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Development of DICOM Image Viewing
Software for Efficient Image Reading and
Evaluation of Distributed Server System for
Diagnostic Environment

Kota Ishikawa

To construct an efficient diagnostic environment using
computer displays, the author investigated the time of net-
work transmission using clinical images. In our hospital, we
introduced optical-fiber 100Base-Fx Ethernet connections
between 22 HIS-segments and one RIS-segment. Although
Ethernet architecture is inexpensive, the speed of image trans-
mission becomes 2371 KB/sec. (4.6 CT-slice/sec.)in the RIS-
segment and 996 KB/sec. (1.9 CT-slice/sec.) from the RIS-
segment to HIS-segments. Because one examination is trans-
mitted in one minute, it does not disturb image reading.
Otherwise, a distributed server system using inexpensive
personal computers helps in constructing an efficient sys-
tem. This investigation showed that commercially based
Digital Imaging and Communications in Medicine (DICOM)
servers and RSNA Central Test Node servers are not so dif-
ferent in transmission speed.

The author programmed and developed DICOM transmis-
sion and viewing software for Macintosh computers. This
viewer includes two inventions, dynamic tiling window
system (DTWS)and window binding mode (WBM). On
DTWS, windows, tiles, and images are independent objects,
which are movable and resizable. The tile-matrix is changeable
by mouse dragging, which realizes suitable tile rectangles
for wide-low or narrow-high images. The arranging window
tool prevents windows from scattering. Using WBM, any
operation affects each window similarly. This means that the
relationship of compared images is always equivalent. DTWS
and WBM contribute greatly to a filmless diagnostic envi-
ronmert.

Research Code No.: 220.9, 208.9

Key words: DICOM image viewer, Macintosh computer,
PACS, Filmless diagnosis, Network
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W, ar¥a—¥, 2y M- 2EROREIEE T
L <, RAHREfilmlessBEGIZ %72 2, BHESHI% D %<
BiE, BEZHELNTWS, Lal, HEHEREE LT
MR DE SN Bfilmlessis MBS 2 ML+ 2 & L I3 E 0%k
Thb, 72, 5ETCobrbNTELVYIIAT V%
M 7Z@i2 2 AT Lk, cathode ray tube (LT, CRT) % H
WIZFRE Y AT ATD, HENKAE L, filmlessBWTI AT
LOLWI LbHEETHSE, av ":L'— -4 ?ﬁ:"‘f’ﬁ'ﬁfﬂﬂbé 7=
W, FEREE OUE w%’ﬂ?ﬁ EOHERIZL Y, BRI
T?%:tﬁ?ﬁéﬂ%.%ﬁh%w,&%ﬁﬁ%ﬁL,
WABE (T3 % LR — OB TE20) 0% bHZ L D
fElRShs. R LoOBEIX, ThooRESICHS 28
R, WODPDEREF LA THRITL, 25612,
CRT_EFZITIZHF{L L 72digital imaging and communications in
medicine (ELT, DICOM)BI{EFIRY 7 b7 17 % & 5
TRI7IIVIETCOTRTZEHCHEL, X
filmlessFt i e 2 6 Z L T 5.,

"
4R, WHHAIGEEIRE DI TUTD4 5 TH S,

1. ket v F7— 2 ok
2. EFWROAFY — S OfsE
3. BEREEFIRE RO EGIE Ao )7 bl @R
4. CRT LWL L7zl FR Y 7 v 27 0 VeSS
1. SRRy 7 — 7 DIEE

ﬁuA;Hmmmmk HIETH A, 19974F, JEkex23
BT A Y MG HIL, HYC 2 B Drouting switch 7 AL 3

BAY By T — 7 DWEETT->72(Fig. 1). &t 72
~ M Zswitching hubZ %18 L, routing switch & 2 S&#ED100
Base-Fx Ethernet)t; 7 7 4 /N— 7 — 7 )L T A 72, hospital
information system segment (LL'F, HISseg.) T3k #
10Base-T Ethernet |- THzfE L, radiology information system
segment(LLF, RISseg.) Tid, PACSHER: % 100Base-Tx
Ethernet|Z TH&fi L 7=,
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web server Proxy
= server
lOOBasw:-T:N / T
100Base-Fx (optical-fiber) =
Switching J [ Switching
Hub Hub
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: Mac
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viewer
Routing | | Rouiing
Switch Swilich
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Swilching _WI("JOEB_aEe'F_x_(optlcdl—l:lber_J / \ Switching
Hub Hub
/ \ other HIS segments
HIS HIS HIS Mac
console console console viewer
HIS segment

Fig. 1 Hospital-wide network profile.

