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Abstract: A semantic-based information integration scheme for MedImGrid (medical image grid) is presented,
which creates parent-ontology (HL7-RIM ontology) based on HL7-RIM (health level 7 referenced information
model), and adopts hybrid means to construct the hierarchical structure of MedImGrid global and local ontologies.
The HL7 (health level 7) gird middleware is developed based on Agent and middleware technology, which gives the
semantic parsing capability to HL7 intelligent Agent to support grid service encapsulation and uniform access of
heterogeneous data sources. The interrelations of data modes at ontology layer are denoted with ontology tag and
used to support the semantic parsing and mapping between different medical data sources referring to MedImGrid
ontologies. MedImGrid prototype is based on CGSP2 (China grid support platform v2.0) and adopts global and
local semantic mapping loosely coupled means, and its special layered structure makes resource sharing and
matching across systems and hospitals more efficient.

Key words: medical image grid; ontology tag; medical information integration; semantic mapping; HL7 (health level

7) intelligent Agent
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E 57 8 SURAT H 4869 HLT % 86/R32, 04 3UHT M 435 TR 69 Grid Service #1385 % —35 ). A F AR AFie R L F M
FRARAE X 6935 SR 2 AR B 648 % X B4 A B8 MedImGrid & AR 52 ISR R 1] 4945 SUARAT Ak 4+ MedImGrid
JB A % 4 F CGSP2(China grid support platform v2.0), %8 T B3k 5 4 Bif LB HANAB A 09 58 FL 45 09 Bk 4
MUEIF A IRE T A G B 120915 8RR B AnH K.

KR EF B AT, E ST 13 8 R R 7E LA HL7 (health level 7)%F s6X 22

hEA %S TP391 CRKFRIRED: A

Internet [ H5 e S  HE P M 109 K, A — S Lo N AT, B A2 %) 404 K TR S AN A, — S OR B B — A
TAE BB 0 By 0 d st Bl 10GB, H B35 I bt 2507 A0 R FE (032 w8, 16 A 3040 55 AN W7 384 o (9 34 G i
AL K AT AT R0 A SR B S IR BT A R A i DU B IR I R R BRI A 2 AR T AR,
I BN 2 300 ¥ 0 3 500 %) PN A T 2R RO 2 e 32 0 T 1R B I B KB B R BT BAE K TR AT &
B .

P AR DLSE I L IE ) BT SRR (U B R ARG TR R O TR R ) 0 A T L S A K ELI I A
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2N B AR SR AT T RN PO T, 38 HH 5 MO (s SRS . R R 55 5 1 8 L R A S B A
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FRUE SCER R SR 05 (E R SE L L I B 2% 00 I B A AR ) 2.
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Q=(Qreq Qniode), - ', Qreq 1 115 3R 1A 4 ik 7 75 48, W1 SQL B XML 141 ¥ 1) Quiode N Qreq 1 15 14 5 4 5 3 5k 75
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S:<SIDxSM0de:QS:RS>v;H\: ':F' ,S|Dyﬂf§,§~ﬁﬁgﬁ< LE%‘%;SModerSjFHRSj"j Esloﬁﬁj E[‘]’;Eé.\,,ﬂ\i ':F' rSMode(i)j"jSID(i)XTj
N (R Bt 455X, Qs (1) 24 Sip (i) BE A U FR 0 1918 SR R (1) 24 Sip (i) 4 Qs (i) A A B 45 2R

W=(Wg,Mw,Sin,Rpro), 1 QB 43 fif g m A 4k B85 B8, AT mAN 5 . 4h B R 4 19 25 W 5 3 . My, SinFl Rpro
5 W R R IR 4R, e H My (i) 2 W () 0] 8 (18 B 48 150 28, Sin (i) i W (i) I N (‘2 B R 1T 48 4 0),Rpro (i) 4
WOl R

MedImGrid {5 & 5 Jia ) ok 7 ] LU 5 1 45 217 SRR o 1) &5 SR B0 3 1 P o 3 R i et dn P 1 B, 33 R Q
FEPATIE R 2 N n AN BRI P SREUE B EE m A SRAT B0 AT I A )5 BRAL B B e 25 45 L Res. A
FATT LE %1 SR B R o o) R S Q,S A W =38 2 1) B =X o SRS AR [ S 4 A 6 &R

S, Ss n
Q,—%@ ———» . T=——=——- ( - ———~Res
S1 S3 / t I Sna

Fig.1 Semantic model of grid information integration
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TR R SEARARIELE X N SLHI4E.

