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Simultaneous Query and Retrieve from
Multiple DICOM Image Archives Using
a Proxy Server

Makoto Sasaki', Kunihiro Yoshioka',
Shigeru Bhara", Yoshiharu Tamakawa') ,
and Kimio Sakamaki?

Purpose: DICOM clients could not access more than one
archive simultaneously in the previous PACS systems. We
developed a proxy server which makes it possible for cli-
ents to query and retrieve images from multivendor DICOM
archives simultaneously.

Methods: We used a Web server that supports the DICOM
query and retrieve (Q/R) service class as a proxy server. This
system consisted of two DICOM servers and six DICOM
clients of different vendors in the Radiology Department.
Through Web browsers on the clients, requests for Q/R were
transmitted to the proxy server by hypertext transfer proto-
col. The proxy server communicated with DICOM servers
by DICOM Q/R Service Class (C-FIND, C-MOVE), and then
DICOM servers directly transmitted images to DICOM cli-
ents by DICOM Storage Service Class (C-STORE).

Results: DICOM clients could transmit Q/R requests to
two DICOM servers simultaneously via the proxy server and
receive requested images promptly. Confirmation of conform-
ance among the proxy server, DICOM archives, and DICOM
clients became much easier than previously.

Conclusion: A Web server working as a proxy server of
the DICOM Q/R Service Class is an effective solution for
allowing DICOM clients to communicate with multiple
DICOM archives.
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JL4EDDICOM (Digital Imaging and Communications in
Medicine) S TeAE#E D K IPEVy, —E8M THEE O DICOM
B NOREN T AR AL T A, T L) REET
—HEDDICOMEIEFTRITA D T O — 3% [k IR
THILETELRWD, HHOBREIET 51212, #
NENOH — 2325 LT BIIZquery and retrieve (Q/R ) % 1T
bl bhwn, Fi:, b A—h—DF—/LifiRN
BAEL TV ABAIEH — /3 Lk B oM At OMEER B
ROV IR D THUMEL %2 5 (Fig. 1A). 22 Tbhubh
B —-NEHWAEZ LT, BIHDA - —DEEDNRE
£ LZIRBEICB VT, EEOHKRDY SHEODICOMY — 3
DG E G R, PIFTRER ¥ AT A2 g5 L7.

H&

AL N=FII7, Xy hT— U8

L O BRI I T, MRI2 &, CT2 &, EBTI
7, CR 15DODICOME{ET — % %2 fHDICOMY — /3
(Advantage Cluster Storage, GE-YMS; FainWorks server,
J-MAC SYSTEM) |2 fF S T\» % (Fig. 2). DICOMIH|{£
FORUE L 2 1 4 #87E 1075 (Radworks, KIRiE43; VoxBase
for Windows, J-MAC SYSTEM; VoxBase for Macintosh,
J-MAC SYSTEM; FainWorks client, J-MAC SYSTEM) %%
BLTW2Y, T0) b3 gL 25, FreBz4mnY
AT LOuEE L THW (Fig.2). Wihoimk L DICOM
Storage Service Class Provider (SCP) % — k LT 5,
Fv h 77— 7 {Ethernet, FastBthernet, # X UNFDDI (Fiber
Distributed Data Interface) T ST 2 (Fig. 2). {GH
H#—3¥i%, DICOM* v k77— 7 BHE (Q/R Service Class
User: SCU) # 53l | 7-Web™ — ¥ (FainWorks Web server,
J-MAC SYSTEM) % H 71272, 40 Y A 7 LRSI
BL, £Ofion—- F7 7 0EMIfT-> Tz,
B. V7 hIITHE, RTLEBR

SEAWEAEY— SOV 7 My 7RI, 0ShHt
Solaris Ver. 2.5 (Sun Microsystems), Web—/375Java Web
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Fig. 1 Query-and-retrieve (Q/R)pro-
cesses of DICOM images

A: Previous system.

DICOM clients needed to communi-
cate with every DICOM archive to
obtain images by DICOM Q/R as well
as Storage Service Class. Confirma-
tion of conformance among servers
and clients was a problem.

B: System developed using a proxy
server

DICOM clients transmit requests to
the proxy server by hypertext trans-
fer protocol (HTTP) through Web
browsers(1). The proxy server com-
municates with DICOM servers by
DICOM Q/R Service Class(2), and
returns the results to DICOM clients
by HTTF(1"). The requested images
are transmitted from DICOM servers
to the clients directly using DICOM
Storage Service Class (3)
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Fig. 2 Diagram of the network.
Two DICOM servers and ten DICOM clients are connected by FastEthernet, Ethernet, and FDDI. One proxy server(shaded square)also
has been installed. Six DICOM clients () are used as clients of the proxy server.
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Server Ver. 1.1 (Sun Microsystems) T, DICOM Q/R SCUH%
fEldJavaServelet (Sun Microsystems) |2 & o THEHES LT
5, Y —NELTOTOF T AL, A—H—HHTML
(hypertext markup language), JavaScript(Netscape
Communications), Java(Sun Microsystems) CTHI%E L72% @
, EHEA—D—DEFATHAS <A XLz D% HH

L7z, &DICOMEIEFITRNGAIZIE, B —/ & DIEH
IZWeb7" 7 7 4 (Netscape Navigator Ver 4.x, Netscape
Communications) % % L 72,

BWEDB L GG T 5 ¥ AT AMEOMEIL TR
DY) T 5 (Fig. 1B). 1) ZIiED S ORFEE R LA
ki, DICOM Q/R Service Class % i\ ¢, ik O Web ™
7 7 H S B — 7N IZHTTP (hypertext transfer protocol)
TIEZ bMs., 2)HLEH — /32 £DICOMY — 7% & DICOM
Q/R Service Class (C-FIND, C-MOVE) T&EL, 1I') %D
FEREHTTP CHER IZIE% T 5. 3) Bif§i3£DICOM Y — /3
26 ¥ A IZDICOM Storage Service Class (C-STORE) T $#
Lk EN5,

WEEDORIED & UBIEMER I, RBEY— L&
DICOM— V[ {ZQ/R Service Class|Z2W T (f{HIH —
Q/R SCU, DICOM*—/3: Q/R SCP), 4DICOM*—s3&
Ui A ] 13 Storage Service Class (DICOMY —/3: Storage
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Fig. 3 User interface of the query/
retrieve application.

