he feell equire less user effort and are faster and simpler to use;
Attitudinal factors are related to the feelings ofyro ngre likely to succeed over solutions which

individual citizens regarding complaint managemenfyomand more time and efforTherefore. the IT
One of the main factorsould be social responsibility o tion itself must be simple, user friendly and easily

which drives such citizens to take action againSlccessiple. Further, emphasis should not be placed on
wrongdoings in their community, help their localf ¢ st yre richness but instead

government in solving issues, etc.; so that society Coué%ecific service thatast i sfi es a clear us¢

be benefitted. Contradictory to the above, there are algp\ aver with the use of ITthere are instances where

citizens diven by selfinterest and who only become jiterent classes of society are not provided with

involved with initiatives directly affecting their portunities t o Voiece t hel
t

personal interest or the interest of the community i y | usi ond i s elaged compldint y r

which they reside [17], [18]. Trust in government iSpanagement initiatives where different income levels,
also key since if citizens do not see the government

.5.3 Technological factors

3.5.1 Attitudinal factors

Proceedings dhternational Conference on Innovations in hiasiness and Technology 2017!"30ovember 5
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broadband access, dew power and capabilityetc.;

have been used to create the conceptual framework and

can lead to a divide being formed where only wealthidil solution.

citizens are able to engage with their governments

using modern methods. According to Brabham [22]5 KEY FIND INGS

this  would undermine the purpose of citizentne key findings are highlighted below (see Figure 3).
engagementThereforejt is important for government These were identified based on the literature review

institutions to not only focus on based complaint anq primary research.

management methods, hotalso focus orenhancing

existing nonlT-based methods i

3.5.4 Knowledge and¢ommunicatiorfactors
Knowledge and communication factors are those
which arerelated to the transmission of information
regarding complaint management.Traditional

complaint management methods involve publig
daygmeetings Miah, Gammack and Greenfield [23]

point out that most citizens are unaware of such{

meetingsandthe fact thathey havethe opportunityto
participate. This is mainly because of a lack of direct
communication regarding such initiatives [18], [19].

Traditional complaint submission methods such as |

public days also require citizens to be in attendance.
However timeto attend such meetings is a scarcity in

this day and age, especially for employed citizens. q

Busy and thoughtful individuals who perceive the
meetings as a waste of time could also be discouraged
from attending. Lowndes, Pratchett and Stoker [19]
indicatethat citizensfavor a complaint management
service available at any time of the day. Further,
Brabham [22] points out that one of the main reasons
for the popularity of IThased complaint management
solutions is the possibility of anonymous use. Such an
opportunity for anonymity would not be possible in
traditional methods such as meetings

4. METHODOLOGY

A mixed methodology consisting of both qualitative
and quantitative data gathering was used for
understanding how citizens participate in publig

Citizens must be able to provide photos, vic
and GPS location for each complaint as lack
evidence is a major issuarecently.

Citizens must be able to vote and commg
with over 70% of respondents noting tf
enables institutions to judge which issues n
to be resolved first.

Anonymous complaint submission options ¢
needed and the ability to use the entire sys
anonymously would be an added advantage

Citizens must be able to escalate complaintg
which suitable solutions were not provide
directly to selected government officials.

Citizens will need regular and timely stat
updates from government institutias 82%
of respondents agreed that feedback was
presently provided quick enough or not in
appropriate manner. Further, 76% of sur
respondents indicated theyould feel their
complaint is not valued sufficiently if actio
was not taken within aeasonable time, thu
directly leading to loss of trust in th
government institutions.

While recogniing citizens who use the ne
system, government institutions must contir
to develop their existing nelT-based
complaint submission methods as to avi
digital exclusion

complaint management and to validate the above
factors. The population for this research includes all
citizens who live in/work in/regularly travel around Sri
Lankads key cities.

From

Figure 3. Key findings of the research

this, a sampl e of

millennials who live in/work in/regularly travel aroundg. CONCEPTUAL FRAMEWORK

Silankatds capital were fpandRdptuad frdmBvibk € Bee Fiye) R
struct_ured _questlonnalre was plloted via an onlinggnstructed using a botteap approach and provides
questionnaire tool. For gathering qualitative datgyjrection to the findings from the background research,
interviews were held with the following governmentjieratyre review, interviews and questionnaire, in

institutions - Colombo Municipal Council (CMC), (erms of increasing the efficiency and effectiveness of
Central Envionmental Authority (CEA), Road complaint management

Development Authority (RDA), Urban Development
Authority (UDA) and Ministry of Health (MOH). The
gathered data, mappings and results of the findings
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. . . . complaints.Visibility of complaintsis global with

6.1 DISS_a_tISfaCtlon re_gardlng the er’CeSS complaints sorted by issue type, location, submission
of submitting complaints & the solutions date, etc. Once the government acknowledges a
provided for issues complaint as closed, citizens are able to validate this
As identified previously, many countries have closure with photo, video evidence and a rating, while
successfully implemented complaint management they could also rsubmit/escalate the complaitat a
solutions. This fact, along with the cent problems  particular government official if they are unhappy
in submitting complaintbas led to a gap which needs With the solution. Citizens are rewardeda a

to be addressedh countries such as Sri Lanka. points/badges scheme.
. .. “Sperfight” complainr — Process
6.2 Factors affecting citizen [[: naagomensonion || uoprovemems |1}
partICipation In Complalnt management Current standard of the Gap Expected standard of the
initiatives complaint_management ||| omplaint mamsgement
The factors identifieéiboveare incorporated into the - Hasde inseporting regarding the —
conceptual frameworks the second element. These || - e eeienst ibm; w e
factors ensure citizens will use the complaint - Lack of 2n orgamised |\ | e | )| - Highly  organised
3 H complaintm anagem ent complaintm anagem ent
management soluticeffectively. process solutions provided process
- Lack of evidence for the for subm itted issues - Adequate evidence
. governm ent subm itted
6.3 Process improvements to the T
: [ | I |
Complalnt management process Artitudinal Social factors Technological Knowledge and
The third element is process improvemerithe factors L factors Communication
speed of resolving issues and frequency of status | - seca . exclusion o e
. . responsbility of reportin;
updates on a complaiate key areas for improvement o el Gl S
- governmentinstitutions must ensure that status s | e - Speed  of
. . . stance N
updates are provided regularly in order to avoid govemment i -Resourcesin | | foRORck
. . . e . - Interest in EOVertm ent 7 T
citizens losing trust in the initiatigeFor ths purpose, Ll Ll /
the government may need to consider allocating Factars influsncing cltizen pariic pation in complaint management initiaives

dedicated staffAnother area for conceaccording to
McNutt [13] and Mergel, Schweik and Fountain [15],
is thatmany officials fear a loss of control in terms of
the content exchanged with citizerinaddition,there 7. _RECOMMENDATlONS )

can be disturbances to the perception Of power While the framework and_ IT S(?lutlon proposed here
balance as some officials e el t he g o @8 bagesenpmpsesensive primary and secondary
mandate and sovereignty are Compromised [15] research, the fO”OW|ng recommendations could be
Therefore, careful attitudinal shifts are certainly —hoted. Firstly, the process by which complaints are

Figure 4. Spotlight conceptual framework

required directed to government departments based on their
issue type could be explored in more detail and an
6.4 IT solution for public complaint effective logic inroduced which considers location
when allocating issues to institutiorlSurther, more
management

. . . research could be conducted on reducing the impact
The IT solution (named Spotlight) increases the ¢ misyse which can cause an overabundance of

effectiveness and efficiency of the overall complaint priority complaints for government institutions. An
management process and allows citizens to easilygys/UssSD based agion for basic complaint
participate. Thus the | T §RibnUcodid®diso BePcbrsiefed $h ofddt Go
between the current and expected stamislait the  (oquce digital exclusion. With regards to the
complaint management process. As a result of concentyal framework, specific research for each
Qetalleq evaluation of existing I,T solutions and government institution would need to be undertaken
innovation on part of the project team, the por to implementation of the framerk since each
implemented IT solution isne of akind as includes i titytion would have unique complaint management

all _features of (_aX|st|ng solutions in one interface, procedures and processes: and attitudinal shifts
while alsoproviding many novel features (see Table required for successful implementation

1). The frontends area mobile app and web app
which allow citizens to submit complaints with
photos, video and GPS location and then monitor the
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Table 1. Comparison of existingsolutions

Existing IT solutions Solution
Features Commonwe
SeeClickFix | BOS:311 | FixMyStreet alth CitySourced| Spotlight
Connect
Ability to upload multiple photos Yes No Yes Yes Yes Yes
Ability to upload video No No No No Yes Yes
Anonympuscomplaint Yes Yes Yes Yes No Yes
submission
Ability t_o vote and comment on Yes No No Yes Yes Yes
complaints
Ability tp actively track/monitor Yes Yes Yes Yes Yes Yes
complaints
Complaint merging No No No No No Yes
Complaint closure with
verification (photos, videos, No No No No No Yes
rating)
Complaint can be escalated/re No No No Yes
. No No
submitted
Gamification/reward system Yes No No Yes No Yes

8. CONCLUSION

This research has seen the development effantive
complaint management solution for use by
government institutions the IT solution provides a
strategic overview of how citizen engagement can be

strengthened via the use of IT and any government g

institution could use the conceptual framework
detiledabove as a blueprinthese could batilized

to ensure citizens are provided witn effective
public complaint managemeptocess in which they
would be key players.
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countries hae implemented mobile and welbased

ABSTRACT 1-2 ) i solutions to enable the traffic police division to get as

Traffic police sector is one of the important sectors thaFnuchasdata, such as exact location of an offence, date
directly influence the c4ddd zteinfAes ¢ # v(i)1n1ge,§(§@7nd@rg|sa@5gj ]

economy of the country. Due to unproductivessyes, root cause of the offenceshicle detalils,
operations by traffic police divisions many nations ccTv camera andte.

face high number of road offences. In order to reduce

this drawback some developed and deve|0pindJSing such data improves the level of convenience for
countries have successfully implemented road offencéhe authorities to find out whétteir focusshouldbein
management solutions for diverse offence type. In Srprder to eliminate traffic offences. However, in Sri
Lanka there are many obstacles that hinders thkanka this technology advancement is not available
productive work carried out by Colombo Traffic OWing to the use of traditional reporting. In 2015, 2801
Police Division (TPD). Some of these barriers arePeople were killed and 9.3 billion rupeesswasted
communication gap among enforcement divisions anglue to road offences [2]. In addiia ~vi ol at or ds
with external entities, lack of road offence and defecinconvenience level is high in Sri Lanka, compared to
data, lack of human resources and poor organized rogfher developed and developing countries [15]. The
offence and defect reporting; which have led toabove two findings clearly show that the productive
increase number road offences and inconvenienctevel of traffic police operations is very low in Sri
process faced by traffic po"ce divisions and theLanka. TherEfore, an effectivmffic p0|ice solution
motorists. Based on this background, the research aint§ essential for SLTPD, which allow officers to feed
to analyzeand investigate the difficulties in delivegn ~ offencesroad defects andnalyzethe collected data,
productive work by the Colombo TPD; and to design,in order to make healthy decisions in policy
develop and evaluate an IS solution and businesénprovement and reduce the inconvenience level in
framework, which facilities traffic police to increase current process.

the productivity of operations, in order to reduce they is found that, in Sri Lanka there many researches
number of road offence in Colombo distridhe  yone in improving the performance of SLTPD and
project is focused on increasing the efficiency of theeqycing the inconveniences level of violators.
process that are currently being used by the traff'ﬁ'herefore, researching on the root caudes

police officers. inefficient and ineffectiveessof the operations under
Keywords TPDis essential.
Road offence, road defect, government, traffic police,zl PROBLEM DOMAIN

violator, post office _ _
There are plenty of reasons for the increase in road
offences, such as road problem, lack of driving skill,

1. INTRODUCTION carelessness, weather changss,[18]. The fact the

one of the major reasons for the road violations is

qnadequateinformation to make decisions on the

articular problem, such as black sport locations where

oad of fences of ten happen,
Rformation, accurate date and time of offences [8].

In early 1920s, Sri Lanka affic Police Division
(SLTPD) had been started, in order to control vehicl
congestion [1B Consequentto increasing fleet
numbers and road offences, the governmen
established the TPD as one of the major departmen}
of the police sector. With the intéoh of improving
quality services, the TPD was divided into four Use of traditional reporting method always lead to lack
divisions, which are Education, Enforcement,of transparency and accountability between TPD and
Environment and Engineering (E&E) and Statisticsroad offence [8]. However, all the above mentioned
units [18]. In ordeto improve the road safety, many root causes of road offences cannot be eliminated by
using an Information System (IS) solution. In fact,
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there are some root causes of offences, which cauld bridging the communication gap betwve TPD and

minimized by the TPD; if there is a proper IS solution POD will have high chances to track violators who did

to track and monitor system, which does not requirenot pay offence fine and thereby, reduce the loop holes

the help pf third parties [12]. Therefore, the authorto escape from offence. Furthermore, the process

came up with the following problems that need to bebetween TPD and post office also creates high
eliminated from the TPD, in orderto déep qualty i nconveni ence f orgetingthéirat or 6 s
work that would reduce the number of offences license back.

2.1 Lack of road offence and defect data 2.3 Poor road offence and defect

Good decisiormaking is dependent on the availability reporting

of data, accuracy of data and sufficient amount of datas overnment does not handle large volume of offences
However, in SLTPD, this data is unavailable dae t data in organized way. Due to this, it is impossible to
traditional reportingTherefore a situation is created, track repeat violators details, waste large human hours
where TPD does not have any proper, clear path tg analyses the offencdata and lack of realistic
implement road offence preventive actions/policiesorp f f ence data éet c. I'n order
particular problem. For an example, the unavailabilityoffence, accurate and sufficient data is highly
of violatords deinahe Dever | pnpditant. Dué to thaditRrilPprocess, the island wide
Improvement Points System (DIPS) policy, which wasand city wide data does not come on time to the
to be implemented in Sri Lanka in 2012 [15]. statistic division in ordeto analyzeon offence and

On the other hand, TPD is not aware of the time wheff@ k€ appropri ate decision |
more offenses happen and the locations where moffence prevention actions are always delayed.
frequently offense happen [8]. This disack leads to
improper offense management those location and time2.4 Lack of human resource
Meantime, statistics state that, the underreporting oThe traffic police officers do not have a specific role
traffic offence is 60% to 70% range due toto perform [12]. Frequently, they change their role
underreporting and lack of research among the SLTPRco r di ng t o necessity. I'n fa
[6]. Therefore, collecting suffici¢moad offence and other divisions are also assigned to traffic management
defect data is essential to make healthy decision owor ko6 [ 4] . Therefore, the s|
offence preventing policy. missing in Sri Lanka police division. In order to

analyze and investigate on road offence, the

2.2 Communication gap among professionalism and experience are essential.

enforcement divisions and with external ~ Nevertheless, [13] research state that, multitasking
increase the productivityf work and job satisfaction.

entity

This is a common issue for ajtganizationswhich is Research hlgh'lght that, lack of resources is one of the
especially true is high at gesnment organizations[3]. dr awback i n TPD [ 7]ialized n f ac
The main factor that influences this drawback iswor k cul tureso also influen

traditional reporting culture. Owing to this culture, fesources to manage the traffic work. Moreover,

there is no proper communication within enforcementnsufficient resource would produce a problem where,
divisionds officers r eg athedrafficgolicenceuldrngt alje tg goves e placeg n d
the Registrar of Mtor Vehicles Department (RMV), Where offences often happen.

the post [8]. Due to this drawback the enforcement

division unable to access sufficient information about3. LITERATUER SU RVEY

road offences in order to implement road prevention

action. 3.1 Road safety in Sri Lanka

On the other hand, due to the communication gap witd "€ major responsibility of the TPD is, to keep the

the Post Office Department (POD) creates absence 6f 02 d 6 s safety Il evel high for
validation of violators who had paid the road fineandAS per the author, a TPDOs
not. Due to this obstacle, many road violators ofter® V@l uat ed by the countryos
escape from punishment. In fact, the research of herefore, the authoesearched Sri Lanka road safety

experts [4] found, that the most of the violataiso | N order to evaluate the SLT

violate the road rules and law are escaping fromp 2015, Sri Lanka has hit 2794 death rate due to road
violation due to high inconvenience process face to gefccidents and this has increased to 3003 in 2016 [2].
their driving license back if it had confiscated. The statistic division of SLTP reveals that every three

Relatively 10% of drivers meeting with accidents are2nd & halhours a Sri Lankan is killed in road accident
reported to be without valid driving liogse. This @nd two victims will be critically injured [7]. On
percentage is increased to nearly 25% in the case @verage 7 to 8, people are being killed due to road
serious accidents [1]. The above statements clearijccidents each day. The fig 2.1 (below) shows the
show that violators do escape from offences and covdiraphical view of different road users killed in 2015.
up by creating fake driving licenses.  Therefore,
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Netherland road safety policy has remained
unchanged since 1986, once the policy has changed the
50% reduction in causalities and a 40% reduction in
hospitaliz&l injury victims by 2010. The policy
changes were four line of actions, such as comprise
infrastructure, road usembehavior vehicles and
Intelligent Transport Systems (ITS). Their policy
contains improve the road infrastructure for each
category of vehicle type, separation of opposite traffic
flows, improve the road design to increase the
visibility of vehicles, revoked novice licenses who has
committed serious road violations and introduced new
Figure 2.1.Road user killed 2015 [Source: [7]] technologies to manage vehicle flow and track
violations [L7].

Singaporehad toface number of road offence due to

In Sri Lanka, Colombo city is more urban when significant increase in population and vehicle usage.

compared to other parts of the country and it containd © €liminate the high number of road offence in the

all necessitates and Iwtes. Therefore, the occurrence City, the government had introducedriver

of traffic congestion is very high. On averag®Z®0 Improvement Points System (DIPS). Through this

vehicles enter Colombo daily [6]. This causes highsystem the whoever commit the offence and who has

traffic congestion and there are not enough alternativel§icrease the minimum point for their driving profile,

road facilities to manage the traffic congestions. As¢ hose driverds [Iicense will be

result, the Colombo city got the highest number of roadPeriod. Thus, eliminating the frequent offenmakers
fatality in 2015. from road would significantly reduce road offence in

_ Singapore [14]
On the otler hand, poor road safety and traffic
management would be cost to the government and tH8 @ nutshell, based on those three country the lesson
individuals. As per [Pstatistics Sri Lanka loses 9.34 learned is Information System and collection of road
billion rupees each year due to road accidents damagé&ence data are very important in order to reduce the
recovery and in the last decade 100 Billion rupeegoad offence.
worth of damages caused by road accidents were
recorded [19]. Furthermore, 1.5 % of the Gross3.3 Road offence entering process by
Domestic Product (GDP) is lost each year due to traffiiSLTPD

accidents. Therefore, losing 1.5% GDP every yeaiccording to the industry interviews, the following
will highly affect the nation and citizens negatively in process has been identified. Every individual traffic
middle-income countries. police officer has traffic offeneeeporting book to

In a nutshell, the above statements and findings argnter road offence details. At the end of the year, all
clearly show that Sri Lankan traffic police division is 480 TPD have to create an excel sheet of encountered
not productive enough to control and manage the roatPad offence details and send it to the Colombo
offence. To adopt a good road prevention strategyptatistic division through mail. Once the statistic
plan, it isessential to consider the other countries whdivision receives island wide offence details, the
had a high number of road offence and the strategfrocessing andnalyzingwork commences. The nen

they have implemented to overcome this problem. atal accident details are being processed manually and
documented in Microsoft Excel sheet. The fatal

accidents details are processed with the help of the

3.2 How other countries control road Micro Accident Analysis Package (MAAP) system.

offence
Dubai has faced complication in appropriate decisionSti Lanka purchased a system called MAAP, to record
making for the mvention of road violation due to andlnvestlgate road fatal accidents. The MAAP is a

underreporting. Therefore, they have initialized adesktopbased application, which process amalyze
system call Transportation Information and the data of accidents and provided reports and statistics
Management System (TIMS) to feed accidents datdnformation such as, property loss, loss of life, and
which includes injured and nenjured accidents recovery cost of government and insuramost of
along with other sub featuresuch as continuous €ach accident [18 In Sri Lanka, road accident
traffic counting, operational analysis, highway assetnformationis being entered into manuatBorm and
management and travelers guidance and informatio}@ter the details are transferred into MSsess file and
systems, amongst others. This system has helped tfigally with the help of MAAP system, road accidents
Dubai traffic police to improve the programmed areanalyzedand presented as stais and in report
decisionmaking in offence previon actions. As a form [10]. The following limitations have been
result, the Dubai has become less accident rateidlentified, whileanalyzingthe MAAP solutions,
country in the world [11].
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1 MAAP use MS Access database, which is notbased on the indicators identified in the literature
powerful enough to retrieve or feed datareview. Most of the questionnaire were distributed
effectively to prepare statistics of accidents [4]. through Online and online difficulties and availalyilit

i . problems, some questionnaires were conducted face to

INformation ace Over all hundred and fifty response came from,

Sri Lanka road users and thityo responses from

1 Therefore, the realistic information is missing in Colombo TPD.
MAAP system, because the system is handled byt p p g s questionnaire after ma

non-Traffic Police, where they judge accident spotgyryey was conducted with welkgerienced traffic
by themselves and enter it into MAAP systeth [4 officers. who are having more than 5 years of

The system that is currently being used by statisti€xperienced in TPD. Moreover, the entire industry
division has manyimitationsin order to make road Survey was conducted with the Colombo TPD only.
prevention action. These fundamental factors aré>eneral public questionnaire aftermath, 80.7% of

evaluated here, and proved by industry survey. survey response are came from vehicle userd
19.3% of survey results were gathered from -non

vehicle users (Other road users). Out of 150, 60% of
responses came from Col ombo
remaining came from out of Colombo.

1 MAPP reresent the accidents
through GIS view only [10].

3.4 Existing solutions and their

limitations
MAPP is asystem that is available in Sri Lanka to
support the traffic police operatioMAAP use MS  The industry survey questions are validated with
Access database, which is not powerful enough tdterature revew findings, which indicate the project
retrieve or feed data effectively poepare statistics of Pproblem domain. On the other hand, the survey has
accidents [4] MAPP represent the accidents help the author to find new requirements dindlize
information through GIS view onlyTherefore, the the existing requirements through the feedback got
realistic information is missing in MAAP system, from traffic police and general public. In addition,
because the system is handled by-ficaffic Police, ~Colombo TPD needs a good efficiency and
where they judge accident spot by themselves anéffectiveness IS solution and which is going to be
enter it into MAAP sgtem. Majority of solution do not ~ presented IS mobile and web app. Mobile solution is
have featte t o add vi ol at or 6 dor field averkens (E&Es and, enforgamegnt division),
cause of offence detailMajority of system does not Who always on the road to perform their routine work,
have mobile application to handle the offence situatior@nd website apjgation is for office workers (Statistic
very effectively None of the solutionsenter road and Post office division).
defect details to analysis the offence rate with the
particular location. 6. SOLUTION

The solution is going to be a mobile and web based
4. DEVELOPMENT APPROACH AND application. Mobile application is for Enforcement,
METHODOLOGY Environment, and Engineering (E&E) division of

The Object Oriented (OO) approach is an incrementatlraf_ﬁc pqli_ce_z and web appﬂat_ion is for statistic (traffic

and iterative software development approach, whiciPolice division) and post office.

has a wealth of documentation and Unified ModelindEnf or cement userd6s features
Language (UML) of design techniques to impe of f ence details along with
communication between customer and softwareand health details), vehicle details (validating through
developer. The OO approach contains manyrom Registry of Mdor Vehicles (RMV) database),
methodologies itself. Each methodology is generate&PS location of offence, root cause of offence,

with uniquely features to overcome the drawback inpictures and video of vehicle damage and other

other methodologies. idepth comparison was carried common information. This will provide the

out with eeh OO methodology and finally the author opportunity to track repeat offender details. This can

has selected Rational Unified Process (RUP) as thge enhanced to implement points&m for drivers.
most appropriate methodology, which meets all

criteria for the development of the IS solution. E&E usero6s features are, to

defect details along with GPS location of the defect,

In a nutshell, the available approaches, methodologiesideo and pictures of defect and prioritize the
tools and teniques was identified and justified the jmportant of the defect.

reason for chosen particular one for IS project to

ensure the successful completion of the projectand gt @t i stic userds applicatio

achieve its aims and objectives. analytic tools, which represent the gathered data,
logically associate with each of them, and present

5. RESEARCH FINDINGS through geographical and map view. This will help to

The finalized i ; distributed give information about the places where the traffic
C Ie 'n&‘)'ze .quets |f(]2_nna|r|§s Werdet IS .rt". ute ahmofntgoffense happens most, main cause of most offences,
olomto region traffic police and to citizens who fit .* " " "¢t af fi c police offi.

in the project scope. Each questions were creategafﬁc offence and road defect etc
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Post office userds appl i catFRgwoer.2.iddindges pnd videoipagee
the post office officials to look at the list of offéers _
and make the payment process more efficient. Logout button to sign

out from the system.

In nutshell, this project fills out the significant gaps in
traffic police department and will help to improve the
traffic police operation to next level. As a result,
provides healthy opportunity to k@ implement right

action on right time by Sri Lanka traffic police

The fields
are to search and filte

division. the specific road
defect.
7. DEVELOPMENT PHASE
The TrafiCop development has taken place after the| Thi .
is  button  will

requirements are finalized and prioritized. Visual
studio 2015 and Microsoft SQL server 2014 tools have |
chos@ to develop the website application. The
languages, which were used to develop the prototypef§
is C#, HTML, CSS, JavaScript and MS SQL that used *
as database tool. The Android Studio had been selected

to implement TrafiCop mobile application, since in Sri
lanka the number of Android
higher than other mobile operating system users.

navigate to add nev
road defect page.

userds hom

Figure 7.3.E & E

usero6s | evel is rel

an

ati

nterfa

v el

Logout button to sign
out from the system.

% @ 34

— All these navigations
— have unique searcl
criteria to search the
specific details.

This page represents the entire road offence and defect
through chart and geographical view. The first three
tables are representing the quick summary of current
status of road offence, fine payment details, injury and
death range. Other charts are representing the offence,
violator and vehicle details and last two map display
the view of current traffi
offence often committed place. Withe help of this
page, the TPD could able to produce new prevention

c

. . . human resource on black spot places.
This icon will navigate

the user to add nev
offence page, whert

) This  button  will
the offence being - navigate to home pag
entered. =00

of enforcement.
The Defect ID is
Figure 71.Enf or cement wuser unique key for each
road defect. Therefore
This  button  will this key will be auto
e navigate to home pag generate by the systel
of enforcement. in sequentially

manner.

Offence ID

By clicking on this
Edit text will be
navigate to google
map page, where th
user could search th
location and mark it.
The marked locatior
address wil  be
displayed here.

These tab bars wil
display the data tha
are entered, while
adding new offence

Figure 7.4.Add new road defect page
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“TrariCor e . 1 Multi language facility to change the language
T based on their convenience.

8 Ofience quiek surmery B Peogte injiey summery B Fine quick sum ey

T T T
B e — 9.2 Future work
1 Connect with CCTV camera to get as much
realistic dat a of each i
especidly those of divers. Find out who drives fast
during certain time periods and notify him/her of
this.

W Topcnant Tolaflnce (CY) = Violstors detels. [Molskes agugmp - = \ehide dstal i e

1 Collect more data about road defect by provide
feature to enter road infrastructure defect for
public.

10. CONCLUSION
Sri Lanka faces a major problem dueniorease in the
number of road offences. These offences mainly occur
Figure75i St ati stic user 6s @ueiioepogy apekations among Colombo traffic police
divisions. However, the TrafiCop solution has
8. EVALUVATION METHODOLOGY addressed few high priority problems that are faced by
Evaluation methodology conduct to assess the strengthPD that hinders the efficiency dfeir performance.
and weakness of the solution from expertise feedbackys indicated earlier, not much research has been
Several technologies are used to evaluate the projearried out in Sri Lanka traffic police industry.
which are questionnaire, hand on experience angherefore, this project and solution will be good
demonstration. This wilallow the author togain @ jnitiate for Sri Lanka. This solution can also be
good understanding of the project. The TrafiCopcustomizedand used by any countrysecially South
system will be used b Wsjadolinfles wholle ﬁamﬁg%imila}lfe%,Qe‘g%Jlation,

enforcement, E&E and St ajglcigstahdultéd a¥ih SriL8nRds of ficers
the post office users in their routine work. The solution

was demonstrated with the use of hand on egpesé REFERENCE
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be concluded that the majority of the countries are
ABSTRACT 1-3 o .. following the hybrid approach which is the
In Sri Lanka, there are so many inefficiencies existingzompination of public as well as private sector to
in the Private Bus Industry such as communication gagrgvide bus transport facility to the people. However
between the key participants, lack of data to analysgye to the conflicting interests of the private and public
the current position of the industry and thesectors, the passengers as well as industry e
productivty, hassle in complaint process and manymany challenges. (Rengarasu, Chanaka and Gallage,
more which will have an impact on the continuousp, g). |t is also identified that the service quality of the
decrease of passenger demand. The main root cauggg transport is rarely measured and the passenger i
for all these concerns Rigw aFé%%t”beén%%rf%iélefe@l ko€ fercBrie theh € 7

Bunching Phenomenono. Bupgyaifiny Mreticleritifs ih the Wbustfyrohahi W ©
or more busealong the same bus route arrive togetheijjieyesekera and Karim, 2013).

at the same time. Hence the project aims to identify the

factors influencing the bus bunching in relation too PROBLEM DOMAIN
public transport in Sri Lankain order to design, Co . .
develop and evaluate an IT solution which will assistIn an |Qeal scenario, th_e bus_es W.'” travel to each bus
in reducing bus bunching as well as otherstop with a predetermined time interval where the
inefficiencies faced by the connected beneficiaries o rowd of the bus stop will be lesSurthermore one

Public transport The project is mainly focused on us will arrive at the bus stop at a peutar time,

meeting the requirements of the National Transporﬁowever’ Bus bunching is a phenomenon where two

Commission. Private Bus Owners. Bus Drivers and’ MOre buses along the same bus route arrive together
Passenge ',I'he framework incor;;orates a mobile (or a short distance from each other) at the same time,

solution for bus owners, drivers and passengers whic ather than being evenly d|spersed.. In such an
is named as fABunchBusbo ?%Cr%udrelnfehié lt?aﬂtgge iot];othﬁ; gh s qurerggrg grﬁﬁ ort
Commission receives an internal website to monitob e hp an?ek |m|e a eh y a nuge marglbn. us
and analyze the data received from the mobile unching takes place when one or more buses are

application. unable to maintain their scheduled time interval, gnd
as a result, passengers along the route experience
Categories and Subject Descriptors longer waiting times in the bus stog@ten, bunching
Information systems-Data management systems re_sults_ in_z_a congested front bus foIIowe_d by a rear bus
Database design and model6raphbased database with significantly lower passenger staking (Matias et

models 500. al., 2016).

Keywords 2.1Changing of Bus schedules

BusBunching,Private Bus Industry Due to bus bunching each bus will consume extra time
to complete predefined time scheduldis is due to

1. INTRODUCTION the fact that in order to cater higher number of

Travelling in developing countries of the world is an PaSsengers, buses spend more time at the bus stops to
insurmountable challenge due to the fact that Mitigate th_e revenue reduction occurred as a res_ult of
regardless of health, education and housing, travellin§us bunching. Ultimately delayed completion of time
tends to get worse when the society becomes richéfOt by one bus will affect tehe entire bus journey
(Pefialosa, 2013). Irrespective of a country beinggchedule of the industry (MORI, 2004).

developed or developing, they tend to face . ) ] )

inefficiencies in the public bus transport industry. 2.2 Difficulty in accessing the industry

Critical inefficiencies can be seen in countries like performances

South Asian, BRIC, Colombia and many more. WhenCurrently, the NTC does not main a standardized
considering the bus transport in many countries, it caprocess or mechanism to streamline and reduce the
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consequences of bus bunching. Manual processes until the bus driver finish all the shifts and handover
initiatives have been taken only to address thehe bus to the owner in night.

passenger dissatisfactions and no measures or a

benchmark been used to assess the productivitg. LI TERATURE REVIEW

efficiency and effectiveness of the private busa simplified model of bus bunching has been initially
transport industryFurthermorethe bus owners do not recognized and projected to the world by Newell and
know whether the buses they have put to the industrpotts in 1964 (Rufi, 2011). They were tfiest to
been effectively operated or not. They will only introduce the effect of bus bunching on a single line.
receive the rent at the end of the day and do not haveigowever,this model was considered as unrealistic as
proper measure to evaluate the productivity of eaclhey have neglected critical aspects such as transport

bus (MORI, 2004). anomalies connected to holding and overtaking, en
) _ o route service perturbations and ngolex transport
2.3 Drop in Driver Productivity network features sudh nesopresen

Due to bus bunching, the required revenue andrhey assumed that the passenger loading is constant
passenger amounts will not be able to cater whicland identical travel times among bus stops which
affects the successful completion of shifts by meetingshowed that at a stop if the passenger arrival rate is
the requirements. This will lead to unnecessarygreater than half of the passgen loading rate for the
speeding up to catch the passengers in the next stopiouis, the occurrences of bus bunching is small and
finish the shift on time will result in unforeseen manageableMoreover,it is been identified that bus
accidentsFurthermorethe rare bus will not be able to bunching phenomenon is very prominent when there
collect the required amount of passenger levels to meeire more buses and the output will be amplified further
his targets. This will lead to the reduction of thein the latter part ofhte route. Hence based on that
revenue of the rear buse and reduce thdumtivity of ~ Schmdocker et. al extended the bus bunching research
both drivers.Moreover, driving with the motive of to a route where high frequency of buses is observed
meeting the revenue and passenger demands will leaghich is served by two lines (Rufi, 2011).

to violation of road rules and ethics due to rushin
(MORI, 2004). gThe operational strategies also have been practiced by

many authors to addrettss problem. Strategies such
s to maintain the minimum distance between the
uses and holding strategies for early buses have been
racticed. Authors such as Osuna and Newell in 1972,

2.4 Decrease of passenger demand for the buse
Due to growing passenger disséaction, in long run
there will be drpp out of passengers W.h'Ch. will caus ewell in 1974, Hickman in 2001, in Xuan et al. in
revenue reduction to the industry. Public will move to

the usage of private vehicles than the bus transpor: 011 and Cats etl.ain 2011 have investigated to
9 priva . : 1SPOTE, plement the holding strategies by building slack
Due to excessive increase of private vehicles, it will

increase the ation fuel demand, environmental times in the estimated schedule at key timing points.

. ) : Then the buses will be held in these points to
ggllllit;on and traffic - congestions (CARRASCO, streamline the schedule (Rufi, 2011).
Most of the analytical studies shdhat the research is
2.5 Continuous development of dissatisfaction ofcarried out by assuming or considering one controlled
key stakeholders timing point due to the complexity and dynamism of
It is identified that the key players such as the National® Pproject. In 2001, Hickman suggested and
Transport Commission (NTC), Bus owners, Busdeveloped a simulation approach to solve trlls problem
drivers and Passengers are highly dissatisfied due #® using the optimal holding i nt 6s concepts
bus bunching. Due to lack of information about busHowever due to the static nature of the holding points,
schedules, ETA for next bus and mampore, the this approach has been unable to cater the dynamism
general public does not have much information to plari? actual performances of the buses. Using this
their journey which will cause higher passengerconstraintas a benchmark, in 2001, Eberlein came up
dissatisfaction levels due to waiting time. Also low With @ model which capture antold the buses
passenger involvement for assessing the servicdynamically by considering the real time data and
quality measures can be seen in the industry, wher@formation of the bus headways which aimed to
passenger concerns and grievances have not bedfduce the passenger waiting times at the bus stops.
considered to define the transport service quality and his model only assumes the bus travel times between
minimise bus bunching. They were also not beerin® bus stops and deterministic pagge demand.
provided with an effective mechanism to provide theDaganzo in 2009 came up with a systematic approach
feedback (Rohani, Wijeyesekera and Karim, 2013 to address this problem by considering the-tiaé
Most of the time NIC, bus owners and passengers arBformation  of bus performances (Fonzone,
unaware of sudden breakdowns and accidents. Thigchmocker and Liu, 2015). The model emphasis on the
can be a contributing factor for the creation of viciousholding at several timing points which allote bus
cycle for bus bunching and passenger dissatisfactiod0 return to the schedule while driving in a longer bus

Also bus owner is unaware about the status of s b route. Furthermorethis modeladdresseshe random
anomalies relevant to the bus travel time and dwell
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time and passenger demand. In 2011, Daganzo amdd.).Howeverwhen applying the factor dwell time to
Pilachowski pioneered an adaptive busnttol  Sri Lankan context we will have to exclude the
mechanism which is based on twmweay bus to bus concern rgarding the closing and opening of the bus
corporation, where the standalone bus adjusts its spee&bors since the buses in Sri Lanka tend to keep the
to match with both front and rear buses. Proceedingloors open except in the Highway and Intercity Buses.
from this model, Bartholdi and Eisenstein in 2012Hence dwell time has a direct connection to the
were able to come up with a selbordinathg .

mechanism to regularize the bus headway. This theo?'?d'v'dual travel time of the bus and the total buses

was used as benchmarKk eiltjgfg’ri]t %gsxc')%lea?tgsﬁ ﬁl?ﬁlélfsdzggg)%pgnesgr}”c&'h i n
2009 and he proposed a model where GPS data beir(é' ! e " ’

directly used to counteract the amplified effects of bus . . .

bunching by allowing the buses to cooperand -3 Iraffic Congestions/lights _

respective speed limits based on the respectivights can create a snowball effect on buses getting
positions. bunched in the process ofahing the destination or

) o _ the specific bus stop. That is for the reason that
By using the proposed dynamic simulation approachespmetimes one bus will meet with the traffic lights
to model and address the stochastic nature of the bygile the other moves on (Kabak, 2Q1&hisis due
transport network, Hadas and CedeR010 initiated o direct relationship with the delay in time and
improve the reliability of the bus reliability. Mufioz in - and Mesbah, 2013).
2013 investigated on how the capacity of bus,
frequency of buses and passenger loading trends effegt o :
on the dynamic bus controdtrategies. In 2011, §.4Compet|t|on among bus drivers for
Nagatani was able to show a solid relationship between | passengers
delay of the bus and the number of passengers on boalid!S & common phenomenon seen on the road where

and have suggested a solution to skip a particular pUbe buses race,_in order to reach the _bus_stops first and
halt in order to adhere to the schedule (Fonzone‘fapture the available passengers. This will also have a
Schmécker and Liu,@L5). cascading effect on the whole concept of bus

bunching. (Urban Bus toolkit, 2006).
Generally,bus bunching occurs in the congested city

areas. Several factors subsequently affect for the risg 5Driving patterns of the bus drivers
and growth of the bus bunching phenomenon in Srj¢’

Lanka as well as globally. They are (Source: Malf the driver is inexperienced and unaware of the
. : ) 'driving techniques, he will spend more time to reach a
Ferreira and Mesbah, 2013); g q b

bus stop or the destination than experienced driver.
. . Thus, results in a bunching situation with the following
3.1High passengetturnouts in the bus bus. (Pilot Study, 2016).
stops
Due to two or more buses travel together, there will nog .6 Improper schedule design

be a following bus to cater the passengers which caus§ometimes the schedule plan allocated for a bus would
high passenger turnouts to the stops and increase thgjg very rigid or decided without considering the
waiting time (Liang et al., 2016). Empirical studies of inpact from the extmal factors such as traffic
Ben-Akiva and Lerman in 1985 have shown that thecongestions, bus driver experience, road conditions
time spent at the bus stop waiting for buses is mor@nd passenger turnout in the bus stops. Hence it will
troublesome than the time they spend inside the bugke longer time to complete one shift which will mess

while reaching the destination. The particular reason igip the entire bus schedule for the day and it will affect
the higher levels of foreseen uncertainty linkedhwi g the shedules of the rest of the buses too.

the waited transit vehicle. This was further analysed bymackechine, 2016?.
Dufyin 2002 where he said, APeople dondt mi nd

waiting for a bus if thegyglkp\eY EINDWNGsong itds going
be. Even if they have to waste the time, at least the esearch_question acts af the foundation for this

know itbdés going twi skke thik, i . :
sitting there thinking the bus will be along in about two wald " fus tr3n§;port % ngg%rﬁent project.  The

mi nut es, and when it d O%u%strl]ogtpat hg%bgevr\}lidentlg‘lergles%s followsé y start
getting frustratedo (MiBWhéeaher Me €o ridu naerhd niwvi rpthze n
2006). consequences are threat to the Sri Lankan private

bus i ndustryds efficiency,
3.2Dwell Time sustainability in short run

This is the total time spent by a bus at a bus stop i&tryctured interviews have been carried out with the
order to cter the passenger demands by allowing thgojiowing persons when it comes to bus owners, bus

passenger alighting and boarding, including the tim&yrivers and NTC officials. Based on the results
spent open and close the bus doors (Meng and Qu,
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gathered from the interviews, the scope, problensmaller portion from the sample insisting on the
domain and the literature review findings have beersatisfied levels with a 5.1%. 40.70% of the passengers
further defined and validatedFurthermore, the  have mentioned as neutral considering all the factors
requirements for the project have been identified. Senmsince every day is not a bad day.

I structured interviews have been conducted with theH
bus drivers due to the time limitation and nature of
their job role.

owever,the satisfaction levelkelp to predict and
prove the current demand for private buses. Both
passengers and drivers have mentioned that there is a
In order to extract the requirements for the passengarontinuous decrease of demand by 55.70% and
concerns, a Google form has been created an#3.80% respectively. 44.30% of passengers and 6.30%
circulated among the passengers. Tjuestionnaire of drivers have mentioned that thereutd be an

has been created by mapping the theories identified iilmcrease of passenger demand which is insignificant.
the literature review. The sample contains the 68%

male responses and 32% female responses. 4.3Bus bunching

) . The literatureéhasbeen already validated the existence
4.1 Usage of Public Transport and Private  of the bus bunching phenomendtowever,in order
Buses. to validate the problem in Sri Lankan context, the

Identifying the modal class of public transport and thePassengers in the Caoo city limits were

usage of private buses is mandatory for this projectquestioned.68.90% of the participants are aware of the

Based on that, the general public was questioned oaus bunching phenomenon.

the frequently used transportation mode and how

likely they use the Bus as the mode of tramsgimn. 4.4 Factors affecting Bus Bunching

68.3% of the responses are revolving on the usage #&s mentioned in Literature review, six factors

bus transport as their main mode of transportation andontribute to the rise of bus bunching. Opinion on how

rest of the 31.7% scattered among the rest of ththese factors contrite were questioned from the

transport modeskurthermore regarding how likely passengers and majority has responded for the

the public tend to use the bus trangation, itis A Competi ti on among bus drivers
evident that 65.5% of the selected sample uses the baspercentage of 93.80%. During the interviews with

very often and 26. 6% h avs driees,pghisfadte das aadida@dfdrtheemo@ andh i ¢ h
is the majority to reach the intended destination whilehey added that this idue to the strict daily revenue

the rest of the sample of 7.8% has responded as rareigrgets and increase in operational cdststhermore,

and very rarely. they added that only four factocentributemore for
the bus bunching in Sri Lanka. The interview with bus
4.2 Inefficiencies persisting in the bus drivers have responded as #AStr
industry Dwell time and Traffic Congestions factors. Yet due to

From the selected sample of 259 passengers, 177€ complexity and nature of the factor traffic

responses have been received regarding thgongestlons it needs to be addressed through a
inefficiencies existing separ{atefzoh%on bus i ndust ry. ALonger
time taken to reach the inationd has been identif
as the biggesinefficiency with a response rate of 4 5EffeCt on the Private Bus Industry,

89.80% and the AConduct or £ountry ang Participanisi veodo can be
considered as the inefficiency with lowest responseg\t the moment the industry facing numerous losses

(except Other) with a response rate of 61%. Somehavend t hat has an indirect i mpac!H
responded for fAOther o asndlN®R kn the interciegwontd MThiHaJrDaPgrerane n t

in the evaing, lack of comforts in the bus and many( Bus owner ), he statfacd that, 0
more which have a lower impact. An interview with many losses daily which will have a direct impact on

Mr. T. H. J. D Perera (Bus owner, 23rd Oct 2016)t he i ndustery @3 mawnerealalndp count r
opinion was that the root cause for all thesewill decrease eventually.Using the passenger

inefficiencies is the Bus bunching phenomenon. questionnaire this point has been further validated.
Approximately 58.20% of passengers has given a

positive response justifying that the bus bunching has

and shown that these problems have a direct impact o%ssgxi\r;nmp;cet ga;::egtllztr{/lzsome ”;}Sﬂfg r((:ac;urc])tr:)s/es
the inefficiencies identified by the passengers. Owin jorty P

Jo . . f47450/ nd 40.68% signjfies eraelnr nu
to Ainability to cater ane cP d/ 'S gﬁ ountso
Snbesa dergeasn Ssple

i€

According to the rgmonses received by the bus drivers
regarding the problems they face, it canamalyzed

andnafbli | ity to meet the gac “31'?‘” nasr rno

cause the ALonger wait:.i EVET S5 rseace haﬁqr lg(;rter?'s
. n| icant loss forthe passenger turnoutand revenue
take to reach the dest.

to the |n8ustry Yet, the selected sample has responded
Regarding the current passenger satisfaction, 17@s no change teachelement.

passengers have responded and majority with a 54.2%

insisting on the dissafiaction levels while a very
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4.6 Problems faced due to bus bunching =
Due to bus bunching effect, tpassengers tend to face ‘ - T Warning
many problems. The bus passenger survey conductec B, Youmobers! yosandos
across Scotland in 2005 justifies that the main problem == T
persisting is the reliability of the service (Rohani, mm
Wijeyesekera and Karim, 2013). Even in Sri Lanka, = ? @ ,

the current survey reived highest responses for the | ,  ®===f @
concerns on reliability. 66.7% and 69.50% response
have been received for the reliability concerns.
However,80% responses have been received for th
buses getting overcrowded which is also a major
concern affects to the gsenger satisfaction levels.

punching A

%
B
B

D

Distance..544,1948

Moreover, the bus drivers face main two problems
such as the reduction of the revenue and the reductign
of passenger levels which they have been strongly
agreeing.

Figure 1. Display of Figure 2. Bunching
Buses on a map alert

Thus, the research findings and conclusions are
revolving aroud the fact that bus bunching
phenomenon is the bottleneck existing in the private
bus industry which hinders the performances and = Waming - Bunched
effectiveness of the operatiortdoreover,the factors
contributing to this concern have been identified with
the existing proessesFurthermorehow technology
could solve this problem is been alanalyzedand
researched and certain requirements are been validated
within the research which will showcased in Section 5.

il 50% 22 12:02 am

Average Speed

5. SOLUTION

Since Sri Lanka is a developing country with lesse

capital investments for the transport industry, the only
way to solve with limited resources is with the use of
Technology. Thus, the solution comprises of a; Distance..192.22232

1 Mobile solution for Passengers

Mobile solution for Bus owners Figure 3. Forecasted Driver Plan

) ) In the mobile solution received for tipassengers the
Web _so.lut|on _for Natlc_)nal Transport features seeing the moving buses on the map in real
Commission by incorporating the researchiime, search buses, bookmark buses, ETA for the

results. bookmarked buses, complaint and rate the buses are

In the mobile solution given for the bus driver will facilitated as shown below;
provide the view of the bus moving on the road with
the rest of the buses. Meanwhile when there is a chancq
of bus lunching happening the driver will receive the
warning alert. Then when there is a bus bunching
phenomenon the bus driver should be provided with
the journey plan by considering the factors of start an |
end times of the shift, number of bus halts remainingj, Detcroton
expected passenger turnout at each stop and time the
needs to be spent at each stop as shown below. p

1
1 Mobile solution for Bus drivers
1

3 Tl 59% % 1:03m

Complaints

Bus Id : DA-1256

Complain category :

Bus Bunching -

SEND

™
i B
&
p

Distance.... 1022 5554

!

Brahma
Google

Figure 4. Moving buses Figure 5. Complain
Figure 5. Complain buses
buses
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My Portfolio Complaints
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I portfolio Summary
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Figure.8 Notification for the bookmarked buses

6. CONCLUSIONS

Al'so in the bus ownero6s pdRdedrRinghfolittht thpf Bus Bufichifyladdthe 9 €

see his registered buses moving in real time on a MaRyncerns raised due to prevalence of the problem

the bus portfolio with the respective bus profile y,.q,qh different means such as literature review,
dispaying the necessary information, summery of thelnterviews, uestionnaires, the answers have ,befen
[

daily passenger 6s compl ghobaSor Reidentified fededrdh GuestidhOThds fa

when a bus meet with bus bunching with the respectivg, j; comprehensive solution has been designed to

locations of the bus tops as follows; overcome the main as well as sub problems which
have been identified. Hence the project intended to
5 1l 51667 1203 develop an effective solution to mitigate and evacuate

Notoficatians bus burhing and its consequences. The solution
comprises of an IT solution accompanied by a business

Bunched Alert - NA 7285 030017 . e . . . .

Buss NA 7285 has been bunched with solution facilitating NTC to implement the solution in

NB 8523 in the following locations.

a standardized manner. The framd solution of
BunchBus which is the mobile application designed
and deeloped for bus driver, bus owner and passenger
whereas baclkend application which is the web portal
is given to the NTC users. All the stakeholders have
shown interest on the solution. Since BunchBus
project solution incorporates new and all the
requiremets, it has competitive advantage over most

@ of the applications in the industry. Owing to that the
o solution can be expanded to other industries with fewer
customizations as shown below;

VIEW LOCATIONS

Figure 9. Display of real Figure 10. Bunching L.
time buses ona Map. notification A Cab service industry

Hospital industry

Emergency services industry

o o I

Moreover, in the web solution given to the National
Transport Commission, who will be the owner of this
project will be able to view the data that has been
collected from all themobiles applications in a well
analyzed and illustrative dashboard as follows. The
web solution will assist the authority in future decision
making to provide a satisfactory public transport
service to the community. The data is been analyzed in
the meansof individual bus, contribution by bus
owner, productivity of bus fleet and many more. They
also can get an idea of bus bunching and see in real
time how the implemented solution is helping to
eradicate the problem.

Train industry
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Figure 12. NTC Web Dashboard
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Trott (2010). Every day, FMCG products are used by

ABSTRACT 1-4 3.6 billion individuals around the globe.
Key problem communication gap was identified in

complaint management process betwésst moving There are multiple business partners and processes
consumer goods FMCG) compaiies and their involved right from the conceptualization of the idea
distributors by means of conducted primary researcHo the end consumer produtglivery, in FMCG. The
Thus, the research is set to identify the barriers of thélistributor is the main entity whose function is to make
commurication gap and to eradicate the consequence®nd products available to stomers. (Ali and Dubey,
of the due course in complaint management by2013). The distributor who bridges the gap for
bridging the communication gap that requiresbusiness to business-+{B-B) retailing of the FMCG
significant attention in Sri Lank&xtensive literature €nd products are a veegsential entity in the context
review and research findings revealed that the key ~ Of an organization. Thus, we can argue that the role of
four Cmtributing factors such as lack of transparencyldistributor has reformed to be an important entlty from
delay in attempting complaints, knowledge gap andmere supplier of goods. In addition, the entity holds a
poor record management causes the communicatioigsponsibility to build a substantial feedback loop
gap.Framewor k fADi stri but orbetweenhysinegses kurthgrdt Rag geemyalidated that
(DCM) o6 which is compri s dhgmangfactyrers should aso realize the sigsificanees s
solution was designed to rectify the identifieduses of B-B satisfaction for their growth whereas they are
and thereby to minimize the consequentée FMCG ~ more concerned on business ¢onsumer(B-to-C)
companies are provided with a freeid desktop satisfaction. (A|| and Dubey, 2013) In favtw the
application for optimized complaint handling whereasabove argument, Bar®lariu (2009) has also
the distributors are provided with a selrvice Vvalidated that the durable losigrm profitability of
technoloy (SST) aligned mobile solution for FMCG companies can be accomplished through
improved reporting capabilityFurther, the concept mutual benefit and positive relationshipwith
will impose a standardized discipline across thedistribution channelsPositive relationships can be
distribution channel which in turn will create a WIN achievel by effective communication.
WIN business situationThis paper concludes with
recommendationand future work for DCM project. 2. PROBLEM DOMAIN

FMCG companies receive a complaint from a

Keywords distributor at one point or another. Handling a
FMCG, complaint management, communication gap distributor properly is crucial to the success of a
distributors company. Barin-Olariu, 2009). As per th@rimary
researchall the AMCG companies validate that it is
1. INTRODUCTION very critical to maintain a healthy distributor

FMCG is an industry where fast moving datyday — relationship. An organization that handles distributors
consumer products are manufactured and delivered with their complaints in the right and efficient way can
the end consumers through distribut@kscording to  lead the company to bloom in all areas. Failing to do
Simms & Trott (2010), it is considered as a highly so, mayharm the reputation of thellusiness and as a
competitive arena which is ruled by numerousresult it will lead the company towards a decline.
multinatioral companies such as Unilever, Nestle,Distributors can be classified as General Trade,
CocaCola etc. Studying the industry globallthe  Modern Trade and New Channels /Independent super
everlasting industry is responsible of consumer market. According to therimary researchmajority of
spending worth of £125 billion ancbntributes over the complaints are received from the General trade
8% to Gross domestic product (GDRcording to  distributors. Hence the study will be focused on the
Weightman and Bolakis (2004) cited in Simms & complaints received from general trade customers.
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Mainly a communication gais observed between the research illustrates that the 66% of the teams are
FMCG astomer services (CS) and their distributorsfinding it hard to keep a track of complaints due to
for general trade as per thiindings of primary  manual process.

researcttonducted by the author.