There are 23 segments and 400 HIS consoles in our hospital network.

ACS: DICOM server by GE Yokogawa Medical Systems.
CTN: RSNA Central Test Node: DICOM server.

2. EFEEGRTFY —/NOESE

RISseg. |ZAdvantage Cluster Storage DICOM server (GE
#) (LLF, ACS)2 &, RSNA Central Test Node DICOM
server (LT, CTN) 35 & U'DICOMIE{ZEL [Eweb server & 3% 1E
L7z (Fig. 1). ACS1iZ19984F |2 A &1, 60GBDdisk ar-
ray 3 X UFCD-R changer (LA'F, CD-R) (30080 OfERH T, 3
BOCTEHEORF LY T 5. ACS2 1X19994F |2 A &
M, 33GB®disk array 13 & UFCD-R (30040) DI T, MRB
& Uangiography-CTO M HFAF 2 HY 35, CIN(N—T 3
¥2.11.2) DAy 7 13200MHz pentium processor, 48MB )
AEY —, 1 GBOWEhard disk (LLF, HD), OSiiRedHat
Linux 6.1 T& 5. CTNIZE{FTHRERTTo 7245, EITHD
BREEL, 28HOMMEELZOATH 7.

Fw b7 =27 OFHO 728, ACSHHRISseg. DMacintosh
(LLF, Mac)viewer (100Base-Tx#eft) ~ Oz %R 35 & O
ACS 7 & HISseg. PMac viewer (10Base- T4 ) ~ D ¥z R
M DOEH % 47 o 72 (%B% 1-a). DICOM ¥ — D HEFELE D
728, ACSHHMac viewer ~DHEER B X UFCTNA H5Mac
viewer ~DIREREH OFHI % 17 - 72 (528 1-b) . FEBRIZIZHD
REEOE R, 27EFR7IRFE (9 535 M L7z, ACSIZoWw
T, CD-RERAFLHDIRAFDEIE, 27HEFRTHRA (9 5340) Dt
R QBRI S 1T - 72 (9E8R 1-c). FEBR 1-a, b, c I3WVT

R 124E 12 A 25 H

b FE—REIC TR T o 72, FHEFHOFR, Fv
FTI—2 Y574 2 TR IRECHIERT> 7. CT
1216bit 512 x 512 M 1) v 7 A (524KB), MRI16bit 256 x
256~ 1) v 7 A(136KB), ME#ERIZ16bit 1024 x 1024~
k1w 7 A (2MB) O DICOMIERE AR 8 2 {4/ L 7.
3. EFEGRRHEANDEGIRHOZHEEEDRR

RISseg. ~DW{EFEHIE, FEF ) 71 & b IZIEHHR
DICOME{% &R L 7z. DICOM viewerld, fijili®>Mac
viewer (Medical Image Browser), ApplicareftRadworks
& UfAdvantage Workstation (UL, AW) % % L 7=.
HISseg. |2i&, BR&SMN7zDICOM viewerlldt, ZEF 1) 74
& B2, SbitdETWIPEGHIS % webiifs L 7-.
4. CRTLEMICHE L 1-BHSRRY 7 b T 7 D S{ERZRE

MacFiIDICOM#Z3% > 7 b 7 L. 7 DICOM Transporter (LA
T, DT), DICOMM|{£#*R Y 7 b 7 L7 Medical Image
Browser (LLF, MIB) ##E 125 L. 72", DT, MIBIX, 1
W, Fuy73Iry, §l, EOTTEALfToTw
A4V IVERTH S, FFEZEEILCode Warrior IDE 4.04
TdH Y, Power Plant& #5354 7Y = 7 MEROT 7)) 7
—2aryIL—LaT—rs%&EHLEZ. DTETXTESEE
L, Bl a5Thsb.,