A=(N,D,M), H A1 N Ry AR LR, D A A, M kg AR PR 8 DG IB6 5 B

T=(C,P,R,&), i H1,C N FIM & P 4 S 7 J8 P 4R, R A J5Uds O¢ R AR, S M 1] DG R ARG

TE X 3(AARERIE). MedImGrid by W # i AF — Ak T ME— 1 AR D Tag, 345 51 (5 B AR B S
M — [ A AR BR A0 G652 1451 & A6 M8 BT 1 SR IR A 0 30 30 AR A 10 312 5 375 SR Hh 1A M 2 s sz 8 i St . 1) A A
(W8 SRR, LA v 2850 57 R 33 SR T8 S 1 i R H 5 4E

MedImGrid global
ontology

Hospital A Hospital N

local ontology local ontology

! \
HIS PACS RIS
ontology }[ ontology ontology . I ]

Data
source

Data
source

Data

source

Fig.2 Hierarchical structure of hybrid ontology of MedImGrid
K2 MedimGrid & & AR 4 2 45 1

MedImGrid i o E 37 AR G AR S id 37 6 TR A A 1 J2 IS 1 RTAH DG 96 & MedImGrid “E & T B 15
SV A # AR Ao — 6 N (U B 3 TR, AR A S A B A R b 3 & SR AR A T I AR R AR R R O
FH 0 Bt B 5T S5 I PR AR AR Y B AR A 5 4 7 1) AR A AS AR DC JE R, T 5 SRR 1 (K AR P b, 3 3 4R AT AH DG T
SCIIS RV e A5 R, 5 RIS AN T 50 A ) ) 2 4.

(Ontology Tag="global’,Requests)
(sql: update)

Select * from CGCL where Modality="CT’ (Ontology Tag=‘HIS’,Requests) _ [X=
Isqly ?’
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s X gy Tag quests =
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Fig.3 Semantic requests and operations owning ontology tag within MedImGrid
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4 TENBRETFNEEHRA LI
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Fig.4 Mapping functions across ontologies

Kl 4 A pAra] s s £k

EX ARG EE). X TAER DI AARO M Op, ARG B FIMSEBL T 45 O ¥y, py Ml ey WS E]O, 1
H# 2 (M(c1)=C)AM(r)SR)AM(P)SP2). Mk O FH O[] BN S 5 2 IF, Bk M kg A A4 B 1) iS5t 6 455 24 MR O
O [11] (KT XS 5C FR IR PR M kg A A 2 i) IR S5 R K005 2 MAUA Oy 1O 4 10] FRY IS X 28 I BRMA 2 J 8 10 S5

M & MedImGrid 7= 2= AN [5] B 455 X 1) i S 55 Schema (O BERE.M (6 g8 5 e S B b 2 AN (8] AS A 4 A
i B I e SRR B (T ) 55 VD R o ) BRI 482 00 R AT TG IC 1) 3ok A 0 T B A7 80 SR SR AFAE 1 58 46 A
25 Gy Uk B L ek B MR B P T

(1) TlgTzﬁM(Tl)gTz.

(2) M(O1)=M(T1)UM(Xy); SEBIEX ML « PR 50 &R (AR 15 4L 1 i, B

X ={UUUQ pjrk} M(X)=M(C)uM(R)UM(P) 1

i-1 jo1k=1
(3) O AL, 04,0, OM IR A= A A% A TEO B O WL M, OF O 1) W5 My, TB 4, 25 SR £ 7E N O, | O

) I B Oiat>0j , HicMijxM;.
EX S(ARIKKELE). MedImGrid A% A& LURPIR OC 2 SR 21 23, A A TR) 156 45 1 R BUAE Jse Bt 77 A 474 ] 117 58 2% 58 56



Al FEFBREMMIETIELNE L ERT 2055

“F MedImGrid A fi 24 iy iy £ B I A 60,10, 2 S (O0) € [0,4] 0 A S e & F o Ak s i o A
i 0 25 9 1 LT D P

(1) 4010y FAR XA, £(O,.0,) = O;

