International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.11 (2016), pp.199-210
http://dx.doi.org/10.14257/ijmue.2016.11.11.17

Location Management System for the Socially Disadvantaged
Using Wearable Device Shoes

Soon-Ryang Kwon', Enkhzaya Myagmar?, Sung-Hak Lim? Chae-Yul Woo* and
Gwan-Hyung Kim?

'Dept. of Electronics Engineering, Tongmyong University, Busan, 608-711, Korea
’Dept. of Electrical & Electronic & Information Comm. Engineering, Tongmyong
University, Busan, 608-711, Korea
$Dept. of Computer Engineering, Tongmyong University, Busan, 608-711, Korea
srkwon@tu.ac.kr {corresponding author}

Abstract
The families of patients who are socially disadvantaged are always anxi t their
relatives being able to return home every time they leave the Rouse. Al ariety of
location management systems have been proposed to dea such i isstigs sthese systems
have a limited service range or even cause inconvepignce“or the s disadvantaged

by making them always carry a device, together the possikility, Of getting lost. To
i i ed’a locatio nagement system for

eceiveg CDMA modem on their
Iy disachq ged person to a server in
his/herff@mily member’s location from any
een verified by a core function

the socially disadvantaged by attaching a
shoes in order to register the location Qf

place, at any time. In addition, the
test.
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1. Introduction_ Q

In Korea, more 0,00 were missing each year from 2011 to 2015 [1]. The
number of e . ple with entia has also been increasing as the population is
rapidly ag 57 eople with dementia in 2013. As of 2011, there were
approxima milli eimer’s disease patients in U.S. It is expected that the

number of Alzhei ease patients will reach 20 million by 2050. According to a
study, it is report at least 60% of patients with Alzheimer’s disease were lost more
than once and of them were lost more than twice. It is also reported that women, who
is another group®of socially disadvantaged people, have been frequently exposed to a
crime re
For ily with a socially disadvantaged member, anxiety dramatically increases if
s}@oes out and does not return home. Although many methods to deal with such
%ut situations have been developed, they have a limited service range or cause
indénvenience for the socially disadvantaged by making them always carry a device,
together with the possibility of getting lost.

To remove these problems, it is necessary to develop a method that does not require
having to attach a device to the body of the socially disadvantaged (hereinafter called as
“Subscribers”) and does not have a limited service range.

The purpose of this study is to develop a location management system for the socially
disadvantaged, which consists of a subscriber’s terminal (to be attached to shoes) that
collects location information from GPS and transmits it to a server through a CDMA
network or the Internet, a location server that regularly saves the current location of a

ISSN: 1975-0080 IJMUE
Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.11 (2016)

subscriber and a guardian’s terminal that accesses a location server and identifies the
current location of a subscriber through a smart phone.

2. Relevant Studies

This chapter investigates the advantages and disadvantages of existing location
management systems that have been already studied or developed.

2.1. GPS Running Shoes for Alzheimer’s disease Patients [2]

GPS running shoes for Alzheimer’s disease patients have been developed jointly by
GTX, the specialized U.S. GPS company, and Atrix, the shoe maker. As GPS shoes help
in identifying the current position of a wearer, it can prevent people from going missing.
The shoes transmit a tracking signal through an antenna to a satellite. A satellite sends the
current position of a subscriber to his/her family or relative on the screen of a smar
or a computer. However, a tracking signal can be meaningless if the signal is ?ﬂ
10 or 30 minutes because it is important to identify the movement path of ber in
real-time. In addition, it is necessary to improve relevant technology, su strength
of a signal in communication with a satellite, the battery ap%ty for si nsmission,
and the cost of satellite communication. \/

2.2. Smart Shoes for the Visually Handicapped @

A haptic navigation device translates an Q&ctlon to Iectrlc signal using voice
recognition software. The location of a su ris mm@ by a smart phone app. A
vibrator inside shoes vibrates toward ctlon estination in the event that a
subscriber needs to change a dlrectl ref scriber just follows a vibrating
direction. However, the problem is roduc |t requires a subscriber to always
carry a smart phone with h|m/h

2.3. Location Managem System \/&\Shoes Related Functions

There are several
system based on reco

systems already available; a location tracking
sing near field communication technology [4], QR
code [5], Blue% chnolo nd a smart location management system for the
socially digdd® ed of@ng ansi [7]. However, these systems are only available

within a p where wireless environment (WiFi, Bluetooth, or Zigbee) is
provided and a QR st be scanned using a subscriber’s smart phone to activate a
service [8].