MIBIZIZ, FERDviewer DRI iz i3 < <, dynamic
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Sheat L Wi (RS M ODICOMBRETR Y 2 P T OIS L IR o il — S TR

WA =11

Tosh Weslow 8T e T el i Bewener 20

tiling window system (2L T,

DTWS), window binding mode (1]
T, WBM) Lwadhg itk
B hAAZ, DIWSE L,

window, tile, image%—2—2
g7V 2y bPELTH S,
AOF T FOEBAEBIS
A AEREHEE LA A7 4
Tdh 4 (Fig. 2). windowfile® M
AL, tileAfimage®Ha L, #HA
TZxy L OEENT, BTV
¥ PICEBINS, WAL,

window o AT 2 2 L

tiled £ U E DA O imagett 1 A
LEHECME SN (Fig.24). 3
1z, window@ilew FY v ¥ A%Ev
ARy XicE hEHETGET,

ftfZdh D\ i oW { i
LT LA T FAGRIRTET S
% (Fig. 2B). window 232 3(=1 ¢
CEAMET, cheTEET S
Wiz k D windowDFEL L B2
B v (Fig, 2C). 7 FF— =i
LTwaH, WBMERD, FERE
LTV A TT OwindowHF i+

ARy ATV

H(Fig.3), A—3%¥, ¥F, ~
— Py, HbwLiEETH
EOwindow (28 L@IG S s,

Fig. 2 Dynamic Tiling Window System.
A: Zooming window by sizebox (yellow
arrow )} and maximizing window by zoombox

{yellow circle)are the same as other
| Macintosh applications. Active tiles are
framed in red, and selected tiles ara framed
in green. The lile matrix can be changed
by mouse dragging (red arrow).

B: Multi-window display. Suitable tile recl-
angles for clinical images are realized.
C: Arranging window tool prevents windows
from scattering.
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MIBIZ 3T, 3SEERI3SEEAE (7 8 OREEm{EI- - &,
DTWSOSIE X LG b, a0 L S o
(RFeRm e S FARIZTHMmL /- (E8E 2),

TR e R T e e TR B A L =
A himi e i = - % 100(%)
CRTE %+ 5

E 5 2AW, Radworks$ L UMIB O ERE: % F— 6 fEM
(TR L 7= (FE%R 3). TRRofERiciE) IMERE~ RS
Vool F—MWE1H 29RFFey28, Aza
—fE2 5l LOEMEREFmL 2.

e 0 —X Tk, Bur L fowindow b L Iz RORT S,
FATOMEFBMETEL LIy L ) » 2 AT T S,
| 2 — X & fMElh L TERT A,

U - SR M L Aowindow & L ¢ 3L LTRG-S,
CERMNIE - RO, A5 AP E ST EEA,
SOTERL RIS 6121 HRDA Y » yIRICWN LD,
REEHIN R & R % M 2= M T,

SN TR & SRR i % D = SR R A,

P OTiafw thooll HEtkr =

# R

EBA

[ f&imx s & 2 — FBI, BESESIZ7 T 7R T
(Fig. 4). SZBE 1-a# W% Fig. SIZRT. WilcoxonfEiED
i, ACS-RISseg. MoiEz4EE £ ACS-HiSseg. ] iz
HMEEIZ BEEEND D, # 2.41RISseg. NOIEEA W ET

TR 12 12H25H

Fig. 3 Window Binding Mode
(WBM).

Using WBM, zooming, roam-
ing, and other oparations affect
all windows in the same way.

o

HER |- bR Fig. 6127F T, ACS & CTNOE (@5
BRI AT ERZE S D, ACSHIAERETH - SEHEA
EH-CTNIIER GBS OTh-7-4% ACSEOEIEE
WishSwERE S o7, HiSseg I2BWTIE, WHEL
o b7 — o OFETEEED & BT R EL, o T -
BN H L F o P BB ETRLTVA,

