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Development of a Metamodel-Based Healthcare Service
System using OSGi Component Platform
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ABSTRACT

A healthcare system is a type of medical information system that performs early detection and
prevention in diseases by checking one’s health condition periodically. Such a healthcare system is based
on the signal obtained from the body. However, the developed existing system represents certain
differences in the storage and description of vital signs according to medicare devices and the evaluation
method of the system. It brings some disadvantages, such as lacks in the interoperability between
systems, increases in the development cost of systems, and absence of a unified system. Thus, this
study develops a healthcare system based on a meta model. For establishing this objective, this study
describes and stores vital sign data based on the standard meta model of HL7 and applies OCL, which
is a mathematical specification language, for defining wellness indexes and extracting data in order to
evaluate health risk appraisals in health. In addition, this study implements components based on OSGi
and assemble them in order to easily extend various devices and systems. By describing vital data based
on the meta model, it represents some advantages that it makes possible to ensure the interoperability
between systems and introduce the standardization of the evaluation method of health conditions through
defining the wellness index using OCL. Also, it provides clear specifications.

Key words: Healthcare(Z174#€]), Metamodel(®E}29), OSGi(Open Service Gateway Initiative),
aECG(annotated Eletrocardiogram)(4 A %), OCL(Object Constraint Language), XML
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-~ <sequentes

- <value xsi:type="SLIST_PQ’>

<code code="MDC_ECG_LEAD II' codeSystem="2.16.840.1.113883.6.24° codeSystemName="MDC" />

£ 0|88 NEIZY 21910 A2t Muls A28 4g& 127

<ofigin unit="uV" value="0.800" />

«scale unit="uV" value="2.508" />
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1) ECG Raw Data®] #3¥

- <COMPONEnt?
- cgrnotation»
<code code="MDC_ECG_TIME_PD_RR' codeSystem="2.16.840.1.113883.6.24" codeSystemName s"MDC" /> ‘

<value xsi:type="PQ” unit="ms" value="1.125" /%
+ <component>
+ <component>
</annotation>
<fcomponent>
- <component>
~ <annotation>
<code code="MDC_ECG_TIME_PD_RR’ codeSystam="2.16.840.1.113882.6.24" codeSystemName="MDC" />
<value xsi:type="PQ" unit="ms* value="1.0583333333333371" />
+ <component>
+ <component>
</annotation>
</component>
- <component>
-~ <annotation>
<code code="MDC,_ECG_TIME_PD_RR" coteSystem="2.16.840.1.113881.6.24" codeSystemName="MDL" />
svalue wsi type =Y unit="Ims” value="1.1333333333333320" />
+ ACOMPONENt>
& <COMponents>
</annotation> |
<frompanent> |
- <eomponents
~ <annotation>
<code code="MDC_ECG_TIME_PD_RR® codeSystem="2.16.840.1.113883.6.24" codeSystemName="MDC" />
<value xsi:type="PQ" unit="ms" value="1.2041666666666657" />
+ <compornent>
+ <component>
</annotation>
</component>
- <component>
- <annotation>
<code code="MDC_ECG_TIME_PD_RR" codeSystem="2.16.840.1.113883.6.24" codeSystemiame="MDC" />
<value ¥sktype="PQ" unit="ms" value="1.1499999999999986" />
- <component>
- <annotation>
<code code="MDC_ECG_WAVC_TYPE® codeSystem="2.16.840.1.113883.6.24" codeSystemName="MDC" />
avalue xsiitype="CE" Code="MDC_ECG_WAVC_RWAVE" codeSystem="2.16.840.1.113883.6.24" codeSystemName="MDC" />
~ <gompongnts

A8 R-Peak Dataw% E“@l
CGigtel AME Hiolele] B8

2) HRVF&&

28l 5. annotated

F&37] 91§ OCL zZ=olt) 2 %174'.