2.4 Delay in Attending to the Issues and
2.1 Knowledge Gapin Complaint Providing Feedback

Receiving End The CS team face delay in attending to issues and
When receiving a complaint from the distributors, theproviding feedback. Crital complaints such as
CS teams are unable to drill down the complaint. Thiproduct damages, pack shortage etc. should be given
is crucial to find the roiocause of the reported query to more importance whereas roritical complaints such
take a corrective action. Besides, misunderstanding thas promotional product running out of stock etc. can
received complaint also takes place. This is mainly dube given less importance comparatively. But, resolvers
to the knowledge gap in the receiving end of CS teamtake more than the pected service level agreement
As a result, similar complaints are reported frequentlydays (SLA days) to solve a complaint or provide a
Finding the root cause of the problem and taking deedback. This is mainly due to inexperience, not
corrective action in the first instance of the reportedprioritizing the complaints based upon its criticality,
qguery can minimize the repetition ofrslar queries language barrier, personal problems reflected in work,
being reported.By means of conducted primary too many comg@ints per day can lower the

research,this problem is subjected to 34% of thei ndi vi dual 6s l evel of c o mmi

companies only whereas hearing the same problem frequently, lack dfon 6t

face such concerns. empowerment and inconsistency in data entry when
complaint is received. Thus, required information and

2.2 Knowledge Gapin Complaint distributor communication willtake place several

times. Thereby, causes a delay in providing feedback
or solving a complaint. Besides procrastinating the
complaints will lead to complaint overloabelays in
distributor feedback and engagement are one of the
biggest causes of ineffeeéiness, inefficiencies, and
poor performances which lay a foundation for
distributor dissatisfaction and communication cap.
Theprimary researchpecifies that 33% of the FMCG
companies frequently face delay in attempting issues
and providing feedback. Rimer 33% of the

. L L ; companiesd6 state that they
complaint being ignored is high éudelay in feedbacks attempting issues and providing feedbacks even

can be subjectedBy means of conducted primary . ‘
researchthis is subjected to 66% of the companies; ho uhg h, 33% of the companie:
whil e rest states that La(.:?guyc CONCENg: t
Thus, knowledge gap in complaint handling by both

the ends lays a foundation foommunication gap. 2.5 Lack of Transparency
Lack of transparencig a concern faced by didbutors

which should be focused. Distributors are unable to
receive complaint status in real time due to lack of
transparency in the process between distributors and
resolvers. Distributors are unclear on certain subject

Reporting End.

Each complaint should be reported to the respectiv
departments or teams of CS teams to take correctiv
action efficiently. Distributors have an ambiguous
understanding of the departments that they need t
address their complaints. However, distributogsorée

to the irrelevant department and wait for the result dut
to unclear understanding. Thereby, it is essential for
distributor to report a complaint to the relevant
department. Failing to do so, the probability of the

face such concer

2.3 Poor Record Maintenance
Initial source of documented information or history of
complaints are used to make decisido analyze the

complaints sequencePoor track of data is an X :
b d foatters. For instance, responsibtesolver of the

unreliable source. The repercussions of such behaviocorn laint. status of the complaint and contact details
canresult in incompetence decision making. In a nut P ’ P

shell, poor track of complaints leads to communicatio of t_he _reso_lver to directly contact fOT further inquiries.

gap. Documenting complaints manually leaves spac _h|s_S|tuat|on ha; caused disappointment among the

for improper record management. The required field istributors. Thq?rlmary_reseztrclneveals _tha_t lack of

of complaint master data are not captured an ransparency iswident with 66% of the distributors.
documented in a right manner which leads for poorThe research is set to identify and analyze the

track of complaints. This is & to, missing few consequences and root causes of communication gap
complaints whiledocumening and inexperience or faced between CS teams and distributors of FMCG in
negligence of data entry operator. Business relies upoBri Lanka that requires significant attentioignoring

important facts; incorrect interpretations of data carthe priorities of a distributor complaint may lead to

lead the business to make erroneous decisions, wasdistributor losing the trust with the company. This may

of quality time and cost. Poor record maintenance wilk e d u ¢ e di stributor l oyalty
lead to resolver being unable to track real timereputation among its distributors. Not settling
complaint stata or history easily, increaghreatfor di st ri but or compl ains can a
data losses and data inconsistency. The amim process towards improvement. Understanding the
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benefits and objectives of settling distributor
complaints will help a company understand the
importance of developing and implementing a proper
system to handle complaints

3. LITERATURE REVIEW

3.1Importance of Distributor
Management for FMCG Companies

AWIN -WIN -WIN Distribution 0 l
Distributing goods to retail locations economically and
faster than competitors is a key factor that contributes
towards competitive advantage and-tioe growth.
(Mukherjee, et al., 2013). Aealthy distribution will
benefit the companies in cost reduction, from bad
investment in excess stock of goods, profit growth and
enhances communication for all the players in
distribution line. (BarirOlariu, 2009). Meanwhile,
the influence of distribatrs in marketing channel is
growing stronger which gives numerous benefits in
negotiation with dealers and customers and makes it
more essential. In terms of distribution, FMCG have
three main objectives such as. (Ba@tariu, 2009).

1 Brand availability i The products of the right
brand should be available in the right location at
the right time.

1 Product quality - Companies should ensure that
the consumer goods are supplied in a good
condition in terms of packaging, quality, freshnessﬂ
and appearance.

9 Effective distribution in terms of price - Most
effectively making the quality products available
will lay a foundation for efficient distribution.

Distortion- This takes place when the receiver
receives an altered message in the communication
flow. This will lead to data inconsistency which
will lead to poor decision making. Language
barrier or human error can be the cause for such
act. On the other hand,drtis and Hartman in
1992 emphasize that misleading circumstances is
the root cause for distortion, which is cited in
Sands, 2014.

Omission This takes place when the complete
intended message is not received by the receiver.
Intentional filtering or humarerror can be the
possible cause for this act. Besides, Huczynsli and
Buchanan in 2001 claimed that language barrier is
a key potential cause for omission which is cited
in Sands, 2014.

Overload- This takes place when the complaint
receiver is packed wittcomplaints where the
individual is unable to make a rational, coherent
and logical approach for decision making.
Organization structure not supporting individual
teams handling the distribution of tasks could be a
potential reason.

Timeliness Delay in mesage transition will lead
to distribution process failure. Thereby delay in
feedback by the CS team will lead the distributor
to face financial loses, slow distribution process
and loss of customer share.

Acceptance This takes place when the complaint
reeiver declines to take over the complaint. This
can be due to, distributors reporting complaint to

i ncorrect depart ment or
which is a prevailing factor for communication.

Right from the product manufacturer to distributor to Moreover, the cost of communication gap in complaint

the retailer, every key partner alligdthe distribution

managerant is identified as followdzinancial losses

channel has expectations in return on investmenflue to product return or storage cost for meoving
(ROI). Hence FMCG companies should maintain aProduct.Slow distribution processdue to complaints
WIN-WIN distribution relationship. (Mukherjee, et notbeing resolved within SLA dayisoss of customer

al., 2013). In summary, it is understood that, successfiiharedue to ursatisfaction.

FMCG companies achieve long teprofitability by

maintaining a positive, healthy relationship and mutuaB.3D 1 s t r i AttiludeoToviagls

benefit between distribution channels. (Babtariu,

Complaining

2009). Despite, an unhealthy relationship willleadtopj st ri but or 6s attitude towards

negative word of mouth and in worst case highgiven attention to provide an effective solution. Thus,

distributor turnover can beitnessed in the business. two theories have been chosen to evaluate the attitude.
Complaint management is a practical mechanism

3.2Barriers to Effective Communication where customersan realize and evaluate the effort

Communication gap arises when the intended meanintpat companies put to fulfill their needs. Complaint

by the sender is not received by tieeipient.Instead, management lay a foundation for a quality

an inaccurate message is received. In worst caseelationship. (Waarden and Sabadie, 2012).

distributors are not willing toend message duetothe Di st ri but or 6s attitude can

prior bad experience. There are innate communicatioparameters such asle of relatonship qualityand

barriers that needs to be recognized to establish a welperceived justiceThe following sections will provide

organized management. Steers in 1991 defined fivan idea to the reader on the two parameters.

barriers for effective communication as follows.

(Sands, 2014).

be
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3.3.1 The Role of the Relationship Quality Consequences of the complaint hanglsatisfaction,
Crosby, Evans and Cowles in 1990 stated that there With the application of perceived justice dimensions
a psychological connection between the custoand ~ would be return intent, overall satisfaction and word
companies which is indicated by the relationshipof-mouth. Further,return intent is an attitudinal
quality. Meanwhile, it was stated that relationshiployalty which determines the likelihood of purchase
quality influences the necessity of trust, customerepetition from the same deal Overall satisfaction
satisfaction and commitment. (Sirdeshmukh, Singhwhich is a long term magnitude attributes to the degree
and Sabol, 2002). Conversely, it also leads towhich the complainant perceives the service provided.
judgments and actions that are comparatively negativiéloreover, word of mouth impacts the service
for the company. (Aaker, Fournier and Brasel, 2004)providers since, either negative or positive feedback is
Indeed, a solid relationship quality will have aspread among the Yebusiness partnersiHence,
protective effect and higher expectations in terms ofustomers are dissatisfied with injustice and they
complaint management. (Ahluwalia, 2012). Fer  expect to be treated with respect by the company.
trust and commitment of customers can be negatively

influenced by a bad complaint management (Tax3.4How Will Technology Bridge the
Brown_and Ch_andrasekaran, 1998) an_d they_tend toget Communication Gap?

demotivated since the company has disappointed by §§egpite, the existing privileges, organizations  still

incident which broke the trust they had in the gy ggle with data irmnsistency, security threats, lack
company. (Robinson, 1996). of transparency, inforation trapped in one stati@tc.

Having said that, distributor will have lower Henceforth by providing an IT solution to bridge the
expectations on the service quality if the bond betweegap the following benefits can be obtained.

them and FMCG s healthy and strong. In this casernere will be connectivity since all the required
complainant satisfaction is determined by the lessytormation is presented in the dashboardn aerial

profound judgment of # service. Hence, the iy Centralizationcan be achievedCurrently the
probability of distribuitgSint o Aidrbltdrsaft collebted ARG ' t O F
offer is less. Meanwhile, a bad experience OMtyrmats such as mail, letter, phone calls and physical
complaint service will Tn&lthedng AR it Wil BRRAicR'tou8tHe 05 T T

and commitment which will lay a foundation for concent Enterprise content management (ECM) since
unhealthy business relationshipn the other hand, g the critical information is housed under one roof

relationship quality will route to judgments where the 1 are record maintenance will be enriched.
distributor might be quite demanding with the FMCG

company knowing that they are good customers. ~ Hence desktop base ECM is most appropriate for
storage centralization. ECM will facilitataetegration
3.3.2 The Role of the Perceived Justice between the captured data and content management

The justice theory describes on how personalitest ~Where managerial decisions are made effectively. A
to conflicts (Gilliland, 1993) and it has been better Insight will be facilitated since the system is
anticipated as a theoretical framework for complaintdesigned in a manner where accurate information is

management (McCoKennedy and Sparks, 2003 €xtracted and pushed to the relevant partgrnally
cited in Chalmers 2016). and externally at the due course. Technology and

) o . communication convergence has riéied the tactic
The perception of justice is derived from a three to do businesThumma, N.A)

dimensional evaluation i.e. dributive, interactional

and procedural justice. (Tax, Brown and
Chandrashekaran, 1998). On the other hand, Colquié' Qzﬁﬁgg%Tgng\éD

in 2001 brings forth the fourth dimension which is . .
known as informational justice. However, all four Iterative and incremental model (1IM) was selected by
author as the general approadhr this study

dimensions are distinct to each othEne distributive o . )
justice is related with the perception of tangible result£ONsidering the changing nature of the projésten
ffjough key requirements were fixed before

and the equity such as exchanges, refunds an; 4 i .
discounts. The interactional justice is perceived upormPlementation, the chances of system being modified

the degree to which a complainant is satisfied abouffter user.evaluatl_on was h'g.h' Thus_,_IIM was chosen.
their personal treatmetity complaint receivers. The |t Was quite certain that Rational Uil Processing

procedural justice is concerned with the treatmenfRUP) was the most appropriate development
received by the complainant by means of procedureg‘ethOdC"Ogy as it meets the project criteria and it is

such as policies and formal structures. The fourtclinéd with —1IM.  PRojects IN ~ Controlled
dimension; informational is determined by the Environments 2 (PRINCE 2) was selected as the most

transparency, differentiatio and the support. appropriate project management approach as itesasu

(Chalmers, 2016)Complainer satisfaction is highly the project completiowithin tripl_e constraints such as
influenced by the distributive and interactional justice!iM€ oSt and scopurther, project management was
whereas procedural justice has a very weak roleStructured with the use of techniques sush\dork
(Orsingher, Valentini and Angelis, 2010). Breakdown StructureGantt charts, risk logs, initial

project plan and revised project pldie next section
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will be focused on the conducted research findings tobserved that 75% of the FMCG companies find
study the industry behavior against the literatureinefficiency on prioritizing the complaints which is

findings one of the root causes for complaints being ignored.
Majority (40%) of the distributors have claimed that
5. RESEARCH FINDINGS the contributing factor®f communication gap will

Questionnaires were circulateginong the FMCG slow the distribution process. Similarly, 34% of the
company CS team in the Colombo district and theiisample considers financial loss whereas 25% of the
respective distributors throughout the island. Keepincsa@mple considers loss of ~customer share as
the time constraint and target population size in mindconsequences of communicatigap. This subject in
the author decided to conduct qualitative fiating ~ turn will make the unsatisfied istributor to
technique for the FMCG ampanies whereas discontinue reporting complaint which is subjected to
quantitative for distributors, for industrial survey. A 17.9 % of the sample.

total of 70 questionnaires were circulated among th&yitn reference to the placed arguments, it can be
distributors and received 60 responses whereas ﬁﬁearly understood how distributors and FMCG
were only valid. Hence response rate is 81%. Thgompanies are affected with the key problem and their
response within the distribu®rcomprises 38.6% of erception on caes and effects. Moreover, it can be
small scaled distributors, 36.8% of medium scaledyjinessed that majority of the encountered problems
distributors and 24.6 % of large scaled distributors gve faced by both the parties above average where
Besides, dlstrll‘;utors sample contained 401-2% fromignificant attention is requisite. Further, the findings
Western, 14-07/0 from Nortbentral, 23-5’/0 from  from the abovementioned factors indicate that there is
Eastern, 8.8% fgom Norttvestern, &% from  an opportunity for the author to empower DCM
Southern and 2.9% from Central provinces. Despitgg|ytion to change the negative perceptions of the

the quantitative analysis, the author conductedyistributors and to eradicate the identified concerns.
qualitative data gathering by means of semi structured . )
interviews with FMCG companies. In average, a FMCG receives1® complaints on a

) o weekly basis where product related complaints are
The survey results depict that majority (24.6%) of thebeing reprted the most. The number of incoming
distributors emb_raceamedioc_:re r'elationship_with theircoﬁmmmts is directly proportional to complexity.
FMCG companies. Communication gap which is theyjgre the number of complaints, more the complexity
reason behind the imbalance of WAMIN situation, is it 5. with reference to the above argument, it is evident
witnessed in all the FMCG companies &@7% of  hat the complaint management process between the
the distributors Meantime, it is understood that the ;siress stakeholders is an active business process
idertified communication barriers; overload and \ynere the opportunity for an IT solution is high to
timeliness is highly observed (75%) whereas distortionnanage the complexity in efficient manner.
and acceptance is mediocre in the industry. Moreover,
omission is not observable is the indusris can be  Further, considering the majority (72.3%) of the
due to insufficient data gathering or participmnot ~ Survey results, it is evident that the solution should be

willing to reveal the real situation. a respasive mobile application to meet the Android

OS platform for distributors. On the other hand, it is

- Causes of communication gap depicted that all the FMCG companies are willing to

f§ e . adopt a desktop application over web application due

2 m am OB [ - to security reasons.

& Poor record  Knowledge gap Delayin Lack of

maintenance attendingto  transparency
6. SOLUTION
Figure 1. Communication gap causesource: Survey This section bringsdrth the solution framework for
data) the identified gaps. Functional and rfumctional

requirements were elicited and specifications were
With reference to Figure, 1t is revealed that all four documented. Each functional requirement was
key causes for communication gap which wereprioritized with MoSCoW rule to identify the most
identified in problem domain are proved valid et  crucial functionalities whic was followed by system
industry. designing with the use of UML diagrams such as class
. diagram and use case diagram to understand the bi
When pon5|der|ng the suboelements OT th_e camlse;, pictglljre in diagrammatic ?epresentatioﬁlnce the ’
study |Ilustrat§s that 19.6% of the dlstrlbutors_ fmgi functionalities were confirmed, systenookups were
Ianguage_barrle_r as an elerr;ent for the commun_lcatlogketchedJSing balsamiq . Furtherthe systenwas
gap.This is subjecteq to 75% of '.:MCG where it can deployedand evaluated by users and industry experts
be observed that minimum compies are reported to meet their expectationbkinally, the DCM system

from Northern and Eastern province (majority Tamil ; P
speaking) distributors since the distributors believewaS ready for GRLIVE with requested modifications.

that their complaints wondédt be taken into consideratior
Despite, 25% validates that such practice cannot be
observed in their backgund Meanwhile, it can be
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6.1 System Architecture

Figure 2 represents the higgwvel architecture diagram of the company.

solution.
| Presentation Layer |
Report View Rate View Nominate View
complaint complaint service complamt resolver achievement
Track Other Reauest Generat Provide
starus functionatities opiion epont opinion
I
T t I I |
[ el [ om
3 [—3 functionalities
Distributor Resolver
Mobile solution. Desktop solution g
_____________ =3
Access Network: 1 fd
_____________ H WIFL
| | mccrev |
< Visual
Srudio
FMCG  internal

server (Visual

Basicy

R =
DCM Database DCM Database (MS SQL)

Figure 2. System highlever architecture diagram
(Source: deived by authdr

6.2 Change Managementin Client

Environment
The proposed solution has an

Table 1. Priority by complaint type

that the priority and SLA days may sabj to differ by

Pri
Complaint Type | Criticality SLA orit
Days
y
Pack Shortage High 1 2
Product damage Very High 3 1
Transportation delay Medium 2 3

Research findings reveal that the factor timeliness in
complaint management plays a significant role.

Featur e

fal

erto

wa s

brought

mentioned factor. This tracks the SLA days and send
reminders accordingly to the resolver until the
complaint status becomes complete. Also, when there
are no commands passed by the respective resolver, it
automatically escalates the complaint to higher
personnel. Escalation is determined by a hierarchy

management process of both FMCG companies and

distributors. Thus, a requirement for

impact on thewhich is fed into the system.

change7.1.2 View Complaints

management arises. Many aspects of the organizatianse can select a complaint from the list to view the
such as structure, culture and curneridcedures need complete details(see Figure 3)Resolver can request
to be considered and customized in accordance to the system to suggest similar complaints from the
company practices prior to implementation. Mainly, history dashboartb obtain an understanding on how
the existing applications within the organizationssimilar complaints had been resolved in passi@es,
should be focused. The desktop application databaste user caredit complaint status, request opinion
from peers in terms of doubtéccording to research

is used for order processing. Besides, the database fifidings, complaint overload is subjected to 75% of the
the mobile application also needs to be integrated wititompanies. To eliminate the problem, the user can
order processing database to capture invoice numberminate anotherresolver if the useis unable to
attend the complainBesides, the user can view the
feedback provided by the peer for requested opinion.
Moving on, the resolver can view the interactions
he/she had with the distributor and send appropriate
was developed through Proto.io whereas the desktolgedbackto increase transpareneyhich was one of
solution for FMCG companies was developed througtihe main concerns observed in the research findings.

Visual Studio. The database used was MS.SQL 20147he user is provided with an optida generate auto

solution for complaints. Consider the following
scenarios to understand the work flow.

should be integrated with theisting solution which

relevant to a distributor.

7. IMPLEMENTATION

The mobile solution for disbutor to report complaint

7.1 Desktop Solutioni FMCG CS Teams

7.1.1 View Tasks

The user will be able to view the new complaints
assigned with the list of egoing complaints. Under
My Taskspanelall the received complaints will be
auto prioritized based uporits criticality. This
functionality was developed to eliminate the problem
wor d
is captured from the complaittt prioritize complaints
The following Table 1 shows th&LA days and
prioritizationbasedupon its criticality It is to be noted

statedinsection2.4 The key

/

Scenario 1- if the complaint ispack shortag, the
system will calculate the required stock and match
with the available stocks in the nearby warehouse and
prompt the solution with SLA days and number of
stocksto be deliveredlf in case, the stocks are not
available, it will send the command toder stocks

frg’r(l) r(T)1rde|r 6{nlanrz];lqemel:lland Wi(l% command the
qogisticsqo d2liver. Above’méntioned commands are

automated which has user control. Figuregresents
the user interface of automated solutionscenario 1.
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Company { PVI(LID)

Scenario 2 if stocks are repeatedlyperted as non :
moving items in a location, it means either the stock i¢
not well promoted or lack of use in that location. In
this case, DCM will highlight the issue and advise t
user to conduct an activation progranThis
notification will be activated feer the @' time of the
reported complaint.

Parachial Stofe iheiet.

Your Personal
Score 971
2ud Week May

Company 1 PVT{LTD)

Figure 5. User interface of Personal Profile (Source:
developed by author)

The achigement of the resolver depends on factors
such as sum of customer rating and customer
weightage, complaint attempted and complaints
resolved. Based on the factors, Equation 1 was derived
Figure 3. User interface of View complaints Source: which was evaluated by field experts

developed by authdr

FMCG o

B

Complaints
Sum of

completed Sum of service rating

i Achievement = | ——— | = + Complaint 1
Invoice Number Complaints for completed weightage ( )
Send command to Supply chain and QA 77 attempted
Compar Further, the user Bntitled to view thig score meteto
el sy e b check their progress by week, month and y&eefer
(Based on allocated units) .
= CH— Figure 6
e
S ©E \ 15 J Yeor [017 vl [Premase i ]
[ —
Lot Morih Score ) ]
i Sep.
o s i =1 = |
Caes | \ [F=a ] o s ]
Foc 20 | [[oe=]
Solution | 100 stocks available currently to be replaced. Reportto QA and Supply chain and
order -25 units Compisints Aeceived Complarts Atempted  Complaints Completed  Sum of camplart anm:uu Achisvement
Wesicl o6 7 B - . OO
| Deiiver goods by 4 days | week2 |63 Ea— | 721 | [ss1 | [127 |
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|

Figure 4. User interface of autosolution (Source: ) .
developed by authyr Figure 6. User interface of Score meter$ource:

developed by authgr

The above mentioned features were built in order t% .
eliminate the problems explained in section 2.1 and-1-4 View Reports

24. Report generating feature was provided to address the
problem statedéh section 2.3The usemwill be able to
7.1.3 Personal Profile generate reports based on their preference which

improves decision making. For example, the user will
pe able to view thehighest complaint reported
province, distribution pointproduct, complaint type,
non-moving product®tc.

The user can view &iher personal and professional
details performance achievement and highest pee
achievement in graphical and data view from this
panel. This gamification concept will encourage the
user to increase their productivity to maintain their i .
profile which is monitored by CS department head.”-2 Mobile Sdution i Distributors
Moreover, persona| score meter, Comp|aint hand"ngThe distributor is entitled to report complaint, view
improvement are represented in graphical mannerf€attime status, view dashboard of complaints and
Besides, user can view the comments recehyethe  interact with FMCG companiedhis set of features
superiors (see Figure 5). were built to eliminate problem stated in sections 2.2
and 2.5.1t is to be mted that all the fields are pre
loaded and distributor have no necessity to type. This
is mainly to avoid misunderstanding and typo errors.
Besides, the application itself will direct the
complaints to respective channels based on the
icompl ai avbidtheyprhde stated in section
2.2. The distributor will be provided with a toll free
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and useffriendly complairt reporting platform. Refer §  Mobile solution should be available in multiple
Figure 7 languages such as Sinhala and Tamil to reduce the
- = language barrier.

= 1 The mobile application should track the time and
5 reflect in desktop application to predict the most
popular complaint qgorted time zone. This will

= help the resolvers to organize tasks accordingly.

e || L | 10.DIRECTION FOR FUTURE WORK

The project is aimed at reducing the communication
gap and enhancing the complaint management
process. Instead, only general trade is focused where
moden trade and new channels also need to be
addressed. The identified barriers of communication
gap and consequences might be constant but the

Figure 7. User interface of Mobile solution Source:
developed by authdr

8. CONCLUDING REMARK variables might differ with market maturity. Thus, itis
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variables such as structure and configuratiof

ABSTRACT 1-5 ) ) business operations will vary based on the
The success of an Enterprise sRerce Planning i mp| ement ati ons of these sy:

(ERP) system is measured by the return oninvestmenrsystems usually vary from the highest level of

(ROI) it brings about to a business. Data is the core management to the least automation of a business
of an ERP system regardless of whether the ERPocess involved.

system is a full suite, or an incorporation of multiple

best of breed vendors. Strgie decision makers Businesses that use BOB solutions usubdye the
usually make use of KPIs and other performance modules tailor made for the best management of their

indicators which improve their insight into the dataand ensuring the reahe interoperation of each

operations of a business at a higher level. Best of BOB vendor. Light et.g3] have identified that while

Breed (BOB) solutions usually made up of custom BOB solutions are carefully planned and well

tailor made modules, lack a central poifar researched into, there are negative impacts on the
monitoring of data in an aggregated manner. This requirements of IT skl I's from a bu:
paper reviews and discusses how BOB solutisers perspective. A multitude of platforms and integrations

could gain a better ROI through a central point of data. come with a high cost of managing changes between

A proposed design in the form of a centralized portal modul es. 1t d6s clear that ¢
that would provide vital information ithe form of a integration will indefinitely break the flow of an ERP
dashboard is discussed. The paper discusses thé Yy St emoO s r e atihgandretrievald at a upd

gxpectations of an ERP systgm VS. the reality of what A modern ERP system is now expected to provide
is expected when BOB solutions are involved. intelligence to support in decision making and

Categories and Subject Descriptors analysis of important data. ERP suites now come built
. . . . with their own dashboards to aid in visualization of
Integration of business data to provide intelligence.

data that is of importance. It watentified by Wijaya
Keywords [4] that there was a necessity and usefulness of a

ERP. CEO ERP dashboards. dashboard. best c)fdashboard system to some extent for decision making.
breed, CXO, ERP systems, CXO dashboards, KPI Key factos on the Importance O.f dqta and scorecards
were mentioned. Wijay@] also highlights on the fact

that the main success factor used &asure an ERP
1. INTRODUCTION _ ) system, is through the ROI which is gained through
The success of an ERP system is measured by its ROlhe assistance of higher levels of management who

ERP systems have reached many milestones since itgan make use of data that ERP systems provide.
first outbreak and have had significant imgaohn

businesses as defined by Gartfidr The definition Based on the information above, a gap is identified

of an ERP system is often referred to the synergy of Wwhere BOB solutions seems to lackentral form of

multiple modules that solve a business pssceAs data visualization. A quest
businesses implemented ERP systems problems aros#telligence a business/individual who uses BOB

in various forms. A major conflict that is noted, is the Solutions can gain from the use of a central portal for
selection of an ERP system vendor with a full suteor ERP dat a?6 I n this paper we
using multiple vendors each branded as the best of2 central mapping of data, f@OB solutions, could

their expertise (known as a BOB sttw i best of ~ provide a beneficial ROI. A proposed design

breed). infrastructure is discussed which involves the
_ development of a centralized portal across BOB
According to the research conductedMgrwa et.al solutions. This centralized portal will serve as a

[2], there are several alternatives to shiftingaods singlesignon (SSO) as well as a command and
BOB solutions to obtain maximum return while large -ontrol dashboard of KPIs.

numbers were already headed towards full suite ERP
systems. The clash between a full suite ERP system
and BOB solutions is still a topic of debate because
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2. BEST OF BREEDi USERSI It was noted bySimonsen and Nielsefr], that
OVERVIEW knowledge sharing is erpted from an ERP system

The synergy of BOB solutionsllows them to once implemented, to enable strategic decision
interoperate with flexibility with available resources making and gain operational efficiency. BOB

and provide a seamless e?'ﬁtlﬁr}s'i pglggcdgcggtr@|zggl @ég;mgs .6’f \.’anﬁioés' to its
tailor-made nature. With the recent paad shift lack the ability to provide an immediate big picture.

towards cloud, it has become effortless to run diverse Transparency of data in a nutshisllsomething that

solutions that will operate with another. Since the core BOB solutions cannot provide, compared to a full

of an ERP system is data, it is essential that it is usedsuite ERP. In the works of Wijay$d], it was

effectively as identified by Maas etf] who have identified that a dadfoard that could aid full suite

done a detailed study into the impact of how simply ERP users to gain a much bigger picture from their

the Ousaged and oO6contr ol Gendatdata Peng and is bénefisiad to ithe ultimgte ms o f
ERP. According to their study, they hypothesize that decision makers.

the 6greater the infusiond (ﬁr_ovided bé/ the ERP system
userso6, the more positivI%OBtS ugonsafe uilfimaely expe tngt’o(prlﬁgab?ug going
to be. the same return or greater than what Is to beeghi

from the usage of a full suite ERP.

ERP system usevag omitheleaste ner al w

a | i .
automated task across all modules to the higher levelsconsidering  the technical ~ knowledge and

of management. Each user is somehow going to bergquirements noted by Wijay4], it is evid(_ant, _that to _

involved in at least one module or another. An overlap Nigher levels of management, key metrics is what is

occurs as the management level increases. Maas et.d€Y l0ok at as an ERP system user. In terms of BOB

[5] also identified this in their research to showttha  S°lutions, the multiple points of data access and data

system is not successf u|rep[§§1er|1taé|%nsma{<e§5hgwgsbhgrpeﬁ(\5:l)'gﬁlgé«a/ to it
fullest extent by the users. When it comes to BOB Metrics and performance indicators, Wwhich were

solutions, the advantage gained over a full ERP suite dentified.

is that ités easier to gain access to specific data fr
BOB vendor for those who are inveld in only a 4. IDENTIFICATION OF PREVIOUS
single module or so. RELATED WORK

With the problem being clearly defined, pointing out

BOB solutions have gained their name for being the . ) .
g 9 the gap that exists, previous attempts at similar work

most effective solution that is applied to solve a

particular business process. Considering the € outlined.

comprehensive study conducted by Maas ¢8alit ~ q A dashboard to enhance performance of ERP

is evident that there def ismtenise lvas atemptad ‘aleng i With ytheo I user
required to bring the best out of an ERP system. idet i fication of 6Critical Suc
Adding on to thaGovindaraju et.al6], mention that could prove usefutientified by Wijaya[4].

there is a O6significant influenced6 by hi her |l evel s o

management which makes the iempentation of Y The adoption and success factors of BOB
ERP systems seamless. In order to influence soluions identified bythe research conducted by
acceptance of ERP systems, it is understandable that ~ Elghany et.P].

higher levels of management are capable of
comprehending the various modules and data
provided by the systems.

Omar and GomefB] have conducted a research
on the scalability of modules in the rapidly
increasing usage of mobile EF

3. PROBLEM REDEFINED While there is definitely sufficient research on the
In this sectionwe define the problem with the usage %eba_tfg OT full fsmte ERP VS B|OB SOIUt'O?;Band
of BOB solutions that can cause it to lose its value and 'dentification -of metrics, critical success

prove unfulfilling in environments that meet the (CSF), there is _definitely a gap in solving a
following conditions. fundamental yet simple problem that could benefit

BOB solutionusersto benefit and gain an ROI on
1 Data is the core of an ER$ystem With BOB their BOB vendors.
vendorscomes multiple points of data, whicliliw
of course interoperate, but are each in their own 5. PROPOSED INFRASTRUCTURE
6shell 6 (module). As outlined in Section: ©6Prob
 Usersi The number ofisersfor an ERPsystem deflne_the requements that are required to be _
are significantly Ilargedltigddedsi Fhagf d&Terf QpPriquvide
certain modules where the overlapping increases solution RPsO.

at higher levels of management, who are the q A higher level of management is able to give
ultimate decision makers. maximum input so is therefore a more suitable
user of a dashboard system where key metrics,
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KPI will play a larger role, &wing stronger BOB vendors. In contrast to the access to unnecessary
decision making angdlanning. excess data from each vendor, higher levels of
management will not need to maintain multiple
logins, but a single common account to access the
specific, more valuable data they need

1 There are multiple points of access to data, and
data is accessible externally. This is to ensure that
there isno difficulty or unnecessary steps taken
to access data, and also to ensilva data is

available for a tool to be designed. 5.1.2 Ability to pick data for key metrics

In this situation it is expected that theersof the tool

For higher levels of management, ideally what is should be able to customize only the metrics and
needed is the ability to view key metrics, instead of indicators they need. Irrelevant data should not be
mining through data for what may be irrelevant. It was forced allowing maximum customization.

identified in [9] , that one of the most expected

outcomes from a completed ERP system is the51.3 Provide Intelligace

visibility of information. As depicted in Figure 1, itis  various tools exist to provide business intelligence for
possible for businesses to employ the use of a centraERPp suites. Major examples include Microsoft Power
dashboard that will provide real time insight on data B| [11], SAP Business Objects B12]. For BOB
they prefer A middleware tool can be designed with  solutions there is gap in literature as to how businesses

SSO to provide ce_ntral access, then be integrated Withcope up with inte”igence_ The tool is going to use key
the externally available data from each BOB vendor. metrics, KPI, to provideserSNith data from mu|t|p|e

Data integrations from BOB vendors will require a BOB vendors.
hierarchical data model to be well defined for data
lineage An extension in the form of a mobile 514 Mobile Extension

component can be cadsred which the way forward  \opile is going to be another key extensionmpoi

is [8], [10]. It is then possible to look at the ;qnsidering the rapid advantages that could be gained.
components that could be employed to meet the omar and Gomez have gone through an extensive

outlined architecture. research on the usability of mobile apps in an ERP
context[8]. Omar et . al have iden
N N [~ ch e ¢ k [10] #hat & going to aid not only for the
BOB BOB oos mobile but the dashboard tool itself.

Vendor 1 Vendor 2 Vendor 3

\ %'\ J_L 5.2 Operability Requirements

5.2.1 Diverse number of integrations

Powell (et.al) [13] have shown how SSO can

. successfully be implemented to some extent across
Dca‘{‘;‘gaa;e <:> diverse cloud environments. Similar communications
will play a part in the interoperabilityetween BOB
vendors and the tool. A hierarchical data model will
need to be designed for each integration as metrics
will need to be prioritized and categorized for data
lineage.

Y

Mobile

Camnnnant

Dashboard

5.2.2 Fault Tolerance

The tool will ensure that at any given timeersare

able to acess the tool irrelevant of the status of BOB
vendors. The technology and infrastructure used to
design the tool must be stable enough to be capable of
handling alternate flows, and BOB vendor faults. An
event management system could be employed to
assistm fault tolerance.

Figure 1. Proposed Design Infrastructure

5.1 Functional Requirements 5.3Ease of access & use

5.1.1 Multiple points of entry to access data
from each vendor

Since each BOB solution is goinggpecifically solve

a functional module or more of the business, it will

have its own login/sign on to access information. As

outlined in Section: O6Problem Redefined?o, there 1is

high chance thaERP user s 6 overl ap, causing a

multitude of user access levedsd logins to these

5.3.1 Easily accessible

The tool should be accessible to ensure that data is
readily available, where the mobile component
especially is to play a major role.
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5.3.2 User Interface/experience

The tool is expected to be easy talerstand and use,
while maintaining performance to ensure higher
levels of management are able to utilize it to its
maximum.

6. BOB INTEGRATOR OVERVIEW
The BOB integrator requires two major components,

implemented on the dashboard, increasing
intelligence on the dashboard to mirror strategic
decisions of a decision maker through training and
learning.
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the middletier component and the Web/Mobile
component. fie middletier is used in the mapping of

Weerasinghe respectively for their

networking,

the BOB vendors to a SSO, and the Web application guidance and references provided.

is required to support infrastructure required to satisfy

mentioned in Section: Possible Infrastructure Design REFERENCES

(A: Functional). Individual breakdowns of the
componets are explained below.

(1]

6.1 Middle-Tier
Since there is going to be SSO involved, it has been(2]
decided that using an existing solution to integrate
with WSO2 Identity Access server which enables the
use multiple protocols including SAMIL4], which is
going to be used for the SSO. WSO2 is being
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solves the interoperabilitpapping of BOB licensing.
A micro service architectural approach is going to be
implemented on the connector level between the tool [5]
and BOB vendors. This approach is taken primarily to
ensure fault tolerance and robustness is maintained on
the tool[15].

(6]

(3]

6.2Web Application

A web portal will be provided to access the tool which
will compromise of a SSO login and then the
dashboard. The dashboard is to be configurable with 7]
a UX such that highdevels of management are going

to be capable of adding their BOB vendor data sources
and then deciding what data they wish to visualize. (8]
Currently it is not decided what technology stack is
going to be used to communicate with the miite.

An extensio could be developed in the form of a
mobile app following the rules discussed by Omar and [9]
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ABSTRACT 1-6 Organic produce, organic initiatives, conceptual

Organic food has gained popularity around the world framework, home gardener

due to its nutritional benefits and has now become a

symbol of fashion and status. Many organizations are 1 |INTRODUCTION

how coming up with d.|fferent intermediaries and IT Sri Lanka is quite famous for their diverse cuisines
platforms to sell organic produce around thetdo which involve different traditional dishes and healthy
The concept of organic food has now reached Sri beverages such &sla kandawhich is consumed for
Lanka and many organizations and government in Sri breakfast and ending the day wittallungand with
Lanka have created different channels to offer assortments of vegetables. Living in an island that is
consumers organic produce. But it is quite evident thatrich in exotic fruits and vegetables, the food is
not all consumers get to indulge in chemicakffresh ~ expected to be immensely healthy and nutritionally
organic produce such as vegetables, fruits, herbs andgvholesome and not just cater tostea However,
green leaves which is unfair, as all consumers aredespite this, we see atarming number of adults and
entitled to access food that are nutritious and healthychildren falling sick which is mainly due to the
and need to be given a choice. Hence it is quite poisonous chemicals present in their food. Fig. 1
obvious that there are many issueishwthe current ~ shows the increasing number of admission and
organic initiative program in Sri Lanka, such as lack fatalities due tgesticide poisoning [1].

of awareness on conventional and organic produce,

50 000 L

negative attitude and perception, limited accessibility - B o

) i . ) . ) Ne. of Admissions ac oo -
to organic produce, price and certification which has g iy omion 35050, P
led to consumers not endgag in current organic woz] T e ="
T . . A, _,.—-u,.../-
initiatives. Based on this background, the paper aims L
to analyze why consumer s :Ei"?‘"':rx::ﬁ;_""'-'*-"“-—- organic
initiative and design and develop an IT intelligent ‘] e g,
solution where all consumers can participate in this a4
... . . . T9HG 1088 1990 1992 1998 199G 1994 2000
initiative or purchae organic produce. This research  Totl pisening sdisson and case Wy popoton
focuses on promoting organic food produce and = pesiices admisson and case fatlty proption
making them available for the consumers to purchase
at a reasonable. Figure 1. Number of admissions and fatality cases in

Sri Lanka

The key factors: health, effort, quality, status, price,

safety, trust, value and economy which influence According to Asian Tribune [2], Sri Lanka uses a
consumer participation of the organic programs were |arge quantity of pesticides in order to mitigate
identified angl an effective conc_eptual framework was increasing pest and weeds in crops. It is said that
create. Mobile based IT solution was recommended pesticides mayalter psychological processes that
to increase the consumer engagement to SUppOrinflyence the uptake and metabolism of food
organic initiative of the country and motivating to constituents needed for the optimal growth and
consume healthy horgrown food. development. Interference with such processes can

Categories and Subject Descriptors result in disorders of overall growth or functional

, ) disorders of specific orgaystems.
D.3.3 [Software and its engineerihgLanguage
Constructs and Featurésabstract data types, data But gladly times are changing. With the emergence of
structures and algorithms, polymorphism, control social media, people are now aware of the harmful
structures. Software modelling, hybrid madle effects of pesticides. According to European
computing. Commission, 2012, Europe and America have the
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biggest organic agriculture sales, then comes Agla an
finally Africa. In order to encourage consumers to

purchase organic produce, Europe and America have

implemented different organic initiative programs

incorporating IT where consumers could purchase
organic produce through website and other systems,
whereconsumer could check for the closest organic
store through mobile apps which makes it easier for
the consumers to actively take part in these initiatives.

Small organizations, and organic markets are also
popping up in Colombo and feaupermarkethave
also reserved a small section to sell organic produce.
But these are mainly targeted at the elite crowd and
donét reach all consumer
a choice by making healthy organic home grown
produce available at theimgertips. Consumers have
the right to know what oés
are made, how they are made and by whom. For this
purposeconsumers should be given the right to pay a
visit to the garden plot to see how their produce
grows. Hand plucking pduce during the harvesting
period is considered an educational experience an
also is an interesting hobby. But unfortunately not all
Sri Lankans can experience it unlike other countries.
All people deserve a firsthand experience of plucking
their own praluce and providing their family a

were given out to respondents for the statistical
representation of the findings in the study.

Non-Probabilistic sampling technique was used due
to the limited time pedd and its impracticality to
cover all Sri Lankan consumers and HeRemers.
Within  nonprobabilistic  technique, purposive
technique was used there is a higher chance of data
being more accurate.

Five key administrative personnel in the country such
as Duminda Dissanayake (M.P.} Minister of
Agriculture, Achala Samaradivakara Maddumage
Director, Good Market , Dr. Hashir Ariff Consultant
Pediatrician, Dr. Ranil Jayawarderia Consultan
Clinica urt]riemP Igal?ngar]Dé Sil%/angu%Cdef rovf/b €
Your Own FoodGYOF) were interviewed to find
outi thrge naéio'[iae[ cl»rgrgnic rogram uar&d tcurren;[N 1S
organic. Furthér temterviews were conducted wi
unhappy consumers who are victims of poisonous
chemicals, Home growers who want to earn an
income and consumers wiseek organic food3.he

OIquestionnaire was filled by 61 consumers and 25

home growers which is 60% response rate. The data
analysis was done using excel and interpretations
were based on analyzing various factors.

healthy disease free meal. Thus it is clear that there is3- FINDINGS

a clear issue in the current organic initiative programs
in Sri Lanka and a need to implement a
comprehensive solution which will enable all
consumers to access andnsume organic produce
and to consume food that is safe and healthy.

1.1 Problem Domain

People are now more educated on harmful effect of
consuming food consisting of chemical fertilizers and
are more selective in what they are eating and are no
more inteested in growing produce in their home
backyard and eating it fresh as organic home grown

Y

Out of the 86 Sri Lankan respdents (both consumer
and home grower), majority of the respondents are
between the age of 280 years of age and located in
Colombo. 73% of the respondents believe that
organic food is much healthier and the remaining 18%
respondents are unsure aboufThey also feel safer
about the idea of purchasing organic produce straight
from the garden as it is healthy and contains no
chemical fertilizers. The findings showed 73%
consumers perceive organic food contains more
nutrient compared to conventional foottish proves
the findings of Lockie et al (2004).

produce are much safer and healthier. There is a highOrganic produce is considered somewgbensive;

and increase in demand for home grown organic food
in Sri Lanka [3] [4]. This study focuses on following
four key factors that influence the consumer
engagement to the organic food initiative in Sri
Lanka: Negative perception and attitude towards
home cultivation, Lack of awareness and motivation
for homegrown options, Limited accessibility to
organic producePrice of organic produce is very
high.

2. METHODOLOGY
A combination of qualitative and quantitative
research methods used to meet different objectives

of the research process. Qualitative research was useg,

to identify the perceptions and attitudes of people.
Face to face interviews were conducted with unhappy

it was learnt that out of 6fespondentthe infrequent
organic purchaser felt organic food was more
expensive as opposed to frequent purchaser who
considergyuality factor. This is one main reason as to
why people opt not to purchase organic food as it acts
as a barrier as proven by Dickieson and Arkus, 2009.

There is a major concern for food safety. Majority
(42.60%) of the respondents are well aware of the
harmful effects of poisonous chemicals present in the
conventional produce and in the genetically modified
food. Respondents were more concerned over
pesticide contamination in their food. It was also
learnt that infrequent purchasers of organic food are
ss concerned about food safety wh@hsupport
Dickieson and Arkus, 2009.

geol ¢

consumers who are victims of poisonous chemicals, Following figure 2 shows the likelihood of consumers
Home growers who want to earn an income and helping each other by selling and buying organic

consumers who seek organic foodsie§tionnaires  produce and raising awareness. The results show that
54.1% of the consumers/hergardeners would buy
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and sell organic produce from the closest neighbor rich and health conscious people while 19.70%
and will help create awareness. respondents strgty feels that organic food is meant
for all consumers whether rich/poor, health

conscious/not as shown in Figure 4.
Likelihood of us_ing the proposed solution to buy and sell organic

produce
100% M =
Perception towards organic
50% produce
Negative 1 2 3 4 5 Positive
s Likelihood of using the proposed solution to buy and sell Stron aly A aras
organic produce Ee s
18%
Figure 2. Likelihood of using the proposed solution to Az
buy and sell organic produce to help the community
Meantral
. . 21.30%
10% of the respondents trust organic labeling and
marketing which is the certification before purchasing ‘Diaz=
organic produce. This shows that consumers are very S
concerned when purchasing organic produce from 8 - Seron gly dlsagras
shops and request to produce a certification as
evidence Figure 4. Perception towards organic produce

Majority of the respondents showed interest in
65.6% of the respondent (both consumers and home gardening and 27.9%emain neutral about gardening
growers) strongly prefers organic produce over-non While the rest shows disinterest in gardening which
organic food. 24.6 % of the respondents agrea ove shows the perception of respondents towards
organic produce preference and 9.8% of the gardening. Respondents even though they lack
respondents remain neutral insisting they prefer both knowledge on gardening show an interest towards
organic and nomrganic produce and none of the learning gardening while minorityf ¢he respondents
respondents preferred nomganic produce over Sshows a negative interest toward gardening.
organic produce as shown in figure 3. Hence showing
that majoity of the respondents feels that organic
produce is better than namganic produce and thus
showing more preference towards it and the minority
feels there is no difference as shown in Figure 3.

Consumers are aware of the presence of chemicals in
the food they eat and yet they are somewhat unwilling
to put in an extra effort to buy organic produce
indicating an unwillingness to put Bny extra effort
above what was required to purchase conventional
food. This research also shows majority of the

980 % Preference consumers possess no knowledge of places where
organic produce could be bought in Colombo. This
Strongly Agree has led the consumer to purchase conventional
produce which is readily available in thearket as
 Agree shown in Figure 5.
24 60
Meutral P T A TP .
% 5560 Axvailabilitv of organic produce
= = Disagree
Yet am aware
u Strongly 40%
Dizagree
Figure 3. Preference 60% o, Lam not aware

Majority of the respondent (27.90%) are unsure if
organic produce is only meant for rich and health

conscious people or for all. 18% of respondents figyre 5. Knowledge on availability of organic produce
strongly feels that organic produce are only meant for
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Current Standarads of organic —————- Expected standarads of organic
g P g
initiatives | Bridging the | initiatives
- | gaplhrough |
Attuc & perception | SimplyFresh | Encouraging home
towards organic farming | Solion | ‘ gardening & making ita
PR - A trend among households
Providing
i h Knowlzdge
+ Heatth crealing
) + Fffot
Aviareness + Qualiy Awrareness * PGS
* Staws /1 Certfication/
Lackof . :r\?e Lead\s 3rd party
Purhasing Organic + ety ; i gertfication
Purchasing Organic Produce ;
produce / + Trus! e g + Labeling
Limited * Valie ang i v Packaging
—_— + Economy (‘ » + (uidance on
\ - Accessibile ‘
Accessibilty ow 1o
. ; ' Moderate & Affordablgm——— | yliivate
00 xpensive \ g e
\— Pricing effectsof
Price Facors thal conventional
influence to0d
consumers to
participate in
Niche Product organic
initiatives

Figure 6. Factors influencec o n s u imeolvesn@nt in organic initiatives

4. DISCUSSION 4.1 Solution

Sri Lanka has come up with various organiitiative  SimplyFresh mobile applicaticiocuses on providing
programs but they are not effective and does not readcn intelligent IT solution for the consumers by acting
all consumers or encourage all consumers tas a platform to buy and sell home grown fresh organic
participate. This has led to consumers beingproduce for an affordable price by showing the closest
dissatisfied with the current programs andneighbor whose growing organic produce and aims to
conveniently opted to continue purchasingincrease awareness on the benefits ofsuooring
conventional food. organic food and harmful effects of consuming
onventional produce. SimplyFresh guides and
ducates small scale home growers on cultivating
organic produce. This mobile solution allows the buyer
o experience hand plucking fresh organic produce
during the harvesting period. It also has a community
A I T solution 6SimplyFr aheteo locplr analb ssenlé horoe growerd gaan
gap between the current initiative program andcommunicate with each other sharing tips and
expected initiative program which is shown in figure providing information. SimplyFresh also shows what
5. This proposedSi mp|l y Fr es h 6 mo Hocadl feod arg m Ithe seagon and provides seasonal
focuses on efficient and effective ways to encouraggecipes to best esthe fresh local ingredient.

corsumers  to purgha;e and home grow Organ'.%implyFresh also addresses one main issue faced by
produce. Th's solution includes awareness of organig, e society today which is unemployment. There are
food benefits and hormgrown cultivation, market many consumers who are single parent, house wives

Frathand experience of plucking frech food from the2 Tetfed who are struggiing o earm an income.
P P 9 SimplyFresh helpshem start up their own farming

closest gaten andeceiving ratings and reviews which plot in small scale and then later expand. It will act as

are used to _|den_t|fy th‘? best homewers in the the source of income for individuals, stay at home
country. This will motivate the horgrowers to .
mothers, retired people and etc.

highly engaged in the organic initiative program.

There were seven main issues with the curren
initiative that were identified through questionnaires
distributed and interviews conducted which are show
on below figure 6.
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SimplyFresh thrives to motivate users by making it fun4,2 Evaluation of existing solutions for

and easy for consumers tultivate their own organic
and healthy produce and making

expanding as time goes on.

Table 2. Evaluation of existing solutions

organic initiatives

it available forThere are many countries that have implemented IT
owers to earn ag

income. It focuses on small scale gardening and lat

olutions that sells organic produce and home delivers
8t around the world. But there are also many short
comings in these solutions that have not addressed the
main issues.

SimplyFresh mobile app is first IT solution in Sri
Lanka that aims to increase consumer participation and
to create awareness while ensuring that all consumers
have access to organic produte.order to further
justify the novelty and uniqueness, a congar of
SimplyFresh mobile app features and other systems
have been carried out as shown in table 1.

4.3 Alignment of proposed IT solution

features with problem domain
The proposed IT solution is developed as a hybrid
mobile applicationthat could be distribed for
Android, iOS and windows mobile platforms. This is
because to provide convenience for users to purchase
and access organic produce where ever they are.

In addition, SimplyFresh mobile application uses
Social Network Technology where consumers and
homefarmers can create profiles and interact with
each other by sharing recipes and providing ratings and
reviews to home grower, so that users could select to
purchase from a specific home grower based on the
ratings and reviews. Table 2 below illustratesv the
problem domain has been addressed by the features of
the proposed IT solution.

Table 3. Alignment of proposed IT solution features
with problem domain

ii K | P
rm | 92N | gim
ply | teh | 5 Jico | pry
':S g'; it | GY | FRE
ru
h ko r;]e Slr-iI(S
Sri
E | K (In (La Lan
gl en | g ka)
an | ya) | nka
d) )
View the closest
hOWEQardener No | No | No | No | YES
selling organic
produce
Vlewlpcatlon of Ye No Ye No | YES
organic stores s s
Sending daily
edu.(?athnalSMS No | No | No | No | YES
notification to the
users phone
View article on
homegardenlng' Ye No | No | No | YES
methods, organic s
benefits etc.
Select garden
visitation to
experience hand No | No | No | No | YES
plucking produce
garderwvisitation
Sellsorgamc_ Ye | Ye No | No | YES
produceorgantc s s
Home delivery Yse Yse No | yes | YES
Usgrcan rate and No | No | No | No | YES
review farmer
. . Ye
User can view priceg S No | Yes | YES
Available on mobile No | No | No | No | YES
app
Share, view and v
comment on recipes €1 No | No|No | YES

on organic produce

42

Proble
m Functional Features in the
domai Requirement mobile app
n
Upload
F1 articles, news | The app ensures
feed, stories that awareness is
view articles, | created among
E2 newsfeed and | user by sending
discover daily messages to
stories theu s ephdne
Aware Share articles, | about the harmful
ness £3 n_ewsfeed and effect; of
discover chemical
stories fertilizers and
Receive daily | also guides user
message on to start their own
E4 awareness of | organic home
organic cultivation
produce on
his/her phone
Attitud view articles, | The appensures
e and E2 newsfeed and | that users attitude
percept discover & perception
ion stories towards organic
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Receiving produce is
ratings and changed by
E5 reviews based| educating users
on the throughrelated
service articles and
provided stories.
Also receiving
ratings and
reviews, and
generating
Generate sales |c onde
F6 | encourages home
and revenue
growers to
involve in home
organic
cultivation
view the
closest
F7 neighbor
[s)(recl)l(ljnugcgrgamc The app ensures
View the tcrz]aant :122:2? (?rrsani(
F8 consumer > 0rg
. produce with little
location
effort. The app
. Search by
Accessi referred also acts as a
bility product] platform
proat for sellers to sell
location/ )
F9 their home
closest home
grower by grown excess
preferred organic produce
closest
view list of
F10 organic
produce
Admin The app ensures
that the organic
shall
o produce sold
maintain
. rices for through the )
Price F11 g” organic proposed solution
g will have the same
produce .
price as the
sold on the .
app conventional
produce
The app ensure
that users can viev|
organic
certification of
each home grower|
View organic | in order to build
certification trust.
F12 of eachhome | Also the app
grower ensure to educate
user on different
organic
certification
available and the
process to get
certified
User carlearn
how to
F13 certify his/her
products
Admin shall
upload
articles, news
Fl14 feed, discover
stories related
. to organic
Certific produce
ation

5. CONCLUSION

As proven in this research, there is a big gap in
the current organic initiative programs that has
not been addressed yet and a new solution would
be a big breakthrough as it solves many issues.
The key barriers identified are resolved through
an effectivemobile based IT solution by creating

a platform where consumers and hoingeowers

can buy and sell organproduce, antby creating
awareness and making sure that all consumers are
given a choice by making organic produce
available at their finger tip. T& proposed
solution will have a rippling effect in the health
sector, productivity and economy of the country.
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scarce resource in Q&A platforn]. Also there are
ABSTRACT 2-1 ) various techniques that Q&A platforms use to keep
Question and Answer (Q&A) platform are a growing ysers engaged, one such way is that adding game
mode sharing knowledge. Where a person can askmechanics with the help of a reputation system to

guestions and one or many experts can prOVidemakeacompetitive environment to the expf9is
answers to that, but with the growth of user

engagement in such platforms the experts who AS said byyang et al.[12] that the nature of experts,
provide answers to theugstions have reduced. Due their activity behavior place a major role when

to this the quality of an answer completely depend on answering the questions.

an expert so to overcome the challenge of finding gq ¢ find experts and match them with the questions
experts based on their interest and willingness 10 5qked will be a sustainable wiy Q&A platforms to
answer questions have become commonly discussedye; 4 good rank among the others. But finding experts
topic. For a question asdiehe_ system should prow_de is not an easy task where we can consider a few
a group of the most appropriate experts who are in theparameters and weight them, this classification should
domain of the question but also the likeliness of an e gone considering their expertise area, behavioral
expert to answer that type of a question. patterns, rankings andamy more rel ated
Keywords The topics of finding exp_ertsf, expert modelling_and
analyzing of user behavior in Q&A platforms is a
commonly discussed area by the researchers but it
needs to be improved with the current growing trends

and techniques of datmodelling rather than the
1. INTRODUCTION traditional methodologies.

With the growth of question and answer platforms

more and more user engagement while sharing the2 DIFFERENT METHODS FOR
knowledge as well as gaining reputation among users.

iSince the early 2000s, oanDrEblN%E%(%ﬁRT§J1N%&Ad Answer
(Q&A) services have become popular ore ttWeb PLATFORMS

and, according to a Hitwise report, there was an 889%Modeling of users has been studied widely and
increase in visits to online Q&A services between different methodologies have evolved with the aim of
2006 and 2008 {g] tSihce rthe t ©adving ghe gpgoblem of finding experts in Q&A
popularity of these services different types of Q&A Pplatforms. As stated biyi, Jin and Li,[7] the methods
platforms have emerged and they are helping the of modelling users can be categorized into two link
community to fulfill the need for informatiofi2]. based and topic based. Link based methods graph the
These Q&A pl atfor ms fiac tUsaisgaccarding toothe|styuctiyad propertigseand them
for sharing technical knowledge, but as a place whereranked according to a set pfe-defined rules [7].

one can seekdav i §lp &very day, there is an Topic based methods captures the topic information
enormous amount of knowledge and expertise sharingand th@ evaluates the interests of the user.

exchanged onlinfl]. As stated byChoi, [3] there are
mainly four types of Q&A services considered with
the wunigque characteristics exposed these are,

Expert Identifications, Question and #wer
platforms, Expert findig

A common format of a post in a Q&A platform
consists of the following components,

communitybased  (e.g. Yahoo!  Answers, f Post title/topic
StackOverflow), collaborative (e.g., WikiAnswers), 1 Content (question body)
expertbased (e.g., digital reference service), and 1 Author of the post
social Q&A (e.g., Facebook). f Users engaged, who we called experts
As the number of questions grow the users who are | Posttags
1 Votes

capable of answering should be also kept enthusiastic
to answer. Enthusiast crowds are considered valuable,
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Research work is doneising one or more and ¢ Topic distillation to idenify the expertsbased
combinations of different components to weight and on the interest in topics

model the experts in such platforms.
P P 1 A topic sensitivemethod to find experts(model)

2 1 Link Based Models that uses topical similarity and link structure

Link analysis can be considered a very important datafl Ranking of experts on a probabilistic model
analysis technique, and the two most used link taking user expertise and reputation into
analysis techniques arageRanK10] and HITS[5]. consideration

Where RgeRank will measure the importance of The reseathersZhou et al.[14] did not use Latent

B e e o .DICHet allocaton (LDA) urich represens coner
links. as a mlxture of topics for distill the topics since the

guestions tend to be very short. They proposed a user
Jurczyk and Agichteirf5] presented an adaptation of topic model which topics are linked with a user also
HITS algorithm which summarizes the user the users who are linked with a topic, a topic sensitive
relationships in a multi graph. They have only have random surfer model (TSPR) which constructs a
taken the links between the experts into considerationrelationship between authors and experts with the
and not the history of the feedback attributes like topic-sensitive questicanswer. Then the candidate
votes orselection of best answer to calculate the expets are ranked according to expertise and
authority estimation. As a query topic the question reputation where a good expert is considered where
category is used and then calculate the hub and thehere is a balance between the expertise and
authority values of an expert. reputation.

A PageRankl10] like algorithm called ExpertiseRank The topic sensitive approach Byou et al.[14] has
was proposed b¥hang, Ackerman and Adamijit3] clearly outperforms the standard LDA approach
. They constructed an algorithm which measures thewhere each question was treated as a separate
number of experts linked also with the relationship document.

amorg the question author and the expert. The

proposed system was tested and evaluated on Jav@ 3 Hybrid Models

Forum network and they concluded the research with A5 topichased models are imperfect since the length
the simplicity of ExpertiseRank algorithm which was  of the topics are not convincing enough and they lack
nearly good as a human rater. of meaningful words[7] and the link based models
As Zhou et al.[14] states that link analysis techniques lack imporint factors the researchers had started
are not effective since it ignores important factors like hybrid models to overcome the fallbacks of traditional
expertse, interests and reputation&here Jurczyk methods.

and Agichtein,[5] also concluded their research by one such hybrid model is proposedlbyJin and Li,
proving that the link analysis technique used have [7] which is called hybrid analysis model (HAM).
performed well for some categories and not for some, This model is a combination of several models and
this clearly shows the failure when modeling experts techniques overcoming the igs with them. HAM

in Q&A platforms using the link based HITS gpalyses the tag of question first but it uses similar

algorithm. words for the tags taken from Wikipeditataset, also
_ with tagLDA it leverages the efficiency of tags and
2.2 Topic Based Models words distributed in a topic. Also HAM uses the best

Topic based expert modelling techniques uses theanswers and the vateto consider in link analysis
topic of a question as the deciding factor to find expert making it a combination of PageRank topensitive
interests and rank them accordingly. Topics play a algorithm and tag DA to calculate the score for each
major role in Q&A platforms wiih are used to  user.

clearly distinguish unique questiorfi8] and these
platforms have enforced various techniques to prevent
duplicate topics to be discussed.

Also Kao, Liu and Wang[6] came up with another
novel hybrid model which only consider the
user(expert) wathority including user reputations,
Zhou et al., [14] proposed a topic sensitive category based authority and subject relevance.
probabilistic model for modeling and finding experts
in Q&A platforms. Their goal was to measure the
topical similarity among the experts and the question
authors with the proposed solution which mainly  q Knowledge scorei user knowledge profile
focuses on the following, and user reputation

The proposed framework can be broken into three
scoring approaches,

9 Authority score i user authority

1 https://wikipedia.org/
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1 Expert scorei combination of knowledge and
authority

Initially a knowledge profile is created for each expert

on a category basis where an expert can have2.5Comparison of Models

knowledge in mordghanone domain, this profile is

build weighting the votes, evaluation and the time

facta. Time factor is a very unique attribute

considered b¥ao, Liu and Wang[6] which weights :

according to the time the question and answer was | MM | authors | MEMO | AWD 1 ocusions
. . . ds dis utes

posted. Then the authority score is calculated with a

link analysis of the category using the HITS and | Discov | Jurczyk | Link Relatio | Not effective

Table 4. Comparison of existingapproaches

PagRank algorithms. Finally, the expert score is | erng | and | Analysi | nship | since it
calculated wusing the ex p auhitgAgichig nso w||&iksy eignogec orjle and
reputation on the targets subject domain. This | €S n[5] HITS | betwee | important

research work can be considered as improving the Elsr:';g nusers ‘;icgz:zs'g‘znd

quality of expert profile modeling techniques which Analysi reputation

were carrie out on previous work. S

Another approach was taken byHanrahan, Experti | Zhang, | Link Relatio | Simple

Convertino and Nelsorf4] which conbines expert se Ackerm | Analysi | nship | adaptation of

ranking and the ZAcore as stated byhang, anand | s- among | PageRank

Ackerman and Adamic, [13]. In this study the Rank | adamic | Adapta | the algorithm was

expertise was calculated in different roles like tion of | questio

AfQuestioner expertise, A:cept[lgd RayeRaye r efr expertise
etc. O nk author,

The authord.i, Jin and Li, (2015]7] prove that there ter:(eperts

is around 7.79% improvement with the hybrid and

analysis model with the same dataset which was used vice

for previous experiment¥ao, Liu and Wang[6] versa

proves that an experts knowledge profile is more

. . . Topic- | Zhou et | Topic Topics | Outperforms
important that the reputation on the selected subject P P " P

. . : . sensitiv | al.[14] based | that the standard
domains. Also the subject relevant scoring contributes | users | method LDA
more in expert finding that the author@gore derived probabi are
from link analysis. listic interest

model ed
2.40ther Models Hybrid | Li, Jin Hybrid. | Tags Improved of
Pal, Harper and Konstar{11] presented a new analysi | andLi | Combi | and 10 | the topic
measure called question selection bias to study the | s model| [7] nation | similar | sensitive
user behavior and modelling. This simply indicates | (HAMm) of words, | algorithm has
the preference of an expert to answer guestions in topic- | topics | showed a
different stages of completeness. The study presents a sensitiv 7.79%
psychological sid of the experts which states e improvement
scenarios where some users prefer to answer PageRa
guestions with few good answers (existing values) nk
and some consider to answer low existing value algorith

. . . . m and
guestion which can be analyzed with the past behavior tag
of them. Also this study usesahniques to analyze the LDA
emotions positive/negative of the content in posts
where it is weighted and added to biased learning Novel | Kao, Liu | A Quality | Subject
model. The authors have found out experts have high | hybrid | and hybrid | measur | relevant
probability of answering questions with low existing | @PProa | Wang | approa | es such | scoring
values and that seléon bias can be effectively used | " [6] ch | astime | contributes
to identify potential expertise in their early stages of combin | factor, | more in expert

ing voting, | modelling
engagement. knowle | evaluat
A study byLiu, Croft and Koll,[8] has experimented dge, | ionand

reputati | user

with information retrieval (IR) techniques to build _
onand | authorit

usg profiles in order to find experts in Q&A

platforms depending on the text that is used. It is a ;a/lf)?(;rr': y
characterization derived from the previously expert

answered questions.
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The Previou
experts | s
phycol | answer
ogy S,
aspects | emotio
are nsin
taken text
into
conside
ration
and
identify
ing of
the user
prefere
ncein
the
existin
g
answer
state

Questio | Pal,

n Harper
selectio | and

n bias Konstan
[11]

Experts show
high
probability of
choosing
questions with
having low
existing value

3. PROPOSED HYBRID SOLUTION

With the review of the previous work it is clear that
the traditional techniques of experts finding is not
efficient and accurate. Also by considering few

factors and weighting an expert in the present is not

the correct way to go. Topic or Link analysiodels

are also outdated now since there are drawbacks. S
we propose a hybrid model, it is clear that the hybrid

model is efficient than the link analysis and topic

analysis. Also the bias method shows that identifying

experto6s behavimajoraleaspvallt t
unlike the knowledge and the rankings.

With the following factors considered the solution is
more accurate and efficient in the present Q&A
platforms.

1. Expertise of an expert in a domain
2. interest Tag based score

3. Topic based interest seo

4. Expert score

5. Selection bias

3.1Domain Expertise

The domain expertise is captured using the tags an
expert has provided answers on and the number of
votes he/she has taken from a particular tag. So a

weight of this is calculated and rankadcordingly.

 SE—

Domain
Expertise
¥
I's ~ I's ~

Selection Tag Based
Bias Score
N

(Expert Score Topic Based
Score
vy \ /

Figure 7. Proposed hybrid model components

3.2Tag Based Interest Score

With the learning of[7] (HAM) using the model of
tagLDA each tag will be matched with 10 similar
words from Wikipedia and then weighted on the user
interest per tag. The difference between the domain
expertise (3.1) and tag inest is that a tag like Java
can have inner tags such as Swing, JVM, JDBC, Java
FX etc.

3.3Topic Based Interest Score

This is where most of the previous work has been
circulated. Topic based ranking is not efficient
enough when taken into consideration as iy

Yactor when finding experts so we Uussent Dirichlet

Allocation (LDA) to identify the topic data. Since the
topics are usually small in length the difficulty of

proa hin ?naaﬁg od gccuracy level. So with the
study ofZhou et al[14] has proposed the ustpic
model which has proven to increase the accuracy we
will be using their approach for topic sensitive interest
score.

3.4 Expert Score

Using a link analysis technique, we can rank the
experts bycapturing the involvement and its relations
with questions. So we get a score called user authority
where it clearly represents where a user ranked among
thousands of others. So with approaches HITS and
PageRani10] we can get this authority score which
be used to sort the final list of experts selected among
the set who are scoped down.

3.5Selection Bas

These tag will be the parents tags not the sub tags in a Nis is the most important factor in our research we

Q&A platform.

consider. Unlike the predefined and the hierarchical
ranking the selection bias is where a user behavior is

Ex: 5 Answered on Java tag and 10 up votes, 3captured, so an expert can be taken with his/her
answers on MySQL tag and 50 up votes. So we weightprevious activities into two main areas.

them such that votes take a majority than the number

of answers provided (8%)

The likeliness,

As soon as a new question is posted this calculation 1. TO answer a question with existing answers

can be taken into consideration as one factor among

the other four proposed rankings. We will call this
weight factor as ADO in
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(where we call them values)
2. To answer a question with high existing values

cal cul ati ons.
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overview on the advantagesdadisadvantages of the
two scaling mechanisms [11, 12].

With the advancement of the computer scienceag clearly shown in the table, due to the complications
domain, multithreaded applications have incurred i f yertical scaling, most of the Infrastructiasa
order to handle multiple requests or execute multipleseryice (1aaS) providers only offer horizontal scaling
tasks simultaneously. Muithreaded applications are [g]. The framework proposed in thjsaper handles

capable of taking the maximum advantage of thénost of the complications listed in vertical scaling,
environment resources, but are highly optimized formaking it an easy task.

specific workloads. In certain workloads, tesources
can be underutilized or over utilized as a fixed number, ot

of active threads cannot fit all workloads due to the:l":l'lvlotlvatlon
shifting nature of the workloads overtime. Thus, it is
desirable to adapt the appropriate number of threa

for a by analyzing workloadyamically. This paper c{untime without a down time [15]. Concurrency

studies existing approaches to identify the workloa control can be achieved by manipulating the number
dynamically and adapt the threads accordingly byof active threads at runtimg baseg on thg workload. If

critically evaluating researches carried out in the . ; ; O

q . designed appropriately and applied properly, the light
omain. - ; X

weight nature of threads in anulti-threaded
application are capable of utilizing the environment

resources to yield a high performance [7].

By doing further research on the domain, it was
vident that concurrency control, a vertical scaling
echnique can be used to scalpplication in the

Categories and Subject Descriptors

D.2.11 [nformation Communicatign
Computing & Performances.

Cluster

However, in most of the cases applications are fine
tuned to handle specific workloads, i.e. applications
exhibit high performance under optimizescenarios
[13, 14].

Although the concept of manipulating threads at
1. INTRODUCTION runtime to avoid over utilization and underutilization
' of threads had been in discussion, only a few

Interactive applications in real world employ 2 researches were conducted in the domain. Main
scalable approach to satisfy users with quick responseg :

e . feasons behind this is lack of tectaliexpertise to
E/?fiat-irohr?;?navp\)/glrllfg t;?jnf)v:r;?meo?le n8 ngjef‘tgd.rgg understand the thread behavior and inability of

shifting of workload is mostly due to the unpredictableapIOIICatIOn to determine the workload [5].

bursts in the user requests. The shifting of workloads$n this paper we study existing auto scaling techniques,
results in frequent changes in the resourceand researches on applications that can monitor or
requirement®f the application. predict its workload. We compare and cast the
technigues they have utilized and finally adapt the
Eearnings to a solution we hope to propose.

Keywords

Application scaling, Multithreading, Concurrency,
Parallelism, Software performance

In order to handle these requirements, the applicatio
can be scaled up or scaled down appropriately. Th
two mechanisms for scaling applications are
horizontal scaling and vertical scaling. Adding or 2. APPROA_CH_ES ANALYZE_D

removing new server instances aodd balancers in Scaling of applications can be achieved by means of
order to distribute workload among available instancedertical or horizontal scaling as mentioned above.
is known as horizontal scaling, and changing thePuring the study it was eviht that many of the
assigned resources of an already running instance f§searches have used the workload or a factor of
known as vertical scaling [10]. Table 1 gives a brief
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workload or shifting of workload to scale the 2.2 Reinforcement Learning
application in real time.

Table 5. Horizontal scaling vs Vertical Scaling

Approach Advantages and disadvantages
Horizontal | Advantages
lin . . .
Scaling 1 Provides the ability to increas
capacity on the fly.

9 Only limited to how many
instances that can connect
successfully.

Disadvantages

1 Licensing costs for the addition
instances.

9 The operation cost for powerin
and cooliry instances.

Vertical Advantages
Scaling

1 Increases capacity by addir

more  resources into th
application.
9 Only limited to how many

instances that can connect
successfully.

Disadvantages

1 Requires downtime while ney
resources are being added.

9 Limitations are defined by

hardware.

Reinforcement Learning (RL) is #echnique of
automatic decisioimaking It can capture the
performance values (e.g. throughput, latency) without
any prior knowledge. The technique is subht, the
model will learn from the past decisions as it will be
awarded for the correct decisions it will make.

2.3 Queuing theory

The classical queuing theory has been widely used in
many applications to scale. The theory estimates a few
performance metrg of the application (e.g. queue
length, response time) prior to making the scaling
decision.

2.4 Control theory

Control theoryis widely applied toin data servers and
storage systems tautomate the managemaeuit the
servers/systems. The technique showserasting
resultson cloud computing platform3his technique
is primarily reactive.

2.5 Time-series analysis

Time seriesbased auto scaling is commonly used in
the domains of finance, engineering and economics.
The technigue represents the changenefsurenet
over time. This technique analyzes theepeating
patterns in the input workload and to tries to predict
thefuture values.

Below listed are, several existing works on the areas of
concurrency control management in databases,
transactional memory and ntiutier cloud applications
that utilizes the concept of workload and its
fluctuations to scale.

1. Adaptive concurrency control: despite the looking
glass, one concurrency control does not fit all
[14].

1 The researcher proposes a solution to
dynamically  select the  appropriate
concurrency control protocol in accordance
to the shifting of workloads.

The underlying theories or techniques in scaling for
both vertical and horizontal are the same. For the best
of our findings, there was no clear wallssifying the
technigues that can be used for scaling. The closest
related work was [10]. The following are some widely
used techniques to scale applications.

2.1 Threshold-based policies

Thresholdbased rules or policies attee most popular
scaling techniqgue among cloud service providéne
simplicity of theserules makes them very appealing
and easy to understanalthe users. However, setting
thresholdsmust be done in a per application basis,
requiring a deep understang about the workload 2
patterns and shifts. '

1 The solution dynamically clusters data to
select the optimal protocol. Data used for

clustering contains details on core
allocations, synchronizatio overheads and
workload.

1 The requirement addressed in the research
has a similar context to the requirement
addressed in this paper as the solution triggers
a change upon the fluctuations in workloads.

1 The parameters used for clustering can be
adapted asparameters for the learning
framework as they are justified.

Weighted adaptive concurrency control for
software transactional memory [1]
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1 The solution by the researcher, utilizes a 1 The evaluation of the approach has

weighted adaptive concurrency control demonstrated effectiveness and efficiency as
approach to exploit the variance imadable a decrease in response time b§39% is
workload between threads. The solution observed in comparison with the mainstream
deactivates threads when available workload auto scaling methods.

is low and vice versa. 5. On Efficiency and Scalability of Software

1 In his works, he implements four weighted Defined Infrastructure for Adaptive Applications
algorithms (WBEST, WFIT, WOPTIMAL [2].
and WCOMPLETE) and evaluates them. 1 A layered performance model to meet the

1 Itis also stated that by follving a weighted user defined SLO efficiently by runtime
approach, 10% of improvement was vertical scaling is presented.

gained in the net transaction commit ratio. 1 The model automatically extracts relevant

1 The motivation behind the research is quite details using resource demand estimation
similar to motivation and purpose of this techniques, and uses it as feedback controller
research. to dynamically adapt resources.

T A comprehensive study on the four 1 Factors on application architecture, system
algorithms, their parameteend differences configuration, and workload demands can be
are required to adapt them into the proposed used to model the complex relationship
solution. between the application performance and the

. resource allocation.
3. DCM: dynamic concurrency management for

scaling ntier applications in clouds [3] In the works carried out by Tang, Jiang and Aaron
i , 14], no justification for the usage of the clustering
i Researgh Frles to address the issue of under lgaithm  or  detailed  description on it
over utilizing bottleneck resources of the johiementation is provided. Ansari [1], in his works
system by ppropriate adaptation of threads yieg o solve the exact problem we address here, by
and connection pools (soft resources). using weights on each thread. An analysis of-fine

1 A dynamic concurrency management (DCM) gr_a_ine(_j measurement_data (response time, CPU
framework that integrates allocation of soft Utilization and pocessing queue length) and a

resources for System Sca"ng managemengombination of Operational queuing laws are utilized
was developed. to determine the near optimum concurrency setting in

the works presented in the works of Chen et al [3]. The
1 Measurements used to determine the neajightweight and timely nature of vertical scaling is
optimum concurrency can be utilized as ytilized to change the allocations of the resources in
learning parameters for the framework after athe works of Wu et al [15]. Beiglohammadi et al in
study on its relevancy as it is not outlined in their work [2], tries to address the issue of full fulling
the research. resource allocations to gain performance on Service

1 The research does not specify the bottlenecll‘evel Objectives (SLOs).
resources of the system or on how theThe research carried outy Islam, Shezan and
solution improved them. Shahriyar [9], the potential of approximate computing

4. HybridScaler: Handling Bursting Workload for has been utilized to obtain an approximate value for

Multi-tier Web Applications in Cloud [15] the workload of the application, based on a user
defined error. It is also stated that, this technique is

1 Horizontal scaling of applications generally faster than convential computing.

results in an extra cost and considerable . .
overhead for shoterm bursting workloads. Chen and Zhuang in their work [4] try to address the

e esearcn Tocuses on ynamial 520, 5k O s0abebly 1 e SXing concunency
allocaing - the = appropriate amount  of oncurre%c Controle grithn?(ADCC)pThe ADCC
resources at the appropriate time to handlethg : y Algonithm { : ;

. algorithm tackles the issue bivitling the process into
bursting workload. ; .9

two phases execution authorization and strategy

1 The solution implemented is based on selection.

resource pressure model which combine

long-term predictive horizontal scaling and

timely reactive vertical scaling.

SAfter analyzing all details of approaches mentioned
above, we were able to identify an appropriate solution
to scale applications in real time by manipulating
f Reseach concentrates more on horizontal threads.

scaling in comparison with vertical scaling.

The parameters or data used on the processed

are notdocumented.
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3. SOLUTION: PROPOSED close values for user defined service level objectives
FRAMEWORK such as throughput and latency.

Recent researches in the domain has observed &bme of the parameters that can be utilized to identify
improvement in performance by reducing the threadshe optimal number of threads are information
when the workload is low and increasing the threadsipplication architecture and system configurations.
when the workload is high. Some of the experimentg{owever, the opthal values for these parameters are
have also shown degradatiam performance when applicationspecific and no general guidelines should
handling small workloads with a high number of pe determined.

threads at runtime [1, 3]. As per the analysis by [9], i
this degradation is noticed due to the overhead orThe framework should be able to increase the number

gf active threads when the workload is high and should
be able to decrease the number of idle tiiseahen
the workload is low. Transition in the thread count
should also not disturb or hinder any critical operations
This leads to a requirement of a technique orof the application.

mechanism to analyze the workload of an application o .
analyze its fluctuations, identify the appropriate it wo_uld be quite mtert_astlr_]g to see how the framework
number of threads required to handle the workload ang'@nipulates the application threads for out of order
adapt the appropriate number of threads at runtim&/@lues in the fluctuation of the workloads.

[16].

resources by the idle threads at runtime. Adapting th
threads at runtime is a chedging task to the
fluctuations in the workload.

_ _ 4. CONCLUSION
In order to address the requirement, this papeipis paper starts by introducing the two scaling
proposes  a learning framework th"?‘t !earns thenechanisms (horizontal scaling and vertical scaling),
workload and the behavior of the application. It alsoreasoning out their advantages and disadvantages.
learns the fluctuations in the workload and adapas thThen, the motivation come up with a learning

optimum number of threads after determining it. framework that is capable of adapting threads at

Based on the existing approaches following are somguntime with regards to the workload is specified. The

identified features the framework should be capablénformation evaluated have been structured in manner
of: to highlight the need of the framework and possible

. .. . approaches to implement the framework.
Determining the workload of the application in

runtime. After the evaluation of the existing researches in the
Identifying the fluctuations in the worlkdal. domain, it is evident that more weight has been given
Determining the optimum number of threads to horizontal scaling of applications rather that vertical
required to handle the new workload. scaling of applications. One of the main reasons for
Adapting the threads of the application in this is that the applications are designedsirch
runtime according to the optimum number manner that it cannot change the number of threads at
determined. runtime without restarting the application [10, 12].

o oo >

. It is strongly believed that the way forward to fulfill
3.1Analyzing workload the requirement is through continuous learning on the
Traditional applications expect a peak workload.workload handled by the applicatidy monitoring it
However, his approach suffers from inefficiencies due detecting out of order events, i.e. fluctuation in the
to the oveiprovisioning of physical resources and theworkload. This is a good starting point for further
limited flexibility to cope with unexpected workload investigation and evaluation.
bursts, which makes monitoring of the workload is the
central operation of the framework. REEERENCES
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ABSTRACT 2-3

Nowadays the senior staff in the industry has busy
schedules and tight deadlines. Under these situations
they might forget the new employees who are
willing to get some knowledge on previous work
and existing practices that are currently happening
in ther work place. So this will lead to many
complicationsbecause the newly employed people
might not be able to proceed with work due to the
unclear areasThe main intention of this paper is to
introduce a convinient way of providing the manual
knowledge trasfer process. Simply this solutien
DelayMIN automates this manual KT process in a
reasonable mannerDelayMIN is designed to
automate the manual Knowledge Transfer process.
This product uses several technologies, mainly Case
Based Reasoning, Fuzzy Logjc NLP and
Levenshtein Similarity. For demonstration purposes
Software Project Delays have been considered. The
data relevant to the previous delay cases are stored
in 4 main case bases named Client, Management,
HR and Equipment related delays. This caaseb
has a structure and more about this structure is
discussed under the Methodolo§gctionB. The
fuzzy module is proving a confident value based on
t he user 6s sub solution
derived by analyzing the problem definition. This
value B used to link the user selections with the case
base. Based on this value the data retrieval will take
place. This fuzzy module will filter out all the
relevant records for a particular sub solution area.
Then the Levenshtein Algorithm involves. This
mechanism is used to obtain the similarity score
between the keywords in the user problem and the
keywords stored in the case base. The articles with
the highest relevant score will be accessed and it will
be saved in PDF format and the location will be
provided to the user.
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Software Project delays, Cafased Reasoning
Fuzzy Logics, Levenshtein Similarity
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1. INTRODUCTION

Knowledge Transfer Process is a wiatlown fact
sharing mechanism in the IT industry. However, this
process is a time consuming taskere the senior
level employees will have to allocate some time
from their busy schedules. Sometimes the same KT
session will be given to several new employees in
the same day, which would be a hectic task for the
KT donor. So as aolution DelayMIN will replace
this manual KT process in an efficient manner.

This solution will be addressing the above
mentioned process and to demonstrate the above
tool Software Project Delaying factor minimizing
methodologies have been considered. This product
is a combimtion of several technologies named,
Case Based Reasoning, Fuzzy Logics and
Levenshtein Algorithm. A working prototype has
been completed and future enhancements will be
acknowledged.

In the below context, main technologies used in

implementation have been addressed. Under the
Methodology Section A, Software project delays

and its impacts are discussed, Methodology Section
B is consist of the Mechanisms behind Case Based
Reasorirg), MetteldlogycSedtian IC prawides enbre i
details regarding the fuzzy module and

Methodology Section D Provides the relevant

information regarding the Levenshtein Algorithm.

2. RELATED LITERATURE

A software project delay can also be described as a
failure of meetinga deadline or failing to deliver a
deliverable on the due date. Software Project can be
delayed due to many causes. Inadequacy of project
planning, cost estimating, measurements, milestone
tracking, quality control and Ineffectiveness of
change control c¢a be listed as some software
project delaying factors. [4]. Previous researchers
have shown that Average overrun on budget is 18%;
average overrun on schedule is 23%; average
underachievement on scope/functionality is 7% [3].
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Figure 8. Software Project Delaying Factors

Due to a project delay many consequences may
occur, either it wi |1

reputation or to the PM of the project. And also it
will lead to a cat overrun as well as to a schedule
overrun. It has been hypothesized that poor quality
control is the prime contributor to cost and schedule
overruns and poor project management will be a
foremost cause of inadequate quality control [8].

Previous stud®e have shown that a delay in a
software project will lead to an increased budget and
decreased scope and excellence of product launch
activities. Which can be further elaborated as when
a deliverable is delayed then in order to complete
that the developmerteam will have to consume
more time which is allocated for a different task then
that scheduled task will also be delayed which will
result an overall delay in the final product launch.
Since more time is consumed the cost is increased
which will lead toan increased budget and since that
the team will reduce some features of the deliverable
which will cause a shrink in the scope and this will
affect the overall excellence of the final product. To
overcome this matter the team should come up with
an updatd and realistic master schedule and then the
scope should be acknowledged immediately among
all the involved parties. This may be beneficial to
limit the escalation of negative impacts into the
product launch. Moreover the managerial level
should be abl¢o identify the impacts caused by a
delay and should be able to manage them holistically
from the whole companyds
individual departments?®o

Amongst many Software Project Delaying Factors
the below graph will elabota few major delaying
factors:

As shown in Figure 1, a Software Project may get
delayed due to:

1. HR Relatedssues:
1 Conflicts among team members
1 Lack of skilled employees
2. Management Relatddsues:
1 Inefficient Time Frames
1 Inefficient Resourcéllocation
1 Unstable Design
3. Client Issues:

1 Ambiguous Requirements
1 Lack of Communication

Proceedings of International Conference on Innovations indnginess and Technology 2017!"30ovember

be

4. Equipment Related Issues:
a B SemesErrarso t he companyds
1 Physical Damages caused to devices
5. Financial Causes:
1 Payment Delays for Change Requests
6. Ethical Causes:

I Gaining Permissions necessary for the

Developments

By considering the above points and by combining

a machine |l earning techni
Reasoning (CBR) 06, t he
proposed solution will be carried out. A typical CBR
system will be usg prior experiences stored in a
case repository for solving problems caused in the
future.

qu
i mp |

As mentioned main technology used for this solution

wi || be 6Case Based Reasoni
proposed solution will also be using Levenshtein
Algorithm for measuring keyword similarity and
Fuzzy Logics for accessing the necessary sub
solution area as by anal
description.

y z

CBR process is consist of 4 main phases. Figure 2
represents those phases involved in CBR.

' ™

Retrieve Reuse

of

e CBR- -

A E—

pe
per s

Revise Retain

N |

Figure 9. Phases of CBR [7]

First Phase of CBRil,the O Ret
situation or the problem is assessed. Then the
retrieve takes place. During this the most similar
case/ cases are retrieved by comparing the past Case
Library and an approximate solution is retrieved.
Thereafter the retrieved
phase will adopt the previous solution according to
the current probl em. Then
place. During this phase the proposed solution is
revisal if required.Finally,t he O Ret ai nbd

ca

t
p |
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involved. Which will retain the new solution as a
part of a new case. By fulfilling this 4 phases the
CBR process can be done successfully.

Contribution of fuzzy logics towards the proposed
system is it helpshe system to identify which Sub
solution area needs to be accessed based on the
userbés problem definitio
several other methods Fuzzy Logics would be the
most suitable mechanism due to its capability of
handling nonlinear situation§uzzy logic is based

on the theory of fuzzy sets, which is a generalization

of a classical set theory [6]. Figure 3 represents the
classical set theory of the Fuzzy Logics.

~——

| Logic
" Classical ™.

\y

T

Figure 10. The classical set theory is a subset of the
theory of fuzzy sets" [6]

Levenshtein Algorithms involved in calculating the
similarity between the keywords in the user problem
and the key words in the case base.

As mentioned in the above context this project will
be focusing on Software Project Delay Factors in

the software industry. As causes of delays it will
only be considering the delays caused by HR,
Management, Clients and Equipment. Financial and
Ethical causes will be considered as outer scope.
Similarly, the project delays only among the
Software Industry will be considered as the impact
on the project performance.

3. METHODOLOGY

Intended methodology to be followed is explained
below in relation with the research objectives.
Respective research objectives to be satisfied will be
discussed inthe below content with foreseen
evaluating approaches.

3.1 Software Project Delaying Factor
Identification.
This has been achieved during the preparation of the
Literature Review. As mentioned earlier a software
project delay can likewise be depicted as a
disappointment of meeting a due date or neglecting
to convey a deliverable on the due date. Previous
studies have shown that a delay in a software project
will lead to an increased budget and decreased scope
and excellence of product launch activities. Which
can be further elaborated as when a deliverable is
delayed then in order to complete that the
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development team will have to consume more time
which is allocated for a different task then that

scheduled task will also be delayed which will result
an overdl delay in the final product launch. Since

more time is consumed the cost is increased which
will lead to an increased budget and since that the
team WE| Vreduce spme features of the deliverable

Whiich wiMc&uZe a hnn(?( ih th scotpeha%c{tt%s wit " €

affect he overall excellence of the final product. To
overcome thisnatter the team should come up with

an updated and realistic master schedule and then the
scope should be acknowledged immediately among
all the involved parties. This may leeneficial to

limit the escalation of negative impacts into the
product launch.Moreover, the managerial level
should be able to identify the impacts caused by a
delay and should be able to manage them holistically
from the whole companyéobs
individuald epar t ment s é

3.2To broaden the knowledge on Case

Based Reasoning.
In early eras one of the most visible developments in
Al research was the emergence of tbéesed expert
systems (RBES). These programs were applied to
more and more problem domains requiring
extensive knowledge for very specific and rather
critical tasksincluding hardware troubleshooting,
geological exploration and medical diagnosis. In
general, the RBES should be based upon a deep,
explicit, causal model of the problem domain
knowledge that enables them to reason using first
principles. Even though thismechanism was
successful at the latter part the researchers thought
to move on since this was difficult and time
consuming [13].

As a solution to above problems researchers came
up with the new mechani
Reasoni ng6 ( CBR)probldms byh
adapting previously successful solutions to similar
problems.

In CBR a case can be termed as several features
describing a problem plus an outcome or a solution
for a problem. Cases can be in multiple forms there
is no specific form. It canither be text, numbers,
symbols, plans or multimedia. These cases are
records of real events and are excellent for justifying
decisions. A Case Base can be referred as a
collection of cases. A case base is usually a flat file
or a database [2].

CBRdrawsat t enti on because i
explicit domain model and so elicitation becomes a
task of gathering case histories. Implementation
work is reduced since it
domain. Most importantly CBR systems can learn
by acquiring nevknowledge as cases. When CBR is
combined with a Database Technique it will be a
great help to maintain large amounts of information
[12].
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As above mentioned this solution will be focusing
on identifying software project delaying factors in
the softwareindustry and will also provide some
efficient ways in order to overcome them. This
solution will beconsistingof four Case Repositories
namely Management, Client, HR and Equipment.
Each case base will leensistingof project delaying
factors and methodiogies to overcome them.

Table 6. Storage Structure of CB

denotations. The same applies to the role played by
Words in Computing. A key aspect of computing
with words is that involves a fusion of natural
languages and computation with fuzzy variables.

Foremost advantages of Fuzzy logic incorporate its
straightforwardness and adaptability. Fuzzy Logics
can deal with issues with uncertain and inadequate
information and in addition it can show nonlinear
elements of selassertive mangided quality.

Contiibution of fuzzy logics towards the proposed
system is it helps the system to identify which

RefID | Keywords | Path articles to be accessed bas
definition. Even though there are several other
methods Fuzzy Logics would be the most suitable
mechanism due ot its capability of handling
nonlinear situations.

The storage structure of the case bases are as

follows: RefID field is for unique identification of =

records. The Keywords column will bensistingof §

the keywords included in the solution documents. e | - |

Path column will beconsisting of the stored nouts Defuzzifier —2%

locations @ the Solution documents. e e |

In the proposed solution the user will be able to

select the necessary solution area and then enter their Figure 11. A fuzzy logic system

problems. For the time being the user will only be

allowed to select only one solution base and  For the proposed system the crisp input will be the

problems can belong to ondyone sub solution area. result of the bag of words module which means the

Then with the use of fuzzy logics the system will relevant sub solution area and the crisp output is the

identify which articles '{encsyalueloagegss ing gecessyyacgrd Iy ¢
N : . (artlcleb.

wor ds o algorithm wild.l b‘e sed for keyword

identification. Then those identified keywords will . .

be mapped across the key words colurand 3.4To gain knowledge on Levenshtein

thereafter the relevance score will be analyzed. Algorithm for similarity calculations

Records which has the highest relevance score will Levenshtein Similarity is a measure used to

be considered and then the given path will be calculate the similarity between 2 strings. It returns

accessed. the number of edits which means the insertions,

This is how the ORetriev al?el(,)eho?)srorothggugsgtuntongEegdgd. pl ace. Aft

retrieval the system will analyze theetrieved If the levenshtein distance is highe strings are

solutions. Then wi t h t noee diffetest.e of 0 Met a

Summari zati ond a reasonabl e solution wi | | be

presented to the wuser, t4h IRESULTS &DISCYSSIONE O Reusebd

occurs. Case base adoption will be handled by the
O6myCBRO6 tool

Then the adopted solution will be displayed te th
user and if they are satisfied the solution it will be
stored in the relevant case base, which is where the
O6Retaind takes place.

3.3To learn how to use Fuzzy Logics for

Relevant Article Mappings
Main contribution of Fuzzy Logic towards the

community is th t Aitéds ability
wordso [14]. Fuzzy Logic
that caters the above purpose.

In traditional terms o6Co

manipulation of digits and characters. As defined by
the human k i codsistify \&fo fuzdys 6
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In the intended system user should select the main
solution area and enter the problem. Then those
inputs are captured for further analyzing. Problem
definition will be sent to the bag of words armem

it will identify to which sub category does the
problem belongs to, then that sub category will be
sent to the fuzzy module and the problem definition
will be sent again to the Levenshtein similarity
module. Fuzzy Module will generate the confidence
value and then the relevant articles will be accessed
based on the confidence value. Levenshtein
Qifilariy Aiddule Will Geleratd ia sifilarity score
arld Sthe tafti€le WitA thé high@st BcBrél il DE Y
accessed and finally the results will be saved in a

documep PelgyMIy hqldg pnegequragy oft o

FLI
0,

h
8@/ which means this system has been tested for

i23, different test cases and only 4 has not met the

59

as



expected output, percentage of the passed test cases the domain. This project could be a valid solution for

has been summed up to 83Fégure 5 depicts the
overall system flow.

4.1 Expected Advantages:
Expected advantages of the proposed system is as
follows:

1 Can be used as an automated Knowledge
Transfer tool in the industry.

1 Can be used as a source of knowledge to learn
about software project delays.

Select solution Area
and Enter Problem

Prablem Definition

e Solutien Are:
Generate

Similanty

Aceass articles with the  Score

Highest Scone

Access Ramvant
Solution Area

_—

Generated
Resuts Access Relevant .
1
sub area based on References " orprc®

lues

Relevant Sub solution Ama

Figure 12. Overall Flow of the system

5. CONCLUSION

Combining the results from the analyzing of existing
solutions identified in the literature survey with the
knowledge gained by the questionnaire, following
conclusions were derived.

Majority of the senior levelemployees in the
software industry are with tight schedules so they
may not have enough time to spend on KT sessions.

There are ample solutions done using Case Based
Reasoning but the problem domain is differed. So
therefore this solution would be proind some
reasonable clarifications to the IT personals.

As mentioned in the above context with the use of
Fuzzy Logics, Levenshtein Similarity and CBR
methodologies this could be completed successfully.
Currently a working prototype is available.

To demonstrate this automatiedowledge transfer
tool software project delays have been considered as

the IT personals who are seeking to overcome
project delays in the Software Industry.
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ABSTRACT 2-4 1. INTRODUCTION

Wireless Sensor Networks (WSN) are being widely A Wireless Sensor Network (WSN) [1] is a densely
used for sensing physical parametersainbroad  deployed wireless network of small, inexpensive,
geographical area. The person who needs WSN will Io_w—power wireless sensor nodes designed to monl'tor
have a pictorial idea about the sensor network. The 9iven phenomena. Wireless Sensor Nodes areegvi
problem in the traditional method is that the person Where you can plug various sensors and transmit the
who needs the WSN should explain the pictorial view Sensor data to a base station using wireless
of the sensor network to a commercial vendor and buy COmmunication. Sensor networks are extremely
it from them or they should design it from the scratch. Useful in,agriculturesector andanimal husbandry ar
What we proposed in our solution is to develop a and yvater quality measurementildlife movement
platform so that the person who needs the WSN cantracking and dsastemanagemengtc.

directly draw the pictorial view on a canvas and then |t js a fact that sensor networks are really helpful in
it can automatically generate all the required firmware creating a better human life. Most of the time, the
for the microcontrollersand wiring diagrams. The required number of sensor nodes for a given
user is then required only to folldew instructiondo  phenomenon is extensive. Given the wireless nature
complete the real world implementation of WSNS. of sensor nodes, tieshould be powered by batteries.
This paper is about developing a visual platform t0 The WSN should have loywower, lowcost and
design WSNs. The WSN designing platform was built rejiable sensor nodes and alsmtocolsthat would

as a web application, so it can manage a large numbefnaje the communication between sensor nodes more

of supported sensors and microcontrollers. This efficient for both power and computation.
means that if one user adds ttevicedriver for any

sensor or anicrocontrollerthe other users can directly ~ The major problem in theaditiond wireless sensor
use it from the WSN design platform without Nnetwork designing process is that there are no
Worrying about hardware programming_ Further, if common platformS available to deSign a wireless
anyoneneed a new sensor or microcontroller tobe Se€nsor network. The term
supported by this visual design platform, this design that a platform which is compatible with any
tool will have interfaces to directly add new sensors commercially available sensors and microcontrelle
and microcontrollers. The proposed method is Since there are no common designing platforms
affordable for developing custom wireless sensor available to desigsensor networksit takes ahuge

networks. amount of time and money to develop a wireless
sensor networkAlso, thereis no way ofreusng the
Keywords existing WSNs.The gal of developing the WSN
Wireless Sensor Networks, Visual WShesign designplatform is to let users easily design custom
platform, Sensors, Microcontrollers WSN using a graphical user interfadene wireless

sensor network designing platform was designed as a
web applicationso that users can simply log into the
web application and use this platform to design the
required sensor network. After designing the network,
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users are provided with automatically generated is power efficient forbatterypowered sensor nodes
firmware and instruction to deploy the actual sensor One such operating system is TinyOS, which is a
network. Anyone with little computer knowledge can specialized component model exploits advanced
develop a simple wireless sensor network, while compiler technology to simultaneously provide
professional designers can use this platform to designefficiency and reliability in ndrocontroller [6]. Nane
complex wireless sensor networkwith lesser RK [7] is a reservatiofbased reatime operating

complexity. system (RTOS) with muHlhop networking support
for use in wireless sensor networks. Arduino Service
2. RELATED WORKS Interface Programming (ASIP) [8] model is a Service

WSNs are widely used during last decade for sensing@bstraction to easily add neveapabilities to
physical parameters and they are really useful in our microcontrollers including ~ socket connections,
day-to-day life. Since it hs ahistory d past decade, ~ Pridging devices, MQTHbased publishsubscribe
lots of researcthave been conducted to find out how Messaging, discovery services, etc. The WSN design

to make these sensor networks power efficient andPlatform was proposed for aug:er!erating firmware
costeffective for the nodes. The autgenerated firmwareodes are

o o generated with theapability of managing power in
0 Firef | y-layeripstforan foc WSNs, one of  the microcontroller efficiently.

such monitoring platform for sensor networks [2].

Although this platform is commercially available, this 3. METHODOLOG ICAL APPROACH

platform is not widely used in developing countries
since these devices are relatively costly to deploy in TO DEVELOP WSN DESIGNING

mass scale. PLATFORM

This paper is about developing a WSN designing
platform, the platform was designed to connect any
sen®r to a supported microcontroller. To achieve
suchtarget,the platform should be able to manage the
details about sensors and microcontrollers. The
following subtopics are the main design submodules
2.1Sensor Node Hardware in the design, following sections will explain how this
Sensor node hardware is a combination of platform works with any sensor that is supportedby
microcontrollers, wireless communication modules, specificmicrocontroller The following subtopics will
sensor interface and sensors. Operating current,briefly explain theoplevelview of the whole project.
sampling rate and signal types of sensors are generally

restricted by the sensor node device. Reconfigurable3 1 Managing Sensors

smart sensor interface [3] is a solution which solves gice this paperdescribes creating a common

the above problem. Reconfigurable smart Sensor i itorm to develop wireless sensor networks, it
interface is a complex programmable logic devi should support awide range of sensors and
.(CPL.D) which adopts the _standard of 'EEEM,SLZ microcontrollers. The basic idea here is to maintain a
intelligent  sensor [4] interface specification.  yarapase for sensors descriptors. The WSN design
Universal M|cr_o$ensor Interfgc_e (UMSI)_ [5] chip is platform was designed to aug@nerate &l the
another generic mter_face. This interface implements arequired firmware for each node in the whole wireless
new powerconservative networkapable sensor bus,  gangor network. In thisrocessthe database entry of
integrates programmable readout circuits for multiple 5 gansor is used to awgenerate the firmware. Users

signal modes, and includes a standard interface for.,, gasily browse through the available sensors and
applicationspecific peripherals. Although UMSI  .,50seone If the specific sensds not found, they

interface is a common platform which can be .o, gimply add a new entry to the database. WSN
programmed to plug a wide range of sensors, itis only gegjgn platform contains interfaces to add new

a olution for lowlevel hardware of the WSN sensor  gonqrs through this WSN design platform. So each
node. Proposed WSN design platform is capable of o, entry of database should contain the required

handling any sensor node hardware if one could write yeajls about the sensoRsgure will illustrate about

&:;;mare device descriptor for the WSN design o getails ofdatabase entry which is described in

Wireless Sensor Nodes can be divided into two main
sections forea® of understandingfollowing section

will describe how previousesearcheare related to
each section.

section 4.1
2.2Firmware Running on Sensor Node Sensor Sensor ||Connection|| Power
Hardware Name |[Description Pins Supply
A firmware is a software that runs on the
. Software Software Software
microcontroller of the sensor node. To develop & low Function for || Function for | | Function for
powered lowcost sensor node it is a primary (Senii]ng_h Sensing Sensing
. — compatible witl (compatible with mpatible with nt®
requirement to develop a stable power -efficient Arduino) Raspoerry pi) “ iocontolen
firmware. Previousesearchelave been conducted to

develop the firmwaréhat runs on sensor node which Figure 1. Database entry for a sensor
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The database entry for a new sensor can be dividedUsers are expected to draw a WSN configuration like

into two parts for ease of understanding. First, the
basic information about sensors such as voltage,
current and pins needed to communicafee £cond
part is the software function which is the most
important part when it comes to generalizing the
platform to work with almost any sensor. For

in Figure 3 in order to create a WSN.

achieving such a task standard procedures should be
used when writing the functionBasically, the users

are advised to write the software functions which
deals with the sensor hardware and returning the
sensor data aocding to the predefined format. The
most important thing to note is that this database entry
can be used by the rest of the world even without
knowing how the programming of the sensor with the
microcontroller works.

3.2Managing Microcontrollers

Microcontrolers are acting two roles when it comes
to Wireless sensor networks, first as sensor nodes an
secondly as base stations. In this WSN design
platform it supports both the settings. The design
platform contains a database which stores the
information abouthe supportingnicrocontrollers so

the users can browse through the available
microcontrollers and choose the required
microcontrollerand start creating a sensor node or a
base station. If thenicrocontrollerthat user requires

is not found in the existg databasethey can create a

Sensor
Sensor
Node A Node M
Y \ 4
Sensor Base Base Sensor
Node B [ > station A [€] stationN [€] Node P
A A
Sensor Sensor
Node C Node R

Figure 3. SampleNetwork Configuration.

3.4The automatic firmware code

generation
The core idea of this project is that this WSN design
latform will generate all the firmware codes that are
eeded to deploy the wireless sensor netwAlo,
the WSN design platform will provide the wiring
diagrams that ar@eeeded to deploy the WSN. The
firmware at each node is generated step by step. The
auto firmware generation starts while creating the
sensor node. Then it aggregates all the networking
configuration. Figure 4 explains the aggregation of
the firmware durig the design process of the WSN.

new database entry for the specific microcontroller.
Figure Z2illustrates the structure of the database entry
which is described in section 4.2.

Aggregate
firmware code
at each
addition of
network
connection to
the sensor
node

Initialize
General
Skeleton
code for
desired
micro-
controller

Aggregate
firmware
code at each
addition of
sensors to
the sensor
node

Make final
firmware
code for the
node
available to
download

Microcontroller | |Microcontrolier| [CONNection Power
Name Description Pins Supply
Skeleton ) Net ki

program for Networking 2 (‘_I‘,v:c:emg

microcontroller Code PO o

(According to the (compatible with Wi-Fi)
predefined format) network type)

Figure 2. Database entry for a microcontroller

3.3Configuring Networking
The retworking between the sensor nodes and base
stations can be configured dynamically using our

Figure 4. Automatic Firmware Code Generation

4. IMPLEMENTATION

Figure 5 is a screenshot of the user interface (Ul) of
the design platformThe frontend was designed to
send a request to theackend to validaing each
sen®r connection. The users canrk onthe same Ul
from the starting of designing the sensor node to
deploying the final design of wireless sensor network.

WSN deS|gn pIatformThe users can drag and drOp _

the created sensor nodes and base stations to th ...

canvas and build the network. The users are required
to draw lires as they wariietween the nodes that are
to be connectedThe backend of the WSN design
platform will be responsibléor creating the firmware
according to the user configuratioi$ie tackendof

the WSN design platform will validate each and every
comection thais created and it will notify the user if
anything is wrong, otherwise the backend will
automatically generate
configuration.Finally, after userfinalizes the WSN
network it will make the generated code available for
download. Figure 3 shows a diagram of sample WSN.

t
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To register a new microcontroller with the WSN
design platform users should fill the following
h requirementdlustrated in Figure?.

4.1 Implementation of Adding New

Sensor Feature
As explained in the Methodology section 3.2 eac
sensor will have a database entry. The details of the]

Microcontroller Model Name (microcontroller id) |

sensor database entry will be discussed in the )

_followmg section. If a sensor is not already registered Microcontroller Display Name (display in front-end) |
in the database, users can add a new entry to the 1

database'. The steps Of addmg a newlsensor to th1 Rated Current of Microcontroller (to analyse power) |
WSN design platform is illustrated in Figure 6. If a )

userfill s the following details in order as in Flgure 6 | g Y T——ET |
correctlyand savethe sensor, then that sensor will be T

added to the WSN designing platform.

| Required Voltage for Microcontroller (use in wiring diagrams) |

| Sensor Model Name (sensor id) | l
l |Types of Connection Pins (connection pin types like GPIO, SPI, Serial) |
| Sensor Display Name (display in front-end) | l

l | Skeleton code to function the microcontroller in normal mode |
| Rated Current of Sensor (to analyse power) | l

v

| Description about Sensor (to use as help) |

| Networking Function(s) to communicate with other nodes |

¢ Figure 7. Requirements for adding new microcatroller
| Required Voltage for Sensor (use in wiring diagrams) I

v The last two steps iRigure7 will furtherdiscuss
Required C tion Pi ti i like GPIO, SPI, Serial . . .
| equired Connection Pins (connecllon pin types like erla)l in SeCtlon 421 and 422 respeCthEIy.

| Function to read actual physical parameters from sensor |

4.2.1 The following standards should be
followed by the users while writing
skeleton code for microcontrollers,

All the detailed requirements will be available in the Skeleton code for thenicrocontrolleris the most

application itself. The users should pursue the important partin thenicrocontrollerdatabase entry.
following standards, This skeleton code should contain the following tags

o in the relevant places,
1 Include libraries that are needed should be

uploaded with the names of the libraries.

Figure 6. Requirements for adding new sensor

1. <includes> Where to insert the other 3rd party
libraries that are needed for the functiotyali
of the sensors and microcontroller.

2. <init> - Where the initialization codes should
reside.

3. <loop>- Location of the main loop.

4. <end> Where the end codecates

data type (1If there
Without thesdags the skeleton code should compile

b ahd rdndok the relévanticiocontrollerand it should
run in aninfinite loop without any functionality.
Figure 8 shows the examples written for ESP8266
12E and Raspberry Pi.

1 If there is a requirement to initialize the sensor,
that code should enter in the given field while
adding the new sensor.

9 Should enter a function(s) for each
microcontrollerwhich measurs and output the
sensor values in 6Stringbo
multiple outpus, the function should return all
the outputs separated

1 The wer may input multiple functions for
microcontrollersas per the requirement.

4.2 Implementation of Adding New

Microcontroller Feature <includes> #llusr/bin/python
WSN design platform supports Arda, ESP8266 ) <includes>
12E and Raspberry Pi boards by default, which means yod selunii <init>
that the WSN design platform alreadgntairs three }
entries in themicrocontroller dat abase. void loop(){ while True
needs to integrate a nemicrocontroller with the ;'°°p> P
WSN design platform, thesercan usethe builtin <end> <end>
feature to add a new microcontroller to the design

platform.

ESP8266-12E Sample
Code

Raspberry Pi Sample
Code
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4.2.2 Netwaking function(s) that is writtento subtracted with the sensord
connect with different types of any column gives aegativenumber, then it is clear
networking technologies that the sensor cannot be accommodated at the

Network function should be written using three parts Mmicrocontroller. If both matrices subtract without

giving anegativenumber, it means that the sensor can
1. Network initialization code this code should run  pe accommodated. Figure 10 shows a simple example

while themicrocontrolleris at initialization stage  of successful and an unsuccessful sensor addition.
and it should basically connect to the given

network.

2. Data sending functionthis code should run in the Save the Initialize the
loop and should be capable of sending the given  |sensor node Shateron code.
string through the network.

3. Data receiving functionThis code should also run
in the loop and shdd be capable akceiing any
String through the network.

If new
sensor

Note that if thauserneed another typeof networking Add relevant sensor Alert user that
technology (for example if theserwansto use RF function to the Yes ————
communication instead of WiFi), the user should [ . =en°°" node at node
. . . . irmware code and
write the network function separatelpcainsert it to allocate the pins to
the WSN design platform while adding the new | connect the sensor
microcontroller.
4.3Implementation of automatic code T

generation module
This is the most important module of the WSN design Figure 9. Code Generation Procedure
platform, this module handles the logic of generating
the firmware includig all the user configurations.
The following steps are the process tpaneratethe
firmware codes that are required to generate the WSN.

GPIO SPI SERIAL ADC GPIO spl SERIAL ADC GPIO spI SERIAL ADC

8 4 3 2 2 (1] o 1 6 4 3 1

4.3.1 Initializing the Node Firmware m— F——
. ) atrix of microcontroller g Matrix

Sensor nodes usually contain microcontroller and Successful Sensar Cannection
sensors. If a uselraganddropamicrocontrollerinto
the sensomode designing canvas, then the automatic || eeo se sema aoc GPIO spI SERIAL ADC GPIO sPI SERIAL ADC
code generation module will call the database and
retrieve the skeleton code. Then the skeleton code is| T—— - —
. atrix of microcontroller Matrix of sensor Resulting Matrix

Ioaded |nt0 the memory Unsuccessful Sensor Connection

8 4 1 2 2 0 2 1 6 4 -1 1

4.3.2 Developing the Firmware when new Figure 10.Sensor Addition Example
sensor is added )

Sincethere is amicrocontrollerin the sensor node  4-3.3 Generat_e Nod&irmwarefor the

designing canvas, it is already loaded with the networking

skeleton code in the memory. As user keep on addingAfter the user created a Wireless Sensor Node, the

new sensors the code generator will aggregate thememory alreadyhas the firmware with sensor

firmware by addingachsensor to the firmware of the  functions. Now the user will able to design awerk

node. This procedure is illustratedRigure 9. between sensor nodes and base stations, for that user
can use the already created sensor nodes. The user is

As shown inFigure 9, there is a step for validating expected to drag and drop the created sensor nodes
whether each sensor can be really accommodated af;1 the canvas and design the network by drawing

the node and it is a really interesting problem to solve. jinas in between them. While the user beeon

A mathematical approach was used to solve this y.p44ing and dropping the nodes into the canvas and
problem. The mathematical solution will be scalable connecting them with wires, the prograackend

for anymicrocntrollerand also for any sensaklso, will validate each network connection and keep

the hwiring_ o:iagratr:wsdBcar_] tl)le (;]btain_ed from this 54qregating the code with the network configuration
mathematical methodBasically there Is a malrix  gating at the firmware code. Figure 11 shows a

generated each time when a sensor node is initialized gy orking setup for simple sensor network with four
that matrixcontairs the available number of pins in | J4aq

different @tegoriesinitially, the matrix would be the
same as the available pins in the microcontroller, then
while adding each sensor the main matrix is
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Sensor 5.2 Analysis

Node A The automatic code generation modulees the
database entries of each sensor that is being used. The
¢ functions that are written for each sensor contains

XML tags. The connection pins are not haated in

Sensor Base Sensor - .
> € the sensor function (in the skeleton sensor function the

HERSIE SEaHOEE HESsE pins are assigned as <DIGITALINPUF, <
T DIGITAL-INPUT2>, <ANALOG-INPUT1>). These
tags are replaced by the automatic code generation
Sensor module. Figure 12 illustrates the macros that were
Node C generated by the WSN design platform. From this
method it is possible to make any sensor works with
Figure 11.Networking Setup any sypported micrecontroller. Figure 12 shows how
the tagged pins are replaced using real pins DO,
5. RESULTS AND ANALYSIS and D1).

The autegenerated firmware codes will be discussed _
in the results and analysis section. Table 1 shows the e T e 1 oo
sensors that are Supported by the Wsl\s|gfe #define BASE STATION_SSID_NAME "BASE STATION_ 1"

#define BASE STATION PASSWORD "™

platform by default. fdefine DEVICE_NAME "node A"

#define DEVICE ID "1-2"

#define BASE STATION TP_ADDRESS 192,168,1,1
#define WIFI_SERVER PORT 5001

#define SENSCR_DATA MESSURING_TINTERVAL 1000

Table 7. Summary for sensors
Figure 12.Auto-generated Defines

Sensor Hardware Supported
Name interface | micro-controllers Figure 13 shows how a function from database entry
(DH11 humidity sensor) is used to generate the
DS18B20 | GPIO ESPE_BZGG’ firmware code for the sensor node.
Arduino,
Raspberry Pi SR a0t
LIDAR- 12C, PWM | Arduino, o T ettt oem1t_or 5
. . output.concat ("{\"sensor\":\"HUM\" ,\"wvalus\":");
Lite v3 Raspberry Pi S e - :

cutput.concat ("}\n") ;|

HX711 GPIO pins | Arduino,
Raspberry PI, !

return output;

esp8266 Figure 13. Asensor function is inserted to firmware
MPU-6050 | 12C Arduino, _ |

Raspberry PI, Figure14 shows an autgenerated loop code with the

esp8266 tag of <SENSOR DATA MEASURING

INTERVAL>. The data measuring interval will
DHT-11 GPIO Arduino, directly replace according to thesefs preferences.
Also, the functioncall is done within this loop.

Raspberry PI,

esp8266 void loop(){
SetJSON () ;7
temp_sensor_data = getHumidity();
dataMessage—dataMessage+temp_ sensor_ data;
dataMessage=dataMessage+",";
5.1 Results if (Count:256==0) Count=1;
. . . else Count++;
An experiment was carried out for measuring sendMessage () ;
humidity using a WSN. Thiérmwarefor sensor node delay (SENSOR_DATA MESSURING_INTERVAL) ;

TEDRequest () ;
delay (1000) ;

with DH11 humidity sensor wagenerated from WSN
design platform. ESP8266 was used as the
microcontroller for this experiment. The user is
expected not to write any code but, draw the network

configuration in t_he WSN desi_gr_1 tool canvas. The Finally, Figure 15 showsthe sample outgs from the

nhetwork was desgr;_ed using WiFi ﬁonnectlo'lf'rsszn d WSN. The output format is a standard JSON object.

roz dilcjit(iar?t?)ntiﬁﬁ:roclzroﬂ\gglrlzrwas then compiled and 1, output JSON object can be used to transfer the
sensor data to any remote location for further
processing.

Figure 14. Auto-generated code for the main loop

66 Proceedings of International Conference on Innovations indniness and Technology 2017"3@ovember



.DEBUG - DATA PACKET IS RECEIVED
"PIME:":"3705371863", "DATA"; [ { "DEVICE NAME":"NODE_BETA",
"DEVICE ID":"343734","COUNT":"39", "SENSOR VALUES":
"sensor":"TEMB" ,"value":27C}, {"sensor":"HUMID" ,"value":68%})

(1]
Figure 15. Structure of the output data format

6. CONCLUSION

The primary aim of theroject was to build a common
platform to design and develop WSNs. Although
there are dot of commercial wireless sensor nodes
available in thecurrent market, still thereis no
common platform to connect sensors and [3]
microcontrollers through a graphicater interface.

This project is developed to make the development of
wireless sensor networks easy. This WSN design
platform is designed in a way that, anyone with
moderate computer literacy can design their own [4]
WSN network within ahortperiod of time. ie WSN
design platform has basically developed as a web
application, aveb application can be deployezh a

server and users can log into the WSN design platform[5]
from anywhere and start developing the desired
wireless sensor network. Since the web appboat
centralized, the design platform can increase the
number of supporting microcontrollers and sensors asl6l
users add new sensors and microcontrollers to the
system. The web application has designed using
responsivdront-endand RESTful backend. 7

(2]
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acquisition, Parameer learning 1.5.2 [Pattern

ABSTRACT 2-5 ) . Recognizition]: Design MethodologyClassifier
The paper focuses on the use of machine Iearnmgesign and evaluation, Pattern analysis

techniques in thdata analysis. The, data classification

algorithms, i.e. Decision Tree aneNearest Neighbor Keywords

algorithms are used to carry out the research. Theata mining, machine learning, Decision Tree
models built upon the algorithms predicted the landg|gorithm k- Nearest Neighboralgorithm, MATLAB
surface temperature from 2017 to 2020 for eight UKpMathWorks, land  surface  temperaturedata
cities. The temperature data sets, used for thejsualization, data analysis, climate change, global
predictions, are collected between 1992 and 2016 frofyarming. Tableau Desktop software.

eight UK cities, London, Aberdeen, Basildon, Belfast,

Birmingham, Blackburn, Blackpool, and Bolton. _ INTRODUCTION

Further the paper discusses about the modification he procedure of searching through data and

Decision Tree and KNearest Neighbor algorithms. . ; ; g ;
- iscovering hidden knowledge and using it to predict
The models, from the training data set have developed. h e g 9 g b

trasted using the standard ‘ i Qnowledge discovery in databases," but the term
contrasted using the standard performance metric iningo hasnaot originated

Thed_r?;ults _a:je CXeCk%q t\.N'tthhe. FestTdata forH; Iih‘?nstitute Inc, 2017). The base of data mining consists
predictel periods. A prediclive Lecision 1ree a of three intertwined scientific disciplines: statistics,
Nearest Neighbors models are used to predict the lal tificial intelligence, and maghe learning. The old

surface temperature Va".JeS' Further_more, the _da'ga S(ﬂ?ethodologies have come to the stage again as data
(19922016) are visualized to gain more insight ining technology. This keeps improving to go along

knowl_edge. The results indicate, the combination_o{;/]ith the limitless possibility of big data and affordable
historical temperature data and machine Ieam'ng:omputing power (SAS Institute Inc, 2017)
techniques have a great deal of importance for ' '

temperature value predictions and, therefore furthefhe increment of the land sade temperature has

studies of the climate changes. been at an unequaled rate for the past decade (Ji et al.,
. . . 2014). According to the data gathered from the
Categories and Subject Descriptors Intergovernmental Panel on Climate Change working

H.2.8 [Database Management]: Databasegroup (IPCC, 2017), the College of Earth and Mineral
Applications--Data mining H.2.1 [Database Sciences of the Pennsylvarsate University (2017)
Management]: Logical DesignData models I.2.8  has conducted a research, and have discovered that, the
[Artificial Intelligence]: Problem Solving, Control land, sea, and air are all warmer now compared with
Methods, and SearehHeuristic methods 1.2.6  the data before 1961990. Also, the temperature had
[Artificial  Intelligence]:  Learning--Knowledge
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been increasing fixedly and expeditiously over the lasiL1), at this point that the gracious agreements stop. At

few decadestlfurther notes that, the rate of increasethe root of the gloal-warming discussion, which

is rapid. According to the research carried out by theargues whether that the global warming is done by

Centre for Ecology & Hydrology, Wallingford, and the humans, by increasing anthropogenic CO2 levels or

Met Office Hadley Centre, Exeter, UK (Harrisetal, wh et her it is simply part 0
2014), the researchers have found progressiveariability. Ritter reviews (2009, p.11) the majority

eviderce that European summer temperature extremespinion propagate ipeerreviewed reports over the

are increasing, and can be enhanced by soil moistur@ast 20 years by the Intergovernmental Panel on
induced laneatmosphere feedback. Furthermore, theClimate Change (IPCC). It is an entity established by
research predicts that the heat wave events coulithe United Nations Environmental Program and the

become more frequent in the future, using the climat®vor | d Met eor ol ogi cal Organi z
model projections. assessment Cham@lei maoe7, o i nf
Awar ming of the climate syst

In their book, Han, Kamber and Pei (2012, pi6)5

arque that the term data mining does not describe al®" evident from observations of increases in global
9 . . '9 . -average air and ocean temperatures, widespread
the major aspects into the picture. To enrich their

argument, they describe that when referring to th(?meeltcgeo;‘ snogv an%j_ Ir?eé %ng;'rsgfg:zt?;v:?gs 2eta A m
mining of gold from rocks orand, the term is gold observed increase in global average temperature since

mining _nqt rock or sand mining. Parallelly, the_y argu_(lathe mid20th century is very likely due to the observed
data mining should have been more appropriate if it's

~ . . increase i nthropogenic . greenhouse as

Ir:)nag ml??utd then uksen (c))f V\tlhle esr(ljogte(re terrrnnI I?ncl)wllqecgj]gecr]l onc"e nat a.rtaaat ) %o nvg%: I.Og %F o r.s qujd Ct ° ot

. oo — ’ . Avery | i kehS30% statisticahcertaiety. t h a
mining might not indicatehe significance on mining
from large amounts of data. Regardless, miningis ®&i t t er argues (20009, p.11)
fascinating term distinguishing the procedure thatstatement were looked from a different perspective, it
finds a small set of valuable chunks of knowledge froommeans that there is a 10% likelihood that the current
a huge amount of raw materials. Consequently, suchwarming trend might arise from natural climate
misnomer carryigp b ot h fidat ao a n dliveigemcen Thargfarahdoeeaceammerity of climate
famous. Furthermore, they describe that there arscientists, along with the scientists from different
many terms which has similar meanings to dataareas, norscientists and the organizations that support
mining, such as knowledge mining from data,the idea that the global warming is from natural
knowledge extraction, data/pattern analysis, datalimate divergence and stand behind that 10%.
archaeology, and data dredgin@.h e Aknow egj
discovering from datao hRMCHA0N0,p.14) one yay or anafngring global o
currently used within diverse industries and Warming 1s an or;gon;g prfc_;cegs. ? .ﬁ ocus S
disciplines, the recent report from SAS Institute P2PE" 1S to use the classification algorithms to predict

describes, the data mining is at the heart of analyticg(::elgrncc:1 Sggjll(ée t:\%%?;gﬁ?re’ctgsn trho?/izjzsuclfg’r;:etp €

efforts (SAS Institute Inc, 2017). . ’ Y P . .
evidence upon the discussion

According to Ritter (2009, p.11), one of the advancedT

scientific debates of this time is whether the gIObaIch?rdr?:tzrrlztlios n tgf tg? glisjr']fgzg?naalgrggtchhm;ngisla
warming originating from human activities. If, the 9 pp

global warming really occurs from the human classification models from sets of data. As an example,

- = . ..decision tree classifiers, ruteased clssifiers, neural
activities, the critical questions are what the effect will etworks. support vector machines. and naive Baves
be and is there anything anyone can do about it » Subp ' Y

Convent onal, ol imate scliBffs e gieetiioies negts g ne
warming s continuing driférent léarning %(asth%cjs Eo figure out a MGte! which

inappropriate deeds. But a few glofverming cynics

argue that there is still a lot of guesswork in home fits best for the correspondenbetween the attribute

scientists came to this interpretation. At the bottom ofset. an_d a class label of the Input dgta. H_ence, the.maln
gbjectlve of the learning algorithm is to build

this argument is a lot of good science, science that i redictive models that correctly predicts the clas
still hidden. There is nl%bels&o? urﬁligusltn%&r%ownéré:(ﬁfsq@gk%s fofoﬁ”’ spt
carbon dioxide concentration has been increasing P y ' '

since the Industrial Revolutioregan in the late 1700s, The paper tries to pride tangible evidence to the fact

and with most of the rise coming since 1950. And therehat the global warming is real, ongoing process. The

is accordance that the emissions from burning fossiinsight since it is provided, using the historical surface

fuels increase the CO2 percentage. Also, everyonknd temperature data sets and with the use of machine
agrees upon the fact that the global averagéearning techniques. The land surface temperature data
temperature has risen since350. After, reliable of the eight cities of UK from 1992 January to 2013
instrument temperature measurements began, theu gu st wer e collected fron
scientist has identified that most of the warming has Ber kel ey Eart hdé i s an orgar
occurred since 1970. Ritter further pin points (2009, pwith Lawrence Berkeley National Laboratory, USA.
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The land surface temperature data from 2013he classificion algorithms. The binary classification
Septembeto 2016 December for the same eight citiesis the simplest type of classification problem. As in the
were gathered from Weather Underground (Theword binary implies, in the binary classification, the

Weather Company, LLC, 2017). target attribute has only two possible values: for
example, cold or hot temperature. Multiclass ¢#sg

2. METHODOLOGY have more than two values: for example, cold, warm,
hot, etc. (Oracle, 2017).

2.1Data classification As in the initial process of the classification procedure,

Classification (Oracle, 2017), the data mining functionbuilding the model upon data set and training it with
assigns objects in a collection to target categoor the training data set, will be carried out. To carry out
classes. The main objective of the classification is tahis process, the classification algorithm looks for
correctly predict the target class for each case in theelationships between the values of the predictors and
data. For example, within the research, the paper ithe values of the target. To achieve a model building
based the classification model identifies the landphase successfully, the various classification
temperature for three differentlasses, i.e. Cold, algorithms, uses various techniques. Then the
Warm, and Hot. relaionships are condensed in a model, and applied to
a different data set in which the class assignments are
unknown. The way classification model is tested are
quite straight forwarded; it compares the predicted
values to known target values in a set of tiedé.. The
historical data set used in the classification project is
generally divided into two data sets: one for building
the model; the other for testing the model. The
Abegaben important aspect of the test data is, it should be
accorded with the data used toildithe model, also
) & should be prepared in the same way, the build data was
feorthern ’ prepared. Usually the build data and test data come
e (o from the same historical data set. One part of the
Bell g R - . . P
o £ ' alackpoot record is used to build the model; the remaining
S records are used to test theodel. To evaluate the
accuracy of the model, the test metrics are used. If the
< : model performs well and meets the business
BfMingham requirements, it will be applied to the new data to
Wales 2 predict the future. The accuracy of the classification
England refers to the amount of oect predictions made by the
e model when compared with the actual classifications
ongong” in the test data (Oracle, 2017).

(Cold <6 Celsius, 6 Celsius <= Warm <= 11 Celsius,
Hot>11 Celsius)

Y7 Scotland

- Wackburr
(-

2.2Decision Trees (DT)

Figure 1. Map indicating the geographical locations of ~ Bakos (2010) describes that, one of the simplest and
mentioned cities. widely used classification technique is a Decision Tree

Classifier. It applies a simple idea to solve the
As the first step of the classification task, the classtlassification problem. Decision Tree Classifier
assignments are knowrath sets (the historical land presents a collection of carefully created questions
surface temperature data) are collected, from yeaabout the attributes of the test record. And every time
1992 to year 2016 of eight UK citieddndon, it receives an answer, a follewp question is asked.
Aberdeen, Basildon, Belfast, Birmingham, Blackburn, This goes until a conclusion about the class label, of
Blackpool, and Boltop The geographical locations the record is reached.

are indicated in the figerl, Sayad (2017) recounts that the decision tree builds the

According to the research, the classification modelglassification models in the form of a tree structure.
are developed, and have predicted the land surfadeirst and foremost, it breaks down a dataset into much
temperature of above stated eight UK cities; from 201&maller subsetsAnd at the same time an associated
to 2020. decision tree is incrementally developed. The result is

a tree with the decision nodes and leaf nodes. A

Classifications are distinct and do not involve an order,; _.~. .
o e decision node has two or more branches. Whistle the
Therefore, it is used tgain distinct values as the

. . ; leaf node represents a classification or decision. The
predicted results. And in other hand to gain results a D . .

) . : - oot node which is the topmost decision node in a tree,
continuous, floatingpoint values, which would

indicate a numerical, rather than a categorical, targecéorresponds to the best predictor. Also, both the

the researchers use the regression algorithms, but ng?tgg_orlcal and numerical data can be handled by the
ecision trees.
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2.3k- Nearest Neighbors (kNN)
K- Nearest Neighbors is a straightforward algorithm.?
It stores all available cases and classifies new case - -
based on a similarity measure (e.g., distance |in.. ==
functions). Since 1970 -KIN has been used in /
statistical estimation and pattern recognition as a nor
parametric technique. A case is classified by a majority.
vote of its neighbors, with the case being assigned t
the class most commonly amongst its K neares S
neighbors measured by a distance function. S e

If kK = 1, then the case is simply assigned to the class oi;:, 3s d batch. DT algorith 94.20¢
its nearest neighbor (Sayad, 2017) Igure 5. Second batch, DT algorithm accuracy 92.2%

If k =99, it is a sinple model but with many errors  Third batch used DT algorithm and data of 2008 to

If k=1, itis a complicated model with five or six errors 2013 1o build the madel

Checked the accuracy of the model with the data from
2014 to 2016. Below Figure 4 shows, thesults

2 4] | . gained by building the third DT model and shows the
-4lmplementation accuracy of the model.

The initial step of the implementation is to divide the
data setinto three batches (199D 1 6 , 2Wbrthy €
data). l.e. | Q@@
First batch: 1992999 (8 years) -,‘«'fw;j —
Second batch: 2082007 (8 years)
Third batch: 2008016 (9 years)

The second task is to build the classification model
from the standard DT andM&N. MATLAB platform
is used here.

First batch used Dalgorithm and data from 1992 to
1996 to build the model.

If K =9, this could be the best solution

Figure 4. Third batch, DT algorithm accuracy 85.9%

Checked the accuracy of the model with the data fronThe above process, also carried out usinfiN
1997 to 1999. Below Figure 2, shows, the resultsalgorithm. First batch usedKN algorithm and data
gained by building the first DT model and shows thefrom 1992 to 1996 tbuild the model.

accuracy of the model.

Checked the accuracy of the model with the data from
1997 to 1999. Below Figure 5, shows, the results
gained by building the first-lIN model and shows the
accuracy of the model.

Figure 2. First batch, DT algorithm accuracy 83.8%

Second batch used DT algorithm and data of 2000 o—

2004 to build the model Figure 5. First batch, k-NN algorithm accuracy 59.0%

Checked the accuracy of the model with the data from .
2005 to 2007. Below Figure 3 shows, the resultsSecoml batch used-RNN algorithm and data of 2000
gained by building the second DT model and showd0 2004 to build the model

the accuracy of the model. Checked the accuracy of the model with the data from

2005 to 2007. Below Figure 6 shows, the results
gained by building the secondNiN model and shows
the accuracy of the model.
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for London, Aberdeen, Basildon, Belfast,
Birmingham, Blackburn, Blackpool, and Bolton.

Ex: Year 1992, cities London to Bolton.

The temperature variant of a month in e eight
cities, from January to December, for London,
Aberdeen, Basildon, Belfast, BirminghanaBkburn,

“ L Blackpool, and Bolton.

Ex: Month January, cities, London to Bolton.

Figure 6. Second batch, NN algorithm accuracy 2'.5 MOdIerd.DeCISIon Tree algonthm.
68.5% This hypothesis says, based on the decisidnthe
. 0 .. . g
decision nodes, leaf node could have classified as

Third batch used-IN algorithm and data of 2008to © €01 40, 6Warm6é or o6Hot 6.

2013 to build the model According to the DT algorithmos

Checked the accuracy of the model with the data from he first batch of dat a, 6Year

2014 to 2016.Below Figure 7 shows, the results gaineHOde'
by building the thirdk-NN model and shows the Underneath the root node, years from 1992 to 1996 act
accuracy of the model. as cecision nodes. After isolating one decision node
. (ex:1992), the months from January to December act
as the decision nodes underneath it. The process is
same for all the decision nodes (198296). Again,
after isolating one decision node (ex: Januaryg, th
cities from London to Bolton act as the decision nodes
underneath it. The process again is similar for all the
= - ' decision nodes (LondeBolton). Finally, based on the
decisions of the decision nodes, leaf nodes are
classified as 6Col dbé, 6Warmd or

[ ven |
Figure 7. Third batch, k-NN algorithm accuracy 68.8%

, i Lan | res [ mar | ae [ vy Joun [ ue L avs [ see | ocr | Nov | oec |
According to the above results the accuracies of all the

six models were at satisfied level; therefore, applied to [ 6asil | Beifa | Birmi | [‘sike |
predict the surface lan@gmperature, from year 2017
to 2020, of stated eight UK cities. Finally, six different EIl i =3

result sets were noted.
Figure 8. For the first batch, D-

2.4.1 Data visualization with Tableau desktop modification
software Accor di t o e I r. | t 0 s
Data visualization harnefssesrp oioé 6 ngé aI gob gy |
0 t he ©§
spot visual patterns quickly (Interamti Design root.node
Foundation, 2017) hence i858 crucioal in the process of

data mining. Underneath the root node, years from 2000 to 2004 act
as decision nodeg\fter isolating one decision node
(ex:2000), the months from January to December act
The temperature values are compared with the relateals the decision nodes underneath it. The process is
month and the year; the temperature variantions of aame for all the decision nodes (2€B@04). Again,
year for all 12 months, from 1992016 Ex: Year 1992, after isolating one decision node (ex: January), the
month January to December. cities fromLondon to Bolton act as the decision nodes
underneath it. The process again is similar for all the
decision nodes (LondeBolton). Finally, based on the
decisions of the decision nodes, leaf nodes are
classified as 6Coldbé, o6Warmd or

Creation of Tableau Graph 1

The temperature variations for 25 years, from 1992
2016, for all the 12 months. Ex: Month January, year
19922016

Creation of Tableau Graph 2

The temperature values are compared with its location
and the related yeanbnth. The temperature variant
checks, years for all the eight cities, from 19976,
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Figure 11. Forthefirs bat c h, DT al gorithr
Figure9.Fort he second batch, DT al gor it hmodifgatidni r st

modification
_ According to the DT algorith
According to the DT algebtthmes seBohd madichi oat idan,
for the third batch of drgotrdvde. 6 Year 6 was taken as t he
node.

ary

Underneath the root node, years from 2008 to 2013 a

as decision nodes. After isolagirone decision node [ Lond | Abar | gasil ] geifa [ sirmi | goito | eike J sk |
(ex:2008), the months from January to December ac

as the decision nodes underneath it. The process B
same for all the decision nodes (2€2@8L3). Again, =Ny B2 D50 B T I I sl e I
after isolating one decision node (ex: January), the
cities from London to Bolto act as the decision nodes

Cold nm
underneath it. The process again is similar for all the L3
dec!s!on nodes (Londeaqlton). Finally, based on the gure 12. For the second batct
decisions of the decision nodes, leaf nodes are modification

classified as 6Col do6, 6War mé or O6Hot 6.

Accordingtothe DTl gor i t hmos s e c Yrdaneai the oot nede, jciges from London to

for the first batch of oBgliomact g cecisignsnoges Aftef jsqlating opes t h
node. decision node (ex: London), the years from 2000 to

2004 act as the decision nodes undatimdt. The
process is same for all the decision nodes (London
Bolton). Again, after isolating one decision node (ex:
2000), the months from January to December act as the
decision nodes underneath it. The process again is
eI similar for all the decision nas (Januarbecember).

[1an | res | war | apk | mar | sun | Jut | aus [ se [ ocr [nov | pec | Finally, based on the decisions of the decision nodes,
|l eaf nodes are classified as

3 =3 1 B0 e 0 A e According to the DT algorith
e B v Bt for the third batch of dat a,
node.

Figure 10. For the third brdergath the ook noge citias higm sondens te t
modification Bolton act as decision nodes. After isolating one
decision node (ex: London), the years from 2008 to
Underneath the root node, cities from London t02013 act as the decision nodes underneath it. The
Bolton act as decision nodes. After idblg one process is same for all the decision nodes (London
decision node (ex: London), the years from 1992 tdBolton). Agan, after isolating one decision node (ex:
1996 act as the decision nodes underneath it. Th2008), the months from January to December act as the
process is same for all the decision nodes (Londondecision nodes underneath it. The process again is
Bolton). Again, after isolating one decision node (ex:similar for all the decision nodes (Janud&rgcember).
1992), the months from January to Debemact as the Finally, based on the decisions of the decision nodes
decision nodes underneath it. The process again iseaf nodes are classified as
similar for all the decision nodes (Janu&rgcember).
Finally, based on the decisions of the decision nodes,
|l eaf nodes are classified as 06Col dbé, 6Warmbé or OHot
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[ cirv | According tothis k-NN modification k values always

be,
[ Lond ] Abar [ asil ] eifa | girmi | goito | siks J ik |
firstk = 2, second k = 5, third k = 8, fourth k = 11, fifth
[ 2008 ] 2009 | 2010 [f 2011 J 2012 | 2013 | k=14,

an [ res [ wian | aee Jvar Juon Lo Tavs | ser Tocr Thov ] oec if previous k is odd value then the next k value is even,
and always starts with the k= 2 value
El I3 EEm
3. RESULTS AND DISCUSSION
Figure 13. For the third bThelarddsurface tempdse datd froméhe yene20b7n d
modification to 2020 is predicted. Six different sets of prediction
results are built upon the following six models
(MATLAB platform).

- ) First batch-> standard DT algorithmaccuracy 83.8%
2.6 Modified k-NearestNeighbors

: Second batch> standard DT algorithni accuracy
algorithm a4 296
C=Cold
e Third batch-> standard DT algorithmi accuracy
85.9%
First batch-> standard NN algorithm i accuracy
59.0%
Second batch> standard #NN algorithmi accuracy
68.5%
Third batch-> standard ¥NN algorithmi accuracy
68.8%

Most of the time the restslgained from the six models
were similar, but with random anomalies. There are
situations, such as, in the same month, in the same year
of the same city getting two different class types. But
when a situation which gives two class types are
predicted fora same month, the different class, is

The Black dot in the middle, indicattee object which ~ @lways the very next temperature class of the most

Figure 14. Hypothesis diagram for modified kNN

the class is unknown. occurred class. As an example, in a situation where one
_ ) model predicts OWar mo, and frc
According to the diagram, predicts 6Hotd or if itoés 6Col
the first circle has W=3, H=2 and C=1, would be o6War mo.
the second circle has W=6, H=1 and C=3 and, Importantly, when the anomaly occurs by the second
o batch of data, of, standard DT algorithms, it must be
the third circle has W=0, H=3 and C=8 considered as a significant occurrence. Since, that

As in the modified version we have three k values, Model has the highest accuracy of 94.2%, it has more
weight/possibility of predictinghe correct value than

k=2,k=5and k=8 other models.

In the first round, the values which fulfils firstk value Ther e are scenarios, regul ar 6C

(k = 2) is checked, hengpe 6H®$ @I tas do {0 Wawamdmoear e©Ort h e gu |

answers gotten the results of 6Hot 6.

In the second round, the values which fulfils second iaccurate only possibility is to, put more weights under

value (k = 5) is checked N& ®PAd NRd rMha" 90 1tSh e? Ny nOsMPelr
provides tangible evidence to prove the main

In the third roundthe values which fulfils thirdkvalue ar gument , which is 6the |l and st

(k = 8) is checked, hen crgpidifceehsd il thé cdmirg fuire.ans we r

Results are, The gained accuracy percentages of the models

Class OHot 6 appears onc eshoweapegl sthat %eé'fﬂoﬁr&% algprﬁﬂgnes MIBd Cl ass
6Warmé t wice. effective when predicting land surface temperature

data for similar scenarios. Therefore, it is highly
Therefor the answer (the class value for the red objecikecommended to, initially use simple algorithms
is Class OWar mo.
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together with more complex algorithms and compareaspects of raw data, which when used an accurate and

the accuracy of both the resaets.

3.1Limitations of the study and future
works

procedural way, could leadd new discoveries.

More similar research should carry out to predict the
temperature or weather patterns and to compare and
contrast the process with different machine learning

One ofthe main Iimitationsofthe_reseqrph i§, sincethea| gori t hms. And itoll wulti ma

study is only based upon the eight cities in the UKof which algorithmsuits best for a particular scenario.

(London, Aberdeen, Basildon, Belfast, Birmingham,

Blackburn, Blackpool, and Bolton), there is IessS ACKNOWLEDGMENTS

pos_S|b|I|ty of applying the results gamed,dd’rferent This research was logistically supported by school of

regions and getan overall cpnplusgon. EVPT” though th omputing, national school of business management

research provides results, indicating the increment o fi Lanka ' '

the land surface temperature, it only limits to above '

stated eight UK cities. This act as a main limitation,

when it comes to prove theoi nt whet h BEFERE%CSES t he

6Gl obal Warmingdé which ¥ Agefakgon.pd. RaW.i M- M 5| GpR
f Using Data Mining dér Predicting Climate Ch in

different temperature anomalies which only affect to gr SI g bata Lga n keacé 9 ae aAvea il abl e

above stated UK cities. The other main limitation is, /. academia.eduldownload/32366093/Effecti

since the research is only based upon two classification  yeness of Using_Data_Mining_for_Predicting_Clima

algorithms, thee is little possibility of reaching for an te_Change_in_Sri_lanka.pdf (Accessed: 15 December

optimum and efficient algorithm to predict the land 2016).

surface temperature data. [2] Azad Nai kmean €lutéring atydeih mé, Dat a

As a solution for one of the main limitations, figuring SRSt FOOTITe, . LNy AeERe . B

out an optimum and eﬁ'c'?”t algorithm, the. fgture k-neeénscluégtlerir?gélgorithm (Accessed'gog May

works of the research withainly focus on predicting 2017) '

the land surface temperature data with different . n ,

machine learning algorithms. Therefore, the lan 3 Eﬁkos, Y.J., (2010) Decision Tree Classifier. Available

surface temper_ature data of el_ght_ UK cities, London, http://mines.humanoriented.cor@sses/2010/fall/csci

Aberdeen, Basildon, Belfast, Birmingham, Blackburn, 568/portfolio_exports/iguo/decisionTree.html

Blackpool, and Bolton im year 1992016, will be (Accessed: 01 May 2017).

used with Regression algorithms, specifically with 4] Brownlee, (2017) Supervised and Unsupervised

Logistic Regression algorithm etc. Moreover, the usé Machine ' Learning  Algorithms.  Available  at:

of the Regression algorithm will provide a window to http://machinelearningmastery.com/superviaad

compare its results with, the results gained from the  ynsupervisednachinelearnng-algorithms/ (Accessed:

Classification algrithms, for the same scenario. 03 May 2017).

Mostly using different, relevant algorithmstocarryoutrsy cnamat k ar A J. Butey P K.

the re§earch further, vy|ll lead to finding the holy grail Data Mining with Different Types of Data Applications

of optimum and effective algorithms. and Challenging Ared, Journal

4. CONCLUSION

There are huge obligations for predicting of accurate
land srface temperature information. The known
business objective for similar predictions arel®l
enormous (Haby, 2016). Such as, Businesses and
people could plan for power production and how much
power to use in different months and years to come by
(ex: power comanies, where to set thermostat), very
useful for the daily lifestyle, businesses could plang,
ahead for the transportations and avoid hazards
situation that can result from the weather (ex: fog,
snow, ice, storms, clouds as it relates to driving and
flying), businesses and people can prepare for seve
weather and other weather hazards (lightning, hail,
tornadoes, hurricanes, ice storms), employers in the
agricultural industry can plan for crop irrigation and 9]
protection (irrigation scheduling, freeze proten)

etc. (Haby, 2016).

't 6s qgui te interesting,
advantage of the historical land surface temperature
values, and it triggers, the difference importance
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ABSTRACT 3-8

Parents face difficulties in managing a closer
relationship with schools in relation to the academic
performance of children and their daily routine
activities atschool. Existing in a society where
parental involvement is considered essential, parents
are required to assist students with better guidance
to enhance their academic performances,
irrespective of work life. Numerous factors have
been identified as theaases behind inefficient
parentteacher communication. Majority of the
parents have a very tight daily routine despite being
employed. Owing to this, higher chances of missing
out urgent notices and upcoming school occasions
exist. Gradually, thisleadstoh i | dr end s
homework, less activeness in academic and co
curricular activities, damaging impression between

teachers and parents and distrust among parents and

children. The modern generation, being proficient
with technology, introducing a techlogically
developed networking tool is an effective mode of
assistance to bridge the communication gap between
parents and teachers. This in return will help to
enhance the academic performance of children.
Moreover, it will be a more desirable way farpnts

to build a closer relationship between home and
school while maintaining balance between work and
home life. Significance of introducing such a tool
has been acknowledged through research on peer
reviewed publications and an industry survey, which
has contributed towards problem analysis, system
design and system implementation. The ultimate
impact of this venture, is to support employed
parents to manage a balanced work and family life
while bridging the communication gap between
parents and teacher
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1. INTRODUCTION

The education industry in Sri Lanka is an extremely
dynamic industry, well known for itsd¢e education

to all citizens over the last 50 years. Its literacy rate
tops with 92.6% (2016) within the last few decades
calculating the literacy rate among all Sri Lankans
above 15 years of age, who can read and write. With
the advancement of the eduoat industry, the
international education industry in Sri Lanka was
established in 1985, with the commencement of the
first international school to deliver fulime, paid
education for students. International school
education is provided in English mediuwhile
registering all international schools under
Companies Act of Sri Lanka. Currently,

i Nntemaxionbl eetiuéation is prominent among the

middle-class families earning well in Sri Lanka to
offer English medium education for their children,
contributing to povide most outstanding education.
Furthermore, parents embrace a less hostile than
waiting to start a better government school for their
children.

Sri Lanka possesses a highly competitive market in
the international education industry with all leading
international schools. It provides students English
medium education with a British national
curriculum ending in General Certificate of
Education Ordinary level and Advanced level
examinations administrated by examination bodies
in the United Kingdom basedn a General
Certificate of Secondary Education system of
judgment. In such competitive marketplace within
the international education industry in Sri Lanka,
parents play a major role to affiliate their children to
a recognized educational establishmenthwihe
considerable amount of international schools spread
in Sri Lanka. Moreover, parents contribute to
provide children with the most outstanding
education while competing with the routine lifestyle.
Since a higher percentage of middlass families

of Sri Lanka being educated and engaged in a
profession, facing the daily challenges within the
international education industry is a struggle with
tight daily schedules and lifestyles practiced.
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Nevertheless, Shi.ankan parents are dedicated to
upl i ft the standards of
performances based on the close family
relationships maintained as a culturally followed
practice. International education industry, being a
paid mode of education providgrarents are likely
to be more enthusiastic
progress to get a value in return for their hard pay.
Parents hold a sustainable relationship with schools
as a need of assuring advancement of academic
performance of their childrenResearchers have
identified that, a close relationship between home
and school plays a leading role as a factor of
improving the academic progress. Paftesicher
communication provides students with constant
academic assistance in building hesshool
pattnerships.

Currently, parental involvement in the academic
activities of students is practiced through parent
teacher meetings and conferences. Face to face
meetings are the best practice of traditional parent
teacher communication that requires extra
comnitment and time to provide their children with
the finest assistance. Being in a millennial era,
practicing fully occupied lifestyles, it has been tough
for employed parents to afford extra time in building
a close relationship with school. With the
consicerable perception on tight lifestyles of current
generation, international education industry in Sri
Lanka needs to enhance par&Echer
communication in a way which is modernized,
creating the lives of involved parties comfortable.
Furthermore, Sri Larnk being a technologically
developing nation while majority of the parents of
international school students being educated, digital
technology can be used in overcoming the physical
communication adversity between parents and
teachers. Hence, introducing technologically
improved networking tool to bridge the gap between
parentteacher communication is an effective way of
assistance to enhance academic performance of
students. Furthermore, it is a more desirable way of
recovering the busy lifestyles andhtgned routines

o

of parents to build a closer relationship between
home and school.

2. BACKGROUND AND RELATED

WORK
Since the project aims to design, develop and
evaluate a networking tool to enhance parent
teacher communication within the international
educatdbn industry, analysing the complications and
practical difficulties in maintaining a close
relationship between home and school for parents of
primary school students, author has carried out a
survey within the international education industry in
Sri Lankarecently. It was evident that, majority of
the parents of international school students are
employed in a full time or a part time career while
providing the finest education for their children to

ipppgeithe acgdgmiq pgrioEnANgss It vias AU mi ¢

that emplged parents face crucial difficulties in
managing a relationship with schools when
considering the academic progress of their children.

Living in a society where paretg¢acher
required to provide studentsith better guidance
enhancing childrenods
of their office work. Figure 1 shows the cause effect
diagram which illustrates the key difficulties
identified as the causes for the inefficiency of proper
parentteacher communican. Furthermore, author
describes the attention provided by the schools to
maintain a stabilized relationship between home and
school.

2.1Literacy Statistics and International

Education Industry of Sri Lanka
The World Factbook states that, literacy is thiéitgib
of reading and writing during a specific age where,
literacy rate within Sri Lanka is calculated among
the population of age varying from 5 to 69 years.
Literacy standards are practiced in a country as a
validity of international comparisons. Per 8nc
Economic Data of Sri Lanka, literacy rate of Sri
Lanka has raised up to 91.2% during 22082
holding a highly literate position among other Asian
countries because of the free education provided to
all citizens below 18 years of age. With the
enhancerant of technology, IT literacy is taken into
consideration where, growth of internet literacy
blossomed with mobile internet usage. Internet
usage in Colombo district possesses 27.6%. Youth
(18-24 years of age) in Sri Lanka tops among other
age groups with57% of computer literacy and
internet usage of 27.6% over the past few years. As
a technologically developing nation, Sri Lanka
broadens its literacy rate daily while initiating a
computer literate future generation.

Due to the launch of first Sri Lankanternational
school in 1985 with the formation of the Wycherley
International School, international education has
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become prominent within the current generation.
Consistently, goo@arning, middleclass families
are decidedly privileged to deliver intetitaal
education for their children since international
schools charge a high payment for each school term
to facilitate students with the British National
Curriculum. Therefore, international education
industry moderately affords in the upliftment of
acaeémic performance of each student ensuring the
val ue of
prospering globalization of education in Sri Lanka.

2.2Impact of Family Relationships and
Parent-Teacher Involvement on

Chil drenods
iRel ati onshi ps abhde thildeea n
complete the relational triangle at the core of the
familyo recogni zing t he
relationships which
of well-being. Therefore, the necessitated love, care,
involvement and guidance from pareatdance the
academic progress of children. It was evident that,
when parents are involved in activities related to
their childds school,
studies. In addition, children perform better in both
academic and extreurricular ativities. Besides
parents who are maintaining stable family
background positively affects the social growth of
children. Conclusively, at instances where parents
are informed, it is a
education while malntalnlng a close filyn
relationship.

Behaviour of a child is based on the degree of
i nvol vement of parents
activities. It was identified, children mostly act with
enthusiastic attitudes when parents contribute
towards academic involvement. Involvemeot
parents affects the academic performance of
children, where their personal attitudes ensure
higher educational standards of children. Ultimately,
appropriate parerteacher involvement influences
the improvement of academic performance of a
child in an acceptable manner highlighting the
i mportance of parent al
education.

2.3Parent-Teacher Communication in

Sri Lanka
Parentteacher communication is  continual
encouragement for children in current generation
based on competitivenesstire prevalent education
industry of Sri Lanka. Physical meetings between
parents and teachers is the most preferable mode of
communication among parents to collaborate in
enhancing academic performance of their children.
Physical meetings create an excgjlinfluence yet,
majority of the parents of the current generation
being employed, there is a higher prospect in them
to encounter the mismatch of their availability that
results in insufficient assistance for children to boost
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their academic performancebherefore, within the
current education industry, parents and teachers
manage their relationships through numerous
communication forms such as notice letters,
personal phone calls, personal text messages-and e
mails where they sustain the parental petioapof
enhancing the academic progress of children.

2.4Influence of Parental Involvement

iParent invol vement i n
consistently found to be positively associated with a
child's academic
involvement infllences the academic success of
children. For an instance, primary grade children

Educat.i Orﬁ:ed encouragement from parents to stabilize

E |q,] cgess. Therefore, parental involvement
hows an effect on the academic performance of
chél re QhL}dren: Qeng éntereasteln afvoAdm
grlC Vé(ork ¢ parenyssare nqf, ﬁvroly)eg ét
essential to track academlc performa ce regularly.
Besides, family background and social standards of
parents effect the academic progress of children

whereas, it is evident, effective pata&n
c h iNYolygment p%s'ﬁ Wy '”@“T&”&e the p the'ﬂ'ﬁ est
progression of children while lack of effective

parental involvement is a negative impact on their
childrenbds academic

2.5Gaps in ParentTeacher

on chil
AParent al i rtheakihgy hommesvork,
attending school meetings and events, discussing
school activities at homé has a more powerful
j fI ence nstudent
afyt chit r] a% aggd g
Con5|der|ng current mternatlonal educatlon
industry, overcoming the practical problems of the
generation, parents involve in academic activities of
primary children. Yet, a higher percentage of older
children achieve their academic performance on
their own. Though older children are capable to
handle themslves, parental involvement on their
academic activities would keep them stick in to
uc tlpn and enhance mtehrests t%warlds aIchrevrné; S
\ner academic pe performances. herefore a hrgher
communlcatlon gap exists among the parents and
teachers of the curreninternational education
industry due to the complicated daily routines being
followed. Consequently, children have become
victimized individuals of existing paret¢acher
communication gaps.

2.6 Bridging Parent-Teacher
Communication Gaps through
Technology

Schools of the current generation has mostly

proceeded with technology to maintain a parent

teacher relationship in a better way rather than
settling in the traditional faem-face meetings,
since technology creates way more accessibility to
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communicate wheé strengthening the relationships
between parents and teachers effectively. Based on
the gaps of parefitacher communication in
international education industry, technology makes
a positive impact to improve the current state of
parentteacher communiciain. Since parents of the
current generation technologically move ahead, it is
effortless to manage paretgacher communication
with technology. Parents being possessive with
work, technology ensures that they are provided the
opportunity to stay conneaenline, irrespective of
time. Hence, parerieacher communication can be
managed while bridging existing communication
gaps between parents and teachers effectively by
following the current technological trends.

3. PROTOTYPE SYSTEM

OVERVIEW
The research idocused at developing a mobile
application for parents along with a desktop
application for teachers. SchoolCon is to be
introduced as i nteagher I
communication platfor mo
problems experienced by parents daily. SchoalC
offers accessibility to essential features and
functionalities in order to reduce the communication
gap between parents and teachers involved in the
international educational industry of Sri Lanka.
Following features provided through SchoolCon
considersmportant.

3.1Urgent notices

Since parents involved in the international education
industry of Sri Lanka do not possess the necessitated
time and commitment to engage in the academic
activities of their children despite of being
employed, there are higheraites of missing out
notices sent from their
being a mobile application, it sends real time updates
to parents when notices are updated by the school
where parents can easily access notices through their
mobile phones. At instansewnhere it is needed to
provide children with additional equipment for the
next school day, parents do not need to rush
themselves when updates are being send through
SchoolCon. Parents have feasibility to look forward
for what their child needs despite dieing
discouraged to provide children with the needful
when they reach home in late hours. It was identified
that, realtime notifications of SchoolCon effects the
readiness of children to the next school day
positively while improving their enthusiasm on
academic performances.

3.2Assignment and Exam Marks

It was identified that, providing parents direct access
to assignment marks and exam marks of their
children reduces the occurrence of distrust among
parents and children. SchoolCon lets parents access
assgnment marks and exam marks online through

80

the application.
with controlling parents are often defiant and lack
trust in their parents which is caused due to
chil drends inability to
authorityf gur es. 0 At i
lie their controlling parents when their academic
performance is low. Children lie to save themselves
from parents6 strict puni
not maintain close relationship with school. When
childrendo not perform well in the classroom and
gets low grades for assignments and exams, they do
not prefer their parents
book, instead they tend to lie their parents.
Moreover, parents distrust the examination marks of
their childrent oo when t he
not sent home on time. It gives children with a
possibility to lie their parents mentioning better
examination marks. Since parents of international
school students being more aware about the progress
of academic workthey pay major attention on
examination marks to get a value for their pay.
thr%fcire prcbwgn?g cte55|b|llty to assignment

{I(gnﬁr gnRuLe thar;rd {rusf bet}g/eaen
parents and dren are reduced while aIIowmg
parents to stay alert on theirhi | dr eno s
performances.

3.3Annual Calendar
Providing accessibility to annual school calendar
provides the feasibility for parents to make plans. It
all ows parents to ensure
school events despite of office work. It akswsures

that, students are ready for their upcoming lessons at
school since parents could easily provide children
with the needful based on the yearly calendar. It

i mproves student so read

increasing the parental involvement with schawod

:grrplfanlnuag §chog|%o|q Eﬁl!)m{vs parg&s t %kilm on

ough days to chéck on the tasks allocated to eac

school day.

3.40nline Payments

It was identified that online payments are popular
among the current generation based on its
availability, accessibility antkasibility. SchoolCon
provides parents with the online payments
functionality since it is inconvenient for employed
parents to visit bank during working days to ensure
payments related to thei
time. Parents can make school payts through
their personal mobile phones while allowing
transactions to be carried online. By providing
necessitated transaction information, parents could
ma k e payment s t o their
SchoolCon irrespective of the time.

3.5School Occasions

SchwlICon allows teachers to create school events
online and send invitations to parents through the
application where parents have the ability of
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accepting and rejecting event invitations based on
their preferences and availability. When schools
organize evets and notices are sent home through
children inviting parents, school could not ensure
attendance of parents yet, sending online invitations
allow school to ensure the attendance of parents to
school events. Besides, parents could view
information of schol events to discover the
importance of their attendance.

3.6 Daily Attendance

In relation to assignment and exam marks, there are
chances of children lying to their parents about daily
school attendance among the secondary grade
students. Children become Barto their parents
when their interest of attending school daily reduces.
These various influences of children result in
creating distrust in the minds of parents and
teachers. Even though, children are not being
controlled by parents, parents face theuésof
di strust about their
Parents doubt the daily attendance of children to
school despite parents being employed. Majority of
the parents are habituated to provide their children
with different modes of transportation fiittes
available to and from school than dropping their
children to school with the heavy traffic jams in Sri
Lanka. Children get used to private and public
transportation modes which makes the parents

doubt ful about their
Ther ef or e, real ti me
attendance all ow
attendance to school through SchoolCon.

SchoolCon offers advantages such as notifications
are not missed, instant alerts sent online, absentee
notices sent onlig, easy payment methods, tway
communication, secure and easy access and locate
events via Google Maps with the intention of
improving the academic performance of students by
enhancing parefteacher communication. The high
level architectural design iRigure 2 represents the
presentation layer, business layer, service layer and
database layer of SchoolCon where an overall
design flow is illustrated. Moreover, it illustrates the
inter-connectedness of SchoolCon mobile and
SchoolCon desktop applications.

Business Layer

] =

SchoolCon SchoolCon
Mobile Desktop

e Presentation Layer

Bl -

Mobile Ul Desktop Ul

r, Service Layer Database Layer

o - - ¢
= |5 nid

SchoolCon  Location  Configuration Connectivity ~ Security SchoolCon

\__ Cloud Services Services Services Services Database

Figure 2
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Presentation layer: This layer illustrates the user
interfaces of SchoolCon mobile and SchoolCon
desktop where the key stakeholders interact with.
Author has designed the user interface in a-user
friendly manner to ensure that SchoolCon is user
friendly, accessible, understandable and can be
easily used without further assistance.

Business Layer: This layer consists the business
components of SchoolCon provided for its key
stakeholders. According to figure 2, SchoolCon
mobile and SchoolCon deskt are depicted as the
business entities of this project.

Service Layer: This layer demonstrates the
additional services provided by SchoolCon.
SchoolCon cloud is used to store application data in
a centralized location accessible to authorized
individuals while location service tracks event
locations through Google maps to improve the
convenience of stakeholders. Besides, configuration

c hi IsIviegis uged to pughenycat psodle logiastapdesiand a n ¢

ups while connectivity service verifies the inter
connetedness and security services of SchoolCon
mobile and SchoolCon desktop to ensure the
security of application data.

Database Layer: This layer contains SchoolCon

database where application data are stored in a
cloudhosted centralized database accessitoe
authqgrized individuals. As shown in figure 2

JvheleY

communication. Therefore, SchoolCon is the best
mobile application to bridgthe gap between school
teachers and parents.

4. DISCUSSION AND EVALUATION

The developed paretéacher communication
platform is currently in the stage of further
improvement through evaluation. 3 types of
evaluations were carried out to gather the
necessdted recommendations. Expert, technical
and selevaluations allow researcher to identify
needy improvements.

Expert evaluation was carried out among several
teachers of international schools and parents with
international school kids. It aids to utilizénet
knowledge of experts on paremtacher
communication. Selected experts being SchoolCon
stakeholders within the targeted audience, they
possess the common knowledge on pateather
communication since they are being dealt with the
situation daily. Dumg the faceo-face interviews
with principals/ teachers of international schools and
parents with international school children, the
practicality of SchoolCon concept and its
applicability to the problem domain were evaluated
while assessing the availabfenctionalities. By
interviewing few experts, unique opinions of those
individuals were gathered. Following assumptions
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were gathered through a summarization of expert
evaluation.

Practicality of the project concept was evaluated
through the satisfactionof key SchoolCon
stakeholders. Since the project aims to design and
develop a networking tool to enhance paiteaicher
communication within international education
industry, interviewed experts were highly satisfied
with the effort of researching the cant problem
domain, identifying the practical ways of
overcoming the problem and designing/ developing
a technological solution to overcome the problem
effectively. Alongside, when considering the
applicability of SchoolCon to its problem domain, it
was icentifiable that, SchoolCon improves the
convenience of both parents and teachers since using
a specific professional application for paréedicher
communication leads to protect the dignity of both
parties.

Furthermore, based on the expert evaluatiorthpau
has understood SchoolCon provides the required
accessibility, convenience, uskeiendliness, and
understandability to both parents and teachers.
Understandability through SchoolCon is assured by
allowing the experts to use the application where
they were enthusiastic to skim in the available
functionalities. Experts were satisfied with the
overall design of SchoolCon mobile and SchoolCon
desktop since it could be easily used by any English
literate individual. Moreover, considering the
average of leveof satisfaction identified from
participated expert individuals, SchoolCon provides
100% satisfaction in terms of enhancing quality
parentteacher communication.

Expert evaluation, technical evaluation and -self
evaluation were completed to ensure thétdetCon

is a solution with standards for its key stakeholders.
Expert evaluation was carried out within Colombo
district among some of leading international school
teachers and parents with international school
children. Author has gathered their feedbaok
ensure SchoolCon effectively provides accessibility,
convenience, usdriendliness and
understandability to key stakeholders.

Besides, software engineers participated to the
technical evaluation evaluated the problem domain,
solution provided, featuse and functionalities
available effectively. = Moreover, technical
evaluation provided feedback for the baaid
functionalities to ensure the quality of the solution.
Out of the three types of evaluations carried out by
the author, technical evaluation atdsaitilize the use

of technology during the development of SchoolCon
mobile and SchoolCon desktop.

Technical evaluation was done among software
engineers by carrying out fate-face interviews to

ensure that data are gathered qualitatively. Since
softwae engineers deal with technical masterpieces

regularly, author identified, executing a technical
evaluation among them is advantageous. Based on
the technical evaluation feedback from the software
engineers who participated to the SchoolCon
evaluation, audtor has understood SchoolCon
provides required usdriendliness to parents
through SchoolCon mobile and to teachers through
SchoolCon desktop. Evaluators were highly
satisfied with the overall SchoolCon design and the
software and tools used to implemetoth
SchoolCon mobile and SchoolCon desktop.
Altogether, understandability of SchoolCon is
assured by allowing the technical experts
participated in the evaluation to use the application
where they were passionate to glance over the
available features arfdnctionalities of SchoolCon
mobile and SchoolCon desktop. Based on their
feedback, author has identified that the participated
experts could understand both SchoolCon mobile
and SchoolCon desktop solutions effectively.
Moreover, corresponding to the expewaluation,
author has identified necessitated accessibility,
convenience, usdriendliness and the
understandability are available through SchoolCon
mobile and desktop for users. Author identified that
the participated evaluators were highly satisfied
with SchoolCon. Below is a comparison of
SchoolCon with existing parentteacher
communication applications which are available to
manage parefteacher communication.  Table
below is an evaluation of SchoolCon in relation to
the existing parerteacher communication
applications identified by the author.

Table 1. Similar System Comparison
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Active  Talkative Remi Buzz Class Schoo

School  Parents nd Mobile Messenger 1Con
Ability to add posts Yes Yes No Yes Yes Yes
publicly
Abulity to edit and No Yes No No Yes Yes
delete posts
Ability to comment on No No No No No Yes
posts
Abulity to create online Yes No No Yes No Yes
events
Ability to mvite to Yes No No Yes No Yes
events online
Ability to track Yes No No No No Yes
location via maps
Ability to track daily Yes No No No No Yes
attendance
Ability to make online Yes No No No No Yes
payments
Ability to add No No No No No Yes
complaints
Ability to resolve No No No No No Yes
complaints
Ability to Yes Yes Yes Yes Yes Yes
communicate
personally

Besides, selevaluation was carried out by author
which covered the research topic of the project, high
level functional requirements identified and
software tools usk throughout SchoolCon.
Research problem was identified by the author based
on their personal experience. Problem domain was
acknowledged based on problems faced by
employed parents with international school children
while managing a proper pareieacherelationship

wi t h chil dbés
guestionnaire responses gathered from parents and
interviews conducted among teachers qualitatively,
it was identical through the industry survey that, the
current parenteacher communication metreodre

not highly efficient. Furthermore, author has
identified that addressing the current research
problem is practical by positive responses gathered
during the solution evaluation. Furthermore, author
believes that, completing the expert evaluation,
technical evaluation and user evaluation
successfully is an immense support to conclude the
project.

5. CONCLUSION AND FUTURE
WORK

Since SchoolCon aims to design, develop and
evaluate a networking tool to enhance parent
teacher communication within the interratal
education industry, analysing the complications and
practical difficulties in maintaining a close
relationship between home and school for primary
school students, author intends to make SchoolCon,
the best and most frequently used pateather
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comnunication tool in Sri Lanka. Therefore, to
achieve the aim, SchoolCon can be improved by the
addition of following enhancements to the project in
the future. Furthermore, author has gathered both
technical enhancements and feature enhancements
as the futue work of SchoolCon based on the expert
evaluation, technical evaluation and the -self
evaluation carried out.

In order to ensure the future success of SchoolCon,
feature enhancements are considered highly
important to provide teachers, parents and other
stakeholders with the best pardatcher
communication experience. It is identified, tracking
where urgent notices sent from school are being
delivered and read by parents is important. At the
current context, parents get notified when teachers
post updateget, introducing a way to track the time
stamp where parents read the notices ensure that
parentteacher communication happens in an
appropriate  way. Since notices are tracked
effectively, it is feasible for schools to identify the
state of parental inveément which is essential for
the improvement of academic performance of
students. Moreover, it is a recommendation that,
sending reminder notifications to parents at
instances where urgent notices are not read is
effective. In relation to the tight schdds of parents
where they are not involved to manage parent
teacher communication via SchoolCon mobile, it is
recommended for schools to directly provide parents
with a reminder assuming, there are higher
possibilities for parents to reach out to theid cldi 6 s
school. It is an improved way of identifying the
effort school needs to put in to improve the academic
performance of students though sufficient parental
involvement is not provided.

OAnJr?géid%,e For'wgr&ng Flonc%s to npallre'ntg Cif
payments are not settled time could be automated
through SchoolCon. Since SchoolCon provides a
platform for parents to settle all payments related to
school online via the application, it is a
responsibility for parents to ensure payments are
settled at the correct time. Singarents could access
due dates of pending payments and settle the
payments with few clicks, SchoolCon mobile
enhances feasibility of online payments. Therefore,
forwarding automatic notices through SchoolCon is
a better way of reminding parents aboutitheic hi | d 6 s
due payments and it allows parents to improve their
invol vement on childbés acad
to ensure the academic progress of each student, it is
identified, allowing parents to generate progress
reports is an effective feature emlseament. Though
employed parents do not possess the necessitated
time and commitment to engage in academic
activities of students daily, they could generate
progress reports monthly/ annually based on their
personal preference. It ensures that, SchoolCon
provides a platform for parents track academic
performance of their children in a regular manner.
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Progress reports need to include both exam marks communication tool in Sri Lanka. Therefore, author
and the assignment marks of students where parents has ensured that Schoal€ successfully achieved
can easily understand current academic performance its project aim. Based on the affirmative feedback

of their children. Furthermore, future work of

from experts engaged in international education, it is

SchoolCon includes adding performance trackers identical that author completed SchoolCon as a
for parents to track the academic progress of  successful masterpiece influencing busy parents to
children. Though performance trackers are similarto  effectively manage pareit¢acher communication.
generation of progress reports, performance tracker Furthermore, author is highly satisfied about
allows parents taack the academic performance of accomplishing this project, since SchoolCon serves
their child from first school day. Performance the success of the overall international education
tracker allows parents to view through modules, industry while contributing towards the growth of
grades and years to ensure parents could have a academic performance in Sri Lanka.

better understanding on the academic performance

of their children up to date. sAit is an essential
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have been born at present. But such development,
ABSTRACT 3-1 modern products, and services do not go in such speed
At present education field, use technology to improvel® reach the large number of people in the world.
the quality of teaching and learning strategies.TherEfore: education system must belmproved to face
Sometimes some theories and problems cannot biccessfully for that changes and challenges
clearly identified by the student, and also teaching iugmented reality means how the 3D virtual objects
very difficult. They may be mathematical concepts,aré integrated to 3D real objects in real world
science Studies' medical Studies' geometricaﬁnvwonment. So AR a”OWS to see real WOI’|d to the
st udi es é@®amptestrudtucerof a molecule, an USer using virtual objects [25].
atom, a planetary system are difficult to describe
clearly. So using the Augmented Reality (AR) as a R
medium of study, teaching and learning will be very e e e .
interactive for the students. Then they will learn easily
and attraCtively' Because the tEChrIOlOgy ARIQB Real Augmented Augmented Virtual
the real World th|ngs ag"’tual th|ngs |n fr‘ont Of the Environment Reality Virtuality Environment
users. This review moves in to the technique of Figure 1. Augmented Reality and Real wold
augmented reality and how it can be utilized to teach

mathematical concepts through more student centergqow a day this technology is used in many areas,
manner. Furthermore, it describes about the gsychas medical, entertainment, manufacturing,
limitations, when using teitechnology in school and visyalization, engineering design, robotics, military
university education. and education [1]. Examples for applied Augmented
Keywords Reality are as follows. Imagine a customer who walks

) . among racks of a super market. He has to touch and/or
Technology, Augmented Reality (AR), Education, 44 clgse to each and every items of a particular good
Mathematics. in order to check price. If a customer can see the prices

of goods while standing on corner and see what items

1. INTRODUCTION has discounts in same way through abiteodevice
As we experience today, Applied Information such as a tablet computer or smart phone. It will bring
technology has made revolutionarily impact for ourthe customer greater easiness and remove unwanted
day today life. IT has appld everywhere possible to movements in the super market.
bring it easy and simple. In that context lots of IT based
tools has been developed and being utilized i OQVERVIEW OF AUGMENTED
education field. This research paper moves into the REALITY
technique of augmented reality and how it can b
utilized to teach mattmeatical concepts through more
student centered manner.

AR is not a new trend. But it is growing rapidly and
become a turning poinfo modern worl d [ 23].
why this technology popular among people. AR is

To create a successful world, one needs to considinvented by Professor Tom Caudell on 1990 by using
about education as it is the most important area. SKnowledge of virtual reality (VR). AR and VR are two
when people havenot p r odifferent concepts which are overlapped up to somng
move on to wrong way to develop the world. Butextent. Since many yeasgo people thinlAR is the
arnyone knows that the mamade machines or same as VR [1]. They haeemmon ability. But they
products destroy man ataredifferent. Soitis very important to understand theh e
education become most important field whendifferences between them.

developing the world. In modern world all the fields

are rapidly developing through the technology. And

also at a second tteare many number of technologies
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trainer®and teachefsexperiences [6]. So astronomy
students learn easy through this technology. In
chemistry there are many unseen things to learn such
as molecule, atom, and practical with elements
—17 \AR applying the AR bsed applications learning and
VR teaching and also training the trainers is much easy
than past. AR related mobile devices help for the
informal and formal learning [7]. This paper move on
to the location aware and vision based location aware
through the GPSobject recognition and tracking
technologies. AR gives effectiveness and
attractiveness to the education [8]. In this research the
researcherdefines AR, using the head Mounted

Figure 2. Overlap between Augmented Reality and
Virtual Reality

In VR user do not allow to collaborate with the real
world objects, But AR collaborate with the real world
objects, using the 3Wirtual objects [1], [8].Most of .
the researchers define AR, using the example HeacP'SpIay system.

Mounted Display (HMD). In past AR grows as a Advantages of AR and application for AR were
business application. But at present it is using for manguggested by nmy researchers [9]. Education through
fields such as entertainmef8ports, games, movies, the AR based applications is more useful, effective,
music), healthcae, military, architectures as well as reliable and meaningful than traditional theories.
Education. Augmented allows to interact with real Nowadays most of fields in education such as
world using 3D graphic objects in very convenientchemistry [2], physics [3], medical, geography [4],

(O

manner [7], [19], [13]. biology, mathematc s é et c . using AR
Due to the easiness brought by augmented realit%rhe researchSer prefers dthat hthlllf edduc?lilolnk
many apps are created with the conceptugmented mprqvement [5], no need to ¢ al an talk like
Reality in various subject areas. For an instancéradltlonal way, no neetp regd tradltlonal_ books. It
iColorify Augmented Ranal[fSRGence TN ILIAn EE A BGIMTL o
developed for smart phondsy using that a great idea d i ts i ¢ ful X AR
of real world with different colorsan percepin reat escriptive concepts 1S most powerlul using
time. apphcauons_. B_ut |n\_/en_t|r_19 these technologies among
the student is little bit difficult because some of things.
AR has more benefits [10]. It is gigantic development
applicationavailable on the laptops, tablets and smart
phones.it creates easy and accessible multi modal
applications to learning, motivate and control the
e students. Because of the highest interactivity and
Figure 3. Change of color using AR based smart phone highest 3D vjsualization i§ help to attraction.AR in not
application anew trend in the education system [14], [20].
There are seven learning types and the learning is the
3. MAJOR RESEARCHES IN elementary process [11]Therefore the teachers and
AUGMENTED REALITY FOR students shogld follow the new tre_nds in the
EDUCATION technology to improve the Iearnlng: So it is better to
AR related applications are most powerful to teachingaloply the AR o teaching and_ learning system. T_here
and learning science techniques [2]. In this researc hre more S.Ub]em areas for using qugmented reality f_or
researchers had done a practical seséip high e education such as urt_>an, environment and mobile
school students. Students who studied under AF? ased l'earnings [12]. They

technology, is faced the questioner. Using AR forcreates the indoors and outdoors to the usenilegr

teach physics solved many problems faced by thf Xper i Anhae mast. of advantages and also

students when they try to understand subject matte gnitations [13].' But using it for_ the education fiel_d it
[3]. Using AR teach th&arth-Sun relationshifior the IS most effect_lve as the learning toqlee of AR in :
undergraduate geography students, and it helps lass rooms is helpful for the learning and teaching
solve most of problems [4].AR is profound technology 5] Thtergfgre,lfctex'_[bi(r)]le ared ret:pl?c_:é by t.AR' q
for the successful education [5], [23]. In this researcHA‘Iu%ml.en? fg' ?/t IS %péoth;f Od'”r?o".a lon ?jn
the students of Macquarie University participate to ondl'oPatization [16]. It provi ed thatew designing an
day AR camp. After completinghe AR camp the _op_portumtles for the education field. To teach Science
researchers shows that the AR using education is motb lg_t.bettleg tok ap1p7I){ dAIR:{pa;edthbooksblrather _tthhan
powerful way to teach theories for the students and thafaditional boo s [17])identifying the problems within

theories were became unforgettable things in theif 1 trgdmonalltext bool_<s and give Fhe solution and
minds [24]. effective learning materials for the science students. It

creates the interaction between information and the
Education and training also use marker and maker lessuman [18]. This technology use through the software
AR based appi cati ons t o devel op t he student 6s,
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is effedively occur to the get valuable learning 5. CONCLUSION

experience to the learners [19]. As discussed in this study Augmented Reality is one
of powerful technique that can be utilized to teaching
and learning process. Especially it can use for teach

4. AUGMENTED REALITY FOR m'a'the.matics. It clearly differEFom VR. Benefits of
utilization of Augmented Reality have broader scope.
TEACHING MATHEMATICAL Obviously ités eye <catching t
CONCEPTS easiness, portable nature (mobile devices), just simple

Mathematical concepts are generally difficult tof eat ures etc. é

understand and convince Ftev9 arésag tlljwaq goﬁlé Se'useld ttootesachem%tﬁe)(natiE:so teac

and learn through grajral objects and animations. ere pointed out in this resesr Calculate area of
For an instance calculating the area of a rectangle cail pol utl ! - Lacl
be considered. It seems easy but using AR it can breectangle seems to b_e very easy atfirst glgnce. But, use
: . of Augmented Reality could cause to increase the
taught in more practical way. X . : X
satisfaction level and convince the concepts easily.
Further this leads to develop state of art teaching and

suits to modern ar

Breadth
This research paper identified the technique
Augmented Reality and how it related to the education
system, basically the mathematical concepts. Then the
reader can identify the concept of Augmented Reality,
classify how can we change the teaching aadhieg
system using this technique and can understand the
Figure 4. Calculation of area of rectangle basic mathematical concepts through this technology.

Length

Area =Breadth * Length

Augmented Reality can be used to teach ehére There are some difficulties aroused when the
concept of calculate area of regular shapes in mordugmented reality technology is using for the
realistic manner. It convinces the concept of aregducation, Such as all the time user should keep the

rather than just let students to know apply equation&0Pile device infront of him, Use of augmented reality
and without have a real sense of it. This is very vital tg€chnology is practically inadequate with constraints
teach students when calculate@of complex shapes of hardware, most mobile devices should use in class

even though such shapes are not exactly as squar@é,the same time, so it is very costly, and the teachers
triangles, rectangles. should have the proper knowledge abothe

augmented reality technology area, so it is difficult to
train the teachers and it takes lot of money and more
time. According to these limitations it is so hard to use
augmented reality technology for the large class room

Red | am .. el Word education systems. But, om those conatraints are
o ot s VIR over come, Augmented Reality could be used in
revolutionary manner in education filed.
[
x 6. IDENTIFYING FUTURE
Em ) ] DIRECTIONS OF AUGMENTED
Infrmation in & Mobils REALITY FOR TEACHING
calevlats are Calenlation deiics
of MATHEMATICAL CONCEPTS
tand In this part identify the areas which are help to improve

Augmented Reality based systems and applications
and also help to the further researches. Technology is
Figure5. Augmented Reality concept for Calculate  getting changed in every second in modern era. With
area these advancements of technology, especially in

computer technology, it can be predicted that

Augmented Reality can be utilized very convenient

Similarly, Augmented Reality can be utilized to teachmanner. More advanced apps for mobile devices can
the mathematical concepts afidition, subtraction, pe developed so that those can be used with the
multiplication, and factor f|nd|ng prOblemS etc. So Augmented Rea“ty Concept_ Meantime adequate
objectives of this research are to contrast the areas th@évices should be developed for use Augmented

Augmented Reality can be used to teach abov@eality or existing dvices should be upgraded
mathematical concepts and suggest practical ways tgccordingly.

how those Augmented Regliconcepts implemented.

Arm =L angth*Width
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Current Expected level of
status Technology barriers puse of AR
Of AR

Figure6. Limitations for Augmented Reality

Emerg. eLearning Technol. Appl. (ICETA), 2014 IEEE
12th Int.Conf, pp. 325330, 2014.

[13] J. Bacca, S. Baldiris, R. Fabregat, and S. Graf,

ifAugmented Reality Trends
Systematic Review of Researc
Educ. Technol. Socvol. 17, no. 4pp. 133 149, 2014.

[14]1 K. E. Hamil ton, iAugmented
Also, though Augmented Reality is vital and powerful ~online., o0 no. figure 1, 2011.
tool, still lack of awareness is one ¢fie main [15]R. W. Ayn Keneman, AAugment

constraints. So
can be made familiar through mobile phone apps and
games

In education field AR can be used very effective

i t Reslitys u g oCé @ & @ i Brapt. Res. | Ppungorbe pp. 1424 %

2016.

[16] D. N. Eh Phon, M. B. Ali, and N. D. A. Halim,

fi Cladorative augmented reality in education: A
r e v i Rrom.; 2014 Int. Conf. Teach. Learn. Comput.

manner as it can be used to convince some concepts Egng. |ATICE 2014 pp. 78 83, 2014

more practical way to students. é&Jef AR will make

. . o 7
revolutionary changes in traditional teacher centerer1 |

teaching process in future. It is emphasized that more
research should be carried out to find ways how A

can be used to teach various subject filed. Alscﬁ,ls]s'

A. N. Zulkifli et al, AfA Review of t he
Augment ed Realitylst®@icComfnce Te:
Creat. Media, DesTechnol, no. November, 2014.

Kucuk, #AApplications Poi

constraints generated by Hamre and software such [19]S. Chuang, K. Kiyokawa, and H. Takemura,

as lack of suitable mobile devices, software and

AAppsoO should be addresseaE
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many years for aircraft architecture and assembly,
ABSTRACT 3-2 navigation, simulation, medical and military purpose.
Today, vehicle manufacturers have been moving to Maintenance and assembly like complex tasks can be
Augmented Realityas a nextgeneration technology Simplified to accommodate irrpduce prototypes can
for the automobile industryit helpsto increase the be built without manufacturing.

safetyof driving and minimize the driver workload to AR has been proven very useful on a daily basis when
provide necessary information. But in representation.y|usive with locationbasedtechnology. With the
of suchaway should be moreasily understood and gmartphone population is rising, the degree of
bring lower cognitive capacity onto the us&vhen  rocessing poweris increased More and more

driving a vehicle, drivershould continuously pay cystoners are carrying phones facility of displaying
attention to different situations whitle befallstoface AR, so long as the resulting augmented content

outside and inside details of the vehicle. F®aéer  emains innovative and engaging, customers will

driving, thedriver should alwayskeep eyes forward certainly adopt AR as a fresh and fun twist to

while driving. Augmented Realitiieact Up Display  ¢onventional services and marketing.
(AR-HUD) can help to provide traffic information and

other necessary details to the drivers and keep Use 5 Definition

view on forward Augmented reality s the combination ofdigital

Keywords information withthe user's world in redgime.AR uses
Safe driving, augmented reality, Augmented Reafigad (M€ €Xisting environment and overlays new
Up Display (AR HUD) information on topof it [2]. It improves the user
involvement forany application areahich areusing
1. INTRODUCTION the AR technology. AR isllows mixing virtualwith

realworld in different proportiongo achieve devel of

Augmentedreality (AR) is a hot topic with the new . . : . .
g Y (AR) b immersion thaho virtual equipmentan provide [3].

generation. AR is computer graphics technology that

integration ofreal environment witlvirtual objectsor * *
information base@n computetechnology. AR helps = -

. . Real Augmented Augmented Virtual
to the userto see thereal environment withthe Environment  Reality (AR) Virtuality (AV)  Environment
augmatation ofthe virtual environment [1]. AR is ] R )
currently beingised in mangspects of theeal world. Migrem s Reality Vicaaiity continuui (1964)
The technology which igapidly growth has been Figure 1. Virtual environment and real environment

applied modern ways foenhancingthe senses of

drivers. Even though all the advancementsehicle 2.3 Applications of AR Technology

safey facilities, the amount of people killed in For theArchaeology can be usesugmented Reality
accidents to rise. Research have fctimat most of the  technology. It helps tocreate feasibility for
accidents are caused by inexperienced drivers angrchaeologists to landscape as they previously existed
human errors. So there might be an opportunity to user rebuild ruin  buildings. Before the real building is
new technologies like AR to help drivers constructed easily can constructogal view of the

This pape discusses abotie AR and driving safety building and upgrade thasualization ofa constructed

and howthe augmented realitselates withthe safe property.
driving. Thetechnologies thatan be applied for this AR is used in ECommerce.The customercan be

process alsdiscussed. advance the shopping experience. Even allows a user
to view what's inside themanufacturerswithout
2. AUGMENTED REALITY opening it.
This technology helps to improve the learning ability
2.1Background of the children by superimposing text, video, audio,

AR most compelling advanced habeen after all the and graphics into geaktime environment.
mid of 1990s CAD program has been usaundthe
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AR allows game lovers to novel experience of play3.1.7 Emergencybrake assist

game in a real world environment.

For the Manufacturing Industry is used AR. Before
completion product, desigrercan be gotten the
experiencef operation and desigoroducts

AR is using military purpose also. With the help of this

This brake syem is different from electronibrake
force distribution or an antilock braking system. It can
recognize when the driver makes a fuss dhiftke
pedal andwvill add an additional brak@ower to help
minimize the stopping distance. If it detects a
possibilty of collision, it may work astability control

technology helps to make combat strategy better anglystem in lot of vehicles.

show a 3D vision of the battlefield.
3. DRIVING SAFETY

3.1Existing Technologiedor Driving

Safety
Vehicle manufacturers haveeen introducing new
featuresand technologies for theafetyof drivers and
pedestrians.

3.1.1 Rearview camera

This feature not only save youehicle but also safe
animalsand pedestriangrom the accidentalback of
the vehicle.

3.1.2 Tire pressuramonitoring

This feature alreadiiasbeen contained ithe newest
automobile. Sensors are holding in wheels and it abl
to alert if theair pressureoo low by light on the
instrumentpanel, an audible warning both.

3.1.3 Cadllision warning

3.1.8 Night vision assist feature

This canbe practiced in various ways, suehthermal
imaging camerasr infrared headlamps. An image is
built through acockpit display, and brighténg the
items thatare difficult to see with the eyeAdaptive
headlights observe the waytbk vehicle.

4. AR FOR SAFE DRIVING

4.1 Augmented Reality basedHead Up
Displays

This is a combination of AR and HUD technology
delivers a proper solution fopvercome existing
bottlenecks andincreasing information wants in
modernvehicle. AR HUD arearising as a future
generation in automobile displagchnology, it can
eéeduce d r i v psychidal workload and divided
advertency across dashboard information evatls.
AR HUD technologyhas theability to increased
concern to elements without contrary affecting
attention and reducinthe capacity to react with the

This is a shortange detection system. This technology€nvironmental details outsidéhe concentrate of
is planned taalert thedriver to objects or vehicles in attention.

your blind area during parking or drivingsually, a
warning will react whenthe driver put on theturn
signal and if it identifies barriers ithe way then

In roadside or vehicle AR HUD systdmavethe ability
to improve safetyby accommodating drivers with
advance alerting of modifications irthe route

vibration of steering wheel, sound an alarm or flash @eometry. This systers assisted tdrivers by easily

light in your mirror will be generated.

3.1.4 Collision mitigation

Using radar and sensors, cruise contesl change the
brakes andhrottle tokeep asafe gamf thevehiclein
front off you if a slowpoke cuts in or if therare
changes inrraffic speed [4].

3.1.5 Lanedeparture warning

This is like blind spot technology butwith a large
range. It judges aarrive vehicle's distance and speed
to alertpotential ofdanger ifdriver change lanes. This
can also alert it determines theehicle is going away
of the road. This could warn to the driver form of an
alarm, vibration through theteeringwheel or seat.

3.1.6 Dual stage airbags

This can sense the abnmal seating position, vehicle
speed,and seatbelt usage as wa#l distinct weights

and sizes of users. While tdever, travelers and side
airbags are nohew things but sensing airbags are
poppingup in all over.

Proceedings of International Conference on Innovations indnginess and Technology 2017!"30ovember

providing safety details andllowing themto safely
evade forward barriers. ARUD can be easily
arranged to the preferences and needs of drivers. It is
also able to adjust the brightness and the contrast.
According to the driver discretions, this allows
to changethe positioning of the virtual géct on the
windshield.

PROJECTION DISTANCE PD

>

A

windshield &

headmotion-

optical path

optical component  and eyebox

* Ol ook down angle:

virtual | image

(e : (planar or aspherical)

N light-souroe with dispay
picture generation uit (FGU)

Figure 2. Key components of a headp display
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This System carintegrate AR HUDbased vehicles

tracking and lanetraffic signs fordriver assistance, Using this ARTRS system, drivers can easily
thisnew approach addsfety functionality andive a  recognizetraffic in thecomplex environment sucis
contextually pertinent of then road details fothe  weather condition, illuminations, and geometric

driver. distortions.
4.2 Traffic Sign Detection 4.3 Recognitionof Dynamic Object at
Road signs or traffic signs are providingvatual Nighttime

message for all road users. Somevehicle vehicle driving at night is very dangerous things.
manufacturers provide aideo basedaugmented vehicle death rates at night are very high. Vision is one
reality auxiliary display tohelp drivers toidentify  problem for that. Nearly 90% of a driver's response
obstacles while backing up. This system able taary on it. To abstain an accident during the night time,
detection anddentification Ofspeed ||m|tS, road Signs vision-based vehicle recognition Systems hdex=n
and other additional details thalllght helpful for imp|emented [6] andn vehicle HUD was used to
drivers [16]. implement AR, which is presently being appligd
different aspectof the real world [7]. Using this
technology able to providing conflict warning details
on the windshield overlying actual world invahicle
while the driving at night.

A significant amount of things has traffic sign
identification andfour important factorshave been
recognized in traffic signal recognition.

1 Image segmenting anextract a Region of

Interest. ROI) This systemconsists ofrepresentation and decision

parts, sensordn sensor section, radaision fusion is
1 Verification of the road signs ithe ROl using helped to recognize a vehicle and a pedestrian from
binary classification. dataset taken from radar sensors and night vision at
nighttime.  The risk level is determined by tirae
to collision (TTC) and forwaraollision warning
(FCW) in decision part and AR information is
§ Track the road sign in video sequences, addingepresented on the windshield using HUD.
AR details to the object properly.

1 Identify multiclass road sign odih from
detection.

At first system detection of the road signs helping of Augmented-Reality Zone
scanning windowwith the Haar cascadgetector for
every picture otheinput stream, which removmost
oft he dimjoeact so. T h leuildsstleec o
systemmore powerfully byverifying the identified
road signs usin@peeded URobust Features (SURF)
identifier andby addingaugmented reality details to Figure 4. Vehicle for Vehicle Ahead using Results of
the objectgproperly. Thismethod iscomposed online Augmented Reality [8]

stage and offline stage. During the detecting stage

finally, few number ofsub windowsaccepted byall  The sensorpart of the proposed system acquires
phases of the identifier are regarded as objects. In thgyation, suchas scene, velocityand position, using
detection process gets anage input and givethe  pight vision, radar, CAN andGPS and detectsa
regions that consistthe ROI at the output. The pedestrian andehicle infront of the hoswehicle. For
recognition model compliediner validations and  pjght vision,we useFLIR PathFindIR camera, which
produceshe final detecting results [5]. is athermal imagingsystem andlisplays coldbjects
as blackand hotobjects asvhite. Aradar utilizeghe
Delphi 76 GHz ESRo longrange coverage.

The radawision fusion isused to deteand recognize
a pedestrian ana vehicleat nighttime.The distance
and angle ofan object extractedfom theradar are
overlapped toan object detectedrom night vision
image, andhen finalresult aredefined as showin
Figure. 5. Fig. 5 (a) ian imageas adriver visionand
(b) isan imageof nightvision oftheproposedystem
A selected rangky radar shows (c) and theres the
detected pedestrian bgdar vision fusiorin (d).

Figure 3. Frames representing the insertion ofirtual
3D objectsign [16]
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and camera. Lastly, the augmented warning alerts are
rendered onto the HUD [11].

(a) RGBimage (b)Night vision image

(c)Detectionby radar (d) final detection
result

Figure 5. Dynamic Object Recognitionof at Nighttime
Figure 6. Augmentedwarning results

This system used the ARRchnology in arehicle as a
proper representation mechanism based driver's The systemidentifies the frontal pedestrians and
characteristics undenvisible environments suchs  vehicles, find the imminent danger things by the
unfavorable climate conditions ardhrkness. lican  detected results, and gives the augmented warnings to
develop intuitive cognitiorand reducehe distraction help safe driving
of adriver [8].

4.5Lane Level Guidance
4.4 Forward Collision Warning
System(FCWS) While driving a driver faces various situations inside

Modern vehicles have us#tUD to present Details ©F outside thevehicle andhe driver must consider all

without requiring drivers to look away from their of that details for driving safety. The drlve_r should
normal view. Because this can take down workload by'Wayskeep thesafe gap between other vehicles and

0.2 seconds than normal HeBdwn Display and e care_:ful of the pedestrians anq vehicle cutting in to
increase situation awareness [9]phesent, interesting @V 01 d road accidents. Thus,
research has aimed on object detection and AR bas%'ﬂ"ted but re should check the details on the

HUD [10] to convenience and increase the safety. aSth?‘fP' an_d pay attention front and rear of vehicle
While controlling vehicle directions and speed drivers"VNile driving time [12].

should care of vehicles, lanes, pedestrians, road hazaytis lane level guidance system procures the lane level
and traffic signs. Al these physical and mental details which is determined by a decision lajierget
workloadswhich is dangerous for slow recognition this information system is udethe road properties
and response people and elder drivers. from the navigation magamera and thposition

Therefore, alerts the driver of a risk in the road Car{nformatlon throug_ﬂhe ve_hlcleaugmer)t(?d reality

help to avoid the vehicle accidents and reduce drivePYStem  route information.(the decisiorlayer
workload. It should hef gr_mlaeﬁ fhéprygrasar S'tbﬁ‘tﬁ”#r}? fislevebaf i o ¢ ¢
detection. Necessary information such as neare&Plision.the lane departureihe lane changing

vehicles, crossing pedestrians are detected front f conditionsand_the results ofdecision arerovided in
side stereo cameras accordance witthe expressicstrategy throughHUD

in a display layer). The representativeervicesarea
This captured images are used to identify the objectdane changservice which guidesto change the
When once the detection @one, the ultimatum is  currentlane if the carunable todrive as guideson
appraised by using Tim€o-Collision (TTC) currentlane anda lanedeparturcservice.This
calculation. According to the TTC decide the visualservice alsc provides suitableservices fora variety
propertiesfor augmented warnings. A speedometer isof road typesand shapessuchas underpass,
helped to calculate the TTC by representing the speegverpassgcrossingroad.
of the vehicle. The feasibility studysed to make . . . L
relations of visual properties like color, shape. NS sSystem is used Information optimization
Projective transformation is used to take the increas{fchniquethat pr(_)cessedby a decisionlayer for a
warnihgs in the track of tNfiRodq pqmgl%grv@wgthgrvtpagcwntQﬁt@? tion
obtained by an eye tracker. Projective transformatiors€"V!C® detall_s,tlme and giving & d”".ef with the
is carrying out geometrical modeling between a Hupdetails effectivelypased on thdata acquiredfom the
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subsystem. This techniquef the landevel guidance
servicedecides whether theehicle deviatedrom its
route andwhether the drivehas to changthe route
for the lane departurservice. Besides, iletermines
whether tgprovide the details iany form at anyoint
in time. Andthen, the resudt of decision are decided
by the information optimization areshifted to the
upper HUD display layerand are shownas an
expression that caprovide mosteffective detailso
thedriver.

a) Lane Chang&uidance Service

If the driver wants torehicleturn leftatan intersection
aheadthis system recognizekat this vehicle neetd
movefrom thecurrent lane tdhe left lanegpossible to
turn left andprovides theaugmented reality details as
shownin Figure 7 [13].

{C Lang Azagnten - IO0O0 |
SN\ ‘ & Route Guidarce Ifo - Qe lon 9 |

- Ditarge 1o Guits » 400m)

@ Lane Astr Infa = Distance &2 Crossroad = 400(m)
- Tha total morber of Line « §
= Lire spmbel entty = E] I] I]
-kt e e = (] ] A E G

Figure 7. Lane ChangeDecision

First, the decision layerchecks thelane guidance
details which the vehiclewants to turn left at the
forward intersection anthe remaining distande the

opposite intersection receivécbm the mapand the
display layer displays theemainingdistance tothe

intersectionwith the intersection icoron the HUD.

The decision layer makesure thatcurrent driving
routeis not possibldor the vehicleto turn left and

makesthe display layerdisplay an arrowndication

pointingto the firstlane pasibleto turnleft.

Figure 8 showshe guidanceletails displayeds the
augmented reality abothe driving situatiorthat the
vehicledrives on thérighway andhen exitto the route
by using thecurrent driving information andane
relatedinformation.

Figure 8. Lane Change Guidanceon the Intersection
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Figure 9. Lane Change Guidance on the Highway

b) LaneDeparture Warningervice

The lane departurevarning servicadentify whether
the vehicle isdeparting fromthe currentroute and
notifiesthedriver of it. The optimization techniquef
this service determines whethesr not the lane
departureof the vehicleusing a distance betwegine
driving lane andhe vehicle. Ashown inFigure 6, if
the vehiclearrives close tthelane, thissystem shows
ayellow andsaw toothshaped linematched withthe
lane forgiving thefirst warning.If it crossed théane,
it shows aed andsaw toothshaped linenatched with
thecrossed lane. Thuthis servicanay reducehe risk
of accidentgzaused Wen thadriver getsout ofthe lane
[15].

And also, ifthe slopeof the recognized lanis overa
certainsize ina curvesection, thissystem recognizes
it as asharp curvesection and displays thferward
roadin redin orderto induce keeping thiane. Figure
10 showghe resulbf thisservice.

Figure 10.Lane Departure Warning [14]

Figure 11. Curved Lane Guidance [15]
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5. DRAWBACK OF USING AR FOR
VEHICLE

AR-windscreens carpresent too mucldetails and
distract drivers,other passengers. Lawmakavill

haveto decideon theuse ofthese technologieas the
obstructive and distracting nature of windshield
Augmented Reality displays, especially full

windshield Heads up Displays (HUD), manake them
hazardous.

Figure 12. Tocmuch information [17]

Another  disadvantage of AugmentedReality
technologyis internetdependency. Foyears now,
vehicles have had online connectivity, typically
achievedyy synchronizing amartphone tthe vehicle
and usinghe phone's dagdan.However, connectivity
is dependerbn coveragand ifthe phondoses signal
AR featuresnay nolonger work.

6. CONCLUSION

Using Augmented Reality technology can facilitate a
way of communication betweethe driverand the
vehicle. It is likeintelligent trarsportation systemigy
superimposing nearby traffic information othe
driver's view and keep users viewn roads. In this
paper,we have discussed augmented reality relates
the safe drivingand wayto provide driving safety
detailsthat superimposeaugnented virtual entities
onto areal view underall categorieof driving
conditions, unfavorable climateconditions and

nighttime. This will enhance the safety on the roads

and newdriving facilities suctas automatedriving.
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In this paper we prest overview of Big Data, Big
ABSTRACT 3-3 Data analytic and some challenges when dealing with

Data becomes a valuable asset in the present. Day [®/g Data environment and discuss existing privacy
day enormous digital dalmgenerated at large volume, Preservation techniques and highlighted some
high variety and high velocity called Big Data, that important contributions of researchers in context of
cannot be handle and manage via traditional databa$d9 Data and privacy.

techniques. And there are lots of challenges wheRrs s the flow of rest of the paper. In section 2 | am
dealing with Big Data. MRikgoYeRiewofwhdtisBiDa, Big Haba arfuftie
major challengs to be considered. Having a betterang how privacy related with Big Data and also review
privacy ~ preservation technique that provideseyisting techniques to preserve privacy with their
maximum data utility while protecting sensitive data ISperformances. In section 3 it presentsated works

a necessity. Because of the research area is stjlave done by other researchers regarding privacy
infancy. Starting with brief review about Big Data, Big preservation concept in Big Dafinally, section 4 is

Data analyit and privacy in Big Data, this paper apoyt discussion the paper and section 5 is identifying
provides some available privacy preservations,iyre directions.

techniques and their performances and issues.

Keywords 2. OVERVIEW OF BIG DATA AND

Big Data Analytic, Privacy and Security, Privacy PRIVACY PRESERVATION

preservationData mining. Handling Big data is an important technical matter in
the present. As Big Data becomes a revolution, the

1. INTRODUCTION challenges are also available. Privacy and security of

data is very important topic to be discussed under Big

With the rapid growth of technology people tend to ata context.

interact with internet more and more in their day to da
activities. In every online transaction, wide range of . .
data is generated [5] called Big Data, having large?-1Big Datai where and why

volume, high variety, at high velocityJ[iThose data Big Data can identify as data that cannot be processed
are used to create important information by usingPy using traditional database techniques due to its large
specific tools and technologies called Big datavolume, high velocity and high variety. #onsists
analytic. That information is distributed among different types of digital content [6].

various parties [5] like government, data coIIectionﬂ
companies, data service companies for tbeferent
objectives. But this information is sometimes
including personal information like medical and
financial. When they are distributing, it is very
important to ensure that private information aref Semi structured daté contain meta model (tags
secured. But the problem is available privacy  and markers). E.gJSON, XML

presevation tools are performed well or do they can
ensure the protection of the private data? T

Structured dataeasy to model, query, process,
visualize. Specific type and size, presented in
relational DB or spreadsheet, easy to extract
useful information.

Unstructured datd stored without prelefined
format. To processthere should be new
There are various areas to be covered when dealing mechanism like NOSQL.

with privacy preservation not only technical matters_. . . .
but also human rules and legislation matters for bette'?Ig Da@ should be identified by is 8v(volume,

privacy preservation [4]. variety, velocity).

1 Volume i large amount of data. Data is

There are different types of privac reservation ha . .
P P y P distributed in many locations.

techniques available in present. But no one performs
better in all areas. The important matter is data should
be protected while getting maximum utility from it.
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1 Variety i data is coming as internal or external
sources. Creates variatfarmation.

1 Velocity- speed that data is generating and
changing.

Big data enable large opportunities in business growt
job creation, government planning, and health car
services [5]

2.2Big Data Analytic
As described earlier, Big Data cannot handle gisin

2.3.1 Interaction with individuals

1 Providing transparencyi involvement of
individuals. It covers personal data and also
details of algorithms and processes involved in big
data analytic. Most challenging part

Getting consent individual have rights to ask
about prior to processing of their data. Sometimes
it containsinformed consent, that is individual
have right to ask what sort of processing is
happened and about result.

traditional methods, there should be advancedl Revocation of consent and deletion of personal
methodology to handle process and manage Big Data. datai according to European privacy law it is

These tools are called Big Data analytic tools. Tha

t granted that individual has right to revoke their

enables to get lot of benefits and insight about the area  consent even at the later stagewthermoreall

[6].

2.3Privacy and Security of Big Data
There are various sources that Big Data is generate

related personal data should be deleted. Challenge
is arising if data are spread at that moment.

d.3.2 Probable vs. provable result

Like online transactions, mobile phones, searchHPepending on the query different types of result sets

queries, emails, videos [1, 5]. Since it is large, they

are produced. The valigitof the result sometimes

are stored in distributed databases. It implies that datgfeates a threat. If the type of the linkage is not reliable,

are store and sources are spread allrzd the internet.
Since it deals with web
generating.

Here are some set of security and privacy challeng
when dealing with Big Data [6].

1 Random distribution large data are stored and
processed at different locations in tdisuted

the situation is more challengeable.

model , fisecurityodo issues

2.3.3 Economic effects
When big data analytic techniques require huge data

Sets it may cause to exchange those data sets among

businesgartners. When data providers sell their data
to customers, threats arise from economic
considerations.

systems. In this case sometimes we cannot
recognize the exact location of the data resulted ir2.4 Available Techniques for Privacy

many security problems.

1 Computation$ using computations data analysts
get powerful knowledge from data. It is important
to secure the computations [6]

1 Integrity i to get quality of the result it is
important to ensure the validity of the data.

T Communicatiori because of the distributed data,
clusters are communicated via network.
Therefore,it is important to secure the network
protocols.

9 Access contrb/ authenticatioh to access to the

Preservation
Due to 3V s (volume, variety, velocity) traditional
methods are fail to handle Big Data. There should be
techniques to ensure indi
review some existing privacyrg@servation techniques
and theimperformances.

2.4.1 Cryptography (traditional method)

In cryptography, itstoresand manipulate the data in
particular form where only authorized quée can
access those data. There are 4 basic cryptography
methods to protect private data

data, there should be considerable administrativ.4.1.1 Encryption

rights.

1 Rules and legality since Big data are distributed
in multiple locations sometimes different
countries and since it contains personal
information of human suchas medical and

Transform data/ information into ciphertext by using
cryptographic key. So data can be protecting by
irrelevant accesses. In a good encryptioechanism,

it cannot get the original data by ciphertext (reverse

conversation) without knowing the key. Figure 1

financial there should be developed set of rulesShOWS the encryption process.

and regulations which are not consider yet [6].

And also as discussed in previous sub heading wheMessage Encryption ciphertext Storage

data set linkage via user identity it creates a proble

to the privacy [4]. Following are sam privacy
challenges when dealing with individuals.

Data E W%f SN
to be \ 4#jj2
encr &0g

ypt Key G@h
0110
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Information disclosure happens in 2 ways. First is

Figure 1. Encryption process identity disclosure. When person links to a specific
record in final table then identitgisclosure happens.
2.4.1.2 Data authentication Second is attribute disclosure.

By adding atag, it modifies the data that creates data"€W attribute/ information released. To overcome
unfeasible. It uses cryptographic key to process thigdentity disclosure, fanonymity method introduced
The tag will invalid if modification done to original
data. Introduce new tag requires the cryptographic key, .
Using verificationalgorithm, it can be checked the 2.4.2.1 K-anonymity

validity of the tag. In k-anonymity, attributes of the data set are divided
into 3types.
Message Authentication Tag Storage
) 1 Key identifier Use to identify something
data This uniquely. Ex ID no
o A is the ’ ’
encr data 1 Quasi identifier with linking external data it can
ypt o A@4 be used to identify record uniquely.
100 o 1 Sensitive attributes those values are to be
protected.
) o Suppose if you want to identify an indilial and there
Figure 2. Data authentication process have only gender and zip code attributes available in
) data set. So there are at least k many people satisfy that
2.4.1.3 Hashing requirement [10]. So there is at least kecords which

This present a small piece of data in a unique way thahdistinguishable from other records.
doesnd6t have revers approach. No ¢ ographic key as
input and no authentication mechanism. Atidcks ori kanonymity 1, Ezﬁ

1 Unsorted matching attack

2.4.1.4 Digital signing- )
This is a process that develop a short string depend Qt-hgtlj
the information. It includes dataand entity

authentication. Solution sort tuples randomly.

s happened because of the re€
ples.

In Big Data context it is difficult to retrieve all data for 1 Temporal attack

analytic due to its large vqumg.Thereforg, Data set is dynamic. Data can add, remove or change.

cryptography methods cannot apply Big Data privacy

concerns. Solutiort in initial table, all attributes are defideas
quas identifiers to following releases.

2.4.2 Anonymization methods

In big data analytic, operations can be done on

encrypted data but it is complex and time consumingDue to homogeneity of data that means discovering

Since big data has large volume, it is inefficient doingsame patterns we can identify useful information.

operations over big Data because it needs to get nef@ecause of low diversity in the data set.

knowledge within time limit. Therefore, data de- T

identification is much more flexible than previous

case. It is a traditional method for preserving privacyThat means based on some abcifactors,

in data mining. Before data mining happened datanvironmental factors, religious issues, attacker can

should first have generalizedhat is replace quasi identify some information that are hidden.

identifiers then. suppression that means ®i¢asing In k-anonymity, by linking data, individuals cannot

all values. But in many real world examples, after de identify

identification, data will not actually anonymous. If an '

attacker has more external information there will be @isadvantages

threat to data redentify. Thereforejor protecting data 1 Since it has low diversity, tend to leak information

priva_cy, deid_entifi_c_aio_n is not e“OL!gh _[9]‘ To re_duce 1 Vulnerable to background knowledge attack.
the risk of reidentification, anonymization techniques f  Unable in attribute disclosure preventing [8].

are introduced.

1 Homogeneity attack

Background knowledge attack

L-diversity is more applicable, easyunderstand than

There are 4 types of attributes in a table. Identifiersy_anonymity. Since fanonymity open to attackers due

attributes. Identifiers will be reoved and quasi jntroduced tdiversity model.
identifiers will be generalized before publish the data.
Such data aenymizedhdt 0. as 0f

100 Proceedings of International Conference on Innovations indniness and Technology 2017"3@ovember



2.4.2.2 L-diversity 2.4.5 Privacy preservation in data mining

This reduces some disadvantages-anknymity. This  Data mining can be known as identifying patterns and
is also like kanonymity further developed by knowledge from big da. Privacy protection of those
increasing diversity of sensitive attributes. data is an important aspect. Privgmeserving data
mining (PPDM) is performs well to preserve privacy
while gettingutility of the data since iavoids use of
sensitive data directly and avoid using sensitive
Though this ensure the diversity problem, it may leakpatterns in dta mining [7, 25].

information due to semantically close values.

[-diversity problem become difficult, when there are
moresensitive field.

Privacy preservation techniques can be classified into

L-diversity attacks 1 Heuristic based techniquésiot modify all values.
1 Similarity attack 1 Cryptography based techniguescludes SMC
.. . - . model. Means computation is secure at the
Even sensitive attributes are distinct, if they completion.
semantically similar, attacker can get the inforomati 1 Reconstruction based techniguefrom the

To preserve privacy,-enonymity and-Hiversity are randomized data, original data distribution build.

based on generali zat i on Conskdeing aBove démersions, | PPDMA taciregles | s
replaced with HAage r an g ediided into:

Data quality and protect privacy are conflicting goals

. 2.4.5.1 Anonymization based PPDM
in here.

Identity/ sensitive attributes are hidden. It is a risk
2.4.2.3 T-closeness when quasi identifiers (such as race, zip cedg) are
linked to external data (linking attacks). This may have

L-diversity further devel maintainirsgnsitiv . . )
diversity further develops by maintainisgnsitive information losses widely.

fields called as -tloseness. This expands the |

diversity model by treating attribute value distinctly
where considering the distribution to the values for tha
attribute.

?.4.5.2 Perturbation based PPDM

Here, originals data are changed with some values that
donét harm statistical val ue
This methodcalculatesprobabilistic distribution by can be done by adding noisgnthetic data introduce

using EMD (Earth Moer Distancg But EMD  and data swapping. Treat attributes independently.
distance metric unable to work properly due to scalingCan be loss of information.

property of probability.

2.4.5.3 Randomized respond based PPDM

Thi s i s simpl e met hod. Th
distribution of other data. This can be done in data
collection time. No negof server. This treats equally

Y3r all records. This can make attack to outlier records.

This prevents the reveal of attributes.

2.4.3 Notice and consent

This is mostly used in web services. When user acce
to a service/ application in web, it diggs a notice
about privacy concerns. User needs to consent it befoke 4 5 4 condensation approach based PPDM
using the app. This ensures the privacy protection b

empower the person. Generates clusters in data set. Then build pseudo data

from them. Rather modifying data. Mining result may
But in Big Data context, it is unknown the time Big damage due to large reds include in a cluster

Data is used. So, every time when Big Data is used,

notice reed to change [1]. By using a third party, this2.4.5.5 Cryptography based PPDM

model can be modified. Avoid reveal of information by collaborating multi
parties. Data may distribute vertically/ horizontally.
2.4.4 Differential privacy Because of that it is difficult to scale.

This method is using in databases. This presents stro
protection of privacy while extract useful information
[20]. This reduce the risk of identifying personavh

the querying. There is no anonymized (modified) dat

"Bl considering above mentioned privacy preservation
techiques, it can be seen they can protect privacy to
certain extent. But lots of problems are there. Most of

h Th : dl hich ident i he time, information may loss. Due to that, it unable
nere. There IS a middieware which iden 'fy. resuft ang, get maximum utility from the data. Sometimes data
inaccuracies. If it preserves privacy, inaccuracy

b | can be distogd when we trying to modyf hem. So
ecome farge. there is always some issue with each technique at the
The advantages of Differential Privacy method. performance.

1  No data modifying.
1 Distortion is added to result that is useful to
analyst.

Major disadvantage is since this is using in databases,
analyst need to know the query
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3. MAJOR RESEARCHES IN BIG methods in privacy preservation. There | showed

DATA AND PRIVACY performance of each technique to protedvacy and
PRESERVATION their advantages and issues also. There is no technique

p b hi hel available to protect privacy while getting maximum
rivacy protection is become necessary thing Whemyijiv, of the data. That means most of the techniques
dealing with Big Data analytic. Since this is very hot, iy josg information. And also some are vulnerable to
topic, scientific researches and approaches are stilly- o from external parties. There i® such
infancy. Here | review some important and 'ntereSt'ngtechnique available as this is the best technique to
contributions what other researchers have done so f?)rreserve privacy. So as an individual, be aware with
regarding this area of study. your online behaviors and identify the risk is a need
When considering about privacy preservationthough there are tools to protect privacy.

techniques, Gosain, Chugh][showed differential

privacy technique is performing better than data5. IDENTIFYING FUTURE
anonymization, reidentification, notice and consent DIRECTIONS OF PRIVACY

by showing disadvantages of them. PRESERVATION TECHNIQUES

Data mining is important Big Data analytic tool. When Digital data is generating day by day in everywhere at
dealing with privacy preservation in dataining, = enormous speed. Protecting the privacy of those data
authors [3] present different PPDM (Privacy is very important. But there are still issues with privacy
preservation in data mining) techniques. And showpreservation techniques as we discussed throughout
each technique performs better than another in specifihis research papeFor example, lots of methods are
criteria like performance, data utility, uncertainty level losing important information when they try to modify
etc. private information. And sometimes it unable to
generate the original datéherefore scientists should

In [7] authors developed a frameskofor preserve pay their attention to develop algorithms/ tools to

privacy in each stage of KDD (Knowledge Discovery

DN Databases) process prote% Tarfy wéhout losing the %%rnal data strnce
ther arc aersrnfny

framewor ko. There ar whi ch represent

each stage of the KDD process. Apart from that | presented some set of privacy and

security challenges when dealing with Big Data. The
According to authors [9] implemented client side page, are tec)rlmrcal wrge social wise a?td econgmrc wise. Syo

Security 1 has Uique authenication mechaniam for’ S important consler those challenges  when
each user. To replace existing DES (Data Encryptror‘rjeveIOpIng privacy preservation tools.
Standard) they developed triple DES which has 3ince data is generating vefgster mannetthere

individual keys. should be efficient and secured methods to collect data

To avoid data loss rate and privacy leakage, asth and distribute private data to only authorized parties.

Yonghon, Qing [13] combine-knonymity algorithm  Though there will be betteprivacy preservation
with distributed randomization. And proved there is nomethods, individuals need to know their private
obvious harm to the data with compared to theinformation arestill open to someone in somewhere
unprotected status when used to clinical data which isvhen they are doing online thingSherefore,there

diabetic nephropathy (DN). should be an efficient mechanism to inform
individuals that their particular actionay cause for a
4. DISCUSSION threat if any mistake happens.

With thedevelopment of technology, Big Data become
more powerful asset to deal with lot of areas. Such a6. CONCLUSION

government, organizations, scientific matters etc. IfThis paper presents the use of some available privacy
provides hidden knowledge by using appropriate toolgpreservation techniques in Big Data context by
called Big Data analytics which cannot do by usingmentioning the way they work. According to the
traditional methods. As expanded the area, moreesults the following conclusion can be dowben
challenges are open to Big Data environment. Privacguggesting an appropriate privacy preservation
is a major challenge where scientists should payechnique for a particular problem.

attention. To protect privacy of data while getting
maximum utility is a must. In this paper | review what T
is Big Data,Big Data analytic. And showed how
privacy and security relate with Big Data. There are lot
of privacy and security challenges in Big Data
environment. They can categorize as technical issues,
social and legitimate issues as well aseconomieEis.

And review about some existing privacy preservation
techniques such as traditional cryptography method,
some anonymization methods and data mining

Cryptographyis a traditional method for privacy
preserving which manipulates data where
unauthorized accessese denied. Encryption is
one of the bestryptographymechanisms that
ensure the data is secure from unauthorized
parties. But the problem here is this cannot use for
the Big Data context, because it is impractical to
use all data for analyticsince it has a large
volume of data.
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f k-anonymity is failed since has low diversityof [8 G. Yang, J. Li, S. Zéddng, an

information and it opens for background attack. ~di versity priva2is 1Qhreser v
As a solution for problems in-&nonymity we can International _Conference on Fuzzy Systems and
increase the diversity of sensitive fields and come ~ <nowledge Discovery (FSKP013.

up with a new model-diversity. But stillitalso [®] S. Sathya and T. Sethukaras
vulnerableto attacks if it hasemantically similar preservation technique for healthcare records using big

d a t 2016 dnternatioal Conference on Information
Communication and Embedded Systems (ICICES)
1 Notice and consent method is for to empower the ~ 2016.

online users about their privacy concerns. Sincg10] L . Swe e-ANONYMITY: kKA MODEL FOR

Big Data has large volume, it cannot considerthe  PROTECT I NG PIRtérnatogaY Joarnal of

each and every time when Big Datauised. So Uncertainty, Fuzziness and KnowledBased Systems

this method is not that much applicable for Big ~ Vvol. 10, no. 05, pp. 55570, 2002.

Data. [11]ABasu, T. Nakamura, S.-Hidano

: . . . anonymity: Ri sks 205niEEE t h e R
7 Differential privacy method is good approach Trustcom/BigDataSE/ISRR015.

when for when dealing with databases. There is n?lZ]A Machanavaiihala. J. Gehrke. D. Kifer. and M
modifying of data and the drawback is when V.e nkit a”S u b r-da/ . ’p'Jria.any béycﬁnd-k )
joining databases. anony m2nd interpational Gnference on Data

q Data mining techniques used to edr hidden Engineeri.ng (ICDE'06)2006.
patterns or knowledge for future predictions[13]Y. Xi e, Q. He, D. Zhang, and
which requires high security. The big challenge privacy protection based on combining distributed

here is correctly transform data into mining lrapdon:?zati(l)n c with Kan °| ny rﬁ@lsdy g_tb |
pattern and recover them. nternationa ongress on mage an Igha

Processing (CISRR015.

attributes or when there are more sensitive fields.

By considering above factors it can be concluding that14)3 .  vai dya and Gprese®@ihg data o n , i
each privacypreserving échnique has advantages as mining: why, HEE® Secusitp dnd wh e n,
well as some drawback$herefore,according to the Privacy Magazingvol. 2, no. 6, pp. 1®7, 2004.

problem context we can choose a technique. Sincethgsjs. B. Avaghade and S. S. Pati
research area is still infancy there is a need of powerful ~ spatietemporal data publishing ensuring location
privacy preservation technique for protecting diversity using Kanonymity 2016c hni qu

sensitivity of datavithout information loss and having International Conference on Computer,
maximum utility over them. Communication and Control (IC42015.
[16] M. Gursoy, A. Inan, M. E. Nergiz, and Y. Saygin,
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ABSTRACT 34

6Braill e Messen glkatién (apps
that is designed to facilitate the communication
between usersia the Braille alphabet through the
medium of Short Messaging SenscéSMS). This
apgication is mainly envisaged to be used by the
visually handicappedcommunity. The propose

an
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the app as a system wide keyboard, introducing error

correction and support for other languages.
Andr oi ap

Categories and Subject Descriptors

H.5.2 [Information interfaces and presentation
Graphical user interfaces (GUIl)Input devices and
strategies screen design and user centered design.

method is comprised of three gesture types for braille |-2-2 [Applications and Expert SysteinsNatural

communication. The gestures can be genenaitu
either two fingers, three fingers or six fingers. The app
can be used byhe blind and blinddeaf users with
tactile feedback in the form of vibratie. Simple
drawing patterawere selected asommands instead
of longtap and double tap operations The app

automatically suggests a word with the highest auto 1.

completion probability when a user types five
characters, using vibration methodsstandard @it
encoding scheme ag used to convert braille
characters to textA novel static algorithm was
introduced in this research to det drawn patterns by
users. Afeedforward algorithm was formulated using
the K-NN algorithm to detect the inpdihgers when

a braille character is typed, and the-M¢€ars
algorithmwas usedo track the usér smput fingers
withtime.6 Br ai | | e Me s sat diffgrent 6
typing speedsAverage typing speed and accuracy
were analysed oa sample of five blindusers.The
maximum typing speexdfor the desigs with two
fingers, three fingerandsix fingerswere5.4WPM,
9.6WPM and 18.9WPM respectivelyThe average
typing speedwere recorded as 3.74WPM, 7.28WPM
and13.29WPMfor the desigawith two fingers, three
fingersandsix fingersrespectively An accuracy of
97.4% was recoded for braille character detection
when using Bayesian Touch Distane@h Nearest
Neighbourand K-Mean algorithmsAn accuracy of
94.86% was recorded for the drawn pattern
commandswith the proposedstatic mathematical
algorithm. The proposed methodcurrently only
suppors English languageommunication. Théasic
standardor Gradell Braille alphabet ommonly used
by the blind community in Sri Lanka was usadhis
research Future workwould includeimplementing

104

Language Interfaces

Keywords

Blind, Braille, Smart Mobile Devices, Text Entry
Method, Universal Design

INTRODUCTION

In present daymobile phone has become an essential
tool of communication in life. Among the plethora of
different techniques for communication, SMS is the
mostpervasive. However, this method is challenging
for the blind and visually impaired (VI) users.
Looking at théhistory of the smartphone, thgicsson
GS88 (Mccarty, 2017)was the first which was
manufactured with a physical keyboard in 1997.
Therefore, blind users could manage to use the phone
ifithgyscoutd ghysically feel the keyshg& difficulties
faced by the blind users increased with the advent of
the Touch Sensitive Displays as they lost their
sensitivity of keys that were there on a physical
keyboard. A special accessibility feature for the blind
community became an essentiaktpaf the mobile
phone when they were introduced to the market.

There were solutions introduced by the companies
that developed operating systems alongsiéi@aty
developers(Bonner, Brudvik, Abowd, & Edwards)
(Mascetti, Bernareggi, & Belotti, 2011)
(Hatzigiannakoglou & Kampouraki, 2016All the
solutions were however restricted to the technical
capabilities of the smartphone. The main restriction
was the number of diti-touch inputs that could be
detected by the phone.

Voiceover in iOS by AppldiPhone- Accessibility,
2017) Narrator in Windows by MicrosofWindows
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phone accessibility, 201 4nd Talkback irAndroid 2. RELATED WORK

by Google(Android accessibility , 2017%re some of  The related work for this research considered looking
examples that were introduced by the leading into the literature on current implementations for

software companies who developed the Operating plind and VI users, Ul and UX, text entry methods,
Systems for the Ieadlng brands in the world. When the input finger detection and¥IN classifications.

accessibility functin is activated, a user should
double tap on any button to execute a task instead of2 1 Universal Design

a single tap, as the single tap just reads screen view. Blindness can be divil into two typeg(Vision 2020

The initial stages of the proposed App before the Sri Lanka, n.d.which are fulland partialblindness

initial testing was published ifydapoh & Liyanage, Full Blindness means, inability teee anythingt all,

2016) In this study, a novel method for the Blind and and partial blindnesgefers tohaving limited vision.

VI users to communicate using the Braille Alphabet is The fully blind identifies the environment by touching
proposed. The app features the ability to customize because they deot possessiny sense of dimensions

the Ul according to the preferences of the user and theor objects locatedaround them. The mobile

technical specificadns of the device. As most of the technology in the modern society has become such an
previously developed Apps were specifically aimed essential part of human day to day life. Most of the

for the devices with 6 mnbiletapps taecuabignedi forpaighted, peaplB.r ai | |
Messengerd initially cheNayasthetesse 'Desigmmlfoe Usabilty' sleatstthat t o u c
inputs supported by the device using a calibrationdi f f er ence wi thout consider
procedure. (Sierra & Togores, 2012)Jnder the concept of '‘Low

Vision Mobile App Portal, some authors have
provided a way to access mobile applications for
visually impaired users. This research mainly
focusses on the concept of |
. ' is widely used in several areas/fields. Universal
2016)blind-deaf users were unable to use them since Design concept is closely related to the meaning of

those apps were designed with the screen Sili ilitv. Thi imol |
reading/TexToSpeech (TTS) Mangas e sl b"g-itorg does not imply o

Eventhough there are several mobile apps developed
for blind and VI users such agBonner, Brudvik,
Abowd, & Edwards) (Mascetti, Bernareggi, &
Belotti, 2011) (Hatzigiannakoglou & Kampouraki,

he acc&sSiili

Messengero6 includes -ded mejfyQdy b Qi thd Gdatbvbidpd fecholody,n d

use_rls tfo rggd zr!d vxnt(fa messf,ag_gs using 'tJ/lrallle Wlthaccessibility of the blind can be extended to include
tactile feedback in the form of vibrations. Moreover _c?mputers and mobile devices.
Itates any

6Braille Messenger 6 f-aci type of Mul t i
touch mobile device holders to type in Braille by In 1999, the Web Accessiily Initiative [WAI]
introducing three different newisual touch scren published the Web Content Accessibility Guidelines
text entry methods by considering the number of [WCAG] to improve the accessibility of disabled
touch points available in their mobiles. people. But with the development of mobile phones

with touch displays, accessibility of mobile for
1.1 Objectives visually impaired & blind users wésll due to the loss

Major objectivesf the proposed system is to provide ©f Physically feedback. So, soniierra & Togores,
amore accurate, more user friendiygh speed, user ~ 2012) researchers have designed special apps for
customizable typingnechanisra for the blin and visually impaired or blind users to access the touch
blind community with different disabilities, ~SCreen mobile devices. Low Vision Mobile Portal is
depending on the muitouch capability of a mobile one of _the mobile apps that provide the facility to
device. access important apps such as phone calls, messages,

contacts, and calculator etc.
An integrated app with three different gestuvess

developed to achieve the objectives by introducing o o Human-Computer Interaction Design
three different methods of typing (usirapehand | .n line with the concept o

design with two or three fingers and using thand designing the user interface (Ul)aw given high

desugnwgh S|xflngers)dSom?mplep:k;[ter_rxjraml/!r_]g priority. Application of Human/User-Computer
commanos were introduced daecutenasic tasksn Interaction Design concepts assist in designing

lieu of taping on a button. effective User Interfaces especially for blind users
(Arrigo & Cipri, 2010) Apple with iOS operating

1.2 Current Study system, have coidered the concepts of user

In the current study, a selfpdating blind ditionary ~ experience and accessibility in mobile apps, when

(B-Dictionary) was developed. When a user adds a designing apps for the blind or VI use(Sierra &
word that has more than five letters, the most Togores, 2012)

matching and most frequent word is suggested. If the

word is not availabl e i nUSergxperigneerefessipohservingand agalyzingthe ; | ¢

typed word is added to the dictionary. userso expeuate thaleffectivenespof @ v a |
product design. Which is considered the most
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valuable aspect of Hum&Bomputer Interaction 2.3.3 Navigational Touch

(Marcus, 2013) In the methodof navigational touchtheuser neeslto
movethe fingerup and down (vertically}o selecta
group of letters and movethe fingerleft and right
(horizontally) to selecta letter. Here letters are
grouped into five and each group starith a vowel
e, 1, o0, ubd.

Accessibility in mobile apps generally implies that the
app should be accessible by as massrsias possible.
For instance, narrator, voice over, voice control, speak
recognition, auto text and tactile buttons are some of
features that have been introduced to users with® 2

special needs to access the moflleaddock) 234 EyesFree Text Entry

D. McGookin et al. have SUggeStEd a set of guidelinesm the eyegree text entry‘nethod ausermusttap on

for mobiles with touch displays(McGookin,  agroup to enter a letter. As an example, if user needs
Brewster, & Jiang, 2008}hat can be applied to t o j nput 6B6 then user need to
maximize accessibility. touching on thatparticulargroupof letters To select
a specific letter through the group or to opegroup
2.3 Text Entry Methods the user should tap second finger anywhere on the

All the apps that have been descrilzdmbve relate to  screenThe rextscreen shows all the lettersargiven
the blind or VI people. But these apps were rarely group category vertically. Then ussmmove his/her
used by blind users and regarding to an online surveyfinger up ordownto select the individual letteThe
(Leporini, Buzzi, & Buzzi, 2012)blind users mostly ~ usermusttap his/hersecond finger anywhere on the
use mobiles (iPad/iOS) to take mobile calls (92.7%), screerto confirm the selectian

read SMS (90.9%), write SMS (87.3%) and to listen

to music (80%). But most of them (52.7%) are not 2.3.5 Braille Type

satisfied about the usability of the keypad and 72.7% The Braille typemethod is thenostfamiliar method
of blind users preferred an editing mode with a single for the blindandvariants of Braille typénput method
tap. can be foundThis is known as the first approach with
According toLeporini et al.blind users prefer to the having less nutser of screen targets and here each

WERTY kevboard rather th - Iti t cell known as braille cell and user should long touch
(kgeyboards (Egp(c)):;i r%ufzri gn gjlzrl? n;%iz)ap on cell to mark the cell and the double tap anywhere

However, there are many text entry methods such as on the screen to tell that single braille character has
Multi Tab. Nav Touch, Braille Type(Oliveira, finished the typing. When user marked a cell then it

Guerreiro, Nicolau, Jorge, & Goncalves, 205hd dendes a single bit otherwise 0.
Robust Entry Technique which were used in Eyes Braille typehasbeen appliedn (Alnfiai & Sampalli,

Free Text Entry type in Nbook Notes(Bonner, 2016)with anextensionknowa sSiongl eTapBr ai | | e
Brudvik, Abowd, & Edwards) In the Braille type design, a user should mankhe

virtual cell area. Bytin SingleTaBraille design, user
2.3.1 QWERTY doesnot need to find a specific location or area to

In the basic QWERTYmethod a userhasto move markthe cell(Oliveira, Guerreiro, Nicolau, Jorge, &
his’her finger on thetouch keypad and then the Goncalves, 2011) Here they developed their
system reads the letter ththe userhas touched, and  algorithm by using the factors of Number of dots in
thedouble tapypestheletter. each character, the x, y coordinates of the touch points

. L and distances betwedwo points. As an example, if

There is another approach using digital QWERTY poINnts ple, 1 |
K d that i 4 in iPhon Known user need to input GWwodé then u
,e\%ooa. gj. S uze . N'O TS 3 0 &as points vertically anywhere on the screeiihe
6Voier IXeira, Ssuerreiro, Nicolad, Jorge, relationship per the number of dots activatgdnput
Goncalves, 2011)n this approactheuser should set i

. , . are as follows:

his’her finger on the desired key and then tap
anywhere onthe screen with a second finger. 1 Character with 1 tap anywhere on the screen
Afterwards, lift the first finger aml then double tap al ways known as |l etter 06ad or
anywhere on the screen. These are the stepmtisit

befollowed to enter a letter using voice o#hone l Char_a_cter with 2 taps [X1-X2|<error; D is a
_ Accessibility, 2017) specific value for this status.

1 Character with 3 taps- |X1-X2|<error;
2.3.2 Multi-Tap |[Y1Y3|<error; D is a specificalue for this status.
In multi-tap method also,a mechanismsimilar to
QWERTY is employd. But herethetargeednumber
of keys on screen are less than QWERT¥e user
must select the grougf keys bydouble tap andhulti-
tap to select letter.

1 Character with 4 taps |X1-X2|<error; [X3
Xd|<error;  X2<X3; |YiY3|<error; |Y2
Yd|<error; Y3<Y2, D is a specific value for this
status.
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1 Character with 5 taps |X1-X2|<error; |X3 single row asingle dot $denotel using a single touch
X2|<error; [X4X5|< error; |YXY4|<error; |Y2 in left/right side. Ifa row has bth dos, then two
Y5|< eror; D is a specific value for this status. fingers touch and no dots for a roare denoted by

So, usingheabove resultthe typed character can be
classifedand outputA 6 S| i di isglsoRsed ire 6
this methodto run special charactesich asNew
Line [Enter], White Space, Backspace, Switch m
keyboards amongUppercasekeyboard, Nurerical .

keyboard, lowercase keyboard and symbols
(punctuation marks) key board.

Furthermore there are more approaches to type
braille letters on screen. One of theénsPerkinput
Text EntryMe t h (8zkrikot, Wobbrock, Prasain, &
Ladner, 2012)This issimilar toPerkin Braille Device
input methodA user must put 6 fingsion the screen
and long touch on screen to add the pdihescreen

is shown in Figure 1. Figure 16. Technique of BrailleOne text entry method

As well asBrdéai | |(datzigiendakoglou &
Kampouraki, 2016)he research team of Paul, also an
extension of this techniqueb this method, aiser
needs to touch twice to enter a single letter. In blue it
represented one, two and thieputs. And in red it
represented four, five and six. This method also has
done ina previous researcbAzenkot, Wobbrock,
Prasain, & Ladner, 2012joweverusing in different
way of Input detecting. In BrailleOne they inputsva
detected by view wisédssume a user names&.imear
Layout A, B & C from left to rightthen if auser taps

on Linear Layout A then it detects it as 1 or 4 inputs
due to group of categories (1,2,3 & 4,5,6). Similarly,
if user taps on Linear Layout B thérdetects it as 2

Figure 14. Perkinput method in touch screen

In Perkinput Azenkot et al.have introduced the o g5 But in_ 6(R=nrkd Wohbrodk
theoretical concept of IpEDin &l fyRe EOlmfefhg‘d%gerlFD {%ﬁﬁiq‘ﬁ& t
which is based ona multi-touch signal detection a6 once user touch on screen with his/her 3 fingers

technique.In this method,a single finger iNpuis 0 jt detects its (x, y) coordinates of referepoint

denotej_a s oneor & ﬁ)'ﬁh_eseé rﬁ_efhods can be 54 then using Maximum Likely Hood function they
used with eitheboth hands owith a singlehand. If corrected the next time touch points with the

theuser neeslto use both hands, théime use_zrhasto _previously touched reference point.
touch on screen only once to enter a single braille
characterotherwsea usethasto touch twice to enter ~ ®Braille Keyd(Subash, Nambiar, & Kumar , 2012 4th

a single braille character. International)s another approach ofping braille. In

this approach, they have divided the screen into four
parts as 2 x 2. The yrst
lafidlhe left area, one touch selects the point one, two
touches, the point two, and long touch, the point three.
4 The same apies to the right, for points four, five and
figure 2 six. The ENTER and DELETE buttons are on second

- line.
® O O @ e 0 O O

There is another new technigteetype in braille in
touch screen whick n o wnT ygpse | &n Blm this |
technigue(Mascetti, Bernareggi, & Belotti, 2015
user needto input pais of dots at a time ashown in

In Google Play Storehere is an alternative keyboard
known as fASwift Brailleo

method, the user need to draw the patterns froen on
dot to another.

Figurel7s hows how user type
Figure 15. Technique of TypelnBraille using Swift Braille. Here user starting at dot 1 position
and then move his/her finger to the dot 5.

First two methods of QWERTY and Multi Tap that
are described above are much difficult for blinds that
is why researchers introduced new techniques just like

In6 Ty p el nmBethada Uisérleadto touchthree
times to enter a single letter. Usually a single braille
letteris denotedwith a 3 x 2 matrix.A user must fill
a single row in this method When consideing a
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third and fourth methods thate mentione@nd they

noisy channel and the input method decodes it using

have analysed each method on factors of fast/speedytheir detection algorithms.

and easy/user friendliness.

Figure 17. Typing letter 'e' using Swift Braille

Nav Touch & NeLook Notes are much different
when compared with normal text entry methods of
QWERTY & Multi Tap. Per their analysed data-No
Look Notes(Bonner, Brudvik, Abowd, & Edwards)
has proved their VaoietOheo d
met hod?éd (Text entry
Voiceover and 1.32 WPM for Nbook Notes)and
QWERTY (Oliveira, Guerreiro, Nicolau, Jorge, &
Goncalves, 2011}s the fastest method2.1 WPM
with 0.7 of SD) of typing. Sloest method (1.49
WPM with 0.43 of SD) is typing brailléa user need

to touch 6 times at maximum to enter a single braille
character). But typing braille was the most accurate

speeds

There are three sources of noise in their model:

1. Hand repositioning/Vhen the user repositions the
hand on the screen, the current touch points are no
longer near the reference points. This was addressed
by simply set new reference points that reflect the new
position of her hand.

2. Touchpoint inconsistency. As with mousgicks
around a target, there is natural error that occurs when
a user attempts to touch a consistent point on the
screen.The Maximum Likelihood (ML) to detect
which finger corresponds to which point while
accounting for the distribution of points aroutice
target reference points.

3. Hand drift. When user touches the screen
repeatedly usually our fingers moving little bit
(drifting) from the target point. This was addressed by
tracking the reference points after each touch to

mininizeftie &rforof decbaj.@a N 6

ar e 0. 66 WPM for

2.5 Character Classification

Usually a Braillecharacter is denoted as a 3 x 2 matrix
and it is numbered 1 to 6 from top to bottom, left to
right as shown in Figure 18. In Perkinput typing
methodfingers arenumbered as Figurel9.

way of typing letters. However, they have come up ' ................ “

withsomedi f fi culties for each metho? |@@&|>5Ti meout s
& Lose track of textodo were ider; gl@le di fficulti
typing braille.

In (Siqueira & Silva, 2016has analysed the most of Figure 18. Braille Cell

braille methods which exists on today. Per their

researrecihl 16eB Touchd the me e
using 6 fingers simultaneously and the

60Typel nBrailled are the

But 0Braille Touchd has

and 6Perklnputd method i:

2.4Input Finger Detection (IFD)

Input through the touch screen can be modelled for
transmission of information through the noisy channel
(Azenkot, Wobbrock, Prasain, & Ladner, 2018)

IFD mechanism at the first user should set histher
reference poirst on the screen. As an example, when
user insert long press by insertingingers Then, the

Figure 19. Mapping Fingers in one hand and both
hands

user transmits a message into the device by encodingp 6 Tracking Reference Points

each
| f

the message into mujpioint touches,
representing a binary sequence with i t s .
ith finger tauch the screen for pigiven target point,
then bit of that point will be one (1) otherwise will be
zero (0). As mentioned earlier touch input given to the
device with some inconsistency, since the user will
not hit exact reference point with every subsaqu
touch. The device receives the noisy, encoded

When the Hand Drift was addressed in the previous
SettiSn®F 49 functions were usedfor target
selection criteriaThey have assumed that uskeep
theirhands next to the reference points. Bhts isnot
truein reality. Therefore i n t hi s -Osderl
Phased o ¢ k e d haso begrd used tdrack
references points

message which analogous from inconsistency throughAfter the input finger is detected, ereeach touch

108

reference points were moved bfraction of distance
between touch point and the corresponding reference
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point. Here they assumed that each individual finger method but herethe braille dot$ positioning is

touch is correlated with the other fingefherefore different fromthe Braille Scan method. Here daise

the concepthas been formalizethto the following positiored as three, two and one dots horizontally as

equation well as four, five and six placed haoviatally. Herethe
. S . reading direction is diffemt fromthe Braille Scanas
Y ®&O Y this method ussvertical finger movemertb readthe

text. Figure21i (a) represents the nuarical order of

braille dots for Braille Rhythm methoth the Braille

whereR, is the vector of references points at time ~ Rhythm method, the charactersare read using

E. is the vector of differences between references temporal tactile pattern3his producesactile pulss

point and touch point at time k is a scalar constant I numerical order from one to six-@lleft to right).

whi ch k n edaption acefficie@® ( Smal °

values ofk are reducing the effect of tracking) &is —°—°—°—°—°—°—>

t h eorre@ation coefficient matrix .

k and C values, are they derived through the (a)

experiments and they as follow;

Equation 1

) p ™ T8 | |
Q 0
T o p e - . ]
M 1™ p
] 19/ 130/ 130/ 19/ 130/ 130/
Equation 2 341 230 815 341 230 230

Pulse duration / silent interval before the next dot (ms)

2.7 Sensor Vibration
Blind-deaf communication is more important when a (b)
message is received through a smart touch phone as

most apps are built only to read the message through Figure 21. (a) Braille Sweep numerical order & (b)
system voice feedback. Braille Rhythm (Braille Sweep)(Rantala, et al., 2009)

Blind-Shell (Svobodnik, Novak, & Cerman, 201B)

a launcher app that is created especially for the
visually impaired. Through this facility is provided
for the blind to perform basic operations such as SMS
Contacts and setting an alarm.

Figure21i (b) denotsthe pattern/ Rhythm for braille

¢ h ar a c Characterd cconsists ofdots one (1)

and four (4). However, orendfour hasahigher pulse

'than other dots. Due to their dateadysing part mean
recognition accuracies and the mean reading time
V-Braille (Jayant, Acuario, Johnson, Hell, & (Character Per Secondspas f ol | ows. OBr a
Ladner, 2010js a technique that is capable of reading iS mae accurate, bub Br ai | | e aRmught h m6 i
Braille letters through a fully touch screen using faste method

vibrations. Jayant et al. have used different signals for

Braille cells. TheFigure 20 shows how vibration

signals work when reading Braille letters. The dotted Table 2.1. Analysis of Data after 3 session¢Rantala, et

line has low vibration than a straigle vibration. al.,, 2009)
Methpd of Recognition Reading
p Braille Accuracy (%) Time (cps)
1 4 Reading Y P
9 5 (Y} Braille Scan 97 0.18
[
3 ¢ e Braille Sweep 91 0.20
Braille
Rhythm 92 0.27
Figure20Readi ng the | oiWBritepse T etter oO0po
(Jayant, Acuario, Johnson, Hollier, & Ladner, 2010)
6Braille Scand, oBraill e3RMETHIROLOGYd 6Braille Sweep

(Rantala, et al., 2009)lsoembodydifferent method
to readBraille characters. Braille Scangsnilar toV-
Braille above mentionedvhere whera user move
his finger from top to bottonthe vibration happens
only once per dot and again go baclite topandthe
last 3 dots of braille character if¢2olumnare ead
0Braill e SisadnmoglketheBraillld Scah
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3.1Typing Braille Characters

Under the literature from the previous chapter, several
types of text entry methods were developed for touch
screens to blinds or VI people by researchers. Among

t hem

-l6-B e a k | (Azenkdt, Wobbrock,

Prasain, & Ladner, 2012 the fastest way of to insert
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characters. Nevertheless, due to the proposed systemabove mentioned simple method cannot be used
three types of different gestures were developed to usefurther. Therefore, more user friendly and accurate
with two, three or six fingers. method is introduced. For that-KN classification

algorithm is used to detect finger which is inserted by

Design A: Type a single brailleharacter using two the user.

fingers & needs to tap thrice to insert a single braille
character. Target the devices which have only basic

multi-touch capability of points of two. 3.2.1 K-NNClassifier

K-NN classifier is a nojparametric method that is

Design B: Type a single braille character using three used to classify the objects. In design B, three

fingers & needs to tap twide insert a single Braille di f f er ent cl asses have been
character. Target the devices which have ntalich registered references points have taken as centroid of
capability with less than six points but greater than each class.

two points.
B [23<z2<z1] mb class 3

Design C: Type a single braille character using 6
fingers & by a single tap can insert a single Braille
chaacter. Target the devices which have best multi
touch capability of points of ten or more than 6 points. class1

With the customizable Uls, the restriction of hand
positioning on the screen in Design B & C is avoided.
Therefore, user has the freedom to registes t
reference points (Dots of a Braille character) as they
were preferred. Followingigure22 shows sample Ul
with references points (Design B & C) for each
design.

A [x2<x1<x3 ] mp class 2

Figure 24. Classify Point A & B using Nearest
Neighborhood algorithm

Different types of distances have been used with K
NN classification algorithm to calculate distance
between user touch points and reference points,
namely Euclidean distance, city block diste and
Bayesian touch distance.

Euclidian Distance

Let A (x, y) be the user touch point and registered
reference point i#xi, yi) for class i (where i=1,2,3).

Then calculate Euclidean distance using following

equation.

Figure 22. Text Entry methods (Design A, B, C)

(0Xs]41] W W W
3.2Input Finger Detection
In each design, tapped finger need to be identified and
two different ways were used in design A and design
B&C. In design A, simply screen is divided into two

spaces and if Ie.ft sidg is t.apped, then_it counted as left) o g (x, y) be the user touch point and registered
column and if right side is tappedethit counted as | ofarence point Rxi, i) for class i (where i=1,2,3).

right column. And if a row has no marked cell then rhon cajculate city block distance using following
draw pattern command to denote empty cell row. equation.

Thrice a time, inserted braille code is converted into .
the alphanumeric text characters. Followiigure23 Qohy W B W B
demonstrates an example of inserting a braille
character Omb.

Equation 3

City Block Distance

Equation 4

Bayesian Touch Distance

P s coordinates of the finger touch,target, W Width
o o l b = oo m of the t, e center of the t
0

U &2 afe constants which they find out through
separate experiments.

P

Figure23.i nsert braille chaBgav®lr _o_ml.ﬁw— —08 0
c| w ”

With the increases of number of fingers which were

used to insert a hille character in design B & C, Equation 5 (Zhai & Bi, 2013)
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With some simplifications, they have generalized dimensional unit sphere and for directional noisy data.
above equation up to-dimentional circular targets. General kmean algorithm is an iteratively running
Also, here they have used the proved rssuhich process to partition 6n6é
6di st r i budimendional tafet sklections number of given grgus. (Ramler, 2008 Moreover,
approxi mately foll ow a amony i differenti tgpest of clust&Giagu agsrithms K
Distributioné. Then ab o wean & dhe mosi smplesthalaithnb (Eamplexiéy t

BTDa(s, t) as follows. O(n) ) and K Means is found to work well when the
, . , . shape of the clusters is hyper spherifléaushik,
6 YO E ! : a2 n.d.) Even though KNN classifier known aslazy

" " learner By combined with KMean centroid of the
clusters updated and classes

nu

a g
_ o Let ds dhats absemed references points
Equation 6 (Zhai & Bi, 2013) (centroid of each, Giugters)
. fan  snfl 60N General formthis can be denoted as
Then they have replaced. iy, x & ,dwith some Anf or i = 1, 2, 3pastdenewly, 6 a
estimations as follows. taped point and assume it belongs to the class j then
i & i & by k-mean algorithm updated the reference point
8 "YO p (centroid of thekt a s g+1ap fpllovi;
| ’Q ” | ’Q ” roy D)
. aitly Q
P . lh —
ECX g Q a - p
N Equation 8
Pat o |
c N N B f <
Equation 7 (Zhai & Bi, 2013) Where(, is; O ;. m O n;
Wh e e aelll, & afiare constants that they have m i number of members belongs to class j at time n.
obtained by separated experiments. Those values aré=irst-Order PhasedLocked Loop
as follows.
S Firstorder phasedbcked loop was used by Azenkot
Table 3.1. (Zhai & Bi, 2013) (Azenkot, Wobbrock, Prasain, & Ladner, 20&2)d
_ _ Equation 1 & Equation 2 were used to updated
U " uy » references points. In this case, they have considered
each finger are correlated with other fingers.

0.0075 1.68 0.0108 1.33 Both al gor idstave beenaegualuand c i
therefore Kmean algorithm was selected as reference
points tracking algorithm cause of its simplicity.

Zhai & Bi (Zhai & Bi, 2013) has introduced this . .

distance for target selection. When converted that 3.4 Sense'Of Vlbratjon to read text _
model into my problem model, targets are known asWh e n  éBelaifnod mode is activa
registered reference points. That distance can bepatterns were used to read text and to give the
calculated usingEquation7. d (width of target)y in f eedback of typed text. Th

Equation? is taken as 1 for each reference points.  Vibration techniqu¢Rantala, et al., 2009Jas used to
input character and to read character. Following time
periods and breakpoints patterns were implemented to
build vibrationpatterns for each braille character.

Among the distances whiclare mentionedabove
BTD is selected to classify the class usMgarest
Neighbour Classifier due to the higher accuracy that
have been recorded. 44

| mm) mm) =iy ms) ) = -:-:-:‘\* oo
100/ 100/ 100/ 100/ 100/ 100/ 200/ 200/ 500/

700 700 815 700 700 815 100 100 1000

3.3 Trac.klng F!n.ger Points n‘ -:I B > ee
Cause of finger drifting there would be a greater error - -:'w -:;5.75- ) .
between previouslyegistered references points and

. . 00
the currently touched point d. Therefore, two different D E_1E_ WSO N B ECHCEEC] = 29

rrrrrrrrrr

algorithms were used to update reference points. They = ™= ...~ T

were KKMean and FirsOrder Phasetlocked loop

algorithms. Figure 25. Vibration Patterns with Break -Points
K-Means algorithm In this approach, basically 7.13.53 (seconds) time

K-mears algorithmis generally usedo cluster noisy Va5 taken to read a character. In Chapter 7, | have

data, to constraint data to lie on the surface of a high
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described the correctly identifying ate with
participation of pseudo blindeaf.

3.5 Braille Character Classification

In braille conversion, it (Figure 18) encoding
scheme has been usedcunvert braille to text and
sixty-three (63) braille characters which categorized
under 7 lines in braille system has been used in
6Braille Messenger 0 in
punctuation marks & ten (10) digit#Agpendi®

The numerals® andthee n gl i s h
d, e, f, g, h, i, j O
Numerals are distinguished from the above English
characters with tdohe bpate
characdoerchalrfacit er
character, it mustdoconsidered as a number (activate
number mode) and after every WHITE SPACE or
NEW LINE number mode will turn off.

3.6 Detecting Drawn Patterns

3.6.1Using Gesture Detector

In Android Developing Environment there is an
inbuilt function to detect draw patterns which known
as O0Gesture Detectord. I
app called O6Gesture Bui
Google to save patterns as .txt file and then load that
.txt file into Gesture Library in Android Studio. Then
calculate the prediction score for drawn pattern
compared to saved gestures.

When returning predicted pattern, it delayed around
1.5 seconds. Also, accuracy of the predicted pattern
from Androidinbuild feature was less than the
accuracy of predicted pattern from mathematical
algorithmthat was introduced in this resear€ause

of prediction delay most of the times, braille inserting
task not performed correctly.

3.6.2Using Static Mathematical Algithm

LI TG

Figure 26. Drawing Commands,A, B, C, D, E, F

—_ | | ¢—

The proposednathematical algorithmonsists of the
following steps to detect drawing pattern commands.

1. Store the all the points of drawing commands

2. By considering first and the last point of drawing
command, check whether drawing lines moving

side. Here considered slope between first and lastg

points as well as difference between 2 points.

Takedifx asthedifference betweethe x coordinates
of thefirst and last pointsanddify asthe difference
betweerthe y coordinates of thierst and last points
Let m be themagnitude value ofhe gradienpf the
line drawn between first and last points of drawn

112

characte
has

appears

commandThe right, left, up, down and anglariable
can be set using thellowing criteria as shown in
Figure27i &

If m less than or equal 0.5

If difx is negative

Right is True
cluldi ngElseni net een (19)
Leftis True
iie”%r‘g%@' oraill
Else If m less than 3.0
lsbece' Abgle i Thie A

pErIsélf%is‘y is tne%ativae brailile
Down is True
Else
Up is True
End If

G ANGLE is H%@hﬁ%cae&'ﬂqfqr Comrﬁagdngé‘% was
» Tph y

| o f $ftisytpe ©ep chgck fprecp :
right is true then check for command E, if down
is true then check for command A, if up is true
then check for command B.

4. As exampl es, 6Che Figureng
27. concept of detecting drawing command
patternsb) & O6Checking for
been considered.

a) Checking for command CHere find out the
breaking point as shown inFigure 27.
concept of detecting drawing command
patternsb). x-coordinates of pattern before
the breaking point should lie between the
[xi-e, x+e] limit and ycoordinates of
pattern after the breaking point shodid
between the [ye, yt+e] limit. Otherwise
variable OUTOFSHAPE set to be true.
Moreover, here have been checked for
reverse drawn lines and if it was, REVERSE
set to be true.

b) Checking for command Bi Here x
coordinates of all points in drawn line sldu
lie between the [xe, x+e] limit otherwise
OUTOFSHAPE set to be true. And here also
have been checked for reverse drawn lines
and if it was, REVERSE set to be true.

Then by using the Boolean values of variables
UP, DOWN, LEFT, RIGHT, ANGLE,
REVERSE & OUTOFSHAPE detect the
command or not and if it was a command then
returned the command name.
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le xise After 5 sessions of testing with participation of 5
~ l e users, the maximum speed of each text entry was
e | outorshape recorded at 5.4WPM, 9.6WPMnd 18.9WPM for
i\ ig i designs with finger 2 (Design A), 3 (Design &)d6
\ on ihd (Design C) respectivelyResults of the experiment
' were contuded that the typing speed of Design
(onehand 2 finger) lies between 3.37WPM and
i B “ 4.11WPM, DesigrB (onehand Finger) lies between
6.58WPM and 7.98WPMnd DesigrC (two-hand 6
finger) lies between 11.69WPM and 14.89WRi#l

95% level of confidence.
outofshape

—— o o

\ r (00 o) 4.1Text Entry Speed

(| error space| = width * 0.12)

(&)

Figure 27. concept of detecting drawing command 0 1356 O 1494 ¢ e

patterns

O 10.456 otnes

©7:02:~ © 6:94 O 7:28 O 752~ O 7.62
@ 5 @ 3 Y D D168 @ B~ 4.18
4. RESULTS AND DISCUSSION
In this section, the proposed design with three
customzed gestures are discusséigure 22. Text Figure 29. Entry rate over sessions
Entry methods (Design A, B, C)n this scenario, ]
different algorithms were tested to detect the input AS is observed from the graph, text entry speeds of
finger for design B and design C-¥N classifier with each design have gradually increased over the number
K=1 (Nearest Neighbor Classifier) using different Of sessions. Each design is observed highest speed at
distance measaments were attempted. the session 5 and at that session dpkas been

) ) ) increased by 19%, 9%nd45% when compared to the
BTD, Euclidean and City Block three different gegsion 1 for design A, BndC respectively. Which

distance measures that were used to calculate thgs concluded a higher learnability of my proposed app.
distances in the Nearest Neighbor classifier. The app

was implemented and tested for speed of typing,
average typing speed and forcatacy with a sample

of 5 blind users. Highest accuracy was recorded for
the BTD at 97.54%. For other distances, Euclidean &
City-Block distances observed accuracy at 95.38% &
92.3% respectively. Moreover, we can conclude that
the accuracy level of the BT in between 93.63%
and 97.14% at 95% level of confidence.

4.2 Accuracy of Text Entry

In this section, uncorrected error rster each design

is analysed over the time (number of sessions). Below
Figure30 demonstrates the error rates over the time.
For the design A, 99.99% of accuracy ¢errate =
0.01%) was recorded. Likewise, for average
uncorrected testing, 2.46% of uncorrected error rate
for design C and 1.15% of uncorrected error rate for
design B were recorded. And, as is observed from the
graph, there is a decline in Desi@hand B. This
showed that, this approach improves the learnability
of the proposed app.

- o Number of Sessions Vs Uncorrected Error Rate

6.923076923
Euclidean BTD CityBlock

Distance Vs. Accuracy (percentage)

Figure 28. Distances Vs text entry accuracy rate )

3 29824 3076923077
After the evaluation of accuracy, Bayesian Touch ° w
Distance has been selecting as the distance for neares * : - —pcae 0060330769
neighbour clasifier. Then accuracies were tested 1 4 s -
against the method which is used Maximum
Likelihood function and 96.89% of accuracy was A =B ——c

recorded for ML. Since accuracy of Nearest

Neighbour Classifier with BTD was higher than the

method that used ML function, the NestrBleighbour .

Classifier with Bayesian Touch distance was chosen 4-3Drawn Pattern Detection

to implement in the algorithm to detect input finger In proposed solution, some of drawing pattern

when inserting braille characters for desigargiC. commands were introduced to exée command#\s
Android was chosen for the developmetiiere was
an inbuilt functionality to detect drawing patterns.

Figure 30. Uncorrected Error rate over time
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So, in this study,the accuracy for the novel
mathematical algorithmvas measure@dnd checked
against itsaccuracy against théndroid inbuilt

drawn pattern commands than the proposedhod.
Moreover, usinggesture detector leads increasd
error rats in typing whentested onblind users.

functional i t-Det et Figuwe®8ls t urheesfore, novel mathematical algorithm is used to
represents the accur acy detecvdealvn patem comrhaads.6 Dr awn Pattern
Commandsd for the mat hematical algorithm that was

introduced in this research whitégure32 represents
the accuracy | evel for

5. CONCLUSION )
ther PrRWN fas 4§ &R §e CO MMag dsyn

for the Android inb ui I t f unct i onalgipfication Which isU&Rried t¥ derd and receive text

Detector o

Accuracy Testing for Drawing Pattern Commands for
Mathematical Algorithm

95.83

Figure 31. Accuracy rate of drawing command
patterns for mathematical algorithm

Accuracy Testing for Drawing Pattern Commands for Android Gesture
Detector

Incorrected

Corrected ;
o 20 40 60 80 100 120

Asincorrected ® As Corrected

Figure 32. Accuracy rate of drawing command
patterns for Android Gesture Detector

Accuracy Level - Gesture Detector Vs. Mathematical

Algorithm
100
80
60
40
20
0 — —
Gesture Detecter Mathematical algorithm

m Accuracy 94.73 94.86
B Error Rate 5.27 5.14

m Accuracy ®Error Rate

Figure 33. Accuracy Level of GestureDetector over
Mathematical Algorithm

When compang the accuracy level of mathematical
algorithm overttheAndroiddo s nbui | t f eat y i enet
Det ect or 0 significentdéference between
them. Also, 94.86% accurately detect the drawn
patterrs from the proposed novel mathematica
algorithm. But when considerinthe time taken to

messages using Braille via short message service. The
app can support both blind and the biuhehf
communities.

The app is designed with the user in mind, giving the
user a chance to select any gesture wiegt preferred
and through this entry method could to reach higher
typing speed than other ordinary typing methods that
blinds using.

K-NN and KkMeans algorithms were employed with
Bayesian Touch Distance to classify the inserted
braille character on gesture. A novel static algorithm
was also implemented to execute drawn pattern
commands. The app demonstrated a higher accuracy
for charater and pattern detection and recognition.
Furthermore, the app is able to predict words when a
user types more than 5 letters.

The Braille Messenger recognized and converted the
Braille to text with an accuracy of 97.54% while the
drawn pattern commandsvere detected and
recognized at an accuracy of 94.86%. When
considered about the learnability, a higher rate of
learnability was observed within a limited number of
sessions.

I n t his research, 6Braille
implemented as an integrated appliocatto send and

receive text messages using SMS Manager. But this
customizable typing views can also be developed as a
customizable keyboard. Thus, enabling a blind user to

type with Braille when using any application on the

phone.

Currently the app suppartonly English language,
which can be extended to more languages like Sinhala
and Tamil.

Error correction functionality is another important
task that can be useful for the blind community when
typing Braille. In future, the app can be implemented
with anerror correction functionality in an effective
way.

REFERENCES

Alnfiai, M., and Sampalli, S. (2016). SingleTapBraille:

Developing a text entry method based on braille patterns

using a single tap. The 11th International Conference on
ré/go &and ehhurfcations (FNC 2016).

Android accessibility. (2017, June). Retrieved from
Android - Google Support:
https://support.google.com/accessibility/android/answer/60
065647?hl=en

detect, Gesture Detector took more time to detect

114 Proceedings of International Conference on Innovations indniness and Technology 2017"3@ovember



Arrigo, M., and Cipri, G. (2010). Mobile Learning for All.
Journal of the Resear€enter for Educational Technology
(RCET), 6(1), 94102.

input system for the visually impaired. Intelligent Human
Computer Interaction (IHCI).

Svobodnik, P., Novak, D., & Cerman, M. (2013).

Azenkot, S., Wobbrock, J. O., Prasain, S., and Ladner, R. E.BlindShell - User Interface for Visually Impaired Users.

(2012). Input Finger Detection for Nonvisual Touch Screen
Text Entry in Perkinput . Graphics Interface Conference.
Toronto, Ontario, Canad

Bonner, M., Brudvik, J., Abowd, G., and Edwards, W. K.
(n.d.). NeLook Notes: Accessible Eydsee MultiTouch
Text Entry. Atlanta, USA.

Craddock, G.M. ed., 2003. Assistive Technology: Shaping
the Future: AAATE'03 (Vol. 11). IOS press.

Hatzigiannakogla, P. D., & Kampouraki, M. T. (2016). An
Accessible Keyboard for Android Devices as a Means for
Promoting Braille Literacy . 1JIM, 10(2), 778.

iPhone- Accessibility. (2017, June). Retrieved from Apple
official web site:
https://www.apple.com/accessililiphone/

Jayant, C., Acuario, C., Johnson, W. A., Hollier, J., &
Ladner, R. E. (2010). VBraille: Haptic Braille Perception
using a Touckscreen and Vibration on Mobile Phones.
Orlando, Florida, USA: ASSETS'10.

Leporini, B., Buzzi, M. C., & Buzzi, M. (2(®). Interacting
with Mobile Devices via VoiceOver: Usability and
Accessibility Issues. OZCHI.

Marcus, A. (2013). Design, User Experience, and Usability:
Design Philosophy, Methods, and Tools. Second
International Conference, DUXU 2013. Las Vegas, NV,
USA, July 2126, 2013.

Mascetti, S., Bernareggi, C., & Belotti,
TypelnBraille A Braillebased Typing Application.
Dundee, Scotl and, UK:

Mccarty, B. (2017, May). The History of Smartphones.
Retrieved from Thenextweb:
https://thenextweb.en/mobile/2011/12/06/thaistory-of-
the-smartphone/#

McGookin, D., Brewster, S., & Jiang, W. (2008).
Investigating Touchscreen Accessibility for People with
Visual Impairments . Lund, Sweden: NordiCHI 2008.

M. (2011).

Oliveira, J., Guerreiro, T., Nicolau, H., Jorge, &

Goncalves, D. (2011). Blind People and Mobile Toeuch
based TexEntry: Acknowledging the Need for Different
Fl avor s. Dundee, Scotl and,

Ramler, 1.P., 2008. Improved statistical methods for k
means clustering of noisy and directional dédava State
University.

Rantala, J., Raisamo, R., Lylykanas, J., Surakka, V.,
Raisamo, J., Salminen, K., Hippula, A. (2009). Methods for
Presenting Braille Characters on a Mobile Device with a
Touchscreen and Tactile Feedback. IEEE
TRANSACTIONS ON HAPTICS2(1), 2839.

Sierra, J. S., & Togores, J. S. (2012). Designing Mobile
Apps for Visually Impaired and Blind Users. ACHI 2012 :
The Fifth International Conference on Advances in
ComputerHuman Interactions.

Siqueira, J., & Silva, C. R. (2016). Braille Tie&ntry on
Smartphones: A Systematic Review of the Literature. IEEE
40th Annual Computer Software and Applications
Conference.

Subash, N., Nambiar, S., & Kumar , V. (2012 4th
International). Braillekey: An alternative braille text input
system: Comparatey st udy of an i

Proceedings of International Conference on Innovations indnginess and Technology 2017!"30ovember

nnovative

Karlovo Namesti 13, Prag 2 120 00, Czech Republic .

Udapola, U. S., and Liyanage, S. R. (2016). Braille
Messenger: SMS Sending Mobile App for Blinds Using
Braille. Kelaniya International Conference on Advances in
Computing and Technology (KICACT2016), (pp. 6&9).
Colombo.

Vision 2020 Sri Lanka. (n.d.). Retrieved 5 20, 2016, from
http://www.vision2020.lk/blindness&vision.html

Windows phone accessibility. (2017, June). Retrieved from
Microsoft official web site:
https://support.microsoft.com/ars/help/10664/windows
phoneaccessibilityorrmy-phone

Ye, H., Malu, M., Oh, U., & Findlater, L. (2014). Current
and Future Mobile and Wearable Device Use by People
With Visual Impairments . Toronto, Ontario, Canada.:
Copyright © 2014 ACM 978-450324731/14/04.

Zhai, S., & Bi,X. (2013). Bayesian Touch A Statistical
Criterion of Target
St. Andrews, United Kingdom.

ASSETS611.

UK: ASSETSO611.

simpliyed text

115

Sel ecti on



An Aspect Based Online Reviews Evaluation System
for Higher Education Institution

Luxchippiriya Balachandran
Informatics Institute of Technology
57, Ramakrishna Rd, Colombo 08ri Lanka.
+94 779587603
piriya.balachandran30@gmail.com

ABSTRACT 3-5

The higher education opportunities have increased
significantly over the past decade in Sri Lanka.
Todaybés younger genendat i
most of them opt for higher education. Choosing the
right course at the right private institute is most
challenging choice since there are so many options
available. In order to find the right institute, students
have to surf internet for the reviewsdafind user
comments of particular institution from social
network sites like Facebook, Twitter, Google plus
and etc. This takes lot of time for reading the
comments to understand whether that ratings are
good or not on the particular institution. The key
information a student wants to get from the review
is: whether that institute is good, and what aspects
received positive or negative opinions. This task is
quite challenging because it is difficult for a human
being to extract statistical aspect sentiment
information from a massive set of online reviews. As
a solution for this problem higher institution aspect
based evaluation system which evaluates the
institution by considering the reviews given by
reviewers is suggested by this project. This system
implementation is based on natural language
processing. The outcome of this research project, is
a system which retrieves review data from the social
media networks and gives a rating to an institution
by analyzing the sentiment value of the reviews and
the features evaluated in them. Data gathering and
analysis process of this project is made automated as
possible and this can be accessed from anywhere, as
the client application is developed as a web
application.

Categories and Subject Descriptors

1.2.1 Applications and Expert systems, 1.2.7 Natural
Language Processing

Keywords

Natural Language Processing (NLP), Data Mining,
Aspect based Sentiment analysis, Online Reviews

Abarnah Kirupananda
Informatics Institute of Technology
57, Ramakrishna Rd, Colombo 08ri Lanka.
+94768209749
abarnah.k@iit.ac.lk

1. INTRODUCTION

With the arrival of social media networks, it has
become a very papar communication tool among
mternet users kn pastrfew years. Mastly the youager
generation has a huge interaction on these social
net wor ks. According to
survey 20140 results,
has been among the nigwpular medium through
which students share experiences and inspiration
and also seek for information [1]. It is reasonable to
assume that engagement of social media
applications as part of university marketing could
contribute to increased enrolment rhams and help
prospective students to make beitdormed
decisions regarding their study choice and university
selection [2].

Online opinionated texts (e.g. Reviews, Tweets) are
important for customer decision making and
constitute a source of valuabdeistomer feedback
that can help companies to measure satisfaction and
improve their services [3An article on Business 2
Community (2015) shows
percent of consumers surveyed said that they read
online reviews and 88 percent of theaid that they
trust the online reviews as much as personal
recommendati onso. I n
decision about a particular service whether to select
them or not according to online reviews and ratings
are recommended by users and business expert.

Todaybés younger
most of them enter for higher education. However,
Government universities have limited resources and
only those who get the highest marks are able to
attend to them. According to the research 70 percent
of high school graduates in America entered some
kind of a higher educational institution in 2009, the
number of Sri Lankans entering public universities
was as low as 4 percent [4]. Therefore, most of them
choose private institutes than government
universites.

According to a report by centrist thinktank, the

social market foundation (2016), nearly 6 percent of
university students drop out after their first year
because of bad university selection. No institution is
good at everythingChoosing the right cose at the
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right private institute is most challenging choice
when there are so many options available.

Online Reviews —— Preprocessing — Aspect Identification

In the internet, there are some online resources and

university ranking websites which can assist in Overall Rating o AspectRating e sensment Classfication
choosing the right course and institution. All thes _ . . .
ranking methods do have serious shortcomings. Figure 1. Sentiment analysis process on online

Even the most popular ranking schemes cover only reviews

less than 5 percent of all the universities in the world . . .
[5]. University rankings are also mired in Sentiment analysis can beconsidered a
controversies due to the fact that many a times classification process as illustrated in Figure 1.

rankings ould be influenced by madep, dicey and There are three different sentiment classification
false data. However, there is no proper higher levels[7] in which SA can be performed, including
education evaluation system particularly in Sri ~ Document Level, Sentence Level and Aspect Level

Lanka. [7]. In recent years, the latest has gdinpre

dominance and is the widely accepted.
GradReports and Unigo are institute consumer

review sites which offer processing review text and 2.1 Sentiment Analysis Task
sentiment whenwaluating institute mainly focusing
only on the Bpoint rating scale scores [6]. In this
way, if a reviewer gave-point star rating to an
institute, one may not know whether it was for the
studies or whether it was facilities [6].

There are three main sentiment analysis tasks such
as aspect identification, sentiment classification and
summary generation. The aim of aspect
identification is to identify and extractelevant
topics from the text which can be used for
As mentioned in thentroduction, there were some summarization. This can be done by syntax tree
problems because of not receiving the best parsing and pawf-speech (POS) tagging used to
recommendations while selecting higher education  detect nouns and noun phrases. The most frequent

institution. Some of the problems were: nouns and noun phrases are identified using set
. mining and ging distinct linguistic rules, those are
1 Lack of resourcesi There are no any specific filtered.
tool or web application in Sri Lanka which
gives a summarized analysis of higher Next task is sentiment classification which

education institution based on online reviews of determines the semantic orientation of each aspect
social network and automatically suggests the  [8]. The last task is summary generation is to

best institution among the offered institutions. represent processed results in a way that could be
. ) . ) understood by users. Aspect based sentiment

T Too much information and too little time- analysis summary can be represented in bar charts
Due to huge amounts of reviews and coemts showing positive and negative opinions of each and

about the institution and not enough time toread  eyery aspect of a single entity.
them all and understand whether that reviews

are good or bad on the particular institution. 2.2 Aspect Level Sentiment

 Fake reviews and hard to make judgments Classification
Fake reviews and comments also available on Ly et al. (2011) mentioned that though extensive
social media network. &iews could be research has been done on the areas of sentiment
influenced by false dataalyi§ dnodt th&eé therd mabe tconriuted ®ct a
a decision. Document level sentiment analysis. However, in

Those some major problems which motivated the  recent year aspect based sentiment analysis has
author to undertake this project and research and spiked up interest. Aspect based sentiment analysis,

develop a system. whichhasbeea|l so call ed fAfeature
even deeper as it attempts to identify aspects of the
2. BACKGROUND AND RELATED target entity within a sentence [10].
WORK . o o Proposed system intends to take up Aspect level SA
Sentiment Analysis (SA) or Opinion Mining (OM) analysis, as opposed to other two methods, due to

has become a very demanding and fascinating field.  the fact that reviewsral opinions about institution
It represents a large problem space. Sentiment touch upon many intrinsic aspects and qualities and
analysis refers to identify and understand the  apalyzing each of these aspects is much valuable

feelings and attitudes of consumer towards services  than analyzing the overall polarity of sentences or
through theuse of natural language processing document.

(NLP). The target of SA is to find options, identify

the sentiments they express, and then classify their 10 Support the above justifications, sample review
polarity as shown in Figure 1. from Google plus, clearly showing how human

reasoning appears to trust one review more than the
other is demonstrated in Figure 2. The reviews are
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annotated to explain the reviewer and review
characteristics.

: I-_ 4 (

l % % %k Ky
| -

Sort by: Most helpful v

Reviewer is not
anonymous

Talks about the
aspects inthe

\a Sa.\\{aff Farouk I
L / institution
/* Jek ok Better place to pursue the highey (Academics,
Facilities)

studies in information technology field. Sandwh

Overall star |
rating for the degree s the most unique thing here. And, info scoll

review program i something warth to follow if you have got
selected.

Figure 2. Example of a Trustworthy review

2.2.1 Techniques Uskin Aspect

Identification
Kim et al. (2011) provides a comprehensive survey
on the different types of techniques used in aspect
based feature extracton and sentiment
classification. Table 1 shows the different types of
feature identification techniques.

Table 2. Techniques used in aspect identification

(Kim et al., 2011)

Aspect/Feature Sentiment
Identification Prediction
(Hu and Liu NLP-based Useassociation
20044a; 2004b; Technique. rule mining to
2006) Perform POS find all rules.
tagging and
Generate n
grams.

(Ku et al, 2006)

Mining, Use the
frequency of

Lexicon based.
Use sentiment

terms in and words to assign
across option scores to
paragraphs. sentences.

(Liu et al, 2005) | Same technique | Orientation
used in (Hu and | assigned to

features.

Liu 2004a: phrases based on
2004b) whether it comes
from &6pr
6consod r
(Liu et al, 2009) | NLP-based Learning based
Technique. technique.
Identify head Use overall
terms and cluster| ratingsand a
head terms into k| Naive Bayes
interesting classifier.
aspects.
(Popescu and NLP-based Statistical: Use
Etzioni, 2005) Technique. relaxation
Use KnowltAll labeling to predict
system to extract | sentiment

orientation of

opinion phrases.

It is evident that the majority of researches make use
of NLP in order to extract features/ keywords of the
text. A Machine Learning (ML) classifier has been

used mainly to classify the features into their
respective sentiments.

2.2.2 Techniques used in sentimen
classification

Main sentiment classification

discussed in Table 2.

techniques are

Table 3. Comparison of different sentiment
classification techniques

Technique | Common Advantages | Disadvanta
approaches ges
Machine Naive Can reach Experts
Learning Bayes higher level | example
based Maximum of accuracy | data or past
Entropy experience
Support is available
Vector (Khan et al.,
2009)
Rely on
domain and
temporal
datasets
(Read,2005)
Unsupervis | Decision Domain Takes
ed Trees specific longer to
Neural results can | train unlike
Networks be obtained | supervised
Latent fairly easily.
Dirichlet
Allocation
(LDA)
Probability
Latent
Semantic
Analysis
Dictionary Mostly Opinion Restricted in
Based finding co seed wads understandi
occurrences | can start off | ng
of words in | small which | contextual
text. will be and domain
grown using | specific
synonyms orientations
and (Medhat et
antonyms al., 2014)
using
statistical
approaches
Corpus Semantic More Corpus
Based orientation accurate requires to
Approach Conditional | than be large
Random dictionary enough
Fields based
(CRF) sentiment
classificatio
n

2.2.3 Summary of Aspect Identification and
Sentiment Classification Techniques

As indicated in Table 1, it can be concluded that it
would be better to use NLP techniques to identify
aspects from text. Table 2 states that ML classifiers
will be useful in order to further classify each aspect
into their respective categories (Academics, Culture,
Extra-curricular activities, Facilities).
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In order to classify the sentiment based on linguistic
factors, supervised, statistical and unsupervised
methods will yield better results.

2.3Review on Existing Solutions

Nowadays several web based as well as mobile
based applications can be found whereythe

recommend different kind of higher education

institute for students based on their course and
location. Also there are several ranking applications
for universities which show a number of higher

institutions along with rating.

As per the detailed studit,is evident that there are
no existing higher education institution evaluation
systems which has the feature for analyzing the
quality of the institutions based on aspect level
sentiment analysis. It is obvious from the researches
that analyzing an instt ut i onés
online reviews posted in the social media sites is
more efficient. It is stated that students prefer
selecting an institution according to their desires.

3. SYSTEM DESIGN

3.1High Level Design
High level design provides the overall system design
in terms of functional architecture and database
design which helps to understand the flow of the
system for implementation.

Following figure shows the high level system
architecture  which  describes thegeneral
functionalities and the system component which are
playing major roles in the system.

Store review and Request for

user information

Database
Reviews

 T|8

Online Review

g
and Processing
. Servica

e

Retrieve

Request Retrieve

data review rating
data Providers

L
Y
search institution

) User

Reviews

Request for ratings
and review status for
searched institution

Web service for  e—————— o
web search Website

T s )
WS patrieve rating data

and the review
status

Figure 3. High level design for proposed solution

4. METHODOLOGY
The section below discusses the most important
modules of this system shown in the figure above.

4.1 Data Gathering and Processing

Service
Data gathering and processing service is the main
module in the proposed system. This service will
gather the data from the external online data
streaming APIs provided by various review sites and
social media netwoek As identified from the
requirement analysis this service should
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contributing to the functional

requirement.

following

1 Gather data from the external APIs provided by
various social media networks and review sites.

1 Identify and extract institution aspscfrom
reviews.

1 Analyze and calculate the sentiment of reviews
and comments

Following is the visual representation of the data
gathering and processing component architecture
with the workflow.

i Data Gathering Module Data Processing Module
—
2 Scheduled Scheme | [e7 Formatandcleanup
incoming content
1 > Twitter data gathering |«
l 9
el °
L~ Categorize input
Facebook data content in to “Review”
A gathering or “other” classes
External data | >
streaming "—7/ 4 10
services l e
Extract the features
3 from the content
Review and user

information n

database
Evaluate the sentiment
value of review

| =

Store data into
database

Figure 4. Data gathering and processing module
workflow

4.2Web Application

Web interface and the web service is the interface of
this system. In this section website and the web
service for the website will be discussed in details.
Following are the requirements thobave high
priorities.

1  Search institution by institution name.

1 Allow user to enter the date length to filter the
data (Comments, Reviews) which input in to
system by data streaming provider.

1  Show the institution rating as the percentage of
positive, negave and neutral in graphical chart.

Following is the work flow and architecture of the
web application.

‘Website Client Side

Start ——p Authenticate the Create the package of Show the rating result
1 user search data with statistics

H

i 3

Website | 4 l

Backend Process the searchrequest | & | cajculate the sentiment

and retrieve necessary data  ——# o all matching reviews
from database

Authenticate user
for institutions

7y

P!

Review and user
information
database

Figure 5. Work flow of the web application

5. DATA COLLECTION
TECHNOLOGIES
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5.1 Twitter API

Twitter API is an interface supplied by Twitter
organization to collect the data from twitter social
network. Twitter is a social network where every
day more than 150 million posts are posted by the
users. This APl supply many more way to access
data butwith restriction because of the security.
There are many API provided by Twitter to access
data. One is rest APl and other one is streaming API
[11]. This API is available in many programming
languages. Java is one of them.

5.2Facebook API

Facebook API is amterface supplied by Facebook
organization to write applications that uses
Facebook data. Facebook is a social network where
people share their thoughts and feeling with other.
But unfortunately Graph API given by the Facebook
is more restrict than thevitter API. Accessing data
using API is hard because of the security reasons
[12]. This API is written as a service and allows
retrieve data by sending http request or JavaScript
request.

5.3 Justification of Data Collection

Technologies
For the problem dis@s in this system to resolve it
need many more data that able to collect to
accurately output the result. Both of above APIs are
supported by Java and supply large amount of clean
data. So using both APIs to collect the data will be
better than using onlyne.

6. SYSTEM IMPLEMENTATION

6.1 Core Functionality

I Searching feature:Include a simple searching
facility. Therefore, user can able to view the
rating of particular institution by searching the
name of it or searching by the keyword.

1 Categorized reviews basedon positive,
negative and neutral:Categorize online social
media reviews based on positivity and
negativity.

1 Generate analyzed reviews summary to the
user. Include a percentage indicating system
which shows the user about the total percentage
of negative, positive and neutral ratings and
reviews given to an institution. Percentage will
be represented in graphical chart.

1 An aspect based evaluation Identify and
extract institution aspects from reviews.
(Institution aspects include academics, culture,
facilities and extracurricular activities)

7. DEVELOPMENT PROCESS

120

7.1 Data Gathering and Processing

Module
In this module there are three main processes. Those
are clasifying reviews, feature extraction and
sentiment analysis.

7.1.1 Classifying Reviews

To implement this, help of the Apache OpenNLP is
used. Because of the custom developed ANN was
not accurate enough to classify large number of data.

7.1.2 Feature Extraction

In this module algorithm will get the POS (part of
speech) tags and using them identifg¢ nouns and
adverbs and comparative adverbs in the review.
Then using them identifies features mentioned and
the literal values that reviewer given to them.

7.1.3 Sentiment Analysis

Sentiment analysis is done using the Standford NLP
library. This contains # algorithm part to process
the sentiment analysis in order to calculate the
positivity and negativity percentage of the reviews.
Here, value for positivity is given as 4 and 5, for
negativity 1 and 2, and 3 is for neutral. For example,
if a word is considred as positive it will get a value
of 4 and it is considered that it has a negativity of 1.

7.2Web Application

Web application is developed using the PHP. Pattern
used to develop the web application is MVC (Model
View Controller). Website built on a framewo
whi ch i mpl ement MV C
framework. This help developing the MVC
application very easily by helping to handle

connection between controller to model and
controller to view.

8. CONCLUSION

Developing an aspect based recommendation

system fo higher education institution evaluation is
a concept of very challenging research area.

The test plan for testing of Aspect based sentiment
analyzer consists of test cases to test the functional
requirements. Initially the testing of the prototype
was ®onducted by carrying out unit testing. Unit
testing was carried out for all components of the
prototype in order to seek and fix errors or any bugs
in the prototype. Thereafter, all these components
were integrated in order to carry out performance
testing since the project plays a major role in
responsiveness and stability. This has been done to
the web application using apache benchmark tool
which will help in load testing and also website is
tested for various web browsers to check which
browsers supporthe website layout styles and
fasten the loading process. Performance tests has
been performed on the Data gathering and
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processing unit as well by calculating the processing [2] Efthymios Constantinides and Marc C.Zinck Stagno.

time each of main functionalities of a module. 2011. Potential of the social media astinments of

higher education marketing: a segmentation study.
Accuracy of the system is determad by the Journal of Marketing for Higher Education 21, 1
accuracy of the StanfordCoreNLP java language (2011), 724,
analysis library used for sentiment analysis. Since DOL:http://dx.doi.org/10.1080/08841241.2011.5735
StandfordCoreNLP uses Twitter words to create 93
corpus and ito6s mor e g e n e3]iveboGhendnd Jhiwoey Xié. 2008l OnlineiCdngirder t i m
constraint this has been used for the implentemta Review: Wordof-Mouth as a NewElement of
of sentiment analysis.Generally, accuracy of Marketing Communication Mix. Management
sentiment analysis researches do not exceed 80% Science 54, 3 (2008),  4iA91.

since humans have different judgments and DOl:http://dx.doi.org/10.1287/mnsc.1070.0810
vulnerable to make mistakes and errors. The [4] Prof Sunethra Weerakoon. 2017. Do we need Private

developed system has the accuracy of 72.56% which Univefsgies in Sri Lanka? (April 2017). Retrifeved
is fairly a good perentage for an initial research. September 13, 2017 rom
yag P 9 http://studentlanka.com/2011/10/09/de-need
In conclusion, this research will set foundation for private-universitiesin-sri-lanka
incorporating opinion mining and sentimentanalysis 5] Tucker. 2014. Using Social Media Marketing in
in higher education institution evaluation and further Higher Education. (October 2014). Reted
improvements in the context area can be made to September 13, 2017 from
fine-tune as a@mmercial product. http://www.topuniversities.com/blog/usirapciat
mediamarketinghighereducation
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anymore. However, it is not practical and at the same
ABSTRACT 3-6 time a daunting task to grab
Social Media Networks play a major role in fostering specially, if the movie is showcased in more than one
communication across geographical boundaries andountry. One migt argue that Social Media Networks
have been able to capture the general public in alike Twitter help out by providing viewer insight in the
emotional level by providing the facility of openly form of text, but that it is still impossible to get a
sharing user opinions. Businesses have taken thiguantitative measurement of the extent the movie
concept as an advantage to grab the consumer insighdéscceeds. But tweet texts include opinions that direct
and turned it into an opportunity to improve into multiple dimensions, which makes it more
themselves. So has the movie industry of Hollywoodcomplex to analyze. The notable fact here is that such
and Bollywood. While Digital Marketing has become viewer opinions, if effectively extracted, could be used
the easiest and the most ceffective way of by the directors and producers in making future
positionirg the product in the targeted segment,decisions.
businesses are now using Social Media Networks Iik%
Twitter as a valuable source to collect real insights
from the aggregated sentiment of the movie watchin
community. This brings up a requirement to validate
these msights that are analyzed from the twitter
platform. In addition, a platform like twitter provides
geographical as well as time information that can b
utilized by Directors/Producers and even Actors to
understand how their popularity is spread over tmeConsi dering a vieweros opinion,
and region. This research will target the improvemenioverall quality of the movie but go to the extent of
of current sentiment analysis practices by going imvating the actors/actresses, locations etc. The
depth to capture the real insight of social media postproducers who are actlyalplanning to invest in
through novel preprocessing approaches and sentimenpcoming movies will have a high concern on the
classifications. The information collectedn thereby directors, the actors/actresses since the success factor
be used by the directors/producers to perform and plagepends on these individuals. In addition, this research

uch decisions made might bring positive even
egative impacts to a movie, which would result in
eviations of the profits made by the producer. It is
believed, that the application that is proposed will not
only output a measurement that gives an overall rate of
éhe movie, but will also refleche effectiveness of its
components like actors/actresses, director etc.

better in their future movies. benefits movie production companies, who make use
of traditional techiques like market research to
Keywords capture the viewerso6 insights;
Movie Tweets, Preprocessing, Sentiment Analysisand money. Other than that, movie production
Classifiers companies will ask for the comments from the viewers
near cinemas. These comments are not real always,
1. INTRODUCTION since they are afraid okpressing negative comments

The advancements of internet have resulted in majon public. In contrast, the final outcome of this research
improvements in the ovie industry; one of which is beln_g an appllcathn, captures the real insights that are
grabbing viewersd i nsi gpublishedbyheiviewers.i s not a dream
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Therefore, this research study aimed to provide an Table 1.Emoticon and Acronym mapping dictionary
analysis on twitter data based wrovie reviews. The

aim of the research study was to develop classifiers [Emoticon Polarity

that provide information regarding the hype a movie )03 | Positive

creates globally across time using Twitter user DC Extremely-Positive

opinions. The aim was achieved through two main el Negative '

objectives i.e.; 1) retrieve tweatslevant to a specific D8 D; D=DX v.v | Extremely-Negative

movie and extract features of interest and 2) develop a 2 Neutral

method to classify polarity of a given movie at the

aspect/feature level. | Acronym | English expansion
gr8, gr8t | great

2. LITERATURE REVIEW lol laughing out loud
rotf rolling on the floor

2.1 Twitter Extraction, Preprocessing and bif best friend forever

Named Entity Recognition _
In preprocessing, trearemultiple stepghat can be According to the research done by Hao Wang et. Al

takenin producing the final output. According to the [4] the advantage of tokenizing the tweetséparate
research done by lHemalathat al. [1], in the word elementis clearly mentionedAccordingly,

preprocessingf tweets for sentiment analysigjl [t Makes it easier and more efficeto identify
incomplete, noisy and inconsistent data should b&MOticOns, emojis r et we et symbol¥isedd s, @

processed. The initial task as mentioned is the remova®" US€r mentions, hashtags and repetitignd/ithiya
o f U.R\b &RL should makeany contribution to et..al[l] also mentlon_s the concept of Iemmatlgatlon.
the Sentiment of the text. For example, the URLNS concept along with the concept of stemming are
http:/Aww.happycoding.com/ might generate aimportant word form normalization techniques used in
positive sentiment even if it is used in a negativelVatural Language Procsisg. Lemmatization is the
context. Further the research mentions a filtering PrOcess of reducing an inflected word to its base form.

process thateplace a sequence of repted characters A new area of research in the domain of twitter

found within a word to ensure that the word would bepreprocessing is included in the research done by Petra
identified by Sentiment calculation phase. Forkralj Novak et. Al[5]. This research concerns with the
exampl e, the word ficooogepoepmbAt M WAL ihaVvEi vbeene Nt o e
used to show intensity but may not be identified as ahe first emoji sentiment lexicon in which they provide

correct word. Another processing donevas the  sentiments for 751 most frequently used emdjese
removalofgrest i on words | i ke s@ihents WerefbdsBdyoR thdiserireht®Pthe tweets

which do not contribute to the polarity of a tweet. Thejn which they are found.

final form of preprocessing stated, is the removal of , )

retweets. Retweets is in essence an exact copy 4iother area of gtudy for the anaIyS|s of movie tweets
another tweet. In using a machireaining algorithm @nd reviews is the concept
for sentiment calculation, feeding in retweets wouldR€ ¢ ogni tiono (NER) . Consider
result in a phenomenon 'éiemenyis fpoumstand pwhat this fwegt isyh i ¢ h
would render the model inaccuraté. Vithiya et. al referrlng to in the movies so that it would be possible

[1] also discusses the importance of removin to attribute the sentiment of a tweet to a relevant

duplicate tweets or t hedliguedofthemaviesM A ghah etgd] provides 5\ o d
confusion and also to improve efficiency. Hence the2n in depth introduction to the statistical component of

accurate removal of such duplicate retweets is focusetfER within the context of NLP. According to the
on in the implementationt@se paper NER is used to examine text; our context

the tweetsand to identify whether they are named
According to theesearch done by Apoorv Agarwal et entifes like persons, locations or organizations.
al. [2] two new resources for twitter preprocessingStatistical models such as Maximum Entropy Model
were highlighted An emoticon dictioary and an (MEM) and Hidden Markov Model (HMM) are stated
acronym dictionary. The main concept behind theas two of the most commonly used models. Current
emoticon dictionary is to map the most popularimplementations of NER are provided by NLTK and
emoticons to its polarityTable 1: Emoticon and Stanford which & abl e t o identi fy

Acronym mapping dictionarghows the mappingthat fi| ocati ono and fAorganizati on
was used. During the preprocessing phase, the

emotcons are replaced by the corresponding polarityo o Feature Identification and Sentiment
The Acronym Dictionaryis also a similar approach Analvsis
that maps acronyms into their expanded words. This i y . .
e research area of this feature extraction and

quite essential since tweets do not guarantee comple 41 _ ) ' . i
words due tdhe limit of a tweetable text sentiment analysis modutesided oridentifying the
' feature set that delivers the best results in different

sentiment analysis algorithms. The idea in a nutshell
was to measure the information gain that che
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obtained through  possible statistical andAppearing movie title in a given review. It is stated
morphological features. The effective featurewsas that a reiew which contains the title of the movie is
then to be fed into different algorithms anthe  highly likely contributing to the overall sentiment of
respective accuracy levatsmpard. itself than a review which doe
. - title. However, in analysis of movie review tweets, this
Different statistical approaches that can be used t(a cesnot affect at radelibysi nce th

tec;(téiztcﬁﬁurtehsg %géﬁgﬁé;xﬁe ?I(ac?r]iltrr]ﬁr(]js' I;r\':/); Sthe hashtag of the movie titl@he use of suggestive
g g alg ' adjectives. It is stated that the adjectives matter heavily

classification. Once the desired properties wer ﬁ{computing the sentiment of the review. Even though
’ : brop he feature is captured morphologically, this feature
captured of a given text, they were represente

numericallywhich was the basement of performin ill be represented in atatistical form. That is the
sentiment yanal sis. The human intuitiopn and tﬁemachine learning algorithm will be trained in such a
ySIS. way that it uses the frequency of a given adjective is

knowledge is the typical way of capturing the beStappearing in both positive and negative corpus.

feature set and will be represented in the formf;
"HQ8 "Q where"represents a featurfg] The use of contrasting words such as but, nevertheless,

) o o ) despite etcThe paper suggests that the presence of
One such way of identifying features statistically is theihese words is a good indicator for the final sentiment

Obafgvor dso6 model . It is tofye wa® Fali?bedhusd i et confraddthg wofte '

each word of the text as a feature and asstina¢she  ompines opinions in 2 different subjects, the final

occurrence of a word doegpifidntofitReRfeftifirevRW wil nBte Méctatal F €nc e

of the previous word; which is the unigram model. Thes y, ¢ h . For instance, fActin g of
labekd dataset will be trained in such a way thatith ,t of Al ia Bhattoés is bado tal
considers that each word of the positive and negativg; 2 gifferent people. Suppose a review

corpus as a feature. The fe@wector will be derived sayingfiActing of Shahrukh Khan i :
including the presese and the absence of eachword. . 5 st umes are bado. This itself
The bagof-words model further describes anotherPer® n  t herefore, the contrast.i
way of extracting the features of a given text which iscontributing heavily to the final sentiment.

computing the frequency of a word appearing. A research by AnastasiaGiachanou and Fabio Crestani

The bagof-words model fuher describes another [9] elabaates the concept of dependency trees which
Way Of extracting the features of a given text Wh|Ch isis another Wa.y Of feature eXtraCtion. It te”s that the
computing the frequency of a word appearifid. words and linguistic units are intgrconnected in such a
However, previous @pers suggest that it is not an Way that the verb of a sentence is Fhe term that builds
effective method to extract features, if the content is ifhese  connections with other linguistics dlfie

the form of sentences. The reason is that it is unlikelyp€ntence.
that the same word will appear in multiple sentences,

given that the training dataset is considered of a
degriptive text and the sentiment is calculated
sentencavise. It further explains that the unigram subj det
model and the term frequency model both deliver more f f f
or less the same results due to the aforementioned Mary bought a house
reason.

punct

flbj

Figure 1. Sentence Classification
A research conducted for sentiment classifications for
movie reviews by Kavi Goel and Anthony H[8]  Figure 1: Sentence Classificatioshows how the
suggest that the bagf-words model conceptetivers  sentence being classified according to the linguistics.
the highest accuracy among other feature extractiofor instance, the verb can build a Tree Relationship as
techniques. However, it explains that thedo&gvords  above with the subject, object, and punctuation mark
model will not be effective when the dataset isof the sentence. Sentiment Analysis on the other hand
comprised of unbiased opinions (not necessarilyill be performed using different kinds of machine
neutral opinions). For example, suppose thét e r e Gearniry algorithms such as Naive BayessGifier,
user comment appears | i k\aximuinkatiody and Supdort \Fetta Machink étc oK h a n
is good but of Al i-afw@&dsa twhiéhsNaives Bahed (Classifiel Is ethe bbarghmark.
model will extract the words of the dataset as featureSeveral related work suggest that the Naive Bayes
which is linguistically and intuitively not the correct Classifier is capable of delivering accurate results with
way of identifying the feates. Therefore, the paper compared to other learning algorithnfi$0]. This
emphasizes the importance of paying attention t@lassifier is coupled with the previously mentioned
morphological features coupled with Paftspeech bagof words model, such that it requires the term
(POS) tagger. Such that, they have used 3 techniquégquency as the feature. The ademet of this
as follows. classifier is that it doesnodt
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generate dimensions that are required forThe input to the data extraction part is from the twitter
classification. streaming API. The related tweets a@im at a high
. . . . velocity and argersisted in mongodb as entries. Such
Maximum Entropy (or MaxEnt) is unlike Naive Bayes tweets are collected for a specificPoerMFme for

e

ﬁltgr?elatic;nsfhi S dbgtvx?e:nnfgaieréllq] altk a(:l"lowsn PeactPhiovie tidity Ie%tr]Fgrmarﬁp ’O[h% weeté fgre
P ) .Ehe movie fiDear Zindagi 0 wer
0

adding features such as bigram model so that i ﬁt‘\e releaf.e of the movie and the collection was

ic:u;Jeteﬁd?anrcg aZsrunT ?ionsN I\a/llaii%aﬁ bel?/v?itt)(/aneir? cdnfirited 2 w@ekes affef’tile movie wéis't glhits ronal
P b ' was so thaen ideacan be takerof the hype of the

the following probabilistic form. movie started and propated before and after the

In addition to Naive Bayes and MaxEnt, Supportrelease of the movie. The tweets collected were based
Vector Machine (SVM) is another method that can beon the hashtags that were used. From a simple research
used to train the modEl1]. This can be used to derive done for each movie ich could identify the key

the hypetplane in such a way that it decides thehashtag that is internationally used for tweets related
training dataset into 2 classes as positive and negative that movie.

The only challenge of SVM is that it cannot be used t

classify multiple classes. Hawer, applying SVM 9n the preprocessing stage, each tweet is taken and the

related fields are extracted. The text itself is

ag:::g iznrde argeileizn\tlgcljl SOI\\iictbtn:rsarl?éoi?liint]ﬁeTQterari]yrﬁ)ter preprocessed so as to convert it into a form that would
P P y 9 result in an accurate sentiment prediction. Firstly, the

line that gives the highest margin for the SlJpIOortduplicate tweets are removed and thle@ sentences
vectors of the 2 classes.

are tokenized. Tokenization is done to make it easier
This techniqgue i s c ausdse doprépcoceasshe iwket. URLS, mentiods adithe atrer | t
the features of labeled data to predict the sentiment afsual tasks are done during this phase. Additionally,

the unlabeled data. Other than classification, anothean emoji and emoticon map will be used to map the
widely used techniqgue isgnbolsctd meanirgfuli wogdéStopywdrds handu s e s
unlabeled data. Clustering techniques like Selfpunctuation which also have no effect to the sentiment
Organizing Maps (SOM) will organize thetdaby are removed during this stage as well. Lemmatization
itself based on the statistical properties of the dataseis done on each word to convert them into its base
Accordingly, dataset will be grouped/clustered basedorm. This would ensure that different form of the

on the similarities. This is unsupervised learningsame word have the same impacthe final sentiment
technique since it doe s ntifatiscalalgtedifor each twaeh. Eronehgre, dwa torms

. . . . . of data sets are generated.
For a project like movie sentiment aysis, g

classification techniques will deliver accurate resultsOne dataset would include the date, tweet,
because the process of determining statisticapreprocessed text, favorite count, retweet count and
properties is difficult when it comes to nommerical  location tag. The other dataset would be simplhsg li
data. Also, movie reviews must be analyzed accuratelgf tweets having been preprocessed. No filtering will
as much as possible, since it wik luseful for the be done to select the tweets that have an attached
directors, producers and actors to make their finalocation object. The goal of this dataset is to be used to
decision. A research conducted byanzheli [12] train and test sentiment predicting models. The output
suggests that by incorporagirPython Pickle it will  of this stage are csv files incling the relevant data.
increase the efficiency of the code by saving the time

taken for deployment of the module. Pickle will 3.2 Feature Identification and Sentiment
convert the object into a character stream that will Analysis

contain all useful information in order to rebuild the

L ) Despite of the feature extraction mechanism and
project in another Rijon script.

machine learning algorithms that will be used, each
classifier should be developed based on the following

3. SYSTEM ANALYSIS & DESIGN figurefor twitter feedsThe andysis will be conducted
for 2 classes (positive/negative) and 5 classes (very
3.1 Data Extraction, Preprocessing& positive/positive/neutral/negative/very negative). The
Named Entity Recognition 2 class classifiers were implemented to filter out the

Within this module. there are 3 main sub modulesmost efficient machine learning algorithm. Filtered
Twitter data extraction, basic preprocessing andt/gorithms werethen used in implementing 5 class
named entity recognition which generates the Outpuglassﬁlers using different feature extraction methods.

data. The modules are graphically represented in thene input for the feature extraction sub module will be

following figure. the preprocessed tweets. Prior discussing the
TR e e Y architecture of this module, it should be first
Input Data | Extraction Preprocessing ‘ Recognition !lOutputDm underStOOd thf:tt h e t e r. m (') f e a t u r e 6 d O
attribute of a movie like actor/actress, director,
Figure 2. Data Processing Diagam |l ocation. fiFeatureod is a ter
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which counts when it classifies our training datasetbecausethat particular key phrase itself is contributing
into either positive class or to negative classalfiing  to overall sentiment than of the other common phrases.

dataset was represented in ardimensional space, The next step of this module is to calculate the

each dimension will represent a feature. In the IexiconSentiment analvsis by identified features. For that it
of neural network, when a dataset is plotted in the , y y LT
hould first develop the feature matrix fomitring

Euclidean space, as the number of features increas ataset and train the model using different machine

the dataset will become sparse arereby it will less arning algorithms. As the benchgr]narkin algorithm

perform. Therefore, the dimensions (features) should . g alg - Xing aig '
is decided to use Naive Bayes Classifier to calculate

be selected in such a way that it gives the bes ; . )
e the sentiment and eventually other algorithms;
classification results.
MaxEnt and SVM.

As mentioned in the Literature Review, the approaches

which can be followed to extract features can be4, SYSTEM IMPLEMENTATION
broadly divide into 2 methods; narumerical and
numerical feature extraction. Nonumerical feature ; ;
extraction methods include KEA (Key phrase 4.1 Tweet Extraction with Tweepy and

Extracton Algorithm). Numerical feature extraction _Pymongo

methods include unigram model (frequency |Wi tter exposes two types of
distribution), bigram model,iif and first occurrence. ~ Stréaming APl and the REST API. The Streaming API

This categorization was conducted in order to explafv@ s used since it gives low | at

the approaches and the experiments that werlwitter strea_m whereas the REST AP! only providgs
followed. It is important to experiment the possible 2CCeSS 1o sindar searches or user profiles. Tweepy is
combination of feature extraction methods andthe Wwidely used python library used to access the
machine learning algorithms as much as pOSSib|eTW|tterAPI.To access tweets via the Twitter API, the
since it can be then recommended the classifier whic!@ ! . requirement 1s to create

delivers the most accurate results. Appl i cat[lido Omce thet twitter app was
registered, the consumer key, consumer secret, access

KEA requires each tweet/revietw be in the form of a  token, access token secret was generated and used to
A.txto file. Ot her t h a n guthehtirdte.the APl calls. e a s t mi ni mum of 3
keywords/key phrases have to be manually defined for . ) o )

each tweet/review as a niavingobtgingd the apthenticagop for reg?”‘%ﬁfﬁ“é"}‘”?t ion of
A. Keyo files can be co@P8@fiens ysing gg ARL jthenext gtep dncludedy, 5| ¢
python script, givenhat each tweet/review is in the _streamlng th_e data and p(_ar5|st|ng them ina mongoDB

JSON format. The aforementioned keywords/keynStance. Since the twitter data being collected

phrases should also be included in the JSON. /gommdes with the 3 principles of Blgda’ta/eI00|t¥,

classifier is usually trained with a larger set of data,Yari€ty and Volume, an appropriate databése

and it was found that reading each tweet/review and/oNgoDB was used. The persisting of data was

defining keywords/keyphrases for them will be mplemented using the widelysed python library

daunting task. One way of overcoming this problem ic@lled pymongo. Pymongo library would establish a

to use same set of keywords for many tweets/reviews‘fO””eC“O” to the mongoDB server and support real

however it will not deliver accurate results. time data persistingsince the Streaming API requires
a standing HTTP connection to the Streaming endpoint

In numerical feature extraction methods, Unigramthe requirement of using a dedicated server arose. For
model suggests that each wordccurrence is this an Amazon Web Services (AWS) instance was
independent of all other words occurrenfEs. This  ysed. Having set up the environment in the remote
model will be used in such a way that it assumes @erver in AWS,weets were collected for a predefined
fixed probability of occurnace is associated with each time frame and predefined keywords. Having collected
word and has no history. On the other hand, Bigramy certain number of tweets, the mongoDB document
model assumes that the occurrence of a word will onlyyas exported into a JSON file to make it easy to be
depend on the occurrence of the previous word, whiclyansferred to our local systems. JSON file format
is also known as Markov assumption. The modemakes it easto be preprocessed using python as well.
incorporates the condithal probability of the

preceding word. The following assumption is madeg o Preprocessing of Tweets

when predicting the conditional probability of the next, preprocessing, there are several tasks that have

word. been implemented. The first of which is reading the

TF-IDF compares the frequency of appearing a phraséSON file and extracting the relevant information by

in a given text with the frequency of appearing thatparsing the twitter object. Atbutes of a tweet shows

phrase in a give corpus. Given that the input for this the structure of the object that is exported to JSON

module are stemmed, it is quite obvious that thgormat from the mongoDB server. The interested

popularity of a given phrase is likely to increase.e | e ment s of this object are
However, this technique suggests that rarer the phras@,c oor di nat es o, fAfavorite_count:¢
it is highly likely to be captured as a key phrase
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In natural language procesginthe easiest way to a custom model. Thadvantage of this over the
preprocess text is by tokenizing them. The NLTK Stanford NER is that the custom model could be built
library was used in tokenizing the tweet. Instead ofon top of the current model by adding new entities to
using the normal Tokenizer class to achieve this, théhe existing list. This mechanism also proved
modi fied MATweet Tokeni z e mursuccedsfal.Sise next approach svas do create a ad of
takes care of shrinking repeaincharacters and words implementatiothat would pick and match the
striping the tweet of user handles. After the tokenizingelevant entities.

process, the following were done on the t&dmoval

of URLG6s, removal of retsfehtare Extradcton @t Sertimentop wor d:

replacing of symbols with words, shrink repeating Analysis
characters, POS taggingl.emmatization, Map Diff

i . erent combinations of feature extraction and
emoticons to words and Map emoji to words

machine learning algorithms which were implemented
A TweetTokenizecan bémplemented so as to reduce are included in the following tab:

the repeating characters as well as to remove the USEI order to extract theefitures fram a given text. it is
handles. l'n addition, N lﬁrﬁ#e%dsto s@l?cpasdﬁtlgﬁﬁlaq fallgqiﬁt(g chjrod maif.

gseedrgor:ggr:heigwfﬁtsss?gcorzg?]g?;ss; Ssc?ags fo.f | He ‘sélected' dhtaskt sspublished by the Stanford
Vern, nou - pw y u Iniversity, which is the largest and the latest movie

adr_eqttj_lrement fgr the Iemmat:jzatg)n p[;ocess. _I;er?_ft_h view dataset which is available on the internet. These
adjectives, verbs, nouns and adverbs are 1dentieg, ;.. s are Jabeled as positive and negative reviews

from the POS tagger.and lemmatized accordlnglyand is available asvo separate corpuses.
Stopwords and puncttions are removed together in

as

a single process by | ooki nrgle mhnaiengiosfeature extigctionanéi st op wo r
bagd and a épunctuati on bag 6Mmaghineegrpingdogrithrgysedn | t k. cor pu

and by the python string library.

Machine
The main contribution done during this phase was th{ cjassifier EEﬁZI;”JSn Learning 2 Class 5 Class
creation of an emoji dictonarty 0 map t he Methog | AGoTthm | Classifier | Classifier
present in tweets to their corresponding words. This _ Freq. Naive 5
would ensure that the feature extraction part would D'StF”rZ““"” oayes -
effectively consider the contribution of emoji. In 2 Distribution Entropy 0
creating the emoji map, Unicode websjiib] was 3 DistFrmion g‘:’fve o)
used to map the emoji with the corresponding word. Bigram N -
sample program was then executed with the most 4 Model Bayes o
frequent emojids as the isnpui%rg‘;‘ T@':é’;;lr confnresplonding
python representation of th&nicode was then . TE-IDF Naive 5
recorded against the emoji. Once this map was buil Data Bayes
the python implementation would take in the Unicodel 7 THIoF Bayes )
as an input, and output the corresponding mapped TF-IDF svM 5
words. A similar implementation was created for the| TE}?SF -
emoticon dictionary and an abbiation dictionary as o Data SVM ©

well. Once the preprocessing of a tweet was
completed. The tweets will be written into a csv file
making us of t he fi uni dnodbesifies (1 thel dathset avdisgt fed into the h e

appropriate format required. preprocessing algorithm because prior running
through the feature extraction module, basic
4.3Named Entity Recognition preprocessing is essential since it increases the

The next major implementation in shinodule is the accuracy of the final sentiment. The preprocessed
Named Entity Recognition (NER). As found from the dataset was computed in the .csv format and slitti
literature review, Stanford and NLTK both provide of the dataset as training and testing was accor_npllshed
libraryés for NER. | n adifreugh thegsourcg coge; by rapgomly ghyffing thg
was used. In using the NLTK Stanford library, thedataset. 70% from each corpus is Considered as the
existing model was not used tecegnize the entities training dataset while remaining 30% was used to

Sy

since AActoro, fADirect orP@dicgheaccuagyphihpslasdfligy i t i es had t

be recognized. Stanford NER was only able toTne FeqDist() method; which is an inbuilt method of

recognize fiPeopleo, 0Or etkibfad has BeBnUsedt® @liculfitd tReGréghidn N O -

Therefore, attempts were made to train a custom modejistribution of the words of these reviews. This method
to use for entity recognition.d¥ this, a corpus with  gutputs the words that has a high frequency
500 tokens extracted from the tweets of 6 movies wergjstribution value, which are ultimately treated as th
used to train the model with the required entities. Thigeatures of the training dataset. The same code is
proved unsuccessful due to the small size of thgnanipulated to classify the Stanford dataset into 5
corpus. The spacy NER tagger was also used to creaggysses. The objective of decomposing the dataset into
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5 classes is that to compare the level of accuracy wheas [1,0,0,0,0], [0,1,0,0,0], [0,0,1,0,0], [0,0,0,1,0] and
classifying to 2 classes and 5 clasSé¢woretically, 5 [0,0,0,0,1].SVM usually deals with numerical dataset.
classes classification is useful for analytical purposesSince tfidf mechanism deals with numerical values to
However, the level of accuracy might vary, whencompute the sentiment, the features were extracted
changing the number of classes. using tfidf and was then fed into the classifier. With

To train the classifier using Stanford dataset, it wasthat’ the above issue of SVM dealing with fon

first decided to choose Naive Bayes Classifis the humeri@l data was solved.
benchmark, since most of the literatures suggested that
it delivers a greater accuracy over other machin
learning algorithms. A classifier object has been
created by extracting the features of the trainingd.1lPreprocessing of Tweets

dataset and then again passing thesmeted features This module provides the input for feature extraction
to Naive Bayes Classifier. The model calculates thend sentiment analysis module. The result of the
frequency distribution of words, based on the originalclassifiers may vary with respect to the changes take
label. place in preprocessing. Theoef, couple of

. experiments were conducted in preprocessing to
Python pickle was used to save the feature set and tlb%serve the variation of accuracy of the sentiment.

results set in the hard disk so that it will reduce the t'mireprocessing module mainly includes lemmatization

DATA ANSLYSIS & RESULTS

of deployment. The Stanford dataset was entirely use . . s -
to train and test the classifiers. And the extracte f words, emoji mapping and eliminating duplicates.

fweets were stored in a separate csv file. in order t owever, since retweets, duplicates tefeets and
W w ' P v e, | feviews are out of the scope of the analysis, evaluating

'?'Leedlt?:/ ittrt]eer S dez:tg?eetgtvt\)/zrdlo%?jéze g) 'Czled Iﬁ at_utr;; Settne variation of the accuracy with retweets and without
hich i ted pvih ick] y a pythaip retweets has no point. Therefore, Fhe variation .of

which incorporated python pickie. accuracy was evaluated with and without the entire

In order to calculate the accuracy of the classifier angbreprocessingnodule and withand without emoji

for validation, the confusion matrix was generated bymapping.

calculating 5 values; count of true very positives, tru

" . X For the first experiment, the classifier chosen was
positives, true very negatives, true negatives and tr

i . aive Bayes since it provides the highest accuracy as
neutrals. The accuracy of thea_simﬂer will ‘be suggested in literatures and features were extracted
calculated k_)y dividing the sum_matmn of the_S(_a value§mm Tf-idf data. The Stanford dataset was chosen to
from the size (_)f_the test spl|t_. When _spllttmg t_he rain and testhe classifier. The size of the dataset is

datg;et as trammg and testing, entire tokenlze_ 0000 reviews; 15000 positive reviews and 15000

posmve. a}nd negative da_taset were shuffled to avoi egative reviews. 70% of the data was used to train the
the training set becoming biabe Therefore, the classifier and remaining 30% reviews were used to test

features that are generated in each running instanqﬁe classifier. Here, tweets extracted were not used

Wr'g drn;fer frr?]m ?ntehlnstancre to Ia\r;oltherl. Slrirf1illa;rl)2/, 12 since the level of lemmatization is not effective since
order to compare the accuracy levels, classifier (2) wa tweet is only comprised of maximum 140 characters

implemented using the same feature extraction metho hich would result in inaccurate impact on accuracy.

R/Iuat .Vn:'tr:n aEn?::‘)feren machine learning  algorithm; Here 87% of accuracy obtained with preprocessing
Ximu py- and 63% accuracy obtained without preprocessing.

In classifier (4) and .(5) were |m|_olemented using theFor the next experiment, same Naive Bayes algorithm
same feature extraction mechanism for both 2 class

&¥as chosen since it is kept as the benchmark. Features
and 5 classes to compare the level of accurabg. P

remainin lassifiers: (6 7 nd (8) wer were extracted using unigram model. In general, a
remaining  classtiers, 6. (7). a (8) ere large set of data is used to train a classifier. However,
implemented using the same feature extractio

mechanism but with different machine Iearning%mce annotating a dataset manuadlyidaunting task,

lqorithms: Naive B Bernoulli. Naive B n tanford dataset was used to train the model. 100
algo s, Nalve bayes bernoulll, Nalve Bayes anGy,aqts extracted from Assassins Creed movie were
Support Vector Machinderm frequency and inverse :

; : used to train the model.
document frequency will be combined together to
produce a compositweight for each term in each The model was trained with lemmatization for 30000
tweet/review. Naive Bayes algorithm can be used in 2eviews; equally comprised of 15000 positive reviews
different ways. The first one is multinomial model andand negtve reviews. The accuracy was predicted for
the second way is multivariate model. The secondlO0 Assassins Creed tweets, which were manually
method will be generating an indicator; either 1 in theannotated. These tweets were preprocessed with and
presence of term in a given text or 0 in the absencewithout emoji mapping to check the accuracy. Here

of the word in the give86% ofacturacyPlained witls amajnneappjing anfl i t 6 s
cl asses classifier, t h e31% sa¢curacynlatpinediwitioost iemdiji mapping. war | | be
represented as [ 1, 0] a ndinsince g laughing emji vélldbe goverted to a téxt i t i
cl asses classifier, MAves yol pwghd i ard,anfipogiyi emoj i
Aneufinalgaidvenreygati veo wi Itlexrte parse séeanntgerdy 0 . The semantic
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will ultimately result in the final sentiment of the test In most literatures, it suggests that by increasing the

data. size of the dataset, up to the memorization point, the
accuracy of the neural network can be harnessed.
5.2 Feature Extraction and Sentiment Therefore, the dataset as in Classifi2) is entirely
Analysis used for training. This data was included in form of a

xt file and 70% of both positive and negative data

2 classes classifiers were initially implemented in d to train the classifier. This classif
order to filter out the most efficient machine IearningWere used to frain the classiier. This classiner was
coded in such a way that it iterates the process by

algorithms. Accordingly, when it comes to 5 classes . L
classifiers, MaxEnt algorithm is eliminated sinthe changing number of feates used for classificatioft.

efficiency of the classifiers is very low in case of 2Wasobserved that the accuracy is gradually decreasing

classes classifiers. The reason is that MaxEnt requir hen.the.number of features used is reqluced. The
to calculate entropy: first, for each class and secondi{PoWing figure 3accuracy levels were obtained.

for each feature. Therefore, Naive Bayes and SVM *>*
were filtered out to come up ‘withe most effective 5 .
classes classifier.

Classifier (1):FregDisti Naive Baye$ 5 Classes oo

nnnnn

This classifier was implemented for 5 classes. The sos
Stanford dataset is originally classified into 2 classes; ***
positive and negative. 625 reviews from positive ... ‘ ‘ , ‘ , , ‘
corpus and negative corpus were extracted. Those 62! D oo mo e et et ions oAb bt 6w
positive reviews were further annotated manually as “"™
positive, very positive and neutral. Same operation  Figure 3. Accuracy levels obtained for sentiment

was followed for the negative 625 reviews and analysis

classified them into negative, very negative and

neutral Ultimately, the total dataset was generated inEven thaigh the classification was conducted for 2
such a way that it contained 250 reviews for each clas§lasses, the accuracy has improved with compared to
Stanford dataset is originally comprised of 50,000classifier (1). The reason could be due to the large set
reviews in total. Since classifying 50,000 reviews into©f data is trained for low (2) number of classes.

5 classes is a daunting task, the datasest fmited to Classifier (5):Bigrami Naive Baye$ 5 Classes

1250 reviews. By extracting 70% of the data from each

class, the classifier was trained. By testing thelhe classifier was trained using the dataset as in

classifier from remaining data, the accuracy obtainedlassifier (1). The Bigram Measurements are

was 26.75%. calculated using the Clsquare test method. By
i ] o . changing the total set of words that is considered, the
Classifier (2):FreqDisti MaxEnti 2 Classes accuracy will change. By changing the total words that

In this classifier, it isobserved that the time taken to IS corsidered as 400, will deliver the highest accuracy:
complete the code is higher when compared to othe$1.57%.

clagsifiers. The training Qataset is cqmprised of SO,QOO Classifier (6): TFDF i Naive Bayes

reviews; equally comprised of positive and negative

reviews. The level of accuracy obtained is 59.7%. Thd his classifier used-ifif data and the whole dataset is
code shold be typically checked for at least more Used to train the model and was input as a comma
iterations wuntil the ac €ainitaddilg. The aceusapy@htainedyasBee Inthip u t

Wi ndows operating systémasddddrredgt fTfoisdferranpkeor mer

deployment. However, this problem can be overcomédf-idf data. This method has a binamttribute

by trying a light operating system like Ubuntu. Afuse_idfo. I f this attribute

. o . frequency and the inverse document frequency will be
Classifier (3):FreqDisti Naive Baye$ 2 Classes used. |'f the attribute val

This classifier was trained using 70% of 50,000term frequency will be used and the results obtained
reviews; equally comprised of positive and negativeWill be similar to the uigram model with 2 classes.
reviews. Here the item count can be changed and it ifowever, by introducing a percentile of data, again the
observed that when the number of word items igdataset can be limited and the accuracy will become
increased1 the accump will also increase. hlgh HaVing said that, when taklng a percentile of 30,
Accordingly, when number of items is set for 1500, then accuracy of 57.46% was obtained. This experiment
accuracy level reached 55%. For 2000 word items, th&as condu&d using collected tweets which were
accuracy level reached up to 61.22%. The time takefanually annotated by us.

to run the code is proportional to the number of word  ¢|assifier (7)TF-IDF i Naive Bayes 5 Classes

items that are cordered.
The same dataset as in the classifier 1 was used to this

Classifier (4)Bigrami Naive Bayes 2 Classes classifier. In order to reduce the biasness of the training
set, 5 comma separatedefil were generated for 5
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classes. And the code was implemented in such a wakhis research study was aiming of developing a system
that it extracts 70% of data from each commato predict the success of a movie using the tweets and
separated file and then compose the training set. Thanalyzing them using sentiment analysis. Here the
level of accuracy obtained was 11.89%. In thisresearch has conducted in two main modules first is

classifier, i TS usedf invsteadt ob rcansiderind jhé featuae extraction and sentiment
ATfidf Transformer ()0 a rarthlysis mo@weyfirom tHeeresulte abtaired, it (s able
ATfidf Vectorizer () o0 has to2obserae tlmatr theaatcuracy lkevels drasticallyidrape i df o
and Amax_featureso. fi u s ewvhen thé mMmumbiersof classeB inarehsesa In mddithet r | but e

which by setting as fF a tlassfiers which were wmamédyusing mngesnurdberrof t er m
frequencies, while ifitissetsa A Tr ue 0 wi dala have debveredehigher accuraciés. order to
both term frequencies and inverse documenbvercome this problem, couple of options can be

frequencies. On the ot hesuggbsted df,thefuseesxof thie applicatiansreéquiral | ows
changing the features considered to calculate thanalytical data in detail, it is alwaysther to train these
sentiment. modules into more classes as much as possible.

The above accuracy was obtained setting use_idf :H owever, in that case, users must ensure that the

module is trained using large number of data. If the
Fals_e and mgx_f_eature§@0. It was obsgrved th_at by users need an analysis in detail and are lacking from a
setting use_idf = True and gradually increasing th

maximum features incorporated. the accuracy is alseiarge set of data to train tineodule, it is better to limit
P ' y e analysis for 3 classes; positive, negative and

increasing. The highest accuracy obtained is 13'57oﬁeutral
for the values use_idf = True and and max_features = ‘
1000. By conducting a pilot test; for example, we can

Introducing the same percentile technique as inannotate the entire dataset into 3 classes; positive,
9 P q negative and neutral and train the module in 2

classifier (6), by considering 1/30 of the dataset thenstances. Inhte 1stinstance, the whole dataset will be

. ; - o . 0
highest accuracy is obtained; 44.02%. That is 20.45)]ged into the module and checﬁed for the level of
a

tThr:arifgre i/vitnh ccfmhaeied EZIT 5hc?agsesvzlzlgslsif(i:erhsaccqjrgc?"Slmtﬂet Zn&n%tgnée', b i ‘daraset gt e
! P input to the module and then the accuracy can be

th_e highest accuracy was resulted in this Classmerrecorded. From the result of each instance, users will
with the percentile technique. be ableo decide the most appropriate method for their
Classifier (8):TF-IDF i SVM 1 5 Classes analysis. Considering the analysis of the movie
. . . - sentiments, there might be several internal and external
The_dataset usec_j _for this classmer_ ISasin clas_smer (1)factors that affect this overall sentiment. Within our
Similar to classifier (7), the attributes use_ujf andscope we have only identified the entities thattweet
max_featuresyvere changedo and. the ”.‘aX[““m is related to thereby attributing the sentiment to a
accuracy obtamed_was 11.68% while use_idf = True'5pecific feature. But further research could lead to
and max_features = 1700. more advanced analysis of the text to identify why in
Classifier (9):TF- IDFi1 SVM1 2 Classes fact the sentiment of a movie is high or low. For
example, identifying that the semi&nt is very positive

The dataset used for this classifier is as in classifier (2)f0r the actor could be enhanced to a level to identify
Similar to classifier (7), again attributeseugdf and why the sentiment is very positive to the actor.
max_features were changed and the maximum

accuracy obtained was 86.76% while use_idf = Trugn addition, the key behind Natural Language
and max_features = 2000. Processing is the quality of the data that is being used
. - to train the multiple modslin use. i.e. for sentiment

The results obtained from all 8 classifiers can be&, . jiction as well as named entity recognition. There
tabulated as foIIowi:_Iassmers de_velo_ped for2 and 5 is always room for improvement in extracting and
classes can be plodten the following figure. preprocessing to increase the quality of the data being

used.Having done this comprehensive project based

on twitter does at by any means convey the message
that these are two main platforms for users to express
their opinion. There are several other forms in which
user opinions about movies that can be obtained.
Looking into such forms and analyzing the accuracy
and veracityof the data is another way in which this
research could be extended.

80.00%

70.00%

60.00%

50.00% Classifier for5 Classes

40.00%

30.00%

20.00%

10.00%

0.00%

Clasfier L. Chassfers Cassier 7 Clssifiers Clossfier 2 Clssifier Clasifer Clssfir s Clsifer8 As future work, tweets can be collected for well
Figure 4. Results obtained for different classifiers known movies like Assassins Creed, The Pirates of the

Caribbean, Xmen etc. along with the geographical

6. CONCLUSIONS location of which the tweet hasiginated, preprocess

them, and feed them into the most accurate sentiment
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analysis module. Then it can be visualized in a Spati§¢l4] "Twitter Application Management”, Apps.twitter.com,

temporal visualization, so that the directors/producers ~ 2017. [Online]. https:/apps.twitter.com. [Accesse@:

will not only be able to know how good or bad the ~ 2017].

movie was, but alsthe parts of the world map where [15] Unicord, "Full Emoji Data, 2017, v5.0 8 Beta",

a hype has created. In order to have a scattered Unicode.org,  http://www.unicode.org/emoji/charts

visualization, it will be effective to collect either beta/fullemoj-list.html#1f31e. [Accessed: O8Feb

Bollywood or Hollywood movies. If local movie 2017].

tweets are collected, most of the tweets will not be
coupled with its lgation, and as well as the tweet
propagation will only be limited within Sri Lanka.
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making higher identification precision of handwritten
ABSTRACT 3-7 characters [1].
The field of pattern recognition, handwritten character
recognition is one of the complicated and broad
research area for the last few decades. Recognition o | Optical Character
handwritten character is difficult due to various Eediin
writing styles of individuals. Handwritten claaater
recognition come under the branch of optical character [ traguritien Character | [ ——|
recognition. In this study we propose the offline |  Recognition | | Recogmition |
handwritten character recognition approach. Compare
with thg printed character rec.o'gnmon accuracy, high —————— e —
handwritten character recognition acacy is one of L e i
the challenging phenomena. Efficiency of recognition
depend on feature extraction methods and classifiers
use. In this propose solution we address character
recognition base on diagonal feature extracsiod k
NN classifier. Recognition s roposed consist . . .
with image acquisitign, prepr(ﬁn;szing, segmentation'_"’mdwrltten te_xt. qocumgnt Seg”.‘e”t into _single
feature extraction, classification and recognition.éharaCter or digit is basic step in the document

. ; ; -analysis, character identification and many other
Different techniques used in each phases for obtai na ' . .
high accuracy and recognition level. ﬁelds. On basis of text type OCR(Optical Character

Recognition) can be consider as two types, HCR
Categories and Subject Descriptors (Handwritten Character Recognition) recognition of
D.5.19 [Intelligent Methodologies for Knowledge intelligible handwritten input, origin like PCR (Printed

Management]: Image Processing character Character Recognition) and paper documents
recognition diagonal feature extraction. recognition of printed documents [2]. Main reason for

classification. high identification complexity in HCR is due to the
changing writing patterns of different peoples. In
Keywords usually, handwriting has categorized into two main
Offine Handwriting Text; Optical Character types as offine and odline handwriting
Recognition (OCR); Acquisition; Preprocessing; identification. In oftline identification approach, the
Segmentation; Reture Extraction; fnearest neighbor Writing is normally captured using a scanner. This

Figure 1. Classification of Optical Character
Recognition

classifier(kNN) writing can accessible as an image. But, inlioa
system the two dimensional coordinates of successive
1. INTRODUCTION tips are showas a function of time. Also order of

Handwritten characters idefitiation is one of the strokes made by the writer are also obtainable [3].

most demanding and the interesting research area @he neural networks have been successfully used in the
the field image processing and pattern recognition iroff-line systems that used to provide corresponding
recent past years. This helpspecially to the high identification accuracy levels. Various
development process of the automation and which caapplications tpes including the bank processing, mail
improve influence across human and machine ircategorizing, the document reading and address use in
several applications. Number of researches arpostal identification use offne handwriting
focusing on new methods and techniques which willidentification mechanism. The effie handwriting
decrease the amount of time for processinglev identification to be an active area in research field
continue #test techniques that would increase
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identification reliability. The offline character number of methods can be used to implement system
identification method before process the document itvhich support for handwritten text extraction and
has generated, digitized, stored in computer. In theptical character extraction from documents. K
online character identification method ddhile it has  nearest neighbor classifier can be congides one of
under ceation. Factors associate with external sourcethe simplest supervised learning algorithm which can
like pressure speed of writing, stroke have significanbe used to classify the data. The majority of votes use
impact on online method but lesgluence on offine  to classify the data in this method. The value of k
method [4]. decidessearch pace for the data [7], [8], [9]

2. HANDWRITTEN CHARACTER

RECOGNITION

This section proposed handwritten character

recognition system described in details. In this section

mainly focus on feature extraction pha&enerally,

| ! character recognition  systemconsists with

(a) (b) preprocessing, segmentation, feature extraction,
classificdion and recognition. The stages of proposed

system shown in Figure 3.