SEE ) cOE R Fip, TI0R T, HDEEFIHE & CD-RER(EH
(@l liE 1A 2R EH D, HDISTEE R oinkd%. 7
HHETH-7:, CD-ROME, CD-ROMOF = U oy
MiseektimedT VAT, ZTHEELF|VERMEE FHDIRFE
i ol 1 S AT AR Y, HDEEE S olEEA.7
T - CD-RODseektime I FH49(S.D1.8)HTH
e At
S

il Fig 810t WilcoxonBSEOEi S, DTWS % {iH
T LB LR L S CAr s EEiE s EEN L LN
fz. DTWSZHT 4 & #1 afssahm g maty wiim L /-
=83

#AEFig. 92T, WilcoxonbEM &R, Radworks-
MIB, AW-MIBM@mEIz#A A6, MIBIZBWTHRE

RE@oil CEr e l—HEes Z L 3EL ¢, EHi
HioR—T 2, WERRRED v, MIBTIEDTWS
i2kh, HEFRTEETMEICELS 43I AT ETH
=7t fEoviewerld, F{ DA -V S T O VR
fEx B e L7
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360sec.
300sec.

240sec.

180sec.
120sec.

60sec.

® o | RIS-HIS (ACS CD-R Changer)
2 o " ME RIS-HIS (CTN)
& cm ) @ ® RIS-HIS (ACS)
Tt \\] RIS-RIS (ACS)

f.lumber spine MH (42slices)
g.abdominal angiography (78slices)
h.simultaneous transmission (a + b + ¢)
i.simultaneous transmission (d+e +f)

Osec.

b

a.abdominal CT (61slices)
b.chest CT (29slices)

c.head CT (11slices)

d.head MR (90slices)
e.cervical spine MR (39slices)

Fig. 4 Transmission time of clinical examinations from DICOM servers to Macintosh viewers.

WA D 72> ODICOMBI{EFER Y 7 b 7 T 7 OR5EB L OB 1 B i D — 23 2R

CD-RNDT 7 & AW %24 < 7=
O, WHIZRO HOWMED SR,
BHE{§E% 560 COMARICEER. L
TE { prefetch 4%, fEiknFE L
LTEZbBNAED, ZHIZITHIS-
RIS AL ETHSH. LiL,
HIS-RISTEHROPACS~DAZITE L F
HIIHEZ SN THEA % CVBEfED
AT LT A4BE TRV 502
FEBD T ENTW R, ACS1OHD
WEFEE 2 7BEBICLET Y, 60GB
DOHDIIHEF Tl HEEEH
HThHA. Lal, &RERYET
PRI F—FBOBRE LS 12
PiIhES 5.

LB OEE | ORISR E
h, BEHDICOMY—3ECTNT
HREDEE LR VR L 7o s

ACS: DICOM server by GE Yokogawa Medical Systems.

CTN: RSNA Central Test Node DICOM server.

(Fig.6). bbHAHA, EEF v b7
—Z7BEECIE, TOREIIKRELR

z =

BIZHENR VAT, CTNTH, disk array ZfHlaaitsr = &2
i’} FHDICOM Y — /N E[FREDFEN D ¥ A5 4 iS4 5

1. B v h7— 2 DM
FBS |- aDRER TR LA L D1,

ERIIRES 5 L4.6Fysec, 1.9 secé e b,

TEDB L E2FDOMEICE L F 57295,
. BT, R 7 A N— DA

HIS seg. ~IEHHEOB & 7 8 HIOMRRIZIE
7z, 1§k, HIS seg. ~DICOMIEEiMI G DEEAS
i GEICIE, BROKT 7 4 /3-%2FH\T,
SHIEH, 4571 Y2 My, fiber distributed
data interface (FDDI) **asynchronous transfer mode
(ATM) & v b7 — 7 OB AD D%, E2 Tw
b, FET AV MIBWT, BiiOMIBRD 5
Eehubd A — FASHERR & N7 5HE A 2 BCRAsFT
bhThY, &7 22 bHFRiZswitching hub? A
L, 7%y FOENF LEFHFWTWS B, SHERH
FIZEBL T 5,
2. EFEEGREY — /D5

filmlessiZWTIZBE L, BEHEIRAERE L, EEZE
BOR=EE AT A, ACS, CTNOHDIRIEDOMR,
CTIRAEIXTT 1 SLNICER T X (Fig. 4), #
~NOEEETIZE A ER, UK LCD-REEIE,
1RE 15U EEZZEL, CD-RNDT 7 42 A HSHEEHC
BEELRLL, BOI7IA M hhbl bbb,