FEHL, dsAnE 5 &am 1&16} HolElZ ol &5te} A} ol
29225 RR-Interval 2 uaAAAS RagAAAe] 843 458 B
@

29 8% 22 OCLEZZZ OCL InterpreterE &
& 43381 RR-Interval Ho)EH & 253 4 9t
29 dejeld 98 A2lg upeto g 3o 9
U2 RE AT 5 vk & AAE bo)Ee &
&< B3 Wukg, TFESO BAE dolHE /5Y

ojg} 2ol dUAAE FoE AR OCLEZE=E
g3 v A 7hEgo] wTh EE dYLA
o 4 2 Fr/h AT B¢ Hre] A%d A
ojuf Alaglel £ glo] HiE ALY 4 dvk=
s 7.
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1 package ecgpOpuD;

i &

- #¥import java.util. ArrayList;
; import java.util.Collection:
import java.ntil.Iterator;
import java.util.List;

import org.eclipse.emt.ecors EObject;

import org.hl7.v3, PORTHID20001AnnotacedECG;
import org.hl7.vi.PORIMTO2G001AnnotationSet;
import org.pl7.v3.PORTMIOZG00LSequence;
import org. . n17.v3. 8LISTINY

Py

P T

v

public clase BECG §

privatg PORTMIO20001Ann0CatedECE ecgRooty
private List<AnnotationRR> rrs;

public AECG {PORTHMIDZO001ANnotatedECG ecg) §
this.ecqgRoot = ecy;
this.rrs = new ArvayList<AnnotationRR>{);

public getDigits (String lead) {
PORMOZQOOJ.Se@ence seq = this,.getSequence (lead};
SLISTPQ ¢ = (SLISTPQ)seq.gevvalue():
retarn v.getDigits();

¥

publio void seuDigits{String lead, list digivs) {
PORIMIV2000) Sequence seq = this,getSequence {lead);
SLISIPQ v = (SLISTPD)seq.getvalue{):
v.getDigits (digita} s

¥

Pabiis PORTMT020001 (String lead) ¢
for{Irerator i = ecgRoot,eAlllontents(}; i.hasNext(};j {
EObject o = (EObjectii.mext():

if{o ipstanceof PORIMI020001Sequence} {

o DONPTRET AN (NS P i s v PPN A A B s}

D AAE AMF 9 raw data FES 913 AECG &=

20 public elass AnnotationRR {
3 private PORTMT020001Camponent root:
S private PORIMID20001Bnnotation anny

248 public AunnctaticnRR({} throws IOException {
V3EMLProcessor p = new V3XMLProcessor{):

Resouxpe r = p.load{™model/003_FDA.xml*, nall);
roat = }r.getl {}.get{0);
PORTMIG20001AnnotatedECG ascg = root.getAnnotatedECG{}:
aecqg.getComponent {} .get {0) .getSeries (}.getDerivation{}.clear()s
for {Irerator i = aecy.sdllContenta(): i.hasNexv(}:) {
EObject o = (EObject)i.pext():
if (o instanceof PORTMIG2000lAonotationSet) {
PORTHIO20G01AnnotationSet as = (PORTMI020001AnnotavionSet)o;
this.root = as.getCamponent () .get (G}
this.ann = thiz.root.getAnnovation {};

41%  public AunotaticsRR (PORTHIC20001AnnotatedECG aecg) {
aecy. gecCamponent {} . get {0) .getvSeries {) .gerDerivation {} .clear(};
for{iterator i = aecg.sAllContents(); i.hasNext{};) {
EObject ¢ = (EObject)i.next(};
if (0 instanceof PORIMTO20001AnnotationSet) {
PORTMICG20001AnnotationSer as = (PORIMIO20001lAnncracionSecyn;
this, root = as.getComponent () .get (G}
this.ann = this.root.getAnnotation{};

53k public AnnotationRR (PORTMIC20001Camponent root) {
this.rooct = root;
this.ann = root.getApnotation();

i 58 public PORTHYD20001C gesls 01
retsrn this.reot;

2) AAE 20359 RR-Interval £8&
33 6. aECGHE ZHEUE AAamEe| YR
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ersion="1.0" encoding="DTF-8"7>
se version="3.4" >

<extension

o5 eclipse. ul. popupenus">

R ST

ad= "ecgpcpup cor*rxbur;.orl "
namefFilver="+.ecg"

s

<mETa
1abel="ZCG Vital Signal”

o

e

dditions"
gpopup.menal "y

-

&
3
z
3
£3

ame="group ">

40 labeli="aECE"

objectCiass="org. eclipse. core. resonrces. IFile"s

b
kS

i

) labei="Generate to HL7 Based aBl& Model"
21 ciags="ecgpopup.NevAction"

