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Abstract

This paper designed XMDR-DAI-based hospital info'ﬂwfsyste@\obile cloud
environment. The system supported data interoperabili vice b% ystems in the
t

process of transmitting data collated from BSN (BGH nsor Ne environment to
the hospital information system. This study sugge MDR sed MCBS (Mobile
S

Body Cloud System) in the mobile cloud e onment em integrated sensor
information obtained from BSN to su nterop ity service for medical
information between HIS (Hospital Info yste

Keywords: XMDR-DAI, BSN, HISQ Inter@uon System Integrated

1. Introduction A

Among many researc n mong@ care, some researches attracted attention for
such as removing un ry duslic check-up or excessive medical expense by

collecting infor from bo ensor, which is obtained through mobile device
attached to bodi atlentsY@: rently, as the body sensor devices were developed
by differe : cturerswith®*individual software and communication protocol, the
body sens was wnteroperable with HIS (Hospital Information System) [2].
Moreover, as the st of database in each medical organization’s system were
heterogeneous, it was/difTicult to share the data. Thus, this study suggested XMDR-DAI-
based MCBS (Mab ody Cloud System) in the mobile cloud environment. The system
integrated sens formation obtained from BSN (Body Sensor Network) to support

interoperakility service for medical information between HIS. The service converted and
integrat E 11073-based sensor information to HL7-based medical information to
transpmi -information to the hospital information system [3-4]. Furthermore, data

, occurred during the process of sharing personal health data between the medical
izations, was solved by data integration service in application of XMDR-DAI [5],
which was one of cloud technologies. This paper is organized with 5 sections in which
Section 2 outlines related work and Section 3 describes the proposal system. Similarly,
Section 4 describes Implementation and Section 5 concludes the paper.
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2. Related Work

2.1. Body Sensor Network (BSN)

Currently, body sensor network was utilized to monitor personal health conditions, play
motion sensor-based games, share information, and etc. While necessity of multi-
functional, small-sized, and medical mobile devices and request of developing
personalized health check-up and management were increased, bio-information of
personal bodies was transmitted to medical organizations in real time based on ubiquitous
environment, and sensor technologies and wireless communication technologies with
servers were converged to receive personal information for the patients’ self-treatment
service [1]. Moreover, technologies of detecting, analyzing, and transmitting bio-signals
were converged, and real-time automatic transmission technologies were in development
using data-mining. In Japan, one of the researchers measured and managed pgrsonal,
health conditions through self-communication and established in-home monitoripg s
to constantly monitor patients’ health conditions, alarm deviations from normal c ions
in early stages, predict the future health conditions, and utilize the saved dafa igi\gletecting
any symptoms. Furthermore, in Europe, one of researches Eewured eathing, oxygen

saturation, pulse, blood pressure, pupil size/response, c.tot it GPRS [6]
(General Packet Radio Service) and UMTS[7] (UTV@& bileN elecOmmunications

System)-based wireless broadband data. \\/
2.2. XMDR-DAI Technology Q . 6

XMDR-DAI [5] was an agent adopte @o ve metad?h schema, data structure, and
semantic collision occurred due to datasi ratiog S MDR, which was an expanded

tadat% ional database to object-oriented

database. In other words, it wags integratin a by combining MDR and ontology
to solve collision between sg%;l ructuce?i instances of dispersed data. This study
composed the association o SN’ \ ata with XMDR-DAI to support data
interoperability service f(@ing the n@informaﬁon effectively.

concept of MDR; the technology sa\g

*
2.3. Hospital Inf 91 Syst 1S)

The stru ospital in ation system was divided by 3 main levels such as
levels of over g region, and patient transport [2]. Generally, all kinds of
hospital in ation supported client-server architecture for networking and

processing. Locati processing the hospital information system were mostly
residential. Due t opment of smart phones, it supported application services for the
smart phones. fficial standard for exchanging patients’ information between the
hospital igfdgrmatfon systems was not existed, but there was HL7 project supporting 1SO
for data&nd data exchange. HL7 improved monitoring of drug uses and researches
of t ts using the patients’ medical information and moreover it enhanced to
kg more appropriate drugs. Data integration through HL7 would improve the
ity of patients’ information and reduce the items of information [3-4]. Furthermore,
it Yrafted cloud computing system to the hospital information system for loading the
information from the cloud servers as a perfect function [8-9].

3. Proposed System

3.1. System Overview

The overview of system suggested in this study was shown in the <Figure 1>,
composed of a patients’ group, a doctors’ group, HIS cloud, and the suggested system.
Each group was described as follows:
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Figure 1. Mobile Cloud System and Hos @%tem
e Patients’ group: This group obtains the bio- |‘ tion W data attached to

their bodies in real time through Bluetooth of their smart pho
e Doctors’ group: This group recelves atients’ ﬁ@tlon from each local HIS

cloud through wireless communlcatlon are trans d the patients’ information
in real time, they can immediately giv r|pt|0 @patlents
ems is dispersed by regions, and

e HIS Cloud: This group of hosp& form
it contains patients’ information o hospltal is system group is associated between
hospitals. A

e MBCS: The information tfans \ sensors, attached to patients, through
smart phones is mtegrat d trans 0 HIS cloud according to its standards. The

transmitted informati ore easily s red between dispersed PHR of hospitals based
on HL7 to obtaln > conditd formation in real time.