3. System D@
3.1. Str@#e Diagram

T ocation management system for the socially disadvantaged consists of a
%iber’s terminals, guardian’s terminals, a location server and Google’s map server as
shown in Figure 1. In addition, a mobile communication network or the Internet is
necessary to connect them to each other. A subscriber’s terminal installed in the
subscriber’s shoes receives location information from a GPS satellite and transmits it to a
server through a CDMA modem. A guardian’s terminal allows a guardian to check or
track a subscriber’s location on the screen of his/her smart phone. A location server
consists of a web server with the operator’s GUI, a database to manage the information of
a subscriber’s location, and Middleware server to parse a subscriber’s location
information and save it to a database. Google Map server generally refers to a GIS system
managed by Google, which displays a certain location on a map through API.
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Figure 1. Structure Diagram of Location Management Syst r@z
Socially Dlsadvantag

3.2. Control Procedures O

3.2.1 Communication Procedures betwee A Moti@wd Location Server
CDMA %\ o @ Location
Modem &\ Server
in Not \t ing
QK¢
A@s ervég W7Port Setting
=
9 PPP& 1ion Open

A OK
P Socket Open

TS
\ OK
~ Date Transfer
) oK
PPP Session Close
TCP Socket Close
oK

Figureé\bmmunication Procedures between CDMA Modem and Location

Server

@ shown in Figure 2, parsed data is transmitted through AT Command from a CDMA
motem to a location server. When a command to set Teladin Noti is sent to a server, it
responds with “OK”. The IP address and Port number of a server to be connected are set
and sent to a server. Then, a server responds with “OK”. When a PPP Session opening
command is sent to a server, it responds with an IP address for it. When a TCP Session
opening command is sent, an attempt to connect with a server is made. If a TCP
connection with a server is established, parsed data can be sent. PPP Session and TCP
Session are closed after all data are transmitted.
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3.2.2. Subscriber’s Location Information Collecting Procedures

As shown in Figure 3, a subscriber’s terminal sends a Conn_req message to a
middleware server through a TCP socket and receives an ACK response from the server.
Next, a subscriber’s terminal sends a Loc_Info message containing location information
to a middleware server. A middleware server transmits the information to a database.

Figure 3. Subscriber’s Location Informati QJII

3.2.3. Tracking Subscriber’s Location by G@ﬂian .
Figure 4 shows the procedures of tracéi\
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Conn_req | Listen
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Send Loc Info )
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Insert Loc_Info -

ubscriber’

A‘A\
A

s
©

&

0?\/

cedures

cation by a guardian.
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Figure 4. Tracking Subscriber’s Location by Guardian

%R)r tracking a subscriber’s location, a guardian must join the service through the
application of a terminal. A guardian saves his/her information and subscriber’s
information to DB through WebServer’s PHP by InfoRegister. The procedures are
quickly processed without connecting the guardian’s terminal with a DB by updating
WebServer’s XML using information saved to a DB in each step.

To request log-in, a guardian who subscribed to the service inputs the ID and Password
that were provided in the subscription process. Then, the log-in request can be approved
after comparing them to information saved to WebServer’s XML.
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After successful log-in, a guardian can select a function among Reviselnfo, MapTrace
and Deletelnfo. In each step, a guardian can request Reviselnfo, MapTrace or Deletelnfo
to DB through WebServer’s PHP.

3.3. Operation Process by Physical Substance

3.3.1. Subscriber’s Terminal

The MCU in a subscriber’s terminal reads a GPGGA value among GPS information
received from a satellite through a GPS receiver, which is needed to track the location of a
subscriber, and extract the current time, the latitude, and the longitude. The phone number
of a subscriber and the character ‘#’ are added to the front and the back of the extracted
value, respectively, to create a 45-byte subscriber’s location information packet, as shown
in Figure 5.

V0
Subscriber number UTC time Longitude Latitude Final mf?kv

01220487401 | 144807.211 | 3732.6624 | 12701.3549] #

Figure 5. Format of Subscriber’s Lo@ﬁ m%(

After that, the MCU connects with a serv@augh dress and a port
predetermined according to the communication procédures, bai‘é’o TCP/IP over CDMA,
between a CDMA modem and a server andéds a su @er’s location information
packet to a server. . K

 J

3.3.2. Guardian’s Terminal &6\ s\\>®

MainActivity.Class is exec @hen a dian runs the application using his/her
smart phone, as indicated in‘Figute 6. %

<<Java Class>>
(3 MapView

com.example.parents_gps
\ of SERVER_ADDRESS: String
Q oc MapView()

onCreate(Bundie).void

<<Java Class>> 7 = findAddress(double,double):String

O ©LoginSuccess  |.-- G @ getXmiDataList(String, String):ArrayList<String>
t com.example.parents_gps

ocLoglnSuccess()

soava Cliasy > onCreate(Bundle):void «JMI:II":oIaEzsit»
B s i W el
o SERVER_ADDRES; ing of SERVER_ADDRESS: String
@ MainActivity() % & InfoEdit()
onCreate(Bgndie):vo i <<Java Class>> > onCreate(Bundle):void

N

@ getXml String, String):ArrayList<String> ) (9 RegisterActivity @ getXmiDataList(String,String):ArrayList<String>
com.exampie. parents_gps
O o SERVER_ADDRESS: String
& RegisterActivity()
onCreate(Bundle):void
. . , R
@ Figure 6. Workflow of Guardian’s Terminal

To join this application, a guardian runs RegisterActivity.Class or inputs his/her ID and
Password if he/she has already joined the service. In this case, LoginSuccess.Class is
executed if the input values are matched with the values he/she provided during the
subscription process. After successful log-in, he/she can run MapView.Class to obtain
subscriber’s location information and InfoEdit.Class to modify or delete subscription
information.
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3.3.3. Location Server
The workflow of a location server is shown in Figure 7.

Start
=

Y
» View Login Webpage |« Inse:tn;\:mm }—, TCP/IPco;mecnon
T
Admin id/pw
v Connect

No

_— Yes Location Info
Insert/ Delete/ Check All )
Update User Info User Info Check User Location ] Parse/Insert

Py 4
;P( Database 0 [ Google Map ]
1

(a) Workflow of Web Server (b) Wor fKAlddl@ierver

Figure 7. Workflow of Lo erver

The operation of location server is shown in “a’ igure 7 he operator accepts
to location server. The operation of mlddlewa;@(ver issh in “b” of Figure 7.

An operator uses a URL to access to rver sho n operator accesses a web
server by joining as a member or pro sword An operator checks the
information of a user (a guardian or crlbe d in DB. An operator can insert
new user’s information or delete ate eXI I formation in DB. Location values
are shown using Google Ma A INQ.Lheck t bscriber’s location.

For a server to collect loc 1nformat30m a subscriber’s terminal, they must be
connected through a predgtermined IP@; and port number, as shown in “b” of Figure
7. Location 1nformat1 ived from bscriber’s terminal is regularly saved to DB
through middlew. tlon of ubscriber is checked by an operator who checks a
location value o ber’s a saved in the above mentioned manner and extracts
the movemen d the catlon of a subscriber.

As |nd|n Figure uardlan can retrieve, insert, delete, and update a guardian
and subscribef's info | on by accessing to DB through TCP/IP communication. In
addition, a guardian N eck the current location of a subscriber from DB.

(Q
TCP/IP connection
O& :

O ~—— Connect p——
@ User Info Locatloln Info

Check/ Insert/

Call
Delete/ Update a
X Zy

(Garabe |

Figure 8. Workflow between Server and Guardian’s Terminal
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4. System Implementation

4.1. Subscriber’s Terminal

Figure 9 shows a hardware implementation result for a subscriber’s terminal developed
in this study, which is inserted in a subscriber’s shoe. The size of the subscriber’s terminal
is 48mm * 48 mm * 20mm.

4.2. Guardian’s Terminal

Qo

Several functions including log-in, , gu di@ information search, guardian’s
information change, subscriber’s inK-n d subscriber’s location tracking

are implemented in a guardign] inal. Fi 10 shows a subscriber’s location
tracking function implementQ ardian’ inal by this study

O ug
LIELT]

e

Google

Figure 10. Implementation of Subscriber’s Location Tracking Function in
Guardian’s Terminal
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4.3. Location Server

A web server is configured by PHP in CGI language based on HTML 5 while a DB is
implemented by MySQL and middleware is created by C#.

The screen of implementation of a subscriber’s and guardian’s information
management function on a guardian’s terminal is shown in Figure 11.

=
&
S
=3

Check Information
Num 1D Password Proctectorname  Citzen 1D Sex Addess Celphone  Subscribername  CizenID Ser ShosslD Change Dekte
M aopesmis 12451 SO TG4 O BATRN ST SNZ 9HAE)  nmemm S 00608145247 & O1MSIAS 4E 47
0 o 0 ZET BIONT-264T4 W BN AN HSIUAS 5L p0sMEIR 2R M08 S oM AE A
8 wnionld 15 P2 TEH0SI24T8T O HE ADRE22 2001 s T4 WORE-24T8 Y DIZOMEM AR A3
B oo 1345 20E TatE-1Tess O HESEN BET S5 11 izt ey moezaa O omosz 220 4
T mnsogts 467 DI TEOMS24T456 17 A3 BHE 1661 o570 DU 005452874 O OB &F A
Input Information
* Protector Information
:
Password
Name * Necessary
Citzen ID Use
- | —

\*
Cellphane: T oontuse” * Necessary

*Subscriber bfomation OQ

Name * Necessary

Citzen ID :I Don'tuse ™ \
::esll: [ Joamtuse s Necessary Q \6
Figure 11. Subsc@;ca’%\\@%mg System

5. Test Results A \6

Tests for subscriber’s @tlon ma@nt system using GPS shoes were separately
conducted for the g side ard server side. A test for the subscriber side is

RS N

replaced by checki norm: f a value of subscriber’s location information that
can be identifi a guar tetminal. The test results for core functions are as
follows. O @
5.1. Test for Subscrij ocation Tracking Function on Guardian’s Terminal

In order for dian to track a subscriber’s location on his/her terminal, the
subscriber’s i ation including the time, the longitude, and the latitude shall be
imported £rgm a Server. Figure 12 displays a subscriber’s location on a map of guardian’s
termina location information received from a server. It is found that a subscriber’s
locati be tracked over time, comparing to a value of DB information.

%

206 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.11 (2016)

L300
Pl

W

SREMH

2016-03-04 08:04:02

currentTime
2016-03-04 08:01:20
2016-03-04 08:01:26
2016-03-04 08:01:31
2016-03-04 08:01:36
2016-03-04 08:01:41
2016-03-04 08:01:46
2016-03-04 08:01:52
2016-03-04 08:01:57
2016-03-04 08:02:02

latitude
35.1202729
351202729
351202729
35.1202729
35.1206511
35.1206511
35.1206511
35.1206511
35.1205799

longitude
1291030647
1291030647
1291030647
1291030647
1291032305
1291032305
1291032305
1291032305
1291033208

2016-03-04 08:02:07
2016-03-04 08:02:13
2016-03-04 08:02:18
2016-03-04 08:02:59
2016-03-04 08:03:05
2016-03-04 08:03:10
2016-03-04 08:03:15
2016-03-04 08:03:20
2016-03-04 08:03:25
2016-03-04 08:03:30

35.1205799
35.1205799
35.1205799
351211219
351211219
351211219
351211219
351214481
351214481
351214481

1291033208
1291033208
1291033208
1291033377
1291033377
1291033377
1291033377

1291036526 *
129.1036 V
129.10365,

6

Ry
By

E LT
L)

Y

2016-03-04 08:03:36

351214481 129103

-4

R A b S O - G i i i i e i e i i e g 4

0 a’ - ¢ 350214067
Google 63-04 08:040% 3512 129.1035891
(a) Screen for Subscriber’s Position Tracking alues owmer’s Position

Inform? %
Figure 12. Test Results of Sub Locatlo racking Function on
Gua Ter

5.2. Test for Subscriber’s %@nfom@n Collecting and Location Tracking

Function on Server

oOodoUoooooooooooooogoooooog
AR R Y T N N Y N VN N R Y N

Figure 13 shows
location server,
found that the su
time will be
these funct

s of sub 1r’s location information that is identified by a

]16 ‘kgularly sdnt to a location server by a subscriber’s terminal. It is
r locations in order. The staying duration and the

you cI water drop shape. With this test, it is confirmed that

corr t@)rkmg.

£~ &/ @ Location Server | (v 2y ies

{012

2016-09-22 03:27:28 A X 29¢

3013 SABAA BT 8TS
508-1 v
\ / Y

, FYEHT ,

?¢ ¢
, §51Hlfim

Az

u
S| MBELR

Ao101ER®

&%
o,

Google

XIS GIOE ©2016 SKplanet OS2

Figure 13. Test Results of Subscriber’s Location Tracking Function from

Location Server

Copyright © 2016 SERSC 207



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.11 (2016)

6. Conclusion

For a family with a socially disadvantaged person, anxiety will dramatically increase if
he/she goes out and does not return home. To resolve this issue, it is necessary to develop
a method that does not require attaching a device to the body of the socially
disadvantaged and does not have a limited service range.

This study designed and implemented a location management system for the socially
disadvantaged, which consists of a subscriber’s terminal, a location server and a
guardian’s terminal. According to the test results, it is confirmed that location information
of a subscriber’s terminal is well saved to a server and a subscriber’s location tracking
function is working properly. This system can protect the socially disadvantaged and
reduce their family’s anxiety by allowing their guardian to easily check the location of
subscriber through their smart phone from any place, at any time.

Making a device smaller to attach it to children’s shoes and improving the quality of,
product to the level of commercial service by adding more functions and supp Swg
performance are tasks reserved for future studies. $~
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