2z metubarPath="ecgpopup . Renul /Jroupl ®

23 enablesFor="1"

22 i

2%

26

27

2% adaptable="falss”

2% id="ecgpopup.objectlontribution2®

30 nameFilter="* ary"

35 shiectllass="org.eslipse. core.reseurces. IFile">
32 <aption

32 class="ecgpopup. HRVAction"

34 id="ecgpopup.actionl”

35 labei="HRV"

36 menubarPath="ecgpopup. RenuZ/groupl >

37 </facricn>

38 <meny

a5 id="ecgpopup. menul”

Design 1 Source|

package v3
context DocumentRoot
def : getRRValue : Sequence(OclAny) =

endpackage

self.annotatedECG.component.series.subjectOf.annotationSet.component.annotation.value.oclAs Type(PQ).value

12| 8. RR-Intreval HIO|E| F£&2

a9 95 AAEE U 3o AA L3 4
oltt, A Y AARE aFCGEYE Wasla, OCL

2 ® A3,

o)} o] OSGIHEUEE ©] 43 velnd 7y
gho] Ade A2 RS sEstd £
YA LN Z ] wlolE ol HZsta JAEH S 51
A% YHes OCLE ol &3td A9 stArt. o=

o3 e AHS AL

a. HL7 7|§te 2 velrd-S golgozm thof
g AA wo)y mdzte] 534 2 3a} A

b. AA| dolEle] thde AR AHE 4 viewHAF

c. Wetnd e AZAE Muag ATge
2 FEE Aulx AXTIE AF

23t OCL ==

d weted 2 33 BA9o1d OCLE AHE:
oz Aula £33 2 F717) £0

e. OCL9] A}go g AZRHAE] Au|Ao H33l ¥
Al 7vs

f A2 AR Frto] WE FARS HE
Az

g. OSGi7IWre] ZAEXJIE g
# Aul2a AFTUEQ o] E3E #et &
fo] &9
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Ve
ECG_Baw. Data.scg
ECG_Raw.Data.hre

e e
[

Electrocardiogram

X

- ECG Graph

Hoart Fate Variabiity

%

e HRY Grophl

& ECG_Raw.Data.xml 32

<tent/s
<effectiveTime>

<73l versione"1.G” encoding="UTF-§"2>
<!-- FDA Annotated ECG -->

<i-- on Tuesday, November 21, 2006 16: 1731 ora solace !urgyu occme lg -—>
<ApnotavedECG xmlos:xai="htip://www. w3 . 0rg/ 2001/ XLSchem - instance”
<id rootsrADRBESSE-184F~4F42~BICE-ADIDDFEESES TR O/ >
<code rodex"93I0B0T codeSyscemsnz,16.6840.1,113883.6.12" codeSystenNames"CPT-4" dlaplaylnme

<low value="20040115102010.000" inclusive="true”/>
_umine=nr00401181 s

nesurn:BIT-0rgivET

neInaivesrfal antss

I8 9. 0SGivigtel HEUER FHE MME, HRV 2=

Aul 2= A 2E ] FEo] ojEg-n, AHEAte &
BoZ st FFE dolEuola 5] o3&
Aol

E3 ARG g loiAE 1 iy 29
ol v vheFaict. el shte] 218 7] 7oA
A A dolg], Id Wgol o g8 r]|7dlA
AR = gl 5344 dgolgtes Fuidt 24
AE 7HA T AT} ol FEFoE A A A
ZEE AR BAed xEsE 5YstE ¥
A Ay FAe vlulg e

B =74 Aest AZAE Mula Axde A
A A% E HL7 RIM7|9te] Wielnd=z Sdgo=
A A 2FZEE] 38 RS, AT
e 2L FHA GE A7) g2 AN2He FEE o}
3 43S Hasin

E3 AA elelelE XMLE 4o RETo=H
tolEle] ¥fo] f1, Tk Hojze 42 7
g 4 Q. 281 ARAUE AAsed e
dY2AF 9] FAE 53 g4 AoJQd OCLE A}
&8t Hejgo g 1 Awrt BEsla, 54
Eigit=

BEF dU2AR ] HE AFFoEn Ay

W
=
=

:

el B3 ARE AAFRSE #EEI, FHFY
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