(2) 10;,0,.0, 1L Jy HI S A1,

x(0,,0,) =x(0,,0,)x x(0,,0,) @

490,10, HLAT St 752 A% P N AL 51 % 8825 0 WL 5 46 P integrity S 741 +(31.0,) HF 5 2. 36 oh,
5 W5 [ Wintegrity b &5 (0 R PE 745« 6 R WU S 2 6 DB S8 5 0, b BT AT (9 MR A T
Ph AT BLBLA B0 47 k(O 00) =1.

float ontoCorrelation (ontology 01,0,)
{float correlation=0; int count=0;
for (all ¢j in Oy)
{float integrity=0;
if (ci can map to Oy)
{count+=1;
float p=c; property mapping success rate;
float s=c; subconcept mapping success rate;
float r=c; relation mapping success rate;
integrity=wl*p+w2*s+w3*r;
correlation+=integrity;}

}

return correlation/count;}
Fig.5 Ontology correlation-degree counting program
5 AR RIKEL T

TEX 6(BES KL, W& QI L L AE A & 1] (1) 15 SCRI AR 2% MedImGrid AR A v (18 M 23 4 H A i 1k
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(1) P 58 4= AR [F] (sameOf), Bl ci=c;, Ml 1=1;
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(3) M IAEAE AL B % R (subOfF), e & c; 1 F 1 2

(4) RS AFAE SR R (intersectionOf), i e fl e NTE A — L &M _E (HAFFEILAER K,

(5) M [AIANAEAE AT KTk (unrelated OF), MU 4=0.
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ToE B HOCIR L v B B AT 5 oW ORI B 52 4 1

1(€16) = 4Gy C)) % (€. C,) 3)

KAWL R A — W& B RO B — A SE B xi=( ¢, ——cy, ) B O O Fh 1 52 4 x;=
(Cpy—>Cyp ), BN, A 1y 380 PO USRS O 2R A7 A1, IR A5 0 F) 15 SCOC AR AE P B b S R iR Y.

FEX T(RBIRIKE). A FIA A 1 20138 A% MIxp, AT SCHIAH AR B SR UF R AL 25 LA 3 AN 1 ) 22
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For xq (o ={(ci, ) 11<i<m, 1<j<n}), xp T mAN & AN A5G 22 4 . 60 A ke S 9 MR 3 R B R B (R T2 TOC R). R
HCor(ry,r) THE P KRBk, 2 Ml i) 7 U OC R I, Cor=1; 15 I, Cor=0.

MedImGrid-~T- & O F1O, 1] e 55f S5 W& 1) 7= A1 ik Rt 52 o b gl 2 ¥ SCZR A4 38 V9 A A A AR 40 AU 2 DG 106 B2 AR
ABINEE 2 2 I o 1 AR G 2R [ sl A e e 2 (1 0 AR R ) N AR S i 1] 6 s i SR 3R I A 2 A [ A Ak ]
T T ST A8 ARE 2 DG TRC 7 A2 WS SRS S8 A AH DG B3 4 LA R i 4 1) 30 A Qe 8 1 R TR At A L2 5.4 77

void createMapschema (ontology 01,0,)
{xmlfile file.createfile (“schema.xml”);
for (all concept c; in O1)
{if (ci can map to ¢j in Oy)
{file insert node (ci,c;);
for (all properties of ¢; map to c;)
file insert subnode (ri,rj);
for (all subconcept of ¢; map to ¢;)
{file insert subnode (s;.sj);
for (all relation of c¢; to s; map to c; to
5)
f:le insert subnode (ci.sj);}
}
}

Fig.6 Mapping schema creation program
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Fig.7 Semantic-Based information integration framework of MedImGrid
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5.3 & X & R A (semantic integration components)
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5.4 EXMERISEITE
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S 2 BB YR S L T HL7-RIM Ontology & 37 T A H#i (1) J5) #8 Ontology.
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(a) HL7-RIM ontology deployed in Protégé 2000 (b) Semantic based information integration instance
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Fig.8 Semantic based information integration of MedImGrid
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Fig.9 Performance evaluation of MedImGrid
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Table 1 Performance contrast of three prototype-systems
FT1 3MIEB RS MERERT L

Evaluation type eDiaMoND Infosleuth MedImGrid
Integration means Structure Semantic Semantic
Efficiency Low hit integration rate Increased respond delay Increased respond delay
Cost Reprogram DAL interface Reprogram JDBC interface Directly with HL7 interface
Security Low, access DB directly Low, access DB directly High, virtual client access
Auto-Adaptation No No Yes
Manual degree High, all manual Low, semi-automatic Low, automatic
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