36

RISseg. N %55
F£132371KB/sec. (18.5MBitfsec) TH 1), &7 A >~ FHIOH
{8024 E 1 2996K B/sec. (7.8MBit/sec) T - 7= (Fig. 5). CT
filmlessi%

(ST RIET & ZBEAHESE T & /2. RiSseg. NTIE, Bl
Fw b7 — 27 HACS
“:'"—-»’\" Mac viewer®Rg N % FAlo TwaizH &2 bR
RIS
fﬂﬁ’; Ethernet®™##i T 31) U a Y P/ NRTH o 72720,

T PEDTE:

CELTMHETH D, 72, EBR 1-cOFEROMD (Fig. 7),

CD-ROEENDEEHHERELTEY, CD-RIZHLFT, 7
—HATERCERTAZEDEE L., KARTE#ES
RAEFEY Y514 L LT, digital linear tape DEA L E 2 Sh
A%, BURTEEMAZ RSV, =BT — 2
AT —a FER L, ik — RS S _F

G — /N AT LAEREESTH LT, | GOmMmMRE— N
DBEN % LIE ARSI TE 29, FT4E, WRIREF—
TN BN F v —EHIIEZ TBY, personal computer
(LLF, PO)R—-ZADEMTLY SV AT LEHETHE
ENTEETH S, Tz, WREFICIPEGT M % 0 Hi

3000
2500 - |
2000 -
1500 -
1000 |- L
500 - ‘
n=27 p«0.0001
0
ACS (RIS-RIS) ACS (RIS-HIS)
m Average (KB/sec) 2371 996
S.D. (KB/sec) 379 62
CT (slice/sec) 4.6 1.9

Fig. 5 Speed of image transmission from the RIS ACS to the RIS Macintosh
viewer and to the HIS Macintosh viewer.
AGS: DICOM server by GE Yokogawa Medical Systems.
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all
1200
1100
1000 }
3900
800 | [
700 n=27 p<0.0001
ACS (RIS-HIS) CTN (RIS-HIS)
B Average (KB/sec) 996 906
S.D. (KB/sec) 62 96
CT (slice/sec) 1.9 1.7

HISseg. (= b JEIEHRMIE % webBlfE T 4 22, DICOM
viewer D3E A AU L 22 B |
4. CRTEEHNHHL L ZEHgRR Y 7 by T7 DA RIS
DHIHIAH A FET Bviewer® sk, RHSEAS,
B, MO HICEELS 2 55000 2o
FERIIVZEBEN TS, RYIZCRTEZWIICLBE L
viewerf$itid, FEBIZEBEIT-oTWAE LD, HYE
TERVWHANDHY, ThERBEEIEIHI LN
BERRDL, FOD, VYA AT EEHS S
BRI R VRS %, CRTLICEBTE vk
t#Ez, DTWS, WBM# %% L7z, DTWS, WBM
BEBIMBEDORETHY, TILIT) X LADRZE,

FOursIvrbHL T

Fig. 6 Speed of image transmission from the ACS and the CTN to the

Macintosh viewer.

ACS: DICOM server by GE Yokogawa Medical Systems.

CTN: RSNA Central Test Node DICOM server.

B O OCRTE RS 2 LI, A FAYR
B, ANE~OHGOME@d G0E= 7 — %28 1512
WD LTWROCRT TIIRA & — DT & 555
LRV)NBHY, 2~3HRIEENELLEZONDL, R

1200
- I
1000 " e
800 + | ]p < 0.0001 |
| n
600 ]
i n=27
. p <0.0001
200 +
1]
AGCS ACS CD-R ACS changer
(RI STHI s) changer without seektime
(RIS-HIS) (RIS-HIS)
m Average (KB/sec) 996 149 270
S.D. (KB/sec) 62 116 146
"CT (slice/sec) 1.9 0.3 0.5

S NI % AR T 72012, DTWSASE
Heibd, DIWSEHHTLZLIZLY, BIZIEH
HEMR ARS8 D & 5 IZHEEDEGIT F &bt
THERHUFEL % