http://www.icact.org/journal.asp

ICACT-TACT

Transactions on Advanced Communications Technology

Volume 4 Issue 2, Mar. 2015, ISSN: 2288-0003

Editor-in-Chief | —

Prof. Thomas Byeongnam YOON, PhD.

Global IT
Research Institute



Journal Editorial Board

B Editor-in-Chief

Prof. Thomas Byeongnam YOON, PhD.
Founding Editor-in-Chief
ICACT Transactions on the Advanced Communications Technology (TACT)

B Editors

Prof. Jun-Chul Chun, Kyonggi University, Korea

Dr. JongWon Kim, GIST (Gwangju Institute of Science & Technology), Korea
Dr. Xi Chen, State Grid Corparation of China, China

Prof. Arash Dana, Islamic Azad university , Central Tehran Branch, Iran

Dr. Pasquale Pace, University of Calabria - DEIS - Italy, Italy

Dr. Mitch Haspel, Stochastikos Solutions R&D, Israel

Prof. Shintaro Uno, Aichi University of Technology, Japan

Dr. Tony Tsang, Hong Kong Polytechnic UNiversity, Hong Kong

Prof. Kwang-Hoon Kim, Kyonggi University, Korea

Prof. Rosilah Hassan, Universiti Kebangsaan Malaysia(UKM), Malaysia

Dr. Sung Moon Shin, ETRI, Korea

Dr. Takahiro Matsumoto, Yamaguchi University, Japan

Dr. Christian Esteve Rothenberg, CPgD - R&D Center for. Telecommunications, Brazil
Prof. Lakshmi Prasad Saikia, Assam down town University, India

Prof. Moo Wan Kim, Tokyo University of Information Sciences, Japan

Prof. Yong-Hee Jeon, Catholic Univ. of Daegu, Korea

Dr. E.A.Mary Anita, Prathyusha Institute of Technology and Management, India
Dr. Chun-Hsin Wang, Chung Hua University, Taiwan

Prof. Wilaiporn Lee, King Mongkut’s University of Technology North, Thailand
Dr. Zhi-Qiang Yao, XiangTan University, China

Prof. Bin Shen, Chongging Univ. of Posts and Telecommunications (CQUPT), China
Prof. Vishal Bharti, Dronacharya College of Engineering, India

Dr. Marsono, Muhammad Nadzir , Universiti Teknologi Malaysia, Malaysia
Mr. Muhammad Yasir Malik, Samsung Electronics, Korea

Prof. Yeonseung Ryu, Myongji University, Korea

Dr. Kyuchang Kang, ETRI, Korea

Prof. Plamena Zlateva, BAS(Bulgarian Academy of Sciences), Bulgaria

Dr. Pasi Ojala, University of Oulu, Finland

Prof. CheonShik Kim, Sejong University, Korea

Dr. Anna bruno, University of Salento, Italy

Prof. Jesuk Ko, Gwangju University, Korea

Dr. Saba Mahmood, Air University Islamabad Pakistan, Pakistan

Prof. Zhiming Cai, Macao University of Science and Technology, Macau

Prof. Man Soo Han, Mokpo National Univ., Korea

Mr. Jose Gutierrez, Aalborg University, Denmark

Copyright 2014 GiRI (Global IT Research Institute)



Dr. Youssef SAID, Tunisie Telecom, Tunisia

Dr. Noor Zaman, King Faisal University, Al Ahsa Hofuf, Saudi Arabia

Dr. Srinivas Mantha, SASTRA University, Thanjavur, India

Dr. Shahriar Mohammadi, KNTU University, Iran

Prof. Beonsku An, Hongik University, korea

Dr. Guanbo Zheng, University of Houston, USA

Prof. Sangho Choe, The Catholic University of Korea, korea

Dr. Gyanendra Prasad Joshi, Yeungnam University, korea

Dr. Tae-Gyu Lee, Korea Institue of Industrial Technology(KITECH), korea

Prof. llkyeun Ra, University of Colorado Denver, USA

Dr. Yong Sun, Beijing University of Posts and Telecommunications, China

Dr. Yulei Wu, Chinese Academy of Sciences, China

Mr. Anup Thapa, Chosun University, korea

Dr. Vo Nguyen Quoc Bao, Posts and Telecommunications Institute of Technology, Vietham
Dr. Harish Kumar, Bhagwant institute of technology, India

Dr. Jin REN, North china university of technology, China

Dr. Joseph Kandath, Electronics & Commn Engg, India

Dr. Mohamed M. A. Moustafa, Arab Information Union (AlU), Egypt

Dr. Mostafa Zaman Chowdhury, Kookmin University, Korea

Prof. Francis C.M. Lau, Hong Kong Polytechnic University, Hong Kong

Prof. Ju Bin Song, Kyung Hee University, korea

Prof. KyungHi Chang, Inha University, Korea

Prof. Sherif Welsen Shaker, Kuang-Chi Institute of Advanced Technology, China

Prof. Seung-Hoon Hwang, Dongguk University, Korea

Prof. Dal-Hwan Yoon, Semyung University, korea

Prof. Chongyang ZHANG, Shanghai Jiao Tong University, China

Dr. H K Lau, The Open University of Hong Kong, Honh Kong

Prof. Ying-Ren Chien, Department of Electrical Engineering, National Ilan University, Taiwan
Prof. Mai Yi-Ting, Hsiuping University of Science and Technology, Taiwan

Dr. Sang-Hwan Ryu, Korea Railroad Research Institute, Korea

Dr. Yung-Chien Shih, MediaTek Inc., Taiwan

Dr. Kuan Hoong Poo, Multimedia University, Malaysia

Dr. Michael Leung, CEng MIET SMIEEE, Hong Kong

Dr. Abu sahman Bin mohd Supa'at, Universiti Teknologi Malaysia, Malaysia

Prof. Amit Kumar Garg, Deenbandhu Chhotu Ram University of Science & Technology, India
Dr. Jens Myrup Pedersen, Aalborg University, Denmark

Dr. Augustine lkechi Ukaegbu, KAIST, Korea

Dr. Jamshid Sangirov, KAIST, Korea

Prof. Ahmed Dooguy KORA, Ecole Sup. Multinationale des Telecommunications, Senegal
Dr. Se-Jin Oh, Korea Astronomy & Space Science Institute, Korea

Dr. Rajendra Prasad Mahajan, RGPV Bhopal, India

Dr. Woo-Jin Byun, ETRI, Korea

Dr. Mohammed M. Kadhum, School of Computing, Goodwin Hall, Queen's University , Canada
Prof. Seong Gon Choi, Chungbuk National University, Korea

Prof. Yao-Chung Chang, National Taitung University, Taiwan

Dr. Abdallah Handoura, Engineering school of Gabes - Tunisia, Tunisia

Dr. Gopal Chandra Manna, BSNL, India

Copyright 2014 GiRI (Global IT Research Institute)



Dr. Il Kwon Cho, National Information Society Agency, Korea

Prof. Jiann-Liang Chen, National Taiwan University of Science and Technology, Taiwan
Prof. Ruay-Shiung Chang, National Dong Hwa University, Taiwan

Dr. Vasaka Visoottiviseth, Mahidol University, Thailand

Prof. Dae-Ki Kang, Dongseo University, Korea

Dr. Yong-Sik Choi, Research Institute, IDLE co., Itd, Korea

Dr. Xuena Peng, Northeastern University, China

Dr. Ming-Shen Jian, National Formosa University, Taiwan

Dr. Soobin Lee, KAIST Institute for IT Convergence, Korea

Prof. Yongpan Liu, Tsinghua University, China

Prof. Chih-Lin HU, National Central University, Taiwan

Prof. Chen-Shie Ho, Oriental Institute of Technology, Taiwan

Dr. Hyoung-Jun Kim, ETRI, Korea

Prof. Bernard Cousin, IRISA/Universite de Rennes 1, France

Prof. Eun-young Lee, Dongduk Woman s University, Korea

Dr. Porkumaran K, NGP institute of technology India, India

Dr. Feng CHENG, Hasso Plattner Institute at University of Potsdam, Germany

Prof. EI-Sayed M. El-Alfy, King Fahd University of Petroleum and Minerals, Saudi Arabia
Prof. Lin You, Hangzhou Dianzi Univ, China

Mr. Nicolai Kuntze, Fraunhofer Institute for Secure Information Technology, Germany
Dr. Min-Hong Yun, ETRI, Korea

Dr. Seong Joon Lee, Korea Electrotechnology Research Institute, korea

Dr. Kwihoon Kim, ETRI, Korea

Dr. Jin Woo HONG, Electronics and Telecommunications Research Inst., Korea

Dr. Heeseok Choi, KISTI(Korea Institute of Science and Technology Information), korea
Dr. Somkiat Kitjongthawonkul, Australian Catholic University, St Patrick's Campus, Australia
Dr. Dae Won Kim, ETRI, Korea

Dr. Ho-Jin CHOI, KAIST(Univ), Korea

Dr. Su-Cheng HAW, Multimedia University, Faculty of Information Technology, Malaysia
Dr. Myoung-Jin Kim, Soongsil University, Korea

Dr. Gyu Myoung Lee, Institut Mines-Telecom, Telecom SudParis, France

Dr. Dongkyun Kim, KISTI(Korea Institute of Science and Technology Information), Korea
Prof. Yoonhee Kim, Sookmyung Women s University, Korea

Prof. Li-Der Chou, National Central University, Taiwan

Prof. Young Woong Ko, Hallym University, Korea

Prof. Dimiter G. Velev, UNWE(University of National and World Economy), Bulgaria

Dr. Tadasuke Minagawa, Meiji University, Japan

Prof. Jun-Kyun Choi, KAIST (Univ.), Korea

Dr. Brownson ObaridoaObele, Hyundai Mobis Multimedia R&D Lab , Korea

Prof. Anisha Lal, VIT university, India

Dr. kyeong kang, University of technology sydney, faculty of engineering and IT , Australia
Prof. Chwen-Yea Lin, Tatung Institute of Commerce and Technology, Taiwan

Dr. Ting Peng, Chang'an University, China

Prof. ChaeSoo Kim, Donga University in Korea, Korea

Prof. kirankumar M. joshi, m.s.uni.of baroda, India

Dr. Chin-Feng Lin, National Taiwan Ocean University, Taiwan

Dr. Chang-shin Chung, TTA(Telecommunications Technology Association), Korea

Copyright 2014 GiRI (Global IT Research Institute)



Dr. Che-Sheng Chiu, Chunghwa Telecom Laboratories, Taiwan

Dr. Chirawat Kotchasarn, RMUTT, Thailand
Dr. Fateme Khalili, K.N.Toosi. University of Technology, Iran

Dr. Izzeldin Ibrahim Mohamed Abdelaziz, Universiti Teknologi Malaysia , Malaysia

Dr. Kamrul Hasan Talukder, Khulna University, Bangladesh
Prof. HwaSung Kim, Kwangwoon University, Korea

Prof. Jongsub Moon, CIST, Korea University, Korea

Prof. Juinn-Horng Deng, Yuan Ze University, Taiwan

Dr. Yen-Wen Lin, National Taichung University, Taiwan
Prof. Junhui Zhao, Beijing Jiaotong University, China

Dr. JaeGwan Kim, SamsungThales co, Korea

Prof. Davar PISHVA, Ph.D., Asia Pacific University, Japan
Ms. Hela Mliki, National School of Engineers of Sfax, Tunisia

Prof. Amirmansour Nabavinejad, Ph.D., Sepahan Institute of Higher Education, Iran

Copyright

2014 GiRI (Global IT Research Institute)



Editor Guide

B Introduction for Editor or Reviewer

All the editor group members are to be assigned as a evaluator(editor or reviewer) to submitted journal
papers at the discretion of the Editor-in-Chief. It will be informed by eMail with a Member Login ID and
Password.

Once logined the Website via the Member Login menu in left as a evaluator, you can find out the paper
assigned to you. You can evaluate it there. All the results of the evaluation are supposed to be shown in
the Author Homepage in the real time manner. You can also enter the Author Homepage assigned to
you by the Paper ID and the author's eMail address shown in your Evaluation Webpage. In the Author
Homepage, you can communicate each other efficiently under the peer review policy. Please don't miss
it!

All the editor group members are supposed to be candidates of a part of the editorial board, depending
on their contribution which comes from history of ICACT TACT as an active evaluator. Because the main
contribution comes from sincere paper reviewing role.

B Role of the Editor

The editor's primary responsibilities are to conduct the peer review process, and check the final camera-
ready manuscripts for any technical, grammatical or typographical errors.

As a member of the editorial board of the publication, the editor is responsible for ensuring that the
publication maintains the highest quality while adhering to the publication policies and procedures of
the ICACT TACT(Transactions on the Advanced Communications Technology).

For each paper that the editor-in-chief gets assigned, the Secretariat of ICACT Journal will send the
editor an eMail requesting the review process of the paper.

The editor is responsible to make a decision on an "accept"”, "reject", or "revision" to the Editor-in-Chief
via the Evaluation Webpage that can be shown in the Author Homepage also.

B Deadlines for Regular Review

Editor-in-Chief will assign a evalaution group( a Editor and 2 reviewers) in a week upon receiving a
completed Journal paper submission. Evaluators are given 2 weeks to review the paper. Editors are
given a week to submit a recommendation to the Editor-in-Chief via the evaluation Webpage, once all or
enough of the reviews have come in. In revision case, authors have a maximum of a month to submit
their revised manuscripts. The deadlines for the regular review process are as follows:

Copyright 2014 GiRI (Global IT Research Institute)



Evalution Procedure Deadline
Selection of Evaluation Group 1 week
Review processing 2 weeks
Editor's recommendation 1 week
Final Decision Noticing 1 week

B Making Decisions on Manuscript

Editor will make a decision on the disposition of the manuscript, based on remarks of the reviewers. The
editor's recommendation must be well justified and explained in detail. In cases where the revision is
requested, these should be clearly indicated and explained. The editor must then promptly convey this
decision to the author. The author may contact the editor if instructions regarding amendments to the
manuscript are unclear. All these actions could be done via the evaluation system in this Website. The
guidelines of decisions for publication are as follows:

Decision Description

Accept An accept decision means that an editor is accepting the paper with
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A Remote User Interface Framework for
Collaborative Services Using Globally
Internetworked Smart Appliances

Bongjin Oh*, Jongyoul Park *

*Bigdata S/W Platform, ETRI, 218 Gajeong-ro, Yuseong-gu, Dagjeon, 305-700, Korea
bjoh@setri.rekr, jongyoul @etri.re.kr

Abstract—This paper introduces a remote user interface
framework which supports devices to share the Ul of their
applications with multiple smart devices. The smart devices are
internetworked globally through RUI server. Besides that, a
virtual 10 function is provided to use mobile devices as remote
controller. By thus, users can control home networked devices
and applications by their smart devices with intuitive UI/UX.
The proposed framework provides collaborative application
model, APIs of sharing application view and virtual 10
emulator.

Keyword— RUI framework, home network, collaborative
application, Ul migration, Virtual 10

I. INTRODUCTION

mart devices, smart phones and smart pads, have become

the most familiar appliances with users since those
devices were introduced with multi-touch based intuitive user
interface. TV isknown for the friendliest consumer device to
people. It also has evolved to smart device from a typical
passive device.

The current TV provides users with various interactive
contents augmented from linear services and downloaded
from application servers. Moreover, it is not awkward for
people to interoperate their smart devices with smart TV for
collaboration services [2][5][ 7][8].

Recently, many researches have been introduced to
interoperate the smart devices with other devicessuchas TV,
information appliances and various sensors in home network
area [1][3][4][6]. Many RUI (Remote User Interface)
standards such as MIRACAST [11], DLNA-RVU [12] and
Airplay [13] use streaming protocols to provide remote
device control or collaborative services. They have some
problems of using too alot of bandwidth and supporting only
sharing of main graphic user interface because they transmit
video streams using the sequences of images captured from
frame buffer.

Manuscript received Dec. 31, 2014. This work was supported by the IT
R&D program of MKE/KEIT, [KI110039202, Development of SmartTV
Device Collaborated Open Middleware and Remote User Interface
Technology for N-Screen Service]. Bongjin Oh is with the Electronics and
Telecommunications Research Institute, 218 Gajeong-ro, Y useong-gu,
Dagieon, 305-700, Korea (corresponding author to provide phone:
+82-42-860-6384; fax: +82-42-860-5885; e-mail: bjoh@ etri.re.kr).

Jongyoul Park was with the Electronics and Telecommunications
Research Ingtitute, Dagjeon, 305-700, Korea. (e-mail: jongyoul @etri.re.kr).

An HTMLS5 based collaborative application platform is
provided by MOVL Ul [14]. It is independent of device
platform and based on a cloud server for collaboration
services. But it is time consuming for users to connect client
applications with host applications. Multiple applications
should be installed on smart devices, and users should
interconnect the devices by logging into allocated room with
room number displayed on TV screen by host applications.

This paper proposes a RUI framework based on sharable
GUI to support collaborative services among interconnected
smart devices. Virtual 10 emulator isaso provided to control
remote devices using virtualized device controllers.

The rest of this paper is organized as follows. Chapter |1
describes the overview of the proposed RUI architecture, and
a reference implementation of the RUI framework with
exemplary RUI services is shown in chapter I11. Lastly, we
conclude our research briefly in chapter V.

Il. THE PROPOSED RUI FRAMEWORK

A. Network Configuration of the RUI Framework
RUI Server

" Channel
Manager

Session
Management,
RUI Request

SG SG SG

_
(o) (o]
Device |Profile,
App.list o | — -
p ) .
Home ~ Home L Home
Networkl ™/ 7 Network2 ./  Network3
~— o~ O~ e~
Client Device T ind
Client Device Rl\j’IKRFé\aEunet‘st‘ RV Jon via | Slient Device /] op Window
RV App. U RUT Server RV
*| Key event, [* *l A
device| page y
RA RA “8
e e e

Fig. 1. Theproposed RUI network configuration. Thereisa RUI server to
interconnect all of home networked devices.

The RUI network is configured as Fig. 1. One SG (Service
Gateway) and several fixed or mobile smart devices are
internetworked in each home network. Smart devices control
and share Uls with other devices using RUI framework. SGs
are interconnected with each other through RUI server to
support smart devices to control and share Uls with remote

Copyright © 2015 GiRI (Global IT Research Institute)
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devices located at different home networks.

Service gateways manage devices and services of each
home networks. Each SG also makes a channel in RUI server
to allow remote devices to access local devices managed by
them. The channel is set up with SG ID, login and password.

The smart devices can’t send RUI messages directly to
target devices because the most of them are networked with
VPN (Virtual Private Network). Therefore, they require local
SGs connected with them by same home network to forward
their requests, formed as RUI messages, to remote devices.
SGs also forward the requests to remote SGs connected with
the target devices with the help of RUI server.

RUI server manages channels with ID, login and password
aswell as |P address for SGs, and forward the received RUI
messages to SG designated with SG ID after verifying login
and password included into RUI messages. For this, RUI
server  aso  support  asynchronous HTTP  based
communication protocol for SGs to send and receive
forwarded RUI messages asynchronously.

Below diagram describes the procedure of making a
session and exchanging RUI messages among RUI devices
through RUI server.

|Dewcel |Home1l SG1 | | Server | | SG2 |Home4 Dewce?l

1 Create sgl request 2. create sgl

login, password)

3. Create Ok message

4. Get ChannellList request
5 Channel List

6.]Get Device List request

ponse

7. Device Listjresponse

8. Virtual 10 request

9. Virtual IOUI Page

10. IOEvent request

11. Process IOEvent

12, IOEvenllresgunss

13. Virtual IO |Release request

14. Virtual I Release Ok message

Fig. 2. The procedure of communication among RUI devices located at
different home networks. RUI server manages channels of SGs to forward
the input RUI messages to target devices.

B. Components of the RUI framework
Three kinds of RUI components are launched on the home
networked devices such as SG and client devices. Their

TABLEI
COMPONENTS OF THE PROPOSED RUI FRAMEWORK

Components Function

RUI Manager - manages the home networked devices and RUI
services

- provides local devices with method to
communicate with devices outside home

- manages the Uls of launched applications and
virtual 10 page

- collaborates with other devices for sharing of Ul
and 10 functions

- displays application Ul and virtual 10 Ul

- handles the user events

functions are described at Tablel.

RUI Agent

RUI Viewer

RM (RUI Manager) is the only component which runs on

582

each service gateways and RA (RUI Agent) and RV (RUI
Viewer) can run on every smart device.

The RM scans the RUI devices using the SSDP (Service
Discovery Protocol) of UPnP. Whenever a RUI device turns
on, The RA aso find the RM using SSDP. If two devices are
connected, then the RM collects device profile from the RUI
device. The device profile includes device name, service ligt,
address and device mode, and it isstored to RUI Status Table.
The RM monitors the status of RUI devices. Client devices
get the global information for RUI services such as RUI
application list, RUI devices, from the RM. The status of
client devices including current running RUI application and
connection mode is stored to RUI Status Table together with
device profile s. The RM aso supports service session
management among client devices. If a client device is gone,
then the RM notifies it to another client device bound to
disappeared client device.

The RV is implemented by extension of the WebKit to
render HTML5 based Uls, and it handles user events invoked
locally or remotely. The user events are transmitted to the
RV’s event queue by the RA whenever usersinput eventswith
local input device or remote virtual input devices. The RV is
launched automatically to render initial RUI Page by the RA.

The RA playsthe most important role of RUI framework to
share Uls for remote control of devices and applications
among smart devices. The RA manages Top Window, Device
Page, Virtual 10 Page, RUI applications and local repository
and so on.

The Top Window is displayed as an overlay window on the
screen for interaction between users and RUI components.
Users can request RUI operations of the RA by long touch on
the top window for about 3 seconds. The RA shows the
functions such as virtual 10 on the Top Window, and then
users select one of them to process.

| RUL Agent

RUI Service Manager RUI

. App.
[ RUI Sharing J [Managgment]

Virtual IO Device Profile
Management Management

[

= .
R
oo ) |

RUI
Communicator

The software elements of RUI Framework except the RV
interoperate with each other using HTTP based messages.
The RA provides the software elements with RUI
Communicator APIs based on JISON message system. On the
contrary, The RV is tightly coupled with the RA on every
client devices, and they interoperate with each other using
local procedure calls to invoke user’s input events and to
render application’s or RUI initial UI page.

Virtual 10 Pageis also described as an HTML5 document
including the key map of physical controllers such asremocon,
mouse and keyboard provided locally. Virtual 10 Page is
transmitted to other Remote Agents for virtual IO mode. The
Remote Agent showsthereceived Virtual 10 Pageto users by

Copyright © 2015 GiRI (Global IT Research Institute)
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the RV to control remote devices using the similar user
interface of physical controller.

The Device Page is changed according to current mode of
client’s device. When the RUI framework is launched, the
pageis set with the RUI Initial Page. If the device isbound to
other device as virtual 10 mode, then the page is set with the
Virtual 10 Page. Lastly, the page can be set with Uls of RUI
applications launched locally or remotely. If the RUI
applications are running on a remote client, then the Ul to be
set ismoved to local device from the remote client.

The RA installs RUI applicationsto the repository of client
devices, and manages their life-cycles. It also request remote
RAs to launch RUI Applications installed on the remote
devices. The Ulsof RUI Applications are able to be migrated
into other devices for remote control. The Ulsand Virtua 10
Pages are distributed to remote RUI Agents using OSGI’s
core APIs. In this paper, the Uls and Virtual 10 Pages are
handled as sub-apps included in a service bundle.

C. Collaboration Model of RUI Application

ﬁ)
B

Hybrid app

-2 Web app
- HTMLS
Virtual 10 Page
& is migrated o0 | 4 Installed on only one home
RUIServer  o**" networked smart devices
.
.

K
.
.
.
5
-y
Home Network
HTMLS = = r
Native HTMLS

I
@ o « - Migrated
(Mirrored or segmented)
Home Control protocol '0‘ -

Browse all RUI app
launched on each smart devices

Network over TCP/IP
HTMLS

Fig. 4. The concept diagram of the proposed collaboration model. HTML5
based Ul is composed of serveral parts to be shared by serveral devices.

RUI based services are installed on one of inter-connected
smart devices by users. Users can browse the service list
regardless of local service or remote service by RUI service
browser. When users select aservice, the selected service will
be launched on the device which it isinstalled on. Users can
control the remote service by the proposed RUI protocol
based on migratable Ul as Figure 5.

e o . =
RUI Service Bundle
Description
o Logic Mode
Communicate
through RUI Agent
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! 0saGl
| RUIAgent2 "o
2 oee o Aee- N
Logic Module ( 7|/ ISON over HTTP A
\ / | RUI Agent 1 ‘ RUI Agent 3
RUI Agent 2 e

L J

Fig. 5. The collabroation mode of RUI applications. Migrated Ul segments
will communicate to thelogic installed in local device through RA.

The Sub-description of each Ul segments includes
attributes such as segment 1D, sharing mode, URL and input
event model etc. Three kinds of the Ul sharing modes are
provided as follows.

1) Mirror

The Ul of the original application which runs on the remote
device is duplicated, and the Uls are transmitted to multiple
devices. If aninput event isinvoked intheorigina Ul, thenall
the duplicated Uls also receive the invoked event at the same
time.

2) Migration

Theorigina Ul of local deviceismoved to selected devices.
This mode is needed to display the local Ul on the bigger
screen. Thelocal Ul is automatically changed into virtual 10
mode to control the migrated Ul with local device.

3) Segmentation

The parts of Remote Uls are pulled and rendered on the
display of local device. The Uls may be displayed on multiple
devices according to the requests of several users at the same
time.

Asdescribed in Fig. 2, Virtual 10 page can be transmitted
to globally networked devices for remote control through RUI
server. The RUI messages of Virtual 1O Page and invoked
user events are routed to remote devices through local SG,
RUI server and remote SG. Because of the problem of
synchronization, the Ul of application can’t be shared
between two devices |located at different home until now.

The migrated Uls and logic communicated to each other
with RUI messages which have the format as Fig. 6.

{ Parameters (Name=value) list ]

Event or
Message Type

JSON
SE address Header [ JSON Payload ]
Device HTTP
1P Address [HeaderJ[ HTTP Payload ]
[ IP Header ][ Payload ]

Fig. 6. The Structure of RUI Message. SE address contains ID to distinguish
which target islocal devices or remote devices and target software element.

The address of RUI message consists of SG ID, device
UUID, software element ID and segment ID to distinguish
software elements. The kinds of software elements are
classified into RUI applications (Ul segments, logic apps) and
RUI components (RM, RAS).

The IP address of RUI message is decided by the related
information stored to the RUI Status Table such as the
composition of device ID, application ID and Ul segment ID
(application 1D is alocated per RUI service and included in
service descriptions).

A RA figures out the SG ID is loca or not before
transmission of RUI messages. If SG ID isfor local SG, then
the RA transmits RUI messages to target elements directly.
Otherwise, the messages are redirected to target el ements of
globally networked devices via RUI server. First, RA tosses
RUI messages to local RM to forward those messages to
target elements. Then, Local RM transmits RUI messages to
RUI server to be verified and forwarded to target RM. lastly,
the remote RM transmits the received messages to target
device using | P address mapped to device ID contains in the

messages.
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D. Virtualized Input Devices

The proposed RUI framework provides two virtua 10
modes for users to utilize smart devices as remote controllers
asshownin Figure7.
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Fig. 7. Virtua 10 action model. Virtaul 1O Pageis pulled to local device, so
users can control the remote device as local device.

The first mode is the device virtual 10 mode which user
device plays the role as same as physical controller of other
smart devices. Each RA manages Virtua 10 Page which
describes control UI of local device’s physical controller such
as remocon or control panels. The Virtua 10 Page is
described as HTML5 based application which can be
rendered by the RV s of other devices. The Virtua 10 Pageis
transmitted to other devices and launched by RVs of the
devices, when users want to control remote devices by virtual
1O mode.

User inputs are transmitted to remote RA as remocon
control codes, and the codes will be consumed by system
event handler. The system handler forwards codes to user
event handler after converting them into key events. This
procedure is also processed when user press a button of
physical remocon. If any smart appliances, such as
refrigerator, boiler and washing machine as well as TV, can
be accessed from internet, then user can remotely control
them using device based virtual 10 mode at any home.

The second mode is the application virtual 10 mode which
user can select necessary type of virtua controller
dynamically. RA manages embedded virtual 10 emulators to
be launched by only local RV, not by remote RVs. Virtual 10
emulators are predefined in the repository of the RA
according to the capabilities of local devices.

RUI applications should notify the type of input model for
control their Ul segments to RAs which launch the Ul
segments according to user’s request, and RAs will provide
users with selectable 10 emulators among embedded
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emulators. If an event model contains keyboard and mouse,
then theicon of keyboard and mouseisdisplayed inthe virtual
IO menu to be selected by users.

If avirtual mouse emulator is selected then user’sinputsare
transferred to remote RA through local RA as Mouse Events.
Then the remote RA forwards the Mouse Events to RV, and
RUI Apps (Ul Segments) consume the Mouse Events
generated by RV. This procedure is different with that of
physical remocon.

[11. REFERENCE IMPLEMENTATION

Contents Server

WAN
(Public or

RUE Premium)

App.

RUI based
Home Network

Android Android
Phone PAD

Fig. 8. Network configuration of areferenceimplementation. All devicesare
interconnected with one home network except contents servers.

A reference platform is implemented to show the
functionalities of the proposed RUI framework together with
an exemplary RUI application. The network configuration of
the reference platform is shown as Figure 8 and Table .

TABLEII
THE DETAILS OF DEVICE AND SOFTWARE ENVIRONMENT
Item Details
Hardware - Set-top box, smart phone, smart pad
Android 2.x.x, dual core, RAM:2GB
- Contents Server (PC), Windows 7, quad core: i-7,
RAM: 4GB, HDD: 1T, 5400RPM
Networks - AP (WiF n/g, Ethernet 100M bps) and switch (1Gbps)
Software - VideoTube RUI application (VOD client)

media player, contents guide, media control
functionalities (UPNP AV renderer)
- VideoTube server
UPnP AV architecture
Directory service, HTTP based streamer
- HTMLS5 based web apps - handles the user events

Android based a set-top box; asmart phone and asmart pad
areinterconnected by an AP connected to a Giga-bit switch. A
VOD server is connected directly to switch as an UPnP AV
server. VOD client isinstalled the set-top box asan UPnP AV
Renderer. The RM runs on the smart pad to manage the status
of RUI framework. Some HTML5 games found on websites
by the keyword of “HTML5 games” are installed on both of
set-top box and smart pad. The smart phone is only used to
control other devices as a virtual 10 or remote Ul sharing
mode.
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Media Display UI
(full screen mode)

Navigation & Control

Panel UI Pulled from TV Ininitial RUI Page

Original
VideoTube UI

Mirrored UI
from TV

(b) Mirroring RUI mode

Fig. 9. A Exemplary RUI service (Segmenting & Mirroring).

VideoTube RUI service was implemented for remote Ul
sharing functionality among home-networked devices as
Figure 9. VideoTube is composed of a contents server and a
media player to provide users with a VOD-like service.

The Ul of mediaplayer isableto be fragmented into Media
Display Ul, Control Panel Ul and Contents Navigation Ul. In
the (a) of Figure 9, a user pulled the Contents Navigation Ul
together with Control Panel Ul from TV. Only MediaPlay Ul
remains on the screen of TV with full screen mode
automatically. There are 8 kinds of layout templates are
provided for various status of RUI sharing for VideoTube.

The mirroring RUI mode is shown in the (b) of Figure 9.
The Uls of VideoTube are duplicated to smart pad, and users
can control the VideoTube by local smart pad or remote TV.
The user input events are multicast to all of mirrored devices
aswell as TV which launches the VideoTube.

Migrated UI
From PAD

SHTRNELEME

Migration Mode to TV
(Changed to virtual Keyboard)

a2ec

Bound to TV as ]
Virtual 10 (Mouse) | -

Fig. 10. An Exemplary Virtual 10 service (Mouse & Keyboard)
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Some HTML5 based web apps deployed on websites are
used to verify our proposed virtual 10 functionalities. Some of
them are developed for PC, and the others are devel oped for
mobile devices. Therefore, user’s smart device should be
virtualized into keyboard for PC version and virtualized into
mouse for mobile device version according to user’s selection.
Fig. 10 shows an example of virtual 10 service collaborated
with TV and two smart devices.

An Entanglement game [15] is launched in PAD. When
user requeststhe game migrateto TV, the Ul of user’sPAD is
changed to the virtual Keyboard automatically. The phoneis
also bound to TV as a virtual mouse mode. Two users can
play the game together simultaneously.

IV. CONCLUSION

The proposed RUI framework supports collaborative
services using decomposable and sharable Uls among
interconnected smart devices. The framework consumes less
network bandwidths than the typical streaming based RUI
protocols because the RUI framework uses HTML5 based Ul
and message driven interoperation between multiple devices,
Moreover, users can use local devices as intuitive remote
controllers of other devices using virtua 10O emulators. Those
functionalities can be provided to devicesinterconnected with
different home networks through the RUI server using SG
channels.

TABLEII
THE COMPARISON OF RUI PROTOCOLS

Function Proposed  MIRACAST  Airplay MOVL Ul
Bandwidth Low High High Low
Mirroring OK OK OK NO
Collaboration OK NO OK OK
Virtual 10 OK NO NO NO
Device Paring Easy Easy Easy Difficult

Platform oK oK NO oK

Independent

Table I shows that the proposed RUI framework is better
than other RUI standards for various RUI functionalities.
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Abstract—Nowadays Wireless Sensor Networks WSNs are
playing a vital role in several application areas ranging health
to battle field. Wireless sensor networks are easy to deploy due
to its unique characteristics of size and self-organizing
networks. Wireless sensor nodes contain small unchangeable
and not chargeable batteries. It is a resource constraint type
network. Routing in WSN is most expensive task as it utilizes
more power resources. This paper is intended to introduce
energy efficient routing protocol, known as Position Responsive
Routing Protocol (PRRP) to enhance ener gy efficiency of WSN.
Position responsive routing protocol differs in several ways
than other existing routing techniques. Position response
routing protocol approach allows fair distribution of
gateway\cluster head selection, maximum possible distance
minimization among nodes and gateways\cluster heads to
utilize less energy. Position responsive routing protocol shows
significant improvement of 45% in energy efficiency of wireless
sensor network life time as a whole by increasing battery life of
individual nodes. Furthermore PRRP shows drastic increases
for data throughput and provide better solution to routing
energy hole due to it fair distributed approach of gateway
selection. Thiswork isthe extension of Energy efficient routing
protocol for wireless sensor network published in IEEE
ICACT 2014.

Keywords— CELRP, Energy Efficient, WSN, PRRP position
responsiverouting protocol, Routing protocol,

I.  INTRODUCTION

SN is a popular and have capability to high penetrate

with several applications areas. It consists of small

nodes having limited sensing, computation, and
wireless communications capabilities [1-2]. Sensor nodes
normally sensed data and forward sensed data to the base
station such as temperature, sound, vibration, pressure,
motion or pollutants[3].
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Sensor nodes normally sensed data and forward sensed data
to the base station such as temperature, sound, vibration,
pressure, motion or pollutants [3]. Sensor nodes are resource
constraint type of network and contain very tiny size of
irreplaceable and not chargeable batteries. Network life is
the highly concern, energy become reason to dyes of nodes
and network partially\ fully stop working [4-6]. Energy
consumed more during path finding and data transmission
operations terms as routing. Routing is the most challenging
issue and direct concern to energy in WSN comparable with
ad hoc and cellular network [7-8]. Clustering technique for
routing in WSN is considered most suited based on its
characteristics such as energy-efficient, scalable, lower
latency, etc. In clustering, WSN network is divided into sub
networks\clusters and each cluster has cluster head which is
responsible to collect the sensed data from his cluster and
forward it to the base station [9]. Cluster heads consumed
more energy due to collecting and forwarding data from
cluster while remaining nodes in the clusters still have more
energy of 90% of their initial energy [10-12]. This situation
normally happened due to unbalanced energy assumption
which causes more drain of energy from nodes far from
cluster heads [13] in random fashion from sensor nodes. To
address this issue, several energy efficient routing
algorithms and protocols have been propose recently,
including cluster based protocols [14-19], power-aware
routing [20-22] and multi-level transmission radii routing
[23]. The minimum energy routing problem has been
addressed in [24]. If sensor nodes consume energy more
equitably, they continue to provide connectivity for longer
and the network lifetime increases. [25-36].

As sensor networks have specific requirements on
energy saving, data-oriented communication, and inter-
connection between non-IP and P, therefore sensor
network-dedicated routing protocols may be required, for
Energy efficient routing scheme.

II. PROBLEM STATEMENT

Sensor network has primary role to sense and forward
data to destination or base station BS, resulting of any
physica event occurrence. Routing plays a key role to
identify path and transfer data in energy constraint sensor
network. Initially routs defined by the nodes then nodes
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become able to send or receive the data by using those
routing paths. In case if sensed data is available to some
segments of network but network not able to transfer it to
the destination due to the energy deplete of sensor nodes for
some segments.

1. RELATED WORK

Several routing protocols have been developed recently
to address the energy efficiency issue. WSNs routing
protocols normally specified in following types.

1. Fat routing Protocols

2. Hierarchal routing Protocols

3. Location based routing Protocols
Hierarchal routing protocols work in cluster formation and
considered to be more energy efficient due to their unique
characteristics. Recently proposed Cluster based Energy
Efficient Location Routing Protocol (CELRP), also belongs
to Hierarcha type. In CELRP sensor nodes are normally
distributed into clusters and divided into different quadrants.
Each quadrant contains two clustering and sensor nodes that
transmit data with two hops data transmission [37]. CH is
selected based on the node with maximum residual energy
and minimum distance to the base station in each cluster.
While the CH which has the highest energy residua is
chosen as the CH Leader between all the other CHs. CELRP
applies Greedy algorithm among cluster heads and forward
data to the sink. The collection works as nodes sends data to
CH and then CH forward their data to the sink through CH
leader by minimizing number of hops. CELRP assumed that
the Base Station has al the information including the sensor
nodes, the residual energy and the distance of node from
sink. Sink is place far from the sensor node area. The
CELRP based on three phases, in first phase it works for the
formation of clusters, network divided into four quadrants
and then it forms clusters. In second phase it selects CH and
CH leader on the basis of its energy and finally with third
phase it transfer data to the sink. CELRP has main
limitations like its number of children nodes is high in the
clusters and secondly its CHleader choosing mechanism
works on the basis of energy level, in most of the cases
CHleader is not the closest to CH, hence it causes more
energy drain because of longer distance. At the same time it
uses Greedy approach for data transmission which also
causes loss of energy efficiency.

Hence it is highly needed to design an energy efficient
routing protocol with assumptions closer to the real, we are
position responsive routing protocol (PRRP) WSN routing
protocol which is more energy efficient than the existing
protocols.

IV. SYSTEM MODEL

Our assumptions for sensor network are such that,
sensor nodes are randomly distributed over an area of 90 x
90 meters with following network properties.

1. Network is static and nodes are distributed in random
format, while areaiis divided in equal square grid format.
2. Thereis exists only one base station, which is deployed in
the center of the area.
3. The energy of sensor nodes cannot be recharged.
4. Sensor nodes are location aware.
5. The radio power can be controlled, i.e., anode can vary
its transmission power.

Above all assumption are on wide scope, assumption no.
5, is becoming the cause of energy saving, as nodes will be
aware about their location and sink too, hence the amount of
energy which normally network always use to find out the
initia location will be saved.

A. Network Model

The entire simulation tests were conducted by using a
very well-known simulator by the research community NS2,
by applying different topologies and approaches. The few of
those topologies are shown below. In the entire topologies
sensor nodes were distributed within an area of 80*80
meters and then tested their routing capabilities in two ways,
initially it was tested with a normal distribution, while in
second phase it was tested through position responsive (PR)
Algorithm, in which each node was aware about its
neighbors’ location. The second approach for the routing
was tested more excellent in terms of its power saving or in
terms of nodes life optimization, which we discussed with
coming section of results with the help of simulation graph
fig. 1. The following is one of the screen shot scenario for
distributed sensor nodesin Fig. 1

Fig. 1 Sensor nodes distributed with different topology

B. Energy Model

The power control model, used in this research in which the
energy is consumed, during the transmission will depend on
the transmission distance [38]. The energy consumed by a
node (Ery) during transmission of k bits to another node at a
distance of d meters, and the energy consumed (Eg,) to
receive k bits are calculated as:

Copyright © 2015 GiRI (Global IT Research Institute)



ICACT Transactions on Advanced Communications Technology (TACT) Vol. 4, Issue 2, March 2015 589

Ery = kEgec + k Eampd2 (A)

Epx = kEeiec (B)
where,

Eqec: represents the electronics energy
Eamp: represents the amplifier energy

Eqec represents the electronics energy and is determined by
several factors such as digital coding, modulation, filtering,
and spreading of the signal. On the other hand, Eum
represents the amplifier energy. In our experiments, it is
assumed  that Egee =50 nd/bit and E,y, =100 pJbit/n?,
which are the same values used in [37]. The initial energy
stored in each node is 2 J. Since it is quite interesting to
compare different protocols in terms of the energy
consumed in transmission and receiving states, we ignore
the energy consumed in sensing the environment as it will
be same for the evaluation of al protocols. Furthermore, the
node will be considered a dead node, and will not participate
in the coming round if its energy becomes less than a
threshold value (Ethreshold)-

For example, a node, in the worst case, will be a non-leaf
node and will have eight (08) children in the coming round.
For a single transmission period, it will receive a maximum
of eight (8) data packets and transmit one data packet. Then,
the minimum energy for this node to be able to participate in
the coming round Egeshoiamin CaN be computed as follows:

Etnreshotamin = KEeiec + kEampd? + 8kEeiec (C)

Assuming that the size of data packets is 100 bytes and the
maximum distance is V2 x 5 m, and using the values of
Edec, Eamp @ 1N 3.3, Eipresholamin TOr @ single data transmission
period will be (376 wJ). Taking into account the energy
needed for selecting gateway, building the tree and TDMA
schedule, it is empirically found from extensive simulation
results that (400 wJ) is a good estimate for Eyresroigmin fOr @
single data transmission period. A reasonable good estimate
means that if the node has a residual energy equal to this
Etnresnolamin: this energy will be sufficient for the node to
participate for around with a single data transmission period
and the node will stay alive until the end of the one period in
the round.

Now, for five and ten data transmission periods, Enreshoidmin
will approximately be 2000 pJ and 4000 pJ, respectively.
This assumption is a pessimistic one as it simply multiplies

the energy needed by one cycle of one data transmission
period by 5 or 10, respectively. Of course, in reality actually
energy used will be less as the first three phases of the
process are only done once. On the other hand, it is assumed
that the isolated nodes are dead nodes. Isolated nodes are the
nodes that do not receive a broadcast message to join the
tree.

C. Energy Analysis

Concerning energy efficiency of PRRP, This section
presents an analysis of energy utilization in terms of energy
consumed by cluster head nodes and leaf nodes. Consider a

wireless sensor network comprising N wireless sensor
nodes that are uniformly distributed within a grid of size m

X m; within each cell one of node acts as the cluster head
(CH), so the number of cluster heads will be same as the

number of cells, i.e. m?.
We shall use the following symbols to denote quantities
mentioned against each:

N
k : Number of leaf nodes in a cell; i.e. k = 1;
(not counting the CH),

E : Energy to transmit one sample,
E, : Energy to receive one sample,

E;;, : Initial energy provided to each node at the time of
deployment,

E¢p, : Energy Threshold below which a node cannot act
asacluster head

E,,, : Energy consumed by Leaf node

P; : Power consumed while anodeis asleep,

T; : Time to transmit one sample,

T : Sampling interval,

Energy Consumed by leaf nodes

For leaf nodes, there are two modes of energy

consumption namely: energy consumed in sleep state and
energy consumed during transmission. During each

sampling interval Tg, a leaf node spends T; time for
transmission and the remaining T — T timein sleep mode.

Thus energy consumed by a leaf node, Ej, can be
calculated as|:

Epn=E: + (Ts - Tt)Rs (A)
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Energy Consumed by cluster heads

As cluster head spends its life in three modes, namely:
receiving samples from leaf nodes, transmitting its data and
deep mode. Since, the energy consumed to receive a sample

is E,- and there are k leaf nodes in each cell; thus, total
energy consumed by CH in receiving k samplesisk E,.,
while energy consumed by CH during transmission is Ej.
During each sampling interval, a CH spends k T; time for
receiving samples, T; time for transmission and remaining
Ty, — (k+1)T; time in deep mode; thus energy
consumed in sleep mode is P, X (Ty — (k+1)T;). The
total energy consumed by a CH during one sampling
interval,E -, isgiven by:

Ep=E  +kE. + (Ts — (k+1)T)P; (B)

Next, we calculate life of a CH in terms of number of
sampling intervals, Ng while its remaining energy is more
than the threshold Ej,. Thus,

Ein—Etn
Et+k Ey+(Ts—(k+1)T¢)Ps

Tota life of a CH, Ny =
©

Life of aleaf node

Once a CH dies, a new round of cluster head selection is
initiated. In the following paragraphs, we show that leaf
nodes still have enough energy left to participate as cluster
heads in future rounds.

The initial round leading to exhaustion of a CH consists
of Ng sampling intervals as shown above. Therefore, energy
consumed by a leaf node during the first round,E;,q, is
givenby Ng X E},;i.e,

Epna = Ng X Ejp
(D)

Using Egs A and C, Eq D becomes:

E _ Ein—Etn
M1 ™ Btk B+ (Ts—(k+1)Tp)Ps
(Ts - Tt)Ps)

* (E: +

Assume that Py = 0 and divide equation D with E; we
will get

e~ Ei(Ein-En)
= 14+ kE./E,

Typically, energy consumed during transmission of a
number of bits is about four times as much as energy
consumed for receiving the same number of bitg39], that is

tosaythat E; = 4 E,.

Ein-E
So By = JEE E)

It is obvious from Equation (E) that at the end of first
round, for a sufficiently large cluster size, leaf nodes
consume only a fraction of their energy reserve. Thus, the
network will last for many rounds after the death of first
cluster head.

V. RESULTS & DISCUSSION

In this section, it is attempted to compare our proposed
PRRP protocol with CELRP. In CELRP sensor nodes are
normally distributed into clusters and divided into different
guadrants. Each quadrant contains two clustering and sensor
nodes that transmit data with two hops data transmission
[36]. CH is selected based on the node with maximum
residua energy and minimum distance to the base station in
each cluster. While the CH which has the highest energy
residual is chosen as the CH Leader between all the other
CHs. CELRP applies Greedy agorithm among cluster heads
and forward data to the sink. The collection works as nodes
sends data to CH and then CH forward their data to the sink
through CH leader by minimizing number of hops. CELRP
assumed that the Base Station has al the information
including the sensor nodes, the residual energy and the
distance of node from sink. Sink is place far from the sensor
node area.

CELRP have main limitations such as the number of
children nodes is higher in the clusters like LEACH and
secondly its CHleader choosing mechanism works on the
basis of energy level, in most of the cases CHleader is not
the closest to CHleader, hence it causes more energy drain
due to longer distance. CELRP consider the placement of
sink far from the sensing area and at the same time it uses
Greedy approach for data transmission which both aso
caused loss of energy efficiency. Hence above stated
limitations causes major sources of energy drain. PRRP
becomes more energy efficient by using different techniques
for stated limitations besides of other considerations. This
section is amed to discuss the performance evaluation of
PRRP and CELRP and to compare them on the basis of
number of live nodes vs time, total consumed energy and
network throughput one by one and collectively for different
data transmission periods.

A Comparison Analysis on the basis of Live Nodes

This section describes comparison analysis of results
for live nodes among CELRP and CELRP for different data
transmission periods individualy and collectively. Fig. 01
shows a comparison between PRRP and CELRP in terms of
number of live nodes initially for single period of
transmission. Here, our network is tested with different
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periods and rounds of data transmission such as 1,5 and 10.
After discussing all one by one, al of them finally and
collectively shows for a better understanding of the
difference between CELRP and PRRP. The following Fig.
01 presents the comparison for the single round only.

Our observation shows significant results of PRRP over
CELRRP for different periods and rounds. Initially its result
shows little differences but finaly through the increase in
the number of the periods, it brings more significant
differences as shown in Fig. 02. PRRP shows a more time
network operational with single period, which is amost up
to 140 seconds, yet CEL RP goes up to 120 seconds only.

Comparison between PRRP1 & CELRP1
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Fig. 02 Number of Live Nodes vs. Time, (PRRP &
CELRP with one Period)

Furthermore, we observe the same difference in a
notable improvement when testing our network for the 5
periods as shown in Fig. 03 below. The results then show
that PRRP goes up 300 seconds of time, while CELRP
reaches up to 200 seconds. This difference will increase
whenever we test the network for the different and more
number of rounds. This positive difference comes due to the
efficient mechanism of the gateways selection and
functioning in PRRP. The area of operation of the neighbors
of the PRRP is aways close to its gateway for saving its
energy level as shown in severa different cases of different
rounds of data transmissions and at the same time CH have
less distance from the sink asit is placed in the center.

Comparison between PRRPS & CELRPS
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Fig. 03 Number of Live Nodes vs. Time, (PRRP &
CELRP with Five Periods)

In the third test, we compare CELRP and PRRP for 10
numbers of periods as shown in Fig. 03. It shows that PRRP
has a more significant performance than CELRP for all
scenarios. For example, considering the scenario of 10 data
transmission periods, the network life is significant
improved for PRRP with an excellent improvement in
sensor network lifetime, which is almost 400 seconds, while
for LEACH it is about 300 seconds. The improvement in
PRRP is because of the efficient use of the energy for all
nodes is up to its last limit and also has an opportunity to
participate al nodes in the network without having any
network isolated part with it. Secondly, the energy
enhancement in PRRP is because of minimizeed energy
consumption with each node by decreasing the distance
between the gateway and the non-leaf nodes and between
the sink at the same time.

Comparison between PRRP10 & CELRP 10
=—+#—CELRP10 —i—PRRP10
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Fig. 04 Number of Live Nodes vs. Time, (PRRP &
CELRP with Ten Period)

By comparing the energy consumed by a node in
CELRP and PRRP, a difference in status of the nodes will
be found in CELRP and PRRP. It should be considered that
there are three different types of the nodes in PRRP; while
in CELRP it is only two types of nodes such as norma node
or non-head node and Cluster head or head node, while the
CH leader is to be chosen from one of the CH on the basis
of its energy level . In PRRP nodes on the other hand has
three following different types such as non-leaf node, leaf
node and gateway nodes. Energy can be compared on the
basis of energy consumed through al nodes during
transmitting, receiving and idle-listening state.

When we compare PRRP with CELRP for different
periods of data transmission, PRRP always shows an
excellent improvement with energy saving of the network,
as collectively shown in Fig. 05. Simulation results shows a
significant result with an increase in number of the rounds
of PRRP, as PRRP uses a mechanism in which if the same
node has some residual energy level, each node can be a
gateway until the end. This approach enables PRRP to save
more energy and use all nodes energy up to its last
maximum limit. The difference can be easily monitored in
Fig. 05 presenting the collective results of different data
transmission rounds.
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Comparison between PRRP & CELRP All Together
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Fig. 05 Number of Live Nodes vs. Time, (PRRP &
CELRP Collectively)

B: Comparison Analysis on the basis of Total Energy
Consumed

As mentioned in earlier sections, in tree building phase
in PRRP, the nodes can transmit signals with minimum
energy level. Whilst, the parent can select node which is
closer to the node on very short distance which saves its
energy level. In comparison with CELRP, parent of node
can be any node, CELRP do not consider the distance
among nodes and CHs. If we compare the energy
consumption by leaf node in PRRP and norma node in
CELRP, it can be noted that both types of nodes will not
lose energy due to receiving data or idle listening. As a
TDMA transmission scheme is implemented, they will not
lose any energy and node will be only ON at its schedule
time only.

The transmission distance is very short in PRRP, as the
parent node is near leaf node. While in CELRP the main
part of the energy is consumed during the data transmission
phase in particular when the normal node is at a distance
from the cluster head and mostly CH leader is on longer
distance from the CH. The second main reason for the
energy loss in CELRP is the sink is place on long distance
hence overheads becomes more for nodes which are far
from the sink. Thus, there is a chance that the CH leader and
cluster head itself might be so far from the normal nodes and
becomes the factor of energy loss during the data
transmission phase. Furhermore, by comparing non-leaf
node and the cluster head node of CELRP, it can be found
that non-leaf node in PRRP is not losing its energy due to
theidle listing as it schedules to receive and transmit data at
the specific time dots only. It is aso found that in CELRP
cluster head should remain ON to transmit its data to the
sink and cluster head uses CSMA technique. Therefore, it
loses the energy.

The number of the children is less related to any
gateway in PRRP. It is due to the gateway, compared to the
head in CELRP, has less number of children, thus making it
consume less energy in receiving data. Thisalso comesto be
a factor for a deep tree building in which neighbor nodes
remain closer to the gateway. In CELRP any cluster head,
conversely, might have a more number of children nodes at
different distances. This in CELRP also becomes the factor

of energy decrease. For this, the total consumed energy in
PRRP will be smaller in comparison to CELRP as shown in
the following Fig. 06 for different data transmission periods.

Comparison Total Consumed Energy between PRRP & CELRP
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Fig. 06 Tota Consumed energy vs. Time, (CELRP &
PRRP)

As an illugration, if we compare to 10 data
transmission periods at t=150 seconds, the total consumed
energy is about 230 J in CELRP and about 140 Jin PRRP.
The consumed energy is dropped by a significant difference
amost 100%. The overall energy consumed by the end of
the network lifetime is efficient by both the protocols.
However, the important concern is that which protocol can
achieve a longer lifetime and higher throughput for the same
initial energy level.
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Fig. 07 Energy Consumptions over the number of hop.

Fig. 07 shows total energy consumption based on
simulations for different hops, where the number of nodes
were considered as of 200 with having energy level of 2 J
for each and overall energy of 400 J. The author has shown
one more aspect of the result that if the sink is placed far
from the sensing field, in that case the number of hopes will
increase from the node to the sink that increases the loss of
energy as distance increases from the node to the sink. In
PRRP, the sink is placed in the center of the sensing field to
decrease the possible number of hops among nodes and the
sink and at the same time to decrease the distance among the
nodes and CHSs.
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cC Comparison Analysis on the basis Throughput

This sub section describes about network throughput
which shows a substantial growth because of increase in
overall network energy efficiency. In PRRP protocol, the
main energy is saved during the data transmission phase
with multiple data transmission periods by utilizing same
build tree for multiple periods. The network survives longer
because of less distance between nodes and gateways. The
following Table 01 is showing the comparison between
PRRP and CELRP protocols in term of the data packets
delivery to the sink for different periods.

TABLEI

A comparison between PRRP and CELRP in terms of throughput

. I mprovement
Periods PRRP CELRP with PRRP
1 Data 281
Transmission 16733 5950 . ’
. times
period
5 Data 279
Transmission 54555 19985 . '
. times
periods
10 Data 182
Transmission 65305 35710 . ’
. times
periods

Overdl, the performance of the PRRP is more
significant than the one in CELRP. PRRP, in this case by
enhancing the life of the sensor nodes and by utilizing each
sensor nodes energy resource up to the maximum level,
enhances the overal life time and energy efficiency of the
network. As seen in Table 01, the comparison of PRRP and
CELRP with different aspects is presented. The overal
significant throughput is improved in PRRP through an
application of it with multiple rounds of data transmission.

This improvement in fact is determined by two major
factors. The first factor is related to the increase in the
network lifetime in PRRP entirely that ensures more influx
of data packet, directly giving an effect on the throughput of
the network. The second one is about our assumption that
any node in PRRP can become a gateway on the basis of
different parameters, alowing the maximum nodes to be the
gateways. However, gateway selection will be based on
different parameters including energy efficiency, Position
from the sink and number of neighboring nodes. Hence, the
increase in number of gateways based on stated parameters
in fact, comparable with CELRP, can decrease the depth of
the tree, and also cause a good impact for the throughput of
the network. This increase of data throughput is directly

linked with overall energy efficiency of sensor network
which can be achieved through our proposed PRRP.

VI. CONCLUSION

Wireless sensor network has important role and use, due
to it’s diversify approach and range of applications. WSN is
the only most suitable and easy way of deployment in
remote and hard areas. Routing is the main expensive
operation for nodes energy consumption. This paper
proposed new routing protocol known as Position
Responsive Routing Protocol PRRP. Our proposed PRRP
addresses energy efficiency, data throughput and routing
hole under certain controlled conditions. Our simulation
based research results showed a significant energy
efficiency improvement of 35% to 45% in WSNs by
increasing overall energy efficiency and life time. PRRP
also shows a significant improvement of data throughput
approximately 3 times to existence protocol CELRP. PRRP
aso addresses routing hole issue due to distribution
approach of gateway selection and providing chance to
maximum nodes for data transmission.

REFERENCES

[1] Jamal N. Al-Karaki, Ahmed E Kamal, “Routing Techniques in Wireless
Sensor Network: A Survey”, IEEE Wireless Communication December
2004.

[2] Noor Zaman and A. Abdullah, “Energy Efficient Routing in Wireless
Sensor Network: Research Issues and Challenges” in |IEEE International
Conference on Intelligence and Information Technology, ICIIT 2010. pp.
239-243

[3] LF. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci, “A
Survey on Sensor Network”, |EEE Communication Magazine, vol. 40,
no.8, pp. 102-116, August 2002.

[4] Akyildiz, I. F., W. Su, Y. Sankarsubramaniam and E. Cayirci, A survey
on sensor networks, |[EEE, Communications Magazines, vol.40, no.8,
pp.102-114, 2002.

[5] Bhardwaj, M. and A. Chandrakasan, Bounding the lifetime of sensor
networks via optimal role, assignments, Proc. of the INFOCOM’02,
pp.1587-1596, 2002.

[6] Zussman, G. and A. Segall, Energy efficient routing in Ad Hoc disaster
recovery networks, Proc. Of the INFOCOM’03, pp.682-691, 2003.

[7] Q. Cao, T. Abdelzaher, T. He, and R. Kravets, “Cluster-Based
Forwarding for Reliable End-to-End Delivery in Wireless Sensor
Networks”, IEEE Infocom 07, May 2007.

[8] Charles Pandana and K. J. Ray Liu “Robust Connectivity-Aware
Energy-Efficient Routing for Wireless Sensor Networks,” |EEE
transactions on wireless communications, vol. 7, no. 10, October 2008

[9] Younis, O.; Fahmy, S. HEED: A hybrid, energy-efficient, distributed
clustering approach for ad hoc sensor networks. |EEE Trans. Mob. Comput.
2004, 3, 366-379.

[10] Lian, J; Nak, K.; Agnew, G.B. Data capacity improvement of
wireless sensor networks using non-uniform sensor distribution. Int. J.
Distrib. Sens. Netw. 2006, 2, 121-145.

[11] Olariu S.; Stojmenovic, |. Design Guidelines for Maximizing Lifetime
and Avoiding Energy Holes in Sensor Networks with Uniform Distribution
and Uniform Reporting. In Proceedings of the 25th Annual Joint
Conference of the IEEE Computer and Communications Societies
(INFOCOM 2006), Barcelona, Spain, 23-29 April 2006; pp. 1-12.

[12] Wedaa, A.; Olariu, S.; Wilson, L.; Jones, K.; Eltoweissy, M. Training a
wireless sensor network. Mob. Netw. Appl. 2005, 10, 151-168.

Copyright © 2015 GiRI (Global IT Research Institute)



ICACT Transactions on Advanced Communications Technology (TACT) Vol. 4, Issue 2, March 2015 594

[13] Li, X.; Nayak, A.; Stojmenovic, |. Sink mobility in wireless sensor
networks. Int. Fed. Inf. Proc. 2010, 153-184.

[14] Heinzelman, W.R.; Chandrakasan, A.; Balakrishnan, H. Energy-
Efficient Communication Protocol for Wireless Micro-Sensor Networks. In
Proceedings of the 33rd Annual Hawaii International Conference on
System Sciences (HICSS 2000), Maui, HI, USA, 4-7 January 2000; p. 10.
[15] Heinzeman, W.R.; Chandrekasan, A.; Balakrishnan, H. An
application-specific protocol architecture for wireless sensor networks.
IEEE Trans. Wirel. Commun. 2002, 1, 660-670.

[16] Khdlil, E.A.; Attea, B.A. Energy-aware evolutionary routing protocol
for dynamic clustering of wireless sensor networks. Swarm Evol. Comput.
2011, 1, 195-203.

[17] Gautam, N.; Pyun, J.Y. Distance aware intelligent clustering protocol
for wireless sensor networks. J. Commun. Netw. 2010, 12, 122-129.

[18] Li, C.F; Ye, M.; Chen, GH.; Wu, J. An Energy-Efficient Unequal
Clustering Mechanism for Wireless Sensor Networks. In Proceedings of the
IEEE International Conference of Mobile Ad hoc and Sensor System,
Washington, DC, USA, 7 November 2005; pp. 604-611.

[19] Yu, JG.; Qi, Y.Y.; Wang, GH.; Gu, X. A cluster-based routing
protocol for wireless sensor networks with Nonuniform node distribution.
Int. J. Electron. Commun. 2012, 66, 54-61.

[20] Buragohain, C.; Agrawal, D.; Suri, S. Power Aware Routing for
Sensor Databases. In Proceedings of the 24th Annual Joint Conference of
the IEEE Computer and Communications Societies (INFOCOM 2005),
Miami, FL, USA, 13-17 March 2005; pp.1747-1757.

[21] Singh, S.; Woo, M.; Raghavendra, C.S. Power-Aware Routing in
Mobile ad hoc Networks. In Proceedings of the 4" Annual ACM/IEEE
International  Conference on Mobile Computing and Networking
(MobiCom 1998), New York, NY, USA, 1998; pp.181-190.

[22] Stojmenovic, I.; Lin, X. Power aware locaized routing in wireless
networks. IEEE Trans. Parall. Distr. 2001, 12, 1122-1133.

[23] Li, N.; Hou, JC. Topology Control in Heterogeneous Wireless
Networks: Problems and Solutions. In Proceedings of the 23th Annual Joint
Conference of the IEEE Computer and Communications Societies
(INFOCOM 2004), Hong Kong, 7-11 March 2004; pp. 1735-1746.

[24] A. K. Sadek, W. Su, and K. J. R. Liu “Multinode cooperative
communications in wireless networks,” IEEE Trans. Signal Processing, vol.
55, no. 1, pp. 341-355, 2007.

[25] Estrin, D.; Govindan, R.; Heidemann, J. and Kumar, S., “Next Century
Challenges: Scalable Coordination in Sensor Networks ,” Proceedings of
5th annual IEEE/ACM international conference on Mobile Computing and
Networking, pp. 263-270, 1999.

[26] Rentala, P.; Musunnuri, R.;Gandham, S. and Saxena U., “Survey on
Sensor Networks ,” Available online at: http://www.mdpi.net/sensors.

[27] Wood, A. D., and Stankovic, J. A., Security of Distributed,
Ubiquitous, and Embedded Computing Platforms, to appear in Wiley
Handbook of Science and Technology for Homeland Security, Voeller, J.
G. (Ed.), John Wiley & Sons, Hoboken, NJ, 2008.

[28] A. K. Sadek, Z. Han, and K. J. Ray Liu, “A distributed relay-
assignment algorithm for cooperative communications in wireless
networks,” in Proc. IEEE International Conference on Communications
(ICC), val. 4, pp. 1592-1597, June 2006.

[29] Chang, J. H. and L. Tassiulas, Routing for maximum system lifetime
in wireless Ad Hoc networks, Proc. of the ACCCC’99, 1999.

[30] Noor Zaman and A. Abdullah,“ Position Responsive Routing Protocol
(PRRP)”. In IEEE The 13" International Conference on Advance
Communication Technology ICACT 2011, Seoul Korea. Pp.644-648

[31] Noor Zaman, and A. Abdullah, “Energy Optimization through Position
Responsive Routing Protocol (PRRP) in Wireless Sensor Network (WSN)”.
In International Journal of Information and Electronics Engineering IJIEE,
2012, Val. 02, No.05, September 2012, pp. 748-751.

[32] Noor Zaman, Low Tang Jung, Fawaz Alsaade, Turki Alghamdi,
“Wireless Sensor Network (WSN): Routing Security, Reliability and
Energy Efficiency”. In Journal of Applied Science, Science alert, Vol. 12,
No.16, 2012 USA, pp. 593-597.

[33] Noor Zaman and A. Abdullah, “Different Techniques Towards
Enhancing Wireless Sensor Network (WSN) Routing Energy Efficiency
and Quality of Service (QoS)”. in World Applied Science Journal (WASJ),
Vol.13, no 4, 2011, pp. 798-805.

[34] Noor Zaman and A. Abdullah, Low Tang Jung, “Optimization of
energy usage in wireless network using Position responsive routing
Protocol” in IEEE Symposium on Computers & Informatics ISCI 2011,
Malaysia, pp. 51-55.

[35] Ponnusamy, V., Abdullah, A., and Downe, A. G. (2012). Energy
Efficient Routing Protocols in Wireless Sensor Networks: A
Survey. Wireless Sensor Networks and Energy Efficiency: Protocols,
Routing, and Management, 237-261.

[36] Zaman, N, Tung Jang Low, Alghamdi, T: Energy efficient routing
protocol for wireless sensor network in 16" International Conference on
Advanced Communication Technology (ICACT), 2014 2014; pp. 808-814.
[37] Nurhayati, Sung Hee Choi, and Kyung Oh Lee : A Cluster Based
Energy Efficient Location Routing Protocol in Wireless Sensor Network, in
International Journal of Computers and Communications, issue 2, Volume
5. 2011. Pp, 67- 74.

[38] W. Heinzelman, A. Chandrakasan, and H. Balakrishnan, “An
Application-Specific Protocol Architecture for Wireless Microsensor
Networks”, IEEE On Wireless Communications Trans., vol. 1, no. 4, Oct.
2002, pp. 660-670.

[39] Laura Marie Feeney, Martin Nilsson, Article: Investigating the Energy
Consumption of a Wireless Network Interface in an Ad Hoc Networking
Environment. |EEE Infocom, 2001.

Dr. Noor Zaman acquired his degree in
Engineering in 1998, and Master’s in Computer
Science at the University of Agriculture at
Faisalabad in 2000. His academic achievements
further extended with a PhD in Information Technology at University
Technology Malaysia (UTP). He has vast experience of 15 yearsin the field
of teaching and research. He is currently working as a Faculty member at
the College of Computer Science and Information Technology, King Faisal
University, in Saudi Arabia.

He has contributed well in King Faisal University for achieving ABET
Accreditation, by working as a member and Secretary for Accreditation and
Quality cell for more than 07 years. He takes care of versatile operations
including teaching, research activities, leading ERP projects, IT
consultancy and IT management. He headed the department of IT, and
administered the prometric center in the Institute of Business and
Technology (BIZTEK), in Karachi Pakistan. He has worked as a consultant
for Network and Server Management remotely in Apex Canada USA base
Software house and call center.

Dr. Noor Zaman has authored severa research papers, and edited five
international reputed Computer Science area books, has many publications
to his credit. He is an associate Editor, Regional Editor and reviewer for
reputed international journals and conferences around the world. He has
completed several research grants and currently involved with funded
projectsin different courtiers. His areas of interest include Wireless Sensor
Network (WSN), Network, Cloud Computing, Big Data, Mobile
Computing, Software Engineering, Unix, and Linux.

Dr. Low obtained his Bachelor of Engineering
in  Computer Technology from Teesside
University, UK (1989), MSc IT from National
University of Malaysia (2001), and his PhD in
IT from Universiti Teknologi PETRONAS
(UTP), Maaysia (2012). He is currently a
) \ | Senior Lecturer in the Computer and
Information Sciences Department of UTP.

He has been in the academic line for two decades aready, mainly as
lecturer cum researcher in various public and private institutes of higher
learning. He teaches various engineering and ICT courses. His research

Copyright © 2015 GiRI (Global IT Research Institute)


http://www.kfu.edu.sa/ar/Pages/Home.aspx
http://www.kfu.edu.sa/ar/Pages/Home.aspx
http://www.biztek.edu.pk/
http://www.noorzaman.com/
http://noorzaman.com/research.aspx

ICACT Transactions on Advanced Communications Technology (TACT) Vol. 4, Issue 2, March 2015 595

interest includes wireless'mobile technology, embedded systems, wireless
sensor networking, robotics, and Green IT. His current R&D include: bio-
inspired energy efficient routing in WSN, sensors location optimization in
green IT, and green by IT.

Turki Alghamdi graduated with B.Sc. degree (with
honors) in computer science from the King Abdulaziz
University, Jeddah, Saudi Arabia, in 2003. He was
awarded M.Sc. degree in Distributed Systems and

- Networks from the University of Hertfordshire,
Hatfield in 2006. In 2011 he received his Ph.D. degree in Computer
Science from the University of Bradford, Bradford, United Kingdom. In
2003,

He joined the Department of Computer Science, University of Umm Al-
Qura, as an Assistant Teacher. Since August 2011 he has been working for
the Department of Computer Science as an Assistant Professor. He is a
current administrator of recently established smart networks laboratory in
the Computer Science Department. His current research interests include
computer networks and Wirel ess Sensor Networks.

Copyright © 2015 GiRI (Global IT Research Institute)



ICACT Transactions on Advanced Communications Technology (TACT) Vol. 4, Issue 2, March 2015

596

Optimization of Convenience Stores’
Distribution System with
Web Scraping and Google APl Service

Thai Quang LE*, Davar PISHVA**

*nternational Management, Ritsumeikan Asia Pacific University, 1-1 Jumonjibaru, Beppu, Oita 874-8577 Japan
** Asia Pacific Studies, Ritsumeikan Asia Pacific University, 1-1 Jumonjibaru, Beppu, Oita 874-8577 Japan
quanlell@apu.ac.jp, dpishva@apu.ac.jp

Abstract—Vehicle Routing Problem (VRP) has never become
an obsolete research theme in the field of operations research
and supply chain management. Considering that significant
number of researchershave already tried addressing VRPswith
mathematical modeling and algorithmic approaches, this paper
focuses on a practical implementation and employs
programming techniques to cope with a particular business
problem in convenience stores’ distribution system. It optimizes
goods distribution process of convenience stores business, which
involves lorries delivering products from a warehouse to a
network of several convenience storesin a singletrip, collecting
their garbage, passing by a gas station for re-fueling when
needed, and returning back to the warehouse. A mathematical
‘network flow model’ is initially developed to examine the
problem. Geographical data of convenience stores, their
associated war ehouses, garbage dumpsites and gas stations are
subsequently retrieved through programming with the ‘web
scraping’ technique. A prototype of web-based delivery
navigation system that utilizes Google API service is then
developed to solve the optimal convenience stores’ networking
problem. Furthermore, a more general perspective of the
problem is illustrated with cluster-first-route-second heuristic
algorithm and a mobile version of the prototype, which can
serveasareal time navigation system for delivery truck drivers,
is developed. Validity of obtained results is also examined by
other known methodsto justify optimality and fast performance
of the approach.

Keyword—Assignment, Google APl Service, Maximal
Covering, Modeling, Optimization, Supply Chain, Web
Scraping.

I. INTRODUCTION

tisfair to claimthat profit maximization isthe ultimate goa
of any commercial firms. In a retailing business that
comprises of thousands of stores or stations, even a small
reduction in product cost can have a big impact on not only
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the business itself, but also to the nation’s economy and social
well-being as a whole. Over many decades, there have been
many profound researches and proven practices suggesting
various ways to make business more lucrative, but most of
them focus on effective resources allocation and enhancing
productivity, which then lead to production cost reduction.
Moreover, in our push-button world where everything
changes so quickly along with the high-pace development of
technology, machines are gradually replacing the human role
in several aspects, such as manufacturing procedures and
business administration. Since potential effects of technology
on business has not fully been exploited and more and more
advanced and pragmatic technology is being invented by an
increasing flow of capita investment in research and
development (R& D) on aglobal scale, technology is believed
to be one of the decisive keys in business competition today.

Furthermore, apart from profit maximization, more and
more businesses are presently paying serious attention to
corporate socia responsibility (CSR), especialy in
environmental aspects. It has been a common sense to utilize
the perspective of management in different aspects of doing
business, and one argument for explaining this is that most
business factors such as human capitals, production cost,
market sales, etc. are measureabl e by human beings. However,
recently technology has also enabled us to measure different
types of environmental factors such as amount of
carbon-dioxide emission and so on that are resulted from
prolong business process. Data from such measurements
force business managers to take environmental factors into
consideration and lead the business with a more balance
strategy  between profit maximization and socia
responsibility. The challenge hereishow to help business stay
more lucrative, and at the same time remain friendly to the
society and the environment. Thisis also the question that this
paper would like to address, particularly in convenience store
retailing business in Japan for which a systematic
technological approach is suggested as an answer.

The remainder of the paper is organized asfollows: Section
2 addresses delivery route optimizing perspective of
convenience stores’ distribution problem and some related
previous work. Section 3 then delivers a practical solution to
enhance the distribution process of a network of convenience
stores, which includes network flow modeling, data collection
by web-scraping technique, multi-objective  route
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optimization with Google Map APl and Evolutionary
Algorithm in Excel, and an easy to follow Graphic User
Interface (GUI) implementation on web-based mobile
platform. Section 4 proceeds with detailed discussion and
analysis of the research result. Sections 5 subsequently
indicate some current limitations and potential future research
and conclude the paper.

Il. LITERATURE REVIEW

A. Convenience Sore Businessin Japan

Considering that Japanese people is famous for tireless
dedication to working-life, convenience store turns out to be
one of the key factors in timesaving for the magjority of
Japanese and lead to higher overall working productivity of
the society. Due to the increasing dependency of Japanese
society on convenience stores, growth in this retailing
business is aso a reflection of the Japanese present living
standards [1]. Japan’s convenience stores are well known for
catering not only fruitful types of beverages, safe and healthy
foods [2], but also to a plenty of in-store services, namely
banking, printing, public utility payment (gas, telephone,
electricity, etc.), ticket reservation for concerts or sport games
and so on [3]. However, it is aso claimed that not just the
merchandising factor, but aso time beneficial factor of
convenience stores isimportant to the Japanese daily life [1].
Toillustrate this, since most Japanese visit stores on foot [1],
a high-density of roughly over five stores per kilometer,
which can be much higher in metropolitan areas, enables
anyone to access a store in less than 10 minutes on foot on
average. Thus, it is reported that approximately sixty percent
of customers visit the same store twice a week or more [2].

Convenience store business is one of the most profitable
retailing businesses in Japan, covering 36% of the Japan
Retall Food Market in the year 2012 [4-5]. With the
increasing total of sales from roughly 8.7 trillion yen in the
year 2011 to about 9.4 and 9.8 trillion yen in the year 2012
and 2013 respectively [4]. Regarding the number of stores,
there are over 50,000 convenience stores located throughout
47 prefectures of Japan and the number of new establishments
has been continuously increasing in recent years; from 43,373
storesin 2011 to 47,801 and 50,234 stores in 2012 and 2013
respectively. Most of the convenience stores are established
in the metropolitan Kanto area, with more than 20,000 stores
in the year 2013; and Okinawa has the lowest number of
convenience stores, about 500 stores in 2013. Since most of
the convenience stores learn the system from supermarket
management experience, with their limitation of the small
store sizes, convenience stores business is adapting many of
state-of-art  technologies, especially Electronic-Ordering-
System (EOS) in collecting and analyzing Point-Of-Sales
(POS) data in order to reduce effectively product delivery
time from the wholesalers to each store [1, 6].

B. Convenience Store’s Distribution Problem

The price charged for a similar item being sold in
convenience store is usually more expensive (by about twenty
percent) thanin local supermarkets or mass merchandiser [7].
This overhead cost is considered as charges for the
convenience values perceived by the customers. To illustrate,

one can both purchase foods for dinners and pay the electric
bill at anearby convenience store, instead of passing by both a
supermarket and a power utility office, which are not usually
located in the same neighborhood. However, from the
perspective of business managers, the overhead cost of
convenience stores is mostly resulted from overnight
operation and expensive merchandise distribution process.

In Japan, convenience stores maintain long business hours,
usually beginning at seven in the morning and stay open until
eleven at night. Because the average salary for a night-work
shift (from six until midnight) is sometimes three times higher
than the normal working hour, the convenient operating hours
raise an additional cost for the business. Additionaly,
considering limited available land area in its vicinity,
convenience store in Japan is usually defined as self-service
store with average of 100 to 150 square meter floor space[1].
Because of such small size, convenience stores in Japan
normally do not practice inventory, and a well-managed
product distribution system is essentia to the business
development [1], which is caled just-in-time delivery.
Particularly, al of the products are distributed by trucks from
a distribution center (warehouse) to all of the convenience
stores on aregular basis. For example, 7-eleven convenience
stores implement a combined distribution system by
temperature zones by which rice, chilled products are being
delivered three times per day, frozen and beverage products
arebeing delivered three to seven times per week [2]. Because
products have to be delivered to thousands of convenience
store on an average 9 times per day (in the case of 7-eleven
stores), the cost for hiring truck drivers and gas consumption
rise up. And this expensive distribution process is believed to
be the biggest overhead cost associated with the price.

Due to the limitation of floor space, convenience stores do
not have the capacity to do inventory. Hence, in order to meet
customer’s needs, many of the convenience stores nowadays
practice just-in-time distribution system, by which the
products are only being delivered when needed. Therefore, on
adaily basis, convenience retailers have to deliver goods by
trucks from a distribution center to several stores, fill-up the
gasoline when necessary, collect all the garbage, and dump
the collected garbage at a designated dumpsite; and this
distribution patterns have to be repeated many times per day.
Throughout the years, convenience store business has found
many ways to enhance the situation. For example, 7-eleven
convenience stores pioneered the so-called temperature-
independent distribution system by which mixed categories
are combined before being loaded onto trucks so as to
increase payload efficiency and tremendously decrease the
replenishments of goods per day [2]. Nevertheless, in order to
serve millions of people per day, still thousands of delivery
vehicles, mainly trucks and mini vans, at least 3,799 of which
belong to 7-eleven, are operating everyday and raising both
economic and environmental concerns.

Hence, this research approaches the convenience stores’
distribution problem as a vehicle routing optimization
problem, which proposes a systematic way to minimize the
total truck delivery time duration in networks of convenience
stores, resulting in both financial and environmental savings.
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C. Related Works

There have been a considerable number of research
investigating vehicle routing problems (VRPs) in various
fields, which can be considered as linear optimization with
different operational objectives and constrains. In fact, many
real-life VRPs comprise of huge number, sometimes hundreds
or thousands, of nodes in a networks and it is very
time-consuming as well as computationally expensive to
obtain an exact optimality in the result. Because of such large
scale and demand for multivariable constraints and decision
parameters, most of the proposed solutions for VRP are based
on heuristics, which can be classified as classical heuristics
and meta-heuristic [8]. Just to cite, some of the classical
heurigtics are Clarke and Wright (1964) [9], Sweep, Petal, etc.
Meta-heuristics include evolutionary agorithm [10],
Taburoute [11], adaptive memory based tabu search [12], ant
colony optimization [13], hybrid cooperating meta-heuristics
[14] and so on.

There have a so been several researches that implement or
extend those algorithms in empirical businesses that practice
routing optimization. A decision support system proposed by
Lin, Choy, Ho, Lam, Pang, Chin (2014), which also considers
level of service as a cost function and has a prototype on
mobile-client for courier operation to minimize the tota
traveling distance [15], is one such example. Unlike
convenience stores distribution problem, this problem of
courier service involves the continuous alternation in the
customer orders, making dynamic routing and flexible time
windows as the main concentration of the research. Another
recent VRP example is pickup and delivery of customers to
the airport, which is examined by Tang, Yu, Li [16]. The
research makes use of the CPLEX software to implement an
improved |abel-correcting method to remove infeasible routes
to speed up the route search process. A related work had also
been carried out by Li, Chen, Sivakumar and Wu [17], which
involves optimization of travel time for inventory routing in
petroleum business. Due to the nature of the business, new
constrains such as hours-of -service regul ations of theindustry,
etc. were considered. Waste collection problem is another
type of VRP concentrating on balancing the workload over
time by optimizing the decision on container selection and
routing, obtaining a cost savings of up to 40% [18]. Dueto the
uncertainties in traffic congestion and the importance of time
management, several researchers have also incorporated time
windows as constrains in building the model of the VRP. For
example, aresearch done by Zarandi, Hemmati, Davari, and
Turksen (2013) on the location-routing problem with time
windows under uncertainty inspects the fuzzy attributes of
demands of customers and travel time [19]. Tas, Jabali,
Woensel (2014) also introduced a solution procedure to
resolve the vehicle routing problem with flexible time
windows, in which the customers can be flexibly served
before or after a preset tolerable time frame in order to save
operational cost [20]. In 2010, in order to tackle with driving
hours regulations, a research on departure time optimization
for VRP was aso proposed by Kok, Hans, and Schutten
(2011), which claim to reduce 15% of duty time of truck
drivers with the newly introduced algorithm [21]. Regarding
convenience store business, Bhusiri, Qureshi, and Taniguchi
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(2013) proposed a perspective of convenience stores’
distribution as a “VRP with soft time windows and
simultaneous pickups and deliveries”, which focuses on using
branch-and-price approach and evolutionary agorithm to
optimize the problem with delivery arrival time restriction
and tests with a public benchmark test set [22-23].

Because of the limited real business data availability,
despite the countlessinvestigationsin the VRP, many of them
are short of testing the approach on empirical data or real
cases. Hence, just few of the related previous works such as
[15, 24] can demonstrate a working prototype where the
proposed algorithms actually work on practical geographical
input data. Furthermore, even though most of the proposed
approaches are recognized to have the ability to solve a
specific problem on mathematical model, usually the
solutions are very complex and expensive in terms of
computation.

D. Research Objective

This paper wants to put a forward into the field by
introducing a practical methodology to optimize the routing
of convenience stores’ distribution process, especially in
Japan. By utilizing the web-scraping technique to collect
geographical data of al of the convenience stores and gas
stationsin Japan (nearly 100,000 real locations), thisresearch
aims to propose a practical solution and benchmark with
whole population of real data, rather than mathematical theory
and synthetic simulation.

Specificaly, the research implements systematic computer
software and a working web-based application so as to have
the postal code of a distribution network entered by a user,
and optimize traveling time of drivers delivering products
from a warehouse to the network that includes up-to-8
convenience stores, pass by a gas stations on the route when
needed, collect al the garbage and return to the warehouse to
complete the process. In this problem, we recognize the
practical need of searching for an optimal location of a gas
station for the delivery trucks’ re-fueling along the trip, which
to the best of our knowledge, has not been introduced in the
literature so far.

Moreover, the software is further tested with convenience
stores networks of over 1500 areas (with different postal
codes) in Oita prefecture where the authors reside.
Furthermore, industry-proven Google APl service is aso
introduced in order to ensure the retrieval of the real-time
traffic data used in the optimization process, as well as to
reduce the dependence on high-performing computational
infrastructure. Despite the fact that no time window
congtraints are introduced in the optimization process, the
output result already includes al of the estimation of
travelling duration under real-time traffic condition, hence
facilitating a confident measurement of appropriate departure
and arrival point of time.

Additionally, the cluster-first-route-second ideology,
which has been proposed by many researches in optimizing
multi-depot VRP [25-26], can be used to cope up with the
convenience stores’ distribution problem. Because in real-life
practice, prior to optimizing the product delivery routing of a
certain convenience stores network, a process of clustering all
of the stores located within a region (city or prefecture) into
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small distribution networks in a way that can minimize
comprehensive travelling duration are necessary. Even
though the paper concentrates more on the later one in the
workflow, which is optimizing a certain convenience store
network, a proposed solution using network modeling and
Evolution agorithm on Solver add-in of Microsoft Excel
[27-28] is dso demonstrated to optimize the convenience
stores clustering in the first procedure.

1. METHODOLOGY

This section examines the distribution problem of
convenience stores as a specific case of vehicle routing
problems with the objective of finding an optimal delivery
route that minimizes gas consumption by reducing the
travelling time of trucks distributing goods from the
warehouse to several convenience stores, passing by a gas
station to refuel and coming back to the warehouse. Different
from method approaching the origina problem of the
Travelling Salesmen Problem, the approach proposed here
focuses more on the actual travel time, rather than physical
distance optimization.

A. Network Flow Model

1) Graphical Model of the Problem

The convenience stores’ distribution optimization problem
is examined as a “Network Flow Problem” by assuming each
of physical locationsin the distributing routes as anode in the
network, distance and travelling duration as weights of arches.
The network’s optimization objective is therefore to find the
flow connecting every node that associates with the optimal
transportation time. A graphical network flow model of a
simple convenience store distribution problem involving a
warehouse, and 4 convenience stores can be represented as
shownin Figures 1, 2 and 3.

( Store \ Station

[ Store
[ Store |
2 /

Fig. 1. Each location in the problem is demonstrated as a node in the
network flow model.

Fig. 2. Thearc connecting two nodes represent the physical distance, or the
travelling time needed to move between the two respective locations.
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Fig. 3. Bluelinesrepresent the flow connecting nodes and arcs, showing one
of many possible routes that can help to achieve the distribution process.

2) Linear Programming Model of the Problem
A linear programming model of the stated convenience
stores’ distribution problem of a specific stores network can
be represented as shown in Figure 4:

Notation for each node:
a1,a2,a3, ..,0n

Arc weight between node:
a; and a;: Weight(a;,a;)

Whether exist a flow from node a; to node a;:
Flow(a;,a;) = 1(exist)|Flow(a;,a;) = 0(non — exist)

Minimize:

2 =) 2y Flow(ai,a;)Weight(ai, a;)

Fig. 4. Mathematical Representation of Network Flow Model of
Convenience Store Problem.

In order to solve this Network Flow optimization problem,
collecting information about geographical locations of
convenience stores, gas stations, warehouses and garbage
dumpsites, as well as the distance and travel time between
these locations is indispensable.

B. Data Collection with Web Scraping

To solve the distribution problem of convenience store, i.e.,
the Network Flow problem above, location data of al of the
convenience stores, gas stations, as well as the physical
distance and travelling time between those places are
necessary. Thuswhere to find trustworthy sources and how to
obtain the data are questions that are discussed in this section
of the paper.

1) Data Source

NAVITIME website is established by the NAVITIME
Japan Company, a Japanese online portal service focusing on
events and places. NAVITIME website presents a friendly
GUI (http://www.navitime.co.jp), enabling user not only
access detailed information but also navigate routes between
thousands of places classified into several categories such as
convenience stores, gas stations, restaurants, parking places,
schoals, clinics and so on. Furthermore, the website also
updates newly established spots in Japan, making it more
reliable as a references source [29]. As far as data needed to
solve the convenience store business problem, the
NAVITIME website haslists of aimost all of the convenience
stores located in Japan, with details such as the store name,
address, telephone number, and even the information
regarding whether the store sells alcohol, cigarettes or fresh
vegetables. Moreover, the website also classifies the
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convenience stores based on their location in a prefecture or
city (e.g., Oita, Beppu) and brand names (e.g., 7-eleven,
Lawson, etc.), making it very convenient to find the needed
data. Hence, we have selected the NAVITIME website as the
main data source for retrieving the geographical information
of al of the convenience stores, gas stations in Japan.

2) Collecting Data from NAVITIME Website by Web

Scraping

Web scraping or web crawling techniques are usually
programmed to interact with a webpage source and extract
data stored in it, and “usually, the extracted data might be
post-processed, converted in the most structured format and
stored for further usage” [30]. This research mainly relies on
NAVITIME website for its data source, and web scraping
programming technique asthe tool to extract the datafrom the
website. Despite the fact that NAVITIME website contains
the necessary information for the convenience store
distribution problem, the website is only built for normal
users who would utilize web browsersto retrieve information
on asingle physical spot, convenience store or gas stationsin
this case. In other words, it would require huge amounts of
efforts to manually surf the website and collect all of the data
for nearly 100,000 locations of convenience stores and gas
stations in Japan. Therefore, a systematic and automatic
manner of retrieving the data from the website is
indispensable, and web scraping technique is undeniably the
most promising tool that can help us achieve this.

In order to achieve this, we developed a web-scraping
algorithm for crawling data from the NAVITIME website in
Ruby programming language and Figure 5 shows its pseudo
code. The website categorizes al the convenience stores into
different prefectures in Japan, and after accessing each of the
link of those prefectures, the website shows all the links, each
of which connects to a specific convenience store’s
information page, sorted into different listing pages.
Therefore, a looping agorithm is used to access this
hierarchical structure, which simultaneously extract al the
needed information of convenience store such as the store
name, geographical address, telephone number, and details
regarding the availability of fresh vegetables, acohol or
cigarettes, etc., and store them into alocal comma-separated
values (CSV) file.

Web Scraping on NAVITIME Website;
Result: CSV Database File
repeat
repeat
repeat
Access each store’s link;
Extract the store information;
Append the extracted data into the result CSV file;
Return to the previous list page;
until The last store of the list;
Access the next list page;

until The last listing page;
Access the next prefecture listing page
until The last prefecture listing page;

Fig. 5. Pseudo code of web-scraping algorithm for the NAVITIME website.

C. Multi-objective Route Optimization with Google API
1) Google API Service
Google API is a well-known web service that provides
online tools for developers who utilize Google’s data and
platform. Google APl consists of several programming
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libraries serving many areas such as Mapping, Advertising,
Cloud storage, etc. Google Direction API is one such service
that helps retrieve geographical distance and travelling time
from one physical location to another. Moreover, the free
version of such service also helps to calculate the optimal
route in terms of time to travel through a maximum of 10
physical locations (including the origin and destination
locations) [31]. Since Google Direction API operates on the
Google server by receiving requests from the users and
returning back the results, we can easly utilize the
well-established platform of Google server.

Due to the academic nature of thisresearch, we utilized the
free version of the Google APl service to solve the stated
problem despite its limitations. For commercial application,
however, the Work version of the service is recommended
since in addition to a more generous number of request
permits, it also provides the travelling duration and calcul ates
optimal route under real-time traffic conditions, something
which can further ensure optimality of the approach.

2) Optimize Convenience Sores Distribution Routing
with Google API

In order to use Google API service, a structural request for
fulfilling parameter requirements need to be sent to the
Google server through a specific URL, which is designated by
the service. Consequently, Google API will returntheresultin
a response package. A typical request to Google Direction
API to find an optimal travelling route for a trip includes:

e Origin Point: The origin location point from where the

trip starts: e.g., the warehouse or distribution center.

o Waypoints: A list of all geographical points to pass-by
during the trip: e.g., al the convenience stores in the
network and a nearby gas station.

o Dedtination point: The final destination point where the
trip ends: e.g., the warehouse or distribution center.

In order to find the optimal location of a gas station to
fulfill the possible re-fueling requirement of the delivery
vehicle, an iterative algorithm has been built. Within the
collected data of all gas stationsin Japan, we first want to find
alist of all gas stations located within the same region as the
distribution network of convenience stores. This task is
obtained by looking up the area name of the distribution
network (e.g. prefecture, city and town name) from the input
postaik code through a web APl service (i.e,
http://zipcloud.ibsnet.co.jp), and then the result is used as the
keywords for searching relevant gas stations in the collected
data. After that, each of the returned gas stations is inserted
into the request waypoint parameter of Google API service,
one by one, and from the returned routing results the optimal
oneis selected. This route then becomes the optimal one that
passes through all the convenience storesin a desired network
and at the same time drops by the gas station for re-fueling.

D. Cluster-first-route-second

Cluster-first-route-second is a heuristic method for
optimizing large scale VRP, which has two separate phrases,
namely clustering and routing. Originally, the algorithm was
intended to address problems with vehicle capacity
constraints. However, this idea of classifying al the
waypointsinto different clusters before optimizing the route
has been adopted in many practical research questions such
asin VRP with Backhauls [32].
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In convenience stores business, daily-consumed products
have to be delivered to every store on a regular basis. For
example, 7-eleven convenience stores have rice and chilled
products delivered three times per day, and drinks and frozen
foods delivered three to seven times per week [2]. Hence, all
of the customers or convenience stores in this case, have the
same orders at similar time intervals during a day or a week.
This implies that distribution network of a distribution
manager who isin charge of hundreds of stores within a city
or a prefecture is usually much larger than a chain of
convenience stores that can be handled by a single delivery
truck. Applying the idea of cluster-first-route-second
approach will allow distribution managerstofirst cluster all of
the stores that fall within their delivery network into many
small networksin away that can both satisfy total number of
available delivery trucks and optimize the total travel time
durations of their respective network. In this section we have
utilized free Google Distance Matrix API to obtain the travel
time matrix among convenience stores, a sample result of
which are shown in Figure 6, and used Evolutionary
Algorithm of Solver add-ins on Excel for solution
demonstration. As an example, two networks consisting of all
the 7-eleven and Family-Mart convenience stores in Beppu
City, Oita Prefecture has been selected to illustrate the
approach.
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Fig. 6. Travelling time duration matrix of network including a warehouse at
Beppu station, and fourteen 7-eleven convenience storesin Beppu City.

The Evolutionary Algorithm with default parameters
setting isrun on linear programming models manually built in
Excel. The optimization objective is set to minimize the total
traveling duration in the whole network with a single
warehouse. Decision variables show the total stores in each
group, the classification of each convenience store, aswell as
the traveling order. Constraints of the problem are the
constant number of available delivery trucks (or the total
number of groups), and an assumption that each groups must
contain more than two stores. Moreover, the warehouse is
assumed to be located at the central station of the city.

For better illustration, visualization Google maps are
generated by an online tool (https://mapbuildr.com) to show
the clustering and routing result of the real-life networks of
7-eleven (14 stores shown on Figure 7) and Family-Mart (16
stores shown on Figure 8) convenience stores in Beppu City,
Oita Prefecture. Moreover, each cluster is marked with
distinguish colored dot on the map with the traveling
numerical order within the cluster being placed inside, and the
big balloon-shaped red mark represents the warehouse.

E. Web-based Implementation on Mobile Platform for
Continuous Routing Updates

Although at the cluster-first-route-second stage, optimal
delivery sequence of stores assigned to each delivery truck is
calculated, the situation may change during the actual
delivery time due to traffic congestion. The ultimate goa of
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Fig. 7. Clustering with 4 groups (black, purple, blue, and red) and
numerical routing order of network consisting of al of fourteen 7-eleven
convenience stores located in Beppu City, Oita Prefecture.
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Fig. 8. Clustering with 4 groups (black, blue, green, and purple) and
numerical routing order of network consisting of all of 16 Family-Mart
convenience stores located in Beppu City, Oita Prefecture.

this work is to also build a practical mobile application that
can interact with truck driversin a programmatic manner and
enable them to input any references regarding a specific
convenience store distribution network. The device should
then automatically run the underlying procedures al the way
from finding the necessary data to sending requeststo Google
APl service and retrieving the calculated optima delivery
routes through an easy to follow GUI in areal time fashion.
This way, the mobile device of the truck drivers can serve as
navigation system for the delivery network, calcul ate optimal
delivery route in a continuous fashion and update the truck
drivers about a possible re-route option when deemed
necessary. To achieve such an objective, a prototype of
web-based mobile application and local web server have been
established and devel oped using PHP, HTML5, JavaScript on
Angular Framework, and MySQL database management and
the following subsections highlights its main features.
1) Navigation System Structure

A block diagram of the envisioned system is shown in

Figure 9. It is a large online network consisting of a web

CLIENT
SEVER SIDE SI'DE'
PHP, MySQL |[€—> <«——>| Application
D;tabase installed on

mobile device
on vehicle

Fig. 9. Structure of the proposed navigation system.
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server and various clients, which are mobile devices running
the web-based application and availablein each delivery truck.
The web server’s responsibilities include managing the
retrieved database and sending geographical location of
convenience stores and gas stations located in a requested
distribution network, or geographical region. Because of the
centralization of the server’s database, the system can
maintain consistency of response to every client in case there
are modifications to any of convenience stores’ information.
Thisway, clientswill act as bridge to search for convenience
stores between the user and central sever. Furthermore, the
mobile devices installed in the delivery vehicles will support
the driversby displaying an interactive navigation map, which
is based on the familiar Google Map platform, illustrating its
familiar perception of up-to-date optimal route for a
customizable distribution network.