3.2. Syster@ tion an
The Fi lustra

® BSN Sensor:

ructure

ments and structures of MBCS as suggested in this study.
sensor collects, adjusts, and manages sensor information of
patients’ bodies nodes for monitoring.

e Mobile S Manager: Mobile service agent facilitates doctors to check the sensor
informatign (through mobile devices and manages the information. In other words, the
doctors é% patients’ information in real time, and they search, save, and share the
patie dical information in HIS cloud through mobile phones. Accordingly, the

e@ medical information is shared between the doctors.

%&cquisition Data Agent: It provides and manages transmission service to identify the
trafismitted information from the patients’ group in real time through HIS.

e Security Manger: It encrypts the sensor information transmitted to HIS cloud through
data agent for its security.

e XMDR-DAI Manager: XMDR-DAI manager associates the medical information of
between local hospital DB and doctors’group. At this time, schema collision occurred in
the process of sharing the medical information is solved by XMDR-DAI. To associate
with HIS, IEEE 11073-based information was integrated to HL7-based information.
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Figure 2. System t ation \/

Figure 2. is a process for performing a progess for tr ng the sensor information
that has been integrated with MBCS ba MDR A ystem for HIS. Description
of the execution of each process ar ollowy; nt Group acquires sensor data
generated by the body sensor V|a oth p{ nt smartphone. Acquired data is

patient to the Hospital Infor. teroperability of data, and to integrate a
standard HL7 and IEEE11073 mation. Integrated data, after performing
encryption on the Securj anager%ae urity, to be transferred to the HIS. Doctor
Group saves the heal% matio of pdtients who have been sent from the HIS to the
smartphone. The x bile cloud environment, it is possible to exchange
data between th

3.3. Body Data rd format

This body sensor, composed of the IEEE 11073 PHD standard and divided into
transfer layer, :@ ndard and exchange protocol. <Table 1> shows the current IEEE

transferred in real time MBCS When transferring the sensor information of each
5 N .

11073 PHD st . This paper does not define the transfer method of data but assumes
the use ogclrren y implementable Bluetooth and only deals with blood pressure used for

an expe@
O
o,
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Table 1. IEEE 11073 Standard Format

Standard Measurement Elucidatory Notes
[EEE Std 1107310404 | Pulse Cedmeter Device specialization
[EEE 5Std 1107310407 | Blood Pressure Monitor Device specialization
[EEE Std 1107310408 | T hermormneter Device specialization
[EEE Std 11073-10415 | Weighing Scale Cevice specialization
IEEE Std 1107310417 | Glucose Meter Device specialization
[EEE Std 11073-10420 | Bedy composition analyzer Device specialization
[EEE Std 1107310421 | Peak flow DCevice specialization
IEEE Std 11073-10441 Cardiovascular fitness Device specialization
IEEE Std 11073-10442 | Strength fitness equiprnent Device specialization
[EEE 5Std 1107310471 | Independent living activity hub Device specialization
IEEE Std 11073-10472 | Medication rmonitor Cevice specia].ization\‘
[EEE P11073-10406 Basic ECG Device N/
[EEE P11073-10413 Hespiration rate monitor Device
IEEE F11073-10418 INH Device i&li
[EEE P11073-10419 Insulin pump R \ Device ec'chn
[EEE Std 1107310404 | Pulse Q:dimeter \ Device %Z
IEEE Std 11073-10417 | Glucose Meter N PDBVV alization
3.4 Body Sensor Data Filtering \\/
This body sensor data filtering service prov service through filtering
that enables the acquisition of data to ‘erved inst of simple data for medical

service personnel

Algorism 1. The QI@@ Algon?ﬁm\of Body Sensor Data

public class DataFiltering {
private static final Logger logger =

LoggerFactory.getLo ataFi Ite@ss);

private static final Str sndat%% =""C:\\bsndatabase\\"";

FiIteringServicw
ic voi ilter( ervle ;request, BSNdata data) throws Exception {

= data. 6 ata();

@turn filter.save;

The data filtering function of mPHM System only acquires data that exceed or lack the
established measurement scope out of the body sensor data created by the body sensor
device from the subjects of observation, and performs the operation to remove data
belonging to the measurement scope. The body sensor device to measure the heart rate
creates 40 ~ 200 data, and in case of ECG (electrocardiogram), average 1,000 data per
second are created. Since most of the data occurrence rate of the body sensor device is
high, it becomes the cause of system overload or brings about a problem with data lose or
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difficult monitoring. Therefore this paper is able to perform much smoother monitoring
by solving various problems including overload followed by large scale data transfer
through filtering function and providing medical service personnel with simple
information. Algorithm 1. shows the data filtering algorithm suggested by this study.