Figure 2. (a). Offline Character Recognition, (b). Online
Character Recognition

Image Acquisition

The initial principal approach in any handwritten

character identification mechanism is ym®cessing ‘ _xGrayscale
go after the segmentation and feature extraction. The |~ Gaussian Blur
pre-processing integrates steps that needed to Preprocessing |+ Adaptive Threshold
formation the input image form acceptable for Resize
segmentabn [5]. In segmentation stage, input image 'v Field segmentation
divided into the separatharacters and aftérat, each .
. . . Segmentation [—"Line Segmentation

character came resized into m x n pixelmanage to )

.. s Character
training network. ‘ Segmentation
The Optical Character Recognition (OCR) is an Eeature Extraction Diagonal Feature

approach which converts the scannedages of Extraction
handwritten text to the editable text for machine, or
pictures of characters into a quality encoding scheme
showing them in ASCIl or Unicode. The OCR is
currently doing by using various optical methods and
digital character identification (usingcanners and
computer algorithms). OCR systems normally require Figure 3. Stages of Proposed Handwriting Character
training (the allocation of known sets of each Recognition System

character) to read a particular font. However, this

approach is responsive to the size of the fonts and thg 1 Image Acquisition

font type [6]. The offline identification system take the input image

In our system we havergposed solution for the @S Scanned image. Digitization in handien
specially bank forms and applications. In these baniharacter identification is the kind of transform a
forms or applications can have handwritten character@@ndwritten document into format of a digital one. A
which are character segmented and well structurecic@nner or digital camera takes an image of text and
Those forms or applications can contain elements sucH@nges it to an image files format such as a bitmap,
as text zones, chedoxes, and signature fields. The IP€9, Png etc. The quality of scannehage is
recognition, analysis, correcting and also verificationimPortant to recognition of the characters in the
of handwritten input to such elements are keydocument.

challenging problems that can be identified. In the .

propose system we need to reduce noise of bank for@d.2 Preprocessing

and need to idwify bank form handwritten text as well There are several preprocessing approach can be used
as printed text in the form or application. In bank formto increase the quality of the scanned input image
system should support for filter out the text in printedbefore further procedurdhese are the set of actions
and handwritten areas. that can beaccomplishedin proposed systeran the
scanned input image to increase the quality of image

AS th? hgrdware device for offline handwritten X110 effective feature extraction. Main steps under pre
identification normally a scanner was used. By us'ngprocessing are:

scanner, a digitized static image has taken to
segmentation and features extraction. There are

Classification and Recognition b——s kNN
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1. Grayscale 2.3 Segmentation

g' Sggps;tsi:/aen%?ershol ding Segmentation is the step that separates individual
4 Resize character from handwritten character image

Segmentation divide into Implicit and Explicit

segmentation. This can be cons&tbras most
Original Image  Grayscale Image  Gaussian Blur Image  Adaptive Thresholding importmt step in character reCOgnition. In indirect
segmentation, words are forecasted straight without
0 0 0 segmenting word as single letters but individual
characters are taken form the word in direct

segmentation approach. Segmentataan takeout
using the clugtring methods, edge based, threshold
based, region based etc. The different stages in
segmentation are fields, lines, words and character
segmentation.

50x50 Resize Image In line segmentation, horizontal projection profile

method is used. Original document witlentences

segmergin to word chunk first. Then segmaeiittin to

Figure 4. Preprocessing Stages Applin system individual isolated character. After extrt_adt the

characters we are applying the normalization process

Grayscale method use to convert RGB space to gra&g’r make_ normalize the size of each individual

scale space. This can be perfedadding or removing  ¢haracter in the segmented processré&lan be large

alpha channel, reverse the channel order, convert tyariation of characters and we need to normalize it.

16-bit RGB color etc. By applying grayscale to color

image help to make preprocess smoothliloise

initiatesin an imageat image acquisitionlt createsa

random differential of imae intensity and

occasionally will be shown as grains in the image

Noise removal is the action of removing or reducing

the noise from the image. Theasee someexising

algorithms and filters for noise reduction and removal.

The different types of noisdbat present in document Figure 5. Normalization of the image

images are Salt and Pepper noise, Gaussian noise,

Gamma noise, Uniform noise etc. Different type of2 4 Feature Extraction

clarifying methods like Gaussian filtering method, This technique is most vital and incontestable one and

Min -max filtering method etc. are applyirfgr noise  therefore the characteristics should be extracted

removal. In this processsed Gaussian blur for accurately,that measum the effectiveness of the

filtering the image. Gaussian kernel is slid throughcassification. Effectiveness of this stage is very much

image to build the smoothed image. We need tqmportant to recognition the characters. In this propose

careful when choosing size of the kernel and standardojution usd diagonal feature extraction algorithm to

deviation. Binarization ighe method of converting extract the features in offlineandwrittencharacter

gray-scale or coloimage irto binary image with the recognition. In proposk solution, given image is

help of thresholding The various methods of resizel into 50x50 image before extracting the

binarization are Gl obal fehtlirdseThid @dizd imAgd divid&ltirfou28 soner st h o d ,

Local thl’eShO|ding, Adaptive thresholding etc. In shown in Fgure 5. Features are extracted qmgb| by

thresholding we are applying if pixel value is greatermoving diagonally on each zone. Before extracted the

than threshold value, oneale assign (white) features image need to apply preprocess techniques

otherwise assign another value (black). In thisand background need to be black color and foreground

approach we are applying Adaptive thresholding. Thapixels need to be white color. Approach calculate the

is calculating threshold value for small regions of thenumber of foregrounch i x evélue®d and surp

image. That will provide better result and varying values diagonally. After calculatetotal diagonal

illumination. pixels values average need to be getefrhzone. We

Size normaliztion is the preprocessing step that will be able to obtain n fe_atures relevant to every zone.

change size of the character image into a standard sizE€ Process oftsps appliedor extract thes features

Skew identification and rectification is also a sectionSNOWn below.

of character image preprocessing. In this approach Wetep 1: Resize image is divided into n (25) number of

resize the image into 50x50 image. That belp  zones. Each zone size is 10x10 pixels.
extraction of features with standardize size image.

Normalized Image

Step 2: Moving along the diagonally whiei x el s 6
values arealculatedor each zone to extract features.
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Step 3: Each zone has 19 diagenand all together nearest neighbors. If k value is 1 object is simply
there are 19 diagonals values for each zoneassign to the class of individual nearest neighbor. In
Foreground pixels summed up to get sub feature valueegression approach output consider as property value

i of object. Value is average value of kSNN. In our
Step 4 These 19 sub features values are awkeagk pproach wénaveused kNN algorithm to extract the
get single feature value for each zone and add the%

value as feature value for fiatlar zone ature values from characters. T.he input variaples
' need to be ordered and output variables can be either
Step 5: Zones diagonals which do not have foregroundategorical or ordered.
pixels, the feature value is consider as zero.
2.6 Dataset

f—\ The Chars74K dataset used as training data set [11]

50x 50 pixels Before usd for features extractignimages are
‘ preprocessednd resize to 50x50 pixels images. In this
Z data set differenhandwrittenstyles can be found as
Vavavavata natural images. The dataset, symbols used English and
| Kannada available in the dataset. In Esiglanguage,
oy — A Latin script and HindtArabic numerals are include
in the dataset. That consist with,

Zone with 10x10 pixels Zone Diagonal Value Calculation 1. 64classes (01 AZ, a-z)

2. 7705 characters got from natural images

3. 3410 hand drawn characters hef@tablet PC

4. 62992 synthesized characters fraomputer
fonts

2.5Classification and Recognition The name of dataset denoted by over total images of
Conclusion part of the any identifying system can ber4K. In the system we used digit O to 9 and uppercase
consideed as the classification. Different processes A to Z all together 36 images in each character set. All
for classification approach in character recognitiontogether used 55 sets of characters of different
systems are analyzed. Most widely seen classifiers afgandwrittenusers.

artificial neural network, SVM, back propagation

network and knearest neighbor classifier. In our 3, EXPERIMENT S

solutionwe haveused the knearest neighbor classifier under experimentatianwe have usel mainly three

method. The inputcreatesup of the examples of methods to evaluate accuracy rate heindwritten
closest training in the characteristics space. In th@haracter recognition system.

output of kNN classification is a class membership. A _ ) o

classify an object is used large part vote of gn ebc t girst method is measure the classification accuracy for
neighbor and with the object being allocated to clas@utput characters. In this method input can be
most usually among k nearest neighbors (k is a positiveonsideedas images ith ten characters and with that
integer, normally small). This is a type of instance iMage we use sample ten with different uppercase
based learning, or lazy learning, which is the function@ndwritten character images which are nodus¢he

only equal roughly locally andll computation is put fraining phase. Output can be preditt as
off in until classification. In KNN approach Euclidean identification of number of character occurrences in
distance from the candidate vector to stored vectof?Put images. In measement process we need to
calculated [10]. This can be represahas below, check accuracy of each image in sample of ten images

Figure 6. Diagonal Feature Extraction

giving each image as input to the system. We can
measure the accuracy rate by using below equation,

Bami i QBAGDIaEE o
@)

N represent total number of features in featseg
Library stored feature value given &y and candidate @

feature value given lgy . . .

Applying values to each sample images we can
K-nearest neighbor classifier can be consides measure the ciaification accuracy in our experiment.
nonparametric approach use for classification and ,
regression in supervise leering method. Output of thig€cONd method is measure the accuracy of sample
approach depend on whetherNK is used for IMmages applying different colors to each image with

regression or classification. This approach object i$&me text. In this method input can be considas
classified by a greater vote of its neighbordsoa 9iVe different color input image with same character

object assign to the class most common among its Re: Outpt can be predict accuracy rate of each

character set with differ colors. We dsg images as
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sample. In measurement process we need to check radecording to esult we need more focus on training the
of accuracy of each color image input and identify thecharacters wittnigh accuracy.
accuracy level related to each color. We can measu

rl% this approach wbavemeasurd the accuracy rate
the accuracy rate by using below equation, pp y

using input as different pen colors. We diddue,
black, red, purple, light bluas input colorsThen with
same text image (7 characters) set with different colors
checked theaccuracy rate. Accordintp result we
have identified best accuracy level given by blue color
and second highest accuracy level given by black
©) color. Afterthat accuracy levelecrease purple, light
blue and red respectively. It is better if we use blue

Final approach of experiment basen apply the color or black color pen when we fill the form use to
partitioning strategies for the dataset. In the first®®€d the system.
strategywe have taken 50% data for training set and Runc

other 50% data for testing set (A). Second strateq'

usal 60% of data in training set and 40% data in
4. EXPERIMENTAL RESULTS —

B OO0 1'YELdR

set and 30% testing data (C). Final strategyl @986
training data set and 10% testing data set {en "
applied diagonal feature extraction foreach

training set (B). Third strategy ud&0% training data ’
combination and examined the result of each styateg ., I

Figure 7. Classification Accuracy for Output Characters
Table 1. Classification Accuracy 6 Output Characters

Classification Table 2. PenColor Wise Accuracy Level
Expected
Result Accuracy Actual Result
(%) Color of Image Accuracy Rate (%)

A 0.9 AAAAAFAAAA

Blue 87.15
B 0.8 BBDBBBBVBB Black 86.57

Red 72.15
H 0.9 HHHHHPHHHH Purple 82.37
N 0.9 NNNNNNNNAN Light Blue 78.23
M 0.8 MMHMMMMMYM
T 1.0 TTTTTTTTTTT ”
X 0.9 XXXXAXXXXX 70
K 1.0 KKKKKKKKKK
u 0.8 UUQUUQUUUU

I3
| 0.7 ITITHINT 20

o
Blue Black Red Purple

Light Blue
COLOR TYPE

Accuracylevelof thetesteden characters samgiave
given above tableAccording to character setised
i mage with il o having nirlgutei8. hagunacy Rate for Bifeient RercCalers o n
accuracylevel 0.7. Accuracy level with 0.8 having

mBlue wBlack mRed wPurple m Light Blue

character AU, M and BO60. According to results there are
f 9 ur ch E_’ racters hav '_ ng a‘FaSIeLé.rRQCSQMitionIA&L}fa?/ 1lor Dngon:% Featupeg( ! N, H,
AO. Ma x i muyrmeved t.@ can abtairtwo With k -NN

characters, AK, To. Thought we expected accuracy 1.0
for allc h a r aautpw giverd as different accuracy Strategy | K=1 K=3 K=5 K=7

level. The problendepend®n training data accuracy, A 215 2245 | 2357 | 31.4

quality of input images, preprocessing techniques B 554 56.2 62.27 | 65.45

apply to the image and feature extraction and g ;i-g ;2-6 g?-g gg-;

segmentation mechanisms dsen the system.
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Figure 9. Recognition Accuracy for Diagonal Features
with k-NN
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RECOGNITION ACCURACY

(3]

5. CONCLUSION ]
The approach presented in the paper represent the
offine handwritten English character recognition
system. This paper suggests efficient and higfIS]
accuracy feature extraction approach which can be
performed using diagonal feature extrémt method.

In classification performed with feature extraction
used k nearest neighbor approach to train the data set.
There are three experiments done related to thifs]
approach. Classification accuracy of output characters,
accuracy rate for different pawlors and recognition
accuracy for diagonal features withiNWN. There can

be different accuracy levels obtain for above
experiments. Maximum accuracy level of [7]
classification accuracy of output characters can be
obtaired for the T, K characters. Highestauracy
level for the pen color 87.15% obtethfor the blue
color. Recognition accuracy level for diagonal feature
with k-NN can be obtaied for the strategy D with
92.57% for the k value seven. Accuracy level ofl8l
recognition can be increased through increase the data
set size in training phase. It is essendfathoosanore
relevant and efficient feature extraction and
classification method$o perform high recognition
level. The system we present in this paper would
provide promising result to recognize handwritten
characters with high accuracy level.
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ABSTRACT 4-1

Owing a paradigm shift towards the Internet of things,
IoT services have been conducted to wide range of
fields. This paper presents an loT based Smart
Garbage bin solution to address the major problem in
waste dispense in household¥he abence of

efficient waste management has caused serious

environmental problems and cost issues. Overflowing
garbage bins have been another cause of concern fo
residents in developing countries. With increase in
population, the scenario of cleanliness wibpect to
garbage marmgement is degrading at a packhe
smart garbage bin discussed in this paper allows
people to continue a proper garbage dispense
efficiently. Another vital benefit of the product is to
fulfill customer satisfaction thereby bringing eth
product more user friendly and affordable at the same
time. In the future, the product is to be developed in
various ways regarding technology wise as well as

Sri Lanka.
sonal.2015347 @iit.ac.lk

Sri Lanka.
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Guhanathan Poravi
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timely and classification among the wastes aiding
efficient waste management. Here we are classifying
waste into 3 categories:

i Biodegradable waste
1 Recyclablevaste
1 Plastic waste

Whenever the garbage is full information can be send
to the concerned authority to clean the bin.

Many researchers have proposed smart trash bin
systemsZ2]. However, most of the existing smart trash
bin proposals have failed to idéfg the issue that
smart trash bins are often poweonstrained. It
becomes an important issue where trash bin is often
placed in an area that electric plugs are not available,
or electricity cable installment is considered as

impractical.

The purpose othis project is to design, develop and

design wise. This smart garbage bin may lead to makeevaluate a smart garbage disposal system and a mobile

the household environment cleaner andgmart way
of disposing will ease the day to day life of the people

Keywords

Smart Garbage Bin, passive infrared, Ultrasonic,
vacuum inlet, Server motor

1. INTRODUCTION

Waste management is an important issue for smart
city, as world cities in 2012yenerated about 1.3
billion tons of solid waste per year, which will be
projected to increasto 2.2 billion tons by 2050 [1

Each time we sweep the floor, we must give an extra
effort on cleaning the dust particles and food crumbs.
Also, due to the lack of understanding about the
weight limits of the garbage bags, we must face the
issue of spilling the garbage bag.

In this prgect, we aim at an automatic garbage level
detecting system informing the concerned atitles

Proceedings of International Conference on Innovations indnginess and Technology 2017!"30ovember

app to monitor the processes of the bin. This product
will target the indoor garbage users to have a proper
and effective disposal system. The Z bin primarily
consst of two main sensors as passive infrared sensor
and the ultresonic sensor.

Ultra-sonic sensors measure the depth of the bin and
return the bin percentage as an alert. Infrared sensors
detect the motions of the user and open the lid when
the user wavéhe hand.

To evaluate our proposed systemg implemented it

a smart trash bin system and measured the actual
gar bage l evel pbuctuation
experiment results, the feasibility of our proposed
systemhas been conyr med.at We
our proposed system can reduce the power
consumption of smart trash bin up81% compared

to the smart garbage systems
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2. SMART GARBAGE SYSTEM land area, they account for a staggering 70% of the
ARCHITECTURE burden of responsibilities for global population.

Mainly garbage is collected in 3 ways. First method is To solve this problem, the households have installed
the Kitchen Waste. Most of the waste ar® b |OT based smart garbage bins, enabling the household
degradable which give a bad odor after some time. waste disposal management more efficient.

Secondly is by sweeping and vacuuming. Most of

these are dust particles, so these are collected in smal Jem='"""

guantities. Lastly and mostly trash is collected by oo
package materials. According to records thare s
300,000 items in the average American home, on axwm
average 1@earold owns 238 toys most of these  »®
came in packaging which end up as garbage. Becaust ...
of these average people generates 4.3 pounds of wast o
per day. To collect this waste an average house hold 5'°°§
use about 6 garbage bags per week all these ge W we w8 w7 2w w2

. u Consumer = Automotive # Industrial Other
collected in a trash cans [2]

Figure 1. Semiconductor Revenue by Electronic
2.1 Similar products Equipment (Millions of Dollars)
A Japanese inventor appears to have put an awful lot
of effort into enabling laziness. A Modder goingby Des pi t e t h eeffattopemotemreeyclingd s
the handle of "FRP" looks to have designed a mobile and reduce waste generation, including the enactment
wastebasket that can ambulate around to catch anyof supporting laws, recycling rates remained very low
falling (preferably with a high arc) trash you toss in at 5% until the late 1990s [7]. Low incentive for
its general direction. households was pointed out as one reason behind the
poor participatioras waste collection was charged on
a fixed rate through property tax or house size, which
was criticized for being illogical. Under these
circumstances, promotion of the recycling of wastes
while minimizing its generation at the source surfaced
8s a main plicy agenda.

FRP replaced the bottom of the can with some wheels
attached to something similar toArduinoboard. On

the other end of the system is a walbuntedKinect

that watches for flying debris, calculates the landing
spot, and then sends the can to catch the garbage lik
an outfielder going after some rookie's pagp[3].

The Clean CAP keeps itsers informed in redlme 2.3 Architecture
about the bin's filevel. The Clean CUBE also
utilizes sensor technology, but it can even compact
trash automatically. In densely populated areas, a
rapid and unexpected waste generation often leads to vt g el v i
overflowing trash binsand this results in unsightly e
public spaces. oelborjathicti “ 4

bag usage and remind you

on the low bag count

In order to eliminate such occurrences, Ecube Labs' : . mebarogs esr it v o
sensor devices provide users the capability to

knowing the filtlevel in real time so that they can take
data driven actions ahead of time. As an added
beneft, the Clean CUBE secures even more room mr— N

inside the bin through its compaction function, up to passes by proces
8 timesthat of traditional bins [4].

letting it read the barcode of the
o= disposable item

Figure 2. Upper compartment

2.2 Overall demand for a smart garbage
bin
Contrary to what some analysts say, the Internet of i Servo motors il be actvated with a
.

Things (I0T) is living up to althe hype as increasing : the e process e
standard of living fuels growing demand for | N ™ et to e v
"effortless” devices, systems and equipment. The In;g};mminmm =

global loT services market is projected to grow at @ | e inthe st parces o -

compound annual growth rate of more than 24% ’ A

during 20162021. [5]

Over 50% of the wol dés popul ati o
cities and the figure is set to rise to 75% by 2050. [6]
While the worlddéds cities only cover 2% of the gl obal

I Mo T 1

VW V €S I T
Figure 3. Lower compartment

140 Proceedings of International Conference on Innovations indniness and Technology 2017"3@ovember


https://www.cnet.com/news/arduino-based-android-hardware-debuts-at-google-io/
https://www.cnet.com/news/arduino-based-android-hardware-debuts-at-google-io/
https://www.cnet.com/news/arduino-based-android-hardware-debuts-at-google-io/
https://www.cnet.com/news/get-a-refurbished-xbox-kinect-for-59-99/
https://www.cnet.com/news/get-a-refurbished-xbox-kinect-for-59-99/
https://www.cnet.com/news/get-a-refurbished-xbox-kinect-for-59-99/
https://www.cnet.com/news/get-a-refurbished-xbox-kinect-for-59-99/

standby current of less than 2mA. The module
transmits an ultrasonic signal, receives its echo and
measures the time duration between the two events
and generates a waveform where the high time peak
is modulated by measured time and is propaoel to

the distance.

Output 5V ->

Figure 4. Main features &

' AN Fresnel Lens

Detection radius 6-7m

3. IMPLEMENTATION

Figure 6. Detection Radius

3.1PIR (Passive InfraRed) Based

Motion Detection A Very low frequency sound below Acoustic is
The PIR (Passive InfrRed) Sensor is a pyroelectric def i ned as Al nfrasoundo, wi
device thatdetects motion by measuring changesin above, called #AUlItrasoundo.

the infrared levels emitted by surrounding objects [8]. designed to sense object proximity or range using
They are small, inexpensive, lepower, easy to use ultrasound reflection, like radar, to calculate the time
and don't wear out. For that reason, they are ittakes to reflect ultrasound waves between the sensor
commonly found in appliances and gadgets used inand a solid object. The Ultrasonic transmitter which
homes or busisses. Along with the pyroelectric Wwill send a signal out into its surrounding area
sensor is a bunch of supporting circuitry Micro Power 40KHZ. The Ultrasonic Receiver will detect this
PIR Motion Detector IC(BISS0001) This chip takes signal once it bounces off from an object/obstacle.

the output of the sensoand does some minor

processing on it to emit a digital output pulse from the me
analog sensor [9 / !

other sensors because there are multiple variables thag ]
affect the sensors input and output. Because of that th&csiver |

pyroelectric sensor itself is housed in a hermetically ! )
sealed metal can to improve orginal wave. o
noise/tenperature/humidity immunity. There is a b . i
window made of IRTransmission material (typically

coated silicon since that is very easy to come by) that
protects the sensing element. Behind the window are
the two balanced sensors each slot is made of a special
material that is sensitive to IR. When the sensor is
idle, both slots detect the same amount of IR, the
ambient amount radiated from the room or walls or
outdoors. When a warm body like a human or animal
passes by, it first intercepts one half of the PIRsegn

The IR sensor is more complicated than many of the *

Figure 8. Example About How Ultra Sonic Sensor
Work

I'I'he ultrasonic sensor works based on the principle of
Doppler Effect. It consists of an ultrasonic transmitter
and a receiver. The transmitteartismits the signal in
one direction and this transmitted signal is then
reflected back whenever there is an obstacle and it is

. " . : received by the receiver. So, the total time taken by
which causes a positive differential change between . . : .
the signal to get transmitted and to received back will

the two halves. When the warm body leaves the :
. be used to calculat the distance between the
sensing area, the reverse happens, whereby the sensg

r :
generates a negative differential change. Ultrasonic sensor and the obstaelg

These chage pulses are what is detecf&d]. 4. EVALUATION
) Subjectivism is not an absolutgrincipal; it is a
3.2 Ultr a sonic sensor necessary but not sufficient condition for sound

The UltraSonic Sensor sensor is a device you can usemethodology [3]. Project will be more perfect if it has
with any 10T devices to measure how far away an the basic sections hat should include in a
object is. The HCSRO04 ultrasonic module has a methodology. It means if we use research,
ranging distance from 2cm to 500cm with a resolution development and management methodologies
of 0.3cm. It requires a voltage suppmy 5V and a perfectly, the percentage of being a better project is
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high. Every single part of thelzin is developed using  food crumbs and more importantly people can keep a
prototyping methodology. For an exatepwe have  track of the kitchen stock. So, our project aims to

fixed the passive infrared sensor in thebid and change the regat garbage bin to a smarter level. To

checked whether it detects life according to how we reach our aim we used some technologies to fulfil our
want or not. Then we reworked according to the work smart specifications of our product such as Motion

breakdown structure until we achieve an acceptable Detection, vacuum Cleaner, barcode Scanning and
final prototype. Then and there we ugmtotype many 10T based services.

methodology because we were familiar with that

method and it has a minimum risk percentage that the
system will go wrong or give a fatal error.

This project has given so much of knedge about
many areas. These areas can be mainly divided into
three sections, those are in research area,
Good products are made up of by doing many documentation and development. Especially this time
researches, research implies more than simply thehas been an asset in improving many skills mainly can
method you intend to use to collect data. have pointed as researching skills, repaitimg and
time management. The prototype of the project
covered main base of the project but there are many
parts that can add to further improve this application.

To be a better product, we thought that there should
be both qualitative and quantitative wise developed
methodology. So, we use mixed method system to
develop our project. By doing surveys,
guestionnaires, intervienwand also a comprehensive
literature review. Due to the limited time frame, we
had to use cross sectional method during halfway
through. We were aware about how we use our [2] Daniel Lattier(2016. 15 Stats That Show Americans
technologies and also design of the product. So, we  Are Drowning in 'Stuff

did many literature reviews omnsilar products inthe  [3] Glouche, Y., & Couderc, P. (2013, June). A smart
market and what were their capabilities and what were waste management wisielf-describing objects. Iithe
their scope. Then we researched about what kind of Second International Conference on Smart Systems,
business background they had. According to that we Devices and Technologies (SMART.13)

got an idea about the target market that we should[4] ECUBE labs (2016) integratedwastemanagement
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resulting from prolonged sitting and/or improper
ABSTRACT 4-2 ) ] sitting habits, causing body pain and disrupting the
With the rate of computer users increasing from 15%eryous system [2]. Due to the lehgtcomputer

to 69% over the past two decades, the number qforking sessions, this is highly prevalent among office
workers who undejo prolonged sitting during their \yorkers. Prolonged sitting not only negatively
office work hours is also increasing at an alarming rateggsgciates with health but also causes psychological

Studies have found that pdbRrhs’such Bs®ang¥O fodd-shifsfctioR Wimich ! at i o
spend about 55% to 33.34% of their workday seatedqy|d ead to job inefficiency [3].

down. With the growing body of evidence that

prolonged sittings negatively associated with health, In this work, we have explored technologies for
we found this as a health hazard which needs to b@onitoring health. And after comparing the potentials
addressed. Several researches prove that sedent een all these technologies, we believe that an
behavior could be taken under control and/or€ffective and efficient workspace sedentary behavior
prevented by taking frequent breaks. Healthy Office-+Prevention device could be developed. We propose a
is a smart IOT dédce which is helpful in preventing System in which the input data is gathered using ultra
sedentary behavior and Office Workers Syndromesonic sensors and a webcam and identify whether the
among office empl oyees, Usepiybeinggeatedcor notywyth thatraealyze whethep s
presence in their workstation and giving them emailuser is undergoing prolonged sitting or not and
and SMS notification to their android based Provides reatime feedback accordingly.

smartphone. This paper pretethe detailed overview

of the prevailing problems and how we came up with2. SEDENTARY BEHAVIOR

Healthy Office+ to overcome these problems.

2.10ffice Workers Syndrome

Aiof fice Workers Syndromeodo i s
'diagnosed syndrome; it is a group of symptoms
commonly found in office workers caused by
unhealthy work habits. This syndrome results in

1. INTRODUCTION musculoskeletal pain, heades, aching arms, wrists
Sedentary behavior is the absence of physical activitynd fingers, numbness of wrists or feet, eye strain, and

due to prolonged sitting [1]. The time that is spent indry eyes. It may also be due to a chronic underlying
sedentary behavior (i.e. sitting time) adversely effectsiiness, such as arthritis or neuritis [2].

health. This could lead to cardiovascular diseases, type
2 diabetes, various types ofncars, obesity, organ 2 o Prolonged Sitting
damage and often lead to Office Workers Syndromey,,,, hr5j0nged sitting could be harmful to health is

this is a condition where a group of symptoms,inteq out by several studies [4]. Epidemiologic

Keywords

Prolonged Sitting, 10T device, Sedentary Behavior
Office Workers Syndrome, Sitting Pattern
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evidence from the 20th century proves that men whosg 4 Why work place is a key setting to

job involved in sitting for prolonged period have focus on sedentary behavior?
demonstrated health effects such as obesity, metabolWith the advancement in technology, people have
syndromg and diabetes, markers .Of cadiocular become more apt towards the use of computers. In
diseae risk, and premature mortality [6]. Sedentarylgm, only 2 in 10 workers were in jobs requiring only

work_ers show_ a twofold increased  risk qf light activity (predominantly sitting at a deskBy
cardiovascular disease compared to those whose joB%n5 more than 4 in 10 adults were in ligictivity

require_ physical ac;ivity, S(ZD .increase' in. risk of jobs. In 2003, nearly 6 in 10 used a computer on their
overwelght a}nd obesity and 7% Incréase in risk of.typ ob for major part of the day [1]. Between 1989 and
2. qlmbgtesmth each twohoursper day increase in 2009, the rate of computers used increased from 15%
sitting time at work [7.8]. to 69%. With this we can state that thhere is a
The findings from National Health and Nutrition striking increase in sedentary behavior and reductions
Examination survey conducted in 202804 also in human energy expenditure over the past years.
reinforces the fact about the deleterious healtfOffice-based workers are one of the largest
consequences of sitting time. These nevigints into  occupational groups who are also highly sedentary.
the health risks of sedentary behavior broaden th&or many fulltime employed adults, the butk this
accepted perspective on physical activity and health bgedentary time occurs at work, where they typically
identifying the need to reduce prolonged sitting andspend an average of over eight hours of their
increase lighintensity activities (e.g., standing and weekdays. World Health Organization estimates that
incidental walking) [1]. Offte workers are encouraged i Gl obal I'y it is estimated the
to develop good working habits, in order to prevent thepopulation is part of the workforce and spends 60% o
health risks due to prolonged sitting. Expertst hei r waking hours at worko.
recommend practi cherseaksoheph€s eimii ch Popllation;stedieswhave | d 6 s
idynamic sittingo to he lfgundthatiwerking adults spend about one half to one

third of their workday sitting down [13]. With

2 3Micro -Breaks increasing use of computers, interest, involvemedt an
Micro-breaks suggest that wars should frequently greater number of hours spent in front of the computer
move their positions Hbetween tasks so that screens, users need to know about the proper posture
prolonged sitting could be avoided. This ensures gnd the need to take short breaks, which, if forgotten,

healthy level of musculoskeletal system activity and€"dS Up in multiple complications.

prevents ergonomic injury. L .

2.5Existing Solutions

Intervention is defined as speciféervices, activities

or products developed and implemented to change or

1 Liebenson [9] mentions that if one gets up everyl Mprove individualso risk, att
20-30 minutes, a long micrbreak is not awareness. Identifying reduction of time that people
necessary. Otherwise, exercises and breaks shoufiend sitting while at work will improve health, many
be taken every 30 minutes. workspace interventionsalie been made over the past

§ Stanford Environmental Health & Safety [10] Y€ars.
suggests that continuous computer use or _
repetitive lab tasks | &3} sAlteraate worbStalionf ut es 6 maxi mum
before taking a short break for 2 minutes orThrough substituting light to moderate physical
performing another task. And for mierbreaks, activity in place of sitting improves insulin sensitivity
30 seconds to 1 minute should be taken every 10f tissues, and results in improved metabolism of
minutes. glucose. It also increases lipoproteipase activity

1 OSHA [11] suggests thaemployers encourage that breaks down triglycerides and enhances their
workers to change their positions frequenﬂy_uptake into cells. Thus, these interventions are built
Micro-breaks of 3 to 5 minutes should be takenkeeping in mind that these benefits are seen highly
every 2030 minutes. And after 2 hours of when sitting is replaced with a light to moderate
moderate computer work, there should be-a150  Physical  activity like standing or walking
mi nuteso6 break. [15].Interventions to reducing sitting time at work

1 Canadads Minist myonsahat [NGYsles replpcing fhe ppgmal workstation of an
shorter but mordrequent breaks were more employee by a sitand desk or a salled hot desk,
effective in reducing discomfort, comparing to Which allows the user to alternate posture between
working for long periods of time and taking longer Sitting and standing by being height adaise [16], a
breaks. The ministry encourages workers to takét€Pping/pedaling device placed under the desk that

frequent breaks of about 5 minutes every hour. @llows the user to pedal while being seated at work
[17], or a vertical workstation that allows the use of a

personal computer while walking on a treadmill at a
self-selected velocity. Or cinging the layout of the

The recommended level of taking midoceaks are
different among various studies, as follows:
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workplace to be more physically demanding, like one of the main complaints which has been received is
placing the printers or lockers further away fromthat pairing the smart cushion with the mobile app, the
desks. Even though all these interventions are effectivdeveloper has agreed this is dueatdug. And the

they are not rather efficient they have their drawbacksconnection between the cushion and the app should be
The sitstand worksdtion which is highly acceptable established every day before use. Furthermore, it uses
even though through epidemiologic evidence suggestisattery to power it up, which lasts for only 10 days and
that it could have a considerable impact onshuts off if not being used within three days. And the
cardiovascular disease and type 2 diabetes preventiobuzz that is given wém the user is seated incorrectly

it appeared to be least successful due to posturand the buzz that is given to remind the user to take
changes, causing theuser to experience breaks are similar which often confuses the user what
musculoskeletal discomfort. Also, even though sit the device wants them to do without having to check
stand workstations have been useful in reducing théheir mobile notifications. Which defeats their
sitting time, they have not provided any significantargument thas mar t phone remi nder s
difference in the length of each episode of sitting nodisturbing [18].

have they provided any sigicant effect of strategies

to increase walking on sitting behavior [15]. The3, METHODS

workers on a treadmill would have to compromise with
their productivity, since they need to divide their
attention between work and personal safety to ensur v ot al participants were

that they do not rip and fall. Therefore, the I . X .
treadmill/peddling workstations may decrease theobJectlves, foundation, and protocol during a question

userb6s efficienc Even a{ncha%swer %essign whi%hﬁ/vgsncongucted ugin oenlin? ayo
. . Y- forms> AP parti iﬁ/ajon was e%tlrepygvolun ary. y
of the working environment the worker could be

forced to take break and low level physical activity, Eligible project participants included health promotion

. . . . department employees with sedentary jobs, including

like ta_klng a walk t(_)he printer, it also means that the administration, customer service, account

organizational policy should be changed and the
T . management, and much more.

organization should be viable to spare such changes.

Even if such changes could be made, it cannot b .

stated for sure how often the worker might be forceo%'2 Project Protocol and Measures

needing a printout on a given day. approach and data was collected using the quantitative

methodology. The project was implemented over a 9
month period with a baseline period of 4 months
(period 1: core functionality) in which all participants

were monitoredvithout interference; an intervention

period of 4 months during which the 10T based sit
device was installed for the intervention group. During
the remaining period (period 2: Remaining of the
product) additional improvements to the 10T based sit

3.1 Participants

cursor movement were implemented for the potential
group of participants. For Objective 1: we monitored
the sitting pattern of the potential participants by using

Figure 34. Alternate Workstations experience sampling methodology (ESM), a
methodolog that described reatorld situations by
2.5.2 Darma the smart cushion frequent sampling of a situation or behavior. ESM has

Darma is the wor |l ddéasmart rheen used suacessfilly in tstydies related kice viarious
cushion to monitor your sitting habits, posture, stres$ealth factors, populations, and settings, including the
level, and teaches you to sit better. It ports all the datawork place and found the distance of them of them
gathered back to an iOS app via Bluetooth 4.0. Whilesitting from the 10T sit device using ultra sonic
being seated on it, the emlgedl sensors on it would sensors. The following data from the 10T sit device

(

device ad APl 6s related to <cogn

detect the wusero6s sitt i mwilbesaensta theiparticipantlonck lee/she eonfinmgptos | o u

for so long) it would give a reminder to straighten up.receive the following data after configuring the mobile

The inbuilt sensors are can measure heart rateapplication. Data will be directly senv the mobile

heartbeat waveform, respiratory rate, and breathingpplication from the IOT sit device and the participants
waveform, these diatics are collected within the app can save his/her details to the cloud database if

and the algorithms determine if the user is becomingnecessary. For Objective 2: we used surveys to assess
stressed. | f the user 6s theteffeetolsreducedvsdting time onhselected heajth i f
is being seated for too long then the smart cushionelated outcomes, mood stsiteind office behaviors.

would vibrate to notify the user that he/she needgto 10T sit device was further improved and cognitive

a break. The drawback of Darma is that, it is onlyservice APl and wrist movement AP| were introduced.
available for iOS platform and not for Android. Also, The f ol |l owi ng data <coll ecte
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machine related to eye blink and cursor movement wilpresence of the user and to notify the user to prevent
be sent to the cloud thbase. Statistics of each Computer Vision Syndrome (CVS).
participant could be viewed in cloud.

4.3 Results of the Mousedrecognition API
4. RESULTS This will detect the mouse movements of the user. The
The research independently analyzed and assessed &ult of this API integration will be helpful in
articles/papers/book chapters of interest. Overall, 14reventing Carpal Tunnel Syndrome and to give an
articles, describing 11 distinct studies that met theextra validity for the confirmation of the presence of
search criteria werencluded in the review. Four the user.
addressed an increase in the number of breaks i he two variables thawe record from the Sensor
sedentary time, three implemented strategies arounﬂ . X :
postural change, four implemented ergonomic change%ong with the two APIs will detect and confirm the

to the individual workstation, one made changes to thgresence of the user at the desk. Every 30 minutes the

built design of thebroader workplace and three had system wil s_end a potificatioq to th? user to takg a
multiple strategies that incorporated breaks ir]break for 5 minutes, if the user is refraining from doing
sedentary time, postural change and ergonomié0 in thér own.

changes.
g 4.4 Results of the pulse sensor

The differences between periods were assessed Bhe pulse sensor placed with the 10T device could be
using corresponding tests. Similar analyses werggeqd by the user to check his/her pulse at any given

applied to the surveyada for selreported sitting time, ¢ | me | and the output would be
healthrelated outcomes, office behaviors, and moodygpile app. The pulse rate taken over a long period of
states. time would also be stored in our retihe database,

since this could be used to medically evaluate any

O,
Cm—— SendDater> [l —warr s T chronic conditions.

Python »
ﬂls:b;"’v Code

Sensor

. 5. CONCLUSIONS AND FUTURE

WORK
o b i —Siore e (MODR We have focused on providing a thorough insight into
W swrwm-onemevenam EJ project O6Healthy office+06, whi
s buec il e monitoring office workers in order to prevent
Mo (Cloud) Server Sedentary behavior and Office Workers Syndrome and
the systems key features, the best approach, technique
Figure 2. Rich Picture Diagram and technology through the comparison of the existing

systems and integrating them into the current

prototype build. Even if only a small number of

solution exist for the current problem of sedentary
The key results or the findings based on the sensokgorkplace behavior, we propose to conduct a fresh
and the APIs that were used to gather real time datgreath based more innovative thinking to fill the gaps
from the user(Mainly targeted towards Office identified and a further improved system which would

Workers). help us to gain the upper hand in terms of efficiency
and overall effectiveness. For future work, we are
4.1 Results of the UltraSonic Sensor planning to implement machine learning where we
The distance between the sensor and the user will bei | | search through each i ndi

recorded and stored in a ré@mhe database, so that the detect pattern and to adjust the break time accordingly

mobile app would be retrieving and showing real timeto provide a personalized break duration for each user.

data. The distarcbetween the sensor and table can bd he system would also be extended to detect postures

in the range of 2000cm depending on the placeand provi de more detailed feeft
where the user is keeping the device. The amount gfosture is not healthy.
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mani pul at e a cityos assets. S
ABSTRACT 4-3 systems (IS) in local departments, libraries, power

In the last decade Internet has made vital impact in ou?lant, schools, hospitals, transportation system, water

societies by bringing in remarkable communicationSUPPly networking system, waste management, law

and networking infrastructure. The Internet of Things€nforcement, and other kind of community services.

is spreading the development of the interdatwell ~ T€chnology allows community services aspects to .

as the present world popular concept eveloping €nhhance efficiency ofs services
cities is the smart city concept. A smart city is concepfieed.

of urban development to gather many Internet Oficity smartly to cope with city infrastructure, the

Things (IOT) ~solutions and Information  and ¢ommunity and to analyze how the city is evolving,
Communication Technology (ICT) in a secur_ed what is happening in the city and way of enabling a _
approaches to manage ci tp@rperfbchod & keds§IE Aswelladithefe Ark ome €V i ew
describe how to apply IOT security assurance to smagdgt of problem with this concepthat are new

cities through exploring the security issues andechnologies are being deployed without any security

challenges of smart cities and overcome it by usingesting, many possible ways to abuse and attack

secu_rity aspect. This review_i_s co_mposed of Iimitationsservices, No action plan to influence to able cyber

and issues faced by smart cities in the tgmentand  ariacks on city infrastructure, service etc. 10T

solutions are proposed using Internet of Things (I0T) gpplications which are ubiquitous  conrieiy,
IOT architecture defines the core processes needed ialyzing and big data are facilitate smart city

be performed. There are three layers, namely; o yndi ngés to the whole world.
Perception layer, Network layer and Application layer.stfer excellent novel possibilities to the society. There

0T is equ_ped to tackle variotgpes of issues that 5e ability to remotely manipulate, analyze and

can come with the development of solutions to smarfyanage devices in order to establish estéspect and

cities that are describes in details in the review. Allactive information from considerable flow of real time
these techniques are used to make the life of the publigata[2].

in the smart city more convenient and efficient. . . o
By leading an independent study on vital field of IOT

Keywords Security Assurance to Emerging Smart Cities, this

IOT, smartcities, security paper will talk about the topic including the
importance of the IOT security, what is smeittes,

1. INTRODUCTION major issues and solutions in smart cities, how to

The internet of things (IOT) is the infrastructure of the€Nhance security to smart cities and overcome the
information society as well as physical devices indrawback of smart cities using 10T concept.

network such as vehicles, buildings, electronic

devices, sensors and network connection that enab@®. 10T (INTERNET OF THINGS)

this objects to @llecting and exchanging the data. IOT

consent objects to be controlled and sensed far acro@s1 What is Internet of Things

through existing network infrastructure, create alOT is the infrastructure of the society as wa#
chances for more efficiently integration of whole physical devices in network such as vehicles,
world into computerized systems and resulting inpuildings, electronic devices, sensors and network
enhanced eitiency, economic benefit and accuracy connection that enable this objects to gathering and
(1]. transmitting data. IOT consent objects to be controlled

At the present world popular concept of smart city carf’md sensed far across through existing ngtwork
frastructure, create a chances for more efficiently

be defined as an urban development concept to gathg} ionof whol di ved
many 10T solutions and ICT to a secure manner tg"tegrationof wholeworld into computerized systems
and resulting in enhanced efficiency, economic benefit
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and accuracy. IOT is implementing sensors such as IR
IRID, GPS tracking etc. for each and gvaspects of
things and involving them with the help of internet via
particular protocols for communications and
information exchange, to get the objectives such as| SmetHom=| 74 Povgmment
achieve monitoring, tracking, smart recognition and N

management of system. As well as |OToyides ,—;g Network
automation of daily routine leads to better monitoring 1%
Perception

Application

of devices, efficient and saves time and cost, and
maintain better quality of life [1].

n mf‘;’_’_“@‘
2.3 Applications of IOT

.9B

® 1228 @ 1828
@ S ;;JB Internet of things applications spread from small

m@ nsn. O ..... object to broader areas. At the present 10T is becoming
; part of every aspect of our lives. As well as internet of
things applications are extending tb@mforts of our
lives and also it giving us more control by simplifying
our daily routine work life and specific tasks. Since the

Figure 2.10T Three-layer architecture [3]

@

1988 1992 19% 2000 2004 2008 2012 2018 2020

Figure 1. Growth in the I0T [2] power of 10T markets are large, there are some
. domains that will progress better speed than the rest.
2.210T Architecture Internet of things haseen applied wide areas such as

In each layer is described by its specific functiond a Smart homes, wearables, Smart cities, Smart grids,

which devices are used in that each layer. Differentndustrial internet, Connected car, Connected health,

places mentioned different ways of number of layerssmart retail, Smart supply chain, Smart farmit@T

in 10T architecture. According to many researcher, thexpplications could be grouped in different categories.

IOT architecture has mainly three layers. There are afhere are Sirt home, Smart city, Retail, Agriculture,

Perception, Network, and Applicatiomylers. Each Lifestyle, Smart factory, Supply chain, Transportation,

layer has major respect to the devices as well aplealthcare, Culture and Environment. Among these

technologies that circumscribe each layer. smart home, smart grids, transportation and healthcare
most vital [7].

2.2.1 Perception Layer

The sensor layer also called perception layer in 10T2.3.1 Assisted Driving

The main function of this layer is to gather the dataNow a daythere manytypes of transportation ways

from the particular envonment by using of actuators van, car, trains and buses. Which were along with the

and sensors. In this layer first detects then collects andad and the rails on the actuators, sensors and

processes information finally transmits it to the powered processors will gather helpful information for

network layer. This layer alsactsas local and short drivers as well as for passengers. Such as traffic

range networks of the IOT node collaboration. congestions, acdents, temporary and permanent road
closure that were prevent and provide safety as well as
2.2.2 NetworkLayer better navigation.

In the network layer provides the function of
transmission and data routing to particular IOT hubs
and devices by using the Internet. In this layer contain
the internet gateways, cloud computing platforms,
routing devices switching etc. manipulatéhwthe use

of some common technologies such as Bluetooth, 3G . . .
Zigbee, WiFi, LTE, etc. The network gateway 2.3.2 Mobile Ticketing . .

providesas the intermediate between different |OT Billboards —and  electronic  posters collecting

nodes that are aggregating, filtering and transmittin {nformation relevant to transportation services will be
data from differenq[gser?sorsgand actl?ators. dprepared by the NFC tag. Particular usasthe ability
to obtain details fromwe by hovering use
2.2.3 Application Layer phone over the NFC tag. It retrieves and combines

N information automatically from the particular web

The application layer responsible for data authenticity
| e i . . ; services. Such as departure and arrival time, number of
confidentiality and integrity. This layer is most

o ) . . passengers, suggestion about tickets, costs, available
specific layer which creation of smart environmggjt hich ide f itabl
[4] [5] [6]. seats which werprovide for suitable user.

The many organizations may be advantage from
governmental authorities used for construction
planning objective, gathered road traffic patternd an
'auto mobile companies use vehicle repairing purposes.
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2.3.3 Sensing 2.3.8 Losses
Sensor device which enable mygtirpose function A search engine which can be useditd tool which
focused on diagnosing patient conditions providinglost for long time period. The webased application
current status and al |l g ;obileapplication istbeastapptoack to discomenldst heal t h
indicators. Remote patient analyzing systemtool that retrieve the latest update location for tagged
(heterogeneous wireles accesbased) can be t ool s or retrieve for t hat pa
deployed close to the patient everywhere with multipleFurther this appliation allows use define the owner or
wireless collection of technologies support security guards either via SMS, calpmil and using
continuously monitoring in their pulse rate andalarming system surround can be knowing what type
heartbeat. of incident happen this place and get action against that
particular incident etc.
2.3.4  Authentication and IdenFIflcatlop In case there are sensors sumh IR, RFID, GPS
These are the two terms that descrilteditasic phases ﬁ

fth . d ori ; racking etc. Everything connected to internet for
ofthe security and privacy in computer systems as Well, jymnications and information exchange, in order to

as _that could apply to healthcare as an ex"’“T'plf?tchieve monitoring, tracking, intelligent recognition
maintenance for current electronic medical recordsand management [9]

identifying to decrease harmful occasions to patient
and cause of mismatch of infaientification in
hospitals. An authentication and identification

. ENVIRONMENT
procedure is mostly used to grant access, manage an =y
improve addressing patient safely issues. Besides W ,“m .,A’l‘?umi
authentication and identifications, most vital parts to J
be met are the requirements s&curity schemes and
obstruct theft or loses of precious instruments and
products.

CLouD
(Internet of Things)
'{ Middleware; Application, Data, Service

“Smart thing with 1 RFID or OR scanner h Things tagged with ) Sensor and
sensors and connectivity < with connectivity R_FIDPrQR_Ia_g_s__ aciuator notworks

2.3.5 Smart Homes and Offices

Sensors and actuators spread in houses and offices 1
make our life comfortable in many ways. Such as room
heating can be adjusted as user prefagnand
weather and climate also, according to the time of day
the room lighting can automatically change, perilous
incidents can be overcome with particular alarm Figure 3. Ecosystem of I0T[4]
system, by using automated switching off systems the

electrical tool such as light bulb, telsion, air

condition, fridge, kettle when not used then energy

cost can be deducted [8]. 3. SECURITY OF SMART CITIES

2.3.6 Social Networking 3.1What is Smart Cities

Social networking which can be used for automatically A smart city is developed urban cities that collect

update current status of details and location ofouractivitieﬁqu|tip|e information technology (IT) and Internet of

in social websites. RFIDs wdh generate activities about the Things (IOT) answers in a specific manner to handle

people and places to r el ev avetythings oficities. These citiesnagngdversrieatt us updat
in the social networks. The mobile or web application usersffices, schoos, librariesmarkets transporfacilities,

can beseen feedf activities that their friends have basic idea hospitals, power plants, water supmystemsand

about that, the user can manalgeitt profile and other user other community services. Thenain focus of

can be seen what events done go on. constructing a smatrt city is emhance thetatus of life
by using urbanscienceand technology to raise the
2.3.7 Thefts efficiency of service and meeitizen wants. Across

An application indicates to the user to know if the use ofthese factorawith respect to real time
expensive equipmeris moved from a limited area analytical systems, secured data are gathered from
then indicates that the equipment is being stolen. SBeoPle and devices afterward processed and analyzed
this event need to be stated imriagely to the owner ~¢an be dongl0].

or security guards through SMS, calimail and using

alarming system surround can be knowing what type

of incident happen this place and get action against that

particular incident etc.
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So sensors tracked many kind of people work. Then
track everything of all people in the city after the next
get particular decision about these

3.2.4 User data loss

Within smart cities, there are so many log on to devices
such as smartphones, TV, tablets and other smart
devices etc. These devices contribute the smart system
wider scope of data and information. As well as those
devices controllepend®n data types. So it is credible

to have private values such as Bank Accounts, specific
Contacts and others essential things.

Figure 3. Smart City Structure [4]

3.2 Security Issues of Smart Cities This drawback deals with the opinion that particular

Citizens compose urban system using solution. Whictapplications are storing worthy data in the device. If it

are platforms, frameworks and applications. And thosés not well managedhose particular essential things

implemented on mechanisms to receive data and useould be destroyed creating significant trouble to the

it. In urban systems limitations of security imply user.

problem to the whole infrastructure [11].

3.2.5 Information Hacking

Exchanging secure information in smart software

more possibility to threat hacking any kind of system.

hen access to main functions ofyddnd of devices

that hacking can identify system issues. cdiluses
user o6s private and conf i de
harassment. Threat most focus on sensitive data and
change it. Hackers gather all kind of possible
informati on of repecive@.n i z at i
Before transmitting data to another specific person
must consider about whether way is secure or possible
to face hacking and fill the gaps as well. So system
must have capabilities to hold data. Hacker search
everypart and find strength and aleness and if found
small hold in the particular section hacker can attack
through go to sensitive or privacy open to world. Then
it is most important issues in the world and find many
ways to overcome this type of attack considering
specific way. As wellas modern society have huge

Figure 4. Security Issues in Smart Cities [12] thread to this attack.

Access to information from applications, lack of
security in depth, citizen data loss, information
tracking, citizen racking, viral effect in urban

environment such are the security issues in smau
cities.

There are so many hacking techniques there are

3.2.1 Access to information from applications vulnerability scanners, bruferce attack, password

Forward packets to be explored for applying effort tocracking, packet analyzer, social engineering,

insert security and foensuring data privacy and .y areq keystroke logging, spoofing attack €tdgs
protections. Traffic between devices and network can o some’ hacking techniqu,es and system might be
be transferred. risky at anytime. Somany kind of way to attack to

mo st secured pl ace and me s

3.2.2  Information Tracking situation and destroy everything to important to us
This part is essential part for having an |nteroperablefl3]

and particular environment tdhe systems that

authoriz interact smart city. Sémportant to this 4. SECURITY SOLUTIONS FOR
communication and to help this particulatata )

communication in a sa$¢ manner but keep awdyat _SMART CITY )

noveltyinformation originrevealed. In this setions focused on how to overcome security
issues [13]. So smart cities that there are lots of

3.2.3 Citizen Tracking security issues then prevent challenges proposed

There are various sensors using smart cities, by usin purity assurance using 0T technological aspects. So
thatparticular sensors gather data from part of city an smg IOT technology should be properly analyzed to

origin on t his, mor e t é?rfﬁ'ﬂ fgaga{f ecurﬁg otaetu%e A:[p(prop[rl %
management. ac ions shou e en 0 right time cities more

secured and prevent drawback In case IOT security
assurance most dominate for emerging and improving
smart cities around the world.
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