The user interface is similar to other
query/retrieve programs. By search-
ing using a query form(1), lists of
studies containing queued condi-
tions in two DICCM archives (2) are

lfll-llllll
I:I-..I..I shown. Lisis of series/images are
shown by clicking examination/se-

|=‘|---|--| = §§ ries number (3). Selected studies,
series, or images (4) are easily re-

e e e e trieved (5).

SCU, ¥i: Storage SCP) 12D\ TiT 572,

DICOMII{§FERIHRDOWeb 7 7 7 HFIZFR ENHREB
X OEH{EIRO W X, $ERDDICOMQRY 7 h 7 L7 IZ
#E U TR L7z (Fig. 3). EIIMRERSS, ME—EITRE,
) = A—EERIRE, A A—-TV—EERE»SRY, DB’
FHEEZ ADLBERY L&, 2)Y—DERKS ~
T E BT —NT DY T LIRE-BHIFRIND
NBE—EOFOBMEIDE 7 ) v 7 §HEFDBREDYY
—AO—%H, V)—-AFFEI Vv ITHELEDY) —
ADA =TV D—ENEREND. 4)UT LW, &
V=X, 3L A=V DF 2Ry 2 A%kFzv L
7ok, SIESRY v &2+ &, HMOWIET — 7 DIE%DS
HE5.

EifgFoREER, B —N, DICOMY —NHOF— 5D
WHOFEMIETRDEY TH 5 (Fig. 4). 1) BfRFRIEEK
Web7' 7 7 HD 7 4 — A LHTTPTRAS S NRFHER %
b LIz, fRHY - DJavaServeletid FDICOM Y — /3 & C-
FINDTAHMET 5. 2) LY — /N IZDICOM S — /370 6 D1
A HTML template (285 ) 1 TWeb 77 I35 T 5
B, EORERGYT— ¥ DSOP (service object pair) UID (unique
identifier) Z: & D1f#Hi % checkbox B Dinput # 7 *Panchor ¥ 7
IZHDAATE (. 3)Web7 I I HTHL ) — XFRPA
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for retrieve (as check box valug)
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(5) Storage SCP ¢ Storage SCU

C-STORE

Fig. 4 Elock diagram of the query/retrieve system using a proxy server

Queries and retrieve requests for are transmitted from Web browsers on the DICOM clients to the proxy server by HTTP, and are trans-
ferred to DICOM servers by JavaServelets on the proxy server using C-FIND or C-MOVE(1),(3),(4). Responses from the DICOM servers
are embedded in the HTML template by JavaServelets, and are returned to the Web browsers(2). The requested images are directly

transmitted from DICOM servers to clients using C-STORE (5).

A — VFIROEF OB I Zanchor ¥ 7 HLDIAF N7 E T
[ ZACEEH — 23D JavaServelet /S DICOMH — /¥ & C-FIND T2
B9 %. 4)Web7 J 7 ¥ TOMEGHUSERDEEIZcheckbox
B @Dinput ¥ 712 oA E WG, B L OREY—NIZE
AR SNT A% 7 5147 ~ b DAE (application entity) ¥
A b, R— Miesk Ex2 IS — /Y DJavaServelet*
DICOM*—/Y&C-MOVET#fE 9 4. 5)C-MOVEIZ & Az
PEIR A S} 7-DICOM Y — /N3 34:24 i |2 3 C-STORE T
L)} g TS P

B R

BV —NDBWAIZ L > T, £TOHIEKNPHOWebT T
Fx T 2 BODICOMY — /3128 L CRIEFZQR 24T )
CENTEDLI oz, KB —1OEA, b LT
BREST, | HTEEZRT L7z =3, bk OB e
FC LT, fUHEH— N L DICOM Y — 73 [H CQ/R Service
Class (C-FIND, C-MOVE)IZ2WT, DICOMY—/3& fik
[l TStorage Service Class (C-STORE) IZ W T D AMEFAT N
&<, 1 HCEEZ#T L.

Web 7' o LM —#%AY72DICOM Q/RY 7 b7 .L
T OREEICHE L TB Y, 10502 EOFHTHLETHIE
TEEZBHICHEBTEL. REERILFHLREHOR
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ZRIERMICHGT 2 HEOWMLPETA TS, #HD
DICOM =737 & Wi & U5+ 4 J51:12 1 ZWorld Wide Web
(WWW) il & Flv7z b o2 53 EDICOM Y — /3% v
b 0Y, HEEGREY AT LAEHAW L0 REsh
TWwh, WWWEHWb O TIREET— & 02 721k 2
FEALALETHY, WEFRRY 7 b Web7 7 7 HIZRS
N5, SERIDICOMY —/NIZRL D A — B —HRET LB
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Bl 2 1L, 3 RICiG#ETHEE (IDICOM Storage SCPD & %
HE—FFT2LORIBEAETHY, HMOBEESHGT

— ¥ EEETLNENH 7. L LINGDEEIZWeb
75 ¥ AT E, REY— "2 FH L CEREEEG
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