3.5. Schema mapping rule based on XMDR-DAI

Figure 4. is the design regulation for mapping of the local schema of the standard HL7
schema of mCloudHIS and the medical information system as a process to share medical
information between medical information systems. The mapping regulation design is
based on diagnosis information among the items about PID and OBX segment as the
basic information of patients. (F) in the figure means Field Mapping as the mapping of
standard field and local field. (T) as the mapping of other types stands for Type Mapping,
and (+) integrates each item. \/0

© Patient identification (PD. OBX HIS B Schema
PID-1 SetID - PID (SI Local Field Unit | Size Desripe
PD-2 Patient 1D (CX) | P 4
PID-3 Patient identifier List (CX) WL 1 .32 E ]
PID-4 ARernate Patient D - PID (CX) % 3 ]
Patient Name (XFN)

Mother's Maiden Name (XPN)
Deate/Time Of Birth (TS
Administrative Sex (IS)

PID mCloudHIS Schema joudHIS Sche

Stand i
Hagl
Weaght

Patient Alias (XPN)
PID-10 Race (CE

PID-11 Patient Address (XAl

PID-12 County Code (S

PID-13 Phone Number - Home (XTN
PID-14 Phone Number - Business (XTN
PID-15 Primary Language (CE

6 Marital Status (CE
PID-17 Religion (CE)
PID-18 Patient Account Number (CX)
PID-19 SSN Number - Patient (ST)
3 PID-20 Driver's License Number - Patient (DI
= B 0BX Segment (08X
= B 0BX Segment (0BX
OBX-1 SetD-0BX ()
0BX-2 Value Type (D)
0BX-3 Qbservation dertifier (CE

References Range (ST
Abnormal Flags (1S

21 ~ v
W o
%] ~Systolic Pr Tel11321mmHgl 111 IF

cor sty e ST S T
"‘ZI " '!.:2;.‘”:;“."; [ stﬁk,::;,::rf: e
FlgureGQDeg 2 of 8€Chema Mapping Rule for Medical Info Share
The purpose of m IS suggested by this paper is to solve heterogeneity of data in
order to share medi formation between medical institutions. Accordingly, the field

name required irmstamdard HL7 was extracted to design standard metadata. In the figure,

MSH defines ical information provider, data type and date as well as transfer

institutior%xl\l has information on event treatment occurring in the process to share

medica mation. The mapping method of OBX segment is the same with PID.

Ho ,”OBX includes ‘Unit’ different from PID. Therefore data sharing between
iCal institutions becomes enabled through the process of (F), (T) and unit mapping.

4. Implementation

The service function of this mPHM System is to input the body sensor data of the
smartphone of the subjects of observation and transfer to the medical information system.
mPHM System filters data collected by the smartphone prior to transfer of the body
sensor data to the medical information system, and transforms to medical information to
solve the problem of heterogeneity. In addition, the service that can check the health
condition of the subject of observation should be provided. This study experimented
blood pressure, and the data type is composed of patient‘s ID and data identified time,

62 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.10 (2016)

basic health information, measured data value and monitoring scope. Figure 5. and Figure
6. is the interface screen to perform monitoring through data filtering of mPHM System
suggested by this study. Figure 5. is the diagram of the body sensor data before filtering
input by mPHM System through the mobile device of the subject of observation. The
graph to express data was designed by using the Google chart of API provided by Google.
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Figure 5. Fi Body ggg\or Data Input

*
The body sensor data acqu by the %@device of the subject of observation are
transferred to mPHM S accor ing, t0 the IEEE 11073 standard type. HL7, the
medical information d, observed to transfer the body sensor data
collected by mP tem to th dlcal information system. Accordingly, the process

to transform th ing co\@ body sensor data through the Data Conversion
module is
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Figure 6. Body Sensor Data that has been Converted into HL7 Format
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In general, evaluation according to the search results reinforced search conditions than
image search and caused decrease of search results, but when including the corresponding
words occurring in simple keywords, the problem of the subject of search was rather
solved. Then, since multi-media ontology provision for search offers information on
corresponding keywords to the user, it has a merit to transfer not simple search but
knowledge.

5. Conclusion

This paper suggested XMDR-DAI-based MCBS to collect, filter, convert, and integrate
body sensor data in mobile cloud environment to provide patients more fundamental
prevention of disease, improvement of health conditions, and convenience. Moreover, the
data collision occurred in the process of sharing personal medical information between
medical organizations was solved by data integration service in application of DR—
DA, which was one of cloud technologies. In future studies, the data measureg, th
several types of body sensor devices should be converged with patie s%
information to analyze the patients’ conditions and predict emergency, and 't dicted

emergency should be immediately noticed to the hosp mform ems and
doctors.
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