2) Graphical User Interface & Functions of Client

Application

Mobiles are selected as target devices due to their built-in
GPS functionality, which can facilitate real-time navigation
tracking for the equipped delivery trucks. As such, the process
of route optimization can be done not just statically before
starting the trip, but also dynamically while the truck is
moving. This way, the remaining route gets continuously
optimized based on the current traffic condition.

The two figures 10 and 11 demonstrate the developed
web-based application running on iOS simulator. Figure 10
shows the page requiring necessary input from the user for
searching alist of convenience stores|ocated within aspecific
region, which is specified by postal code. In this GUI,
warehouse location, as well as the intention to re-fuel is also
customizable. Figure 11 gives an example of the search result
page, |etting the user to select up-to 8 convenience stores(7in
the case of passing by a gas station for re-fueling) into their
distribution network. Then, Figure 12 shows the result of a
navigation map, guiding the distribution route with numbered
markers (Gas station marker has “S” suffixed), representing

Convenience Store Search

Q [E

Postal Code
8740919

Warehouse Location

Beppu Station

Re-Fuel

Search Convenience Store

Fig. 10.  GUI for showing search result of convenience stores located in an
input area (through postal code).
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Search Result
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Z7I)—~—h AIFGERE

77 3I)—~— FIFGEAS
O—Y > RIFFAERAT BiE
a—Y > RIFFdtaER

A—Y > R EARIE

Start The Route

Fig. 11.  GUI for showing search result of convenience stores located in an
input area (through postal code).

the travelling order, which starts from “0” at Ist delivery
point.

Asthe delivery truck moves, the application automatically
verifieswhether it has reached a predefined place (e.g. Figure
11) on the route or not. This way, the application has the
capability to continuously build a new network, which
consists of the current location as new origin, and remaining
storesand agas station (if the truck has not yet passed by one)
as the waypoints, without any manua input from the driver.
Whenever the driver clicks the “Update” button shown on
Figure 12, anew routeisalso immediately cal culated together
with the latest traffic condition from Google APl service. As

Navigation Map
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Fig. 12. GUI showing the navigation map with the optimal route calcul ated
and shown. The blue dot represents the current location of the truck, and
green marker labeled “P” indicates if the truck has already passed the
location.
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Fig. 13. GUI showing the updated navigation map for optimal route starting
from the current location of the truck and passing by all the remaining
convenience stores from theinitial network.

shown in Figure 13, after the driver has passed the first
location and is on the way to the next convenience store
(location numbered 1 in Figure 12), anew routeis cal cul ated.
Please note that in addition to the renumbering of the
remaining delivery nodes, optima gas station location has
been altered from previouslocation labeled “3S” in Figure 12
to a new location labeled “4S” in Figure 13 due to current
traffic situation.

IV. ANALYSISAND DISCUSSION

This section provides a thorough analysis of the obtained
results and discusses the advantage of implemented
methodology in some details. Initially, the envisioned positive
impacts of the obtained result are examined from both
economical and environmental perspectives. Then some
figures illustrating the outcome of the data collection
procedure is demonstrated. Several verification test resultson
the feasibility of the developed computer software are also
illustrated. Finaly, accuracy and performance of the proposed
approach is compared with other well-known methodol ogies.

A. Commercial and Environmental Perspective

To examine the economical and environmental benefit of
our approach, we collected some relevant data on
convenience stores in Japan (e.g., the total number of
convenience stores, the average number of deliveries per day,
etc.) and made several assumption scenarios. For each of the
scenario, financial cost saving and carbon dioxide emission
prevention were calculated with the aid of online gas
consumption calculator tool a
http://www.city-data.com/gas/gas.php, which also considers
the gas consumption differences between city roads and
highways.

Collected Data and Pertinent Assumptions:

¢ Number of convenience storesin Japan: 56,925

o Average number of deliveries needed to asingle store
per day: 9

e Average number of convenience stores in a single

distribution network, or average number of
convenience stores to which a single truck has to
deliver aday: 8
o Average hourly salary of a single truck driver: 900
Japanese Yen
o Average fuel cost per gallon: 115 Japanese Yen
o Milesper gallonin city: 30
e Milesper galon in highway: 40
Based on these assumptions, an example network of eight
7-eleven stores in Beppu City, Oita Prefecture was initially
tested with the program. Using the obtained result and by
comparing two possible trips with a maximum and minimum
travel distance, aheuristic estimation of maximum cost saving
and carbon dioxide emission prevention for every
convenience stores network in Japan is estimated. Our finding
shows that approximately 2.8 hillion Japanese Yen can be
saved per year, which is equivalent to 56 million tons of
carbon dioxide, or roughly 7.8 million homes’ electricity for
oneyear. Even though this estimate may not be precise dueto
location disparity of convenience stores throughout Japan, we
can dtill see the huge impact of the approach in real life
practice.

B. Data Collection and Program Testing Result

1) Data Collection

Informational on about 57,000 convenience stores and
roughly 40,000 gas stations was collected using web data
scraping technique on the NAVITIME website
(http://navitime.co.jp). Table 1 showsasummary result of the
specific number of physical places, total time needed for data
extraction, and actual size of the CSV files in which the
extracted data are stored:

TABLEI
EXTRACTION TIME OF CONVENIENCE STORESAND GASSTATIONS’ PERTINENT
DATA USING RUBY SCRIPT AND NOKOGIRI LIBRARY

Data Convenience Store Gas Station
Number of Locations 56,925 36,660
Extraction Time 96 minutes 80 minutes
CSVFileSze 16.3 MB 14 MB

Considering that our analytical approach depends on the
extracted information on all the available convenience stores
and gas stationsin Japan (nearly 100,000 physical locationsin
total), the data crawling had to be done on nearly 100,000 web
pages. This may give an impression that the above mentioned
processing time for data extraction is quite expensive.
Nonetheless, because all of the extracted information, e.g.,
store names, addresses, etc. isalmost fixed and does not easily
change; the created CSV file can be subsequently used as
database for optimization for quite sometimes and enable the
system to operate in rea time fashion. Therefore, the
extraction time of one and a half hoursfor aperiodical update
of the database can be considered practically acceptable.
Furthermore, despite some limitations of the CSV file
utilization for data storage which isdiscussed in the limitation
section, the CSV database file size of about 15 MB isfeasible
for atypical ruby program to execute any necessary reading or
writing operations.

2) Program Testing

In order to test correct operation and reliability of a newly
developed program, we initially used it to gather various data
on roughly 56,925 convenience stores and 39,660 gas stations
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that are located throughout Japan. We then focused our
analytical modeling approach to convenience stores that are
located in Oita prefecture. Our finding shows that out of 1,765
different districts in Oita prefecture that have a unique postal
code, (acomplete list of which can be accessed from the link
http://homepagel.nifty.com/tabotabo/pzips/oita.htm), in 754
or 42% of them there exit convenience stores. We then
created examples of convenient store networks with up-to 8
stores per network for supply and garbage collection services
and in about 95% of them the program could come up with an
optimal routing solution in lessthan 1 minute.

C. Accuracy & Performance

In general, routing optimization problem requires much
time and computational resources in order to come up with a
feasible solution. In this particular case, since optimization
problem consisted of a network having a warehouse, up to 8
convenience stores, and a garbage dumpsite, our algorithm
had to examine a total of 40,320 possible routes in
determining an optimal solution that could yield the least
travel duration or distance. Even though there are many
proven algorithms such as Evolutionary or Generic algorithm
to solve the routing optimization problem, their analysis in
general takes longer time.

This was realized when we validated optimality of our
result with that of Evolutionary agorithm built into Excel’s
Solver Add-in function using its default settings. Although
both methods yielded the same result in terms of optimality,
performance of our approach which relies on Google API is
much faster than that of the Evolutionary a gorithm built into
Excel’s Solver Add-in function, as shown in Table 2. Despite
the fact that free version of Google API serviceislimited to a
network of 10 nodes, its enterprise version can handle a
network of up to 25 nodes per request.

TABLEII
PERFORMANCE COMPARISON BETWEEN GOOGLE APl SERVICE AND
EVOLUTIONARY ALGORITHM OF EXCEL SOLVER ADD-IN

Evolutionary
Testing Network Algs?)rll\:gmAl(rj'l dli);]cel Google API Service
(approximately)
Network of 6 locations 42 seconds Less than 10 seconds
Network of 7 locations 51 seconds Less than 10 seconds
Network of 8 locations 52 seconds Less than 10 seconds
Network of 9 locations 53 seconds Less than 10 seconds
Network of 10 locations 58 seconds Less than 10 seconds

D. Cluster-first-route-second Performance

There have been many different ways approaching the
cluster-first-route-second heuristic in solving VRP. However,
many of them failed to consider the traveling time duration
based on real-traffic condition at the time, something that is
crucia for true optimization. Our test results shown in Figures
6 and 7 were achieved by Solver add-in in Excel within 1
minute, a performance that is a reasonable in terms of
computation time for a network of less than 20 convenience
stores within a city. With the usage of Google API for Work
to access the distance matrix for real-traffic condition and
some further customization of the Evolutionary Algorithm’s
parameters, this approach can also dea with a large scale
network in bigger cities or in a whole prefecture that use
multiple warehouses to cater to the needs of convenience
stores.
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E. Mobile Application Prototype

The developed prototype has been tested on modern
browsers, including Chrome mobile on Android and Safari on
iOS. Its performance has also been validated with several
cases of user input (postal codes, warehouse location, and
re-fueling necessity), and with al the cases of distribution
network of convenience storesin Beppu City, the application
has delivered optimal routing solutions. Moreover, thanks to
the mobile device ssimulation function of desktop Chrome
browser, the application has also been tested with different
manual GPS locations to simulate continuous movement of
vehicles. With the rapid development of silicon technologies,
these days portabl e devices with large screen and high quality
display are becoming more affordable. Assuch, this prototype
is developed with the aim of integrating science and
technology to come up with a practical solution to a real
business problem. Such strategy will be used in our ongoing
and future studies and it is hoped that other researchers will
aso pursue asimilar trend.

V. CONCLUSION, LIMITATIONS AND FUTURE RESEARCH
DIRECTIONS

This paper raises the awareness of utilizing available
technol ogy and programming techniques to attain commercial
goal in convenience stores business, and simultaneously take
the perspective of CSR into consideration. This research
proposes practical methodol ogiesfor solving the convenience
stores’ distribution problem of optimizing product delivering
route from awarehouseto several convenience stores, passing
by a gas station for re-fueling, and returning back to the
warehouse. The approach involves collecting geographical
location dataset of about 100,000 real-life convenience stores
and gas stations, aweb-based mobile application for practical
implementing of Google API service and creating database to
solve the problem. Specialy, a more general view of the
convenience stores problem, which recognizes the empirical
necessity of dividing a fix number of drivers to many small
convenience stores distribution network, is introduced and
resolved by using Evolutionary Algorithm of Solver on Excel.
Overadl, considering its reliability and fast performance, the
approach can be extended for practical applications of not
only convenience stores’ business, but also in other
businesses that are looking for advancements in supply chain
management.

The followings can be considered limitations and some
relevant future research directions.

1) Current web scraping technique strongly replies on the
NAVITIME website dtructure. Specificaly, the
introduced web scarping technique uses a tree-based
algorithm to extract data at pre-indicated tag position.
Because of this, when the HTML tags structure of the
webpage with the needed data changes, the technique
may not work properly. To enhance this, development of
an algorithm with artificia intelligence ability, such as
the learning-based web wrapper algorithm, may be
necessary so as to cope with possible structural changes
to the NAVITIME website.

2) The analytical approach of this paper heavily relies on
Google API service. Considering the academic nature of
the work, however, the developed prototype was only
tested with the free version of Google API service which
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(9l

[10]

(11

imposes certain limitation on the number of requests per
day. Nonetheless, such limitation can be overcome by
utilizing the Google API for Work, which facilitates up to
100,000 requests per day. Moreover, since the Google
API for Work aso supports calculation of optimal route
with waypoints within rea-time traffic condition, its
usage will ensure a much more reliable result.

Although the recommended approach provides a
practical solution for the convenience stores’ distribution
problem with the goal of optimizing the delivery time,
which would result in reduction of gas consumption; the
problem can also be examined under a pattern learning
perspective to have an inner sight into the convenience
stores’ distribution process. Specifically speaking, apart
from travelling time, there are also many other factors
that contributes to the gas consumption during the
product delivering process, namely; weather,
temperature, route terrain, vehicle driving speed, etc.
However, not all such factors can be easily controlled and
calculated. A promising approach would be to collect
data on such factors’ impacts on the volume of gas
consumption and apply machine-learning techniques so
as to understand the patterns of how much each of such
factors could contribute to the actual gas consumption.
Then, an algorithm that also takes these factors into
consideration can be developed. Moreover, because the
data is expectedly retrieved in real-time, the learning
pattern could be continuously updated to ensure the most
pragmatic suggestion. To obtain this, the research
promotes further examination into not only pattern
learning techniques, but aso ubiquitous and sensor
network for real-time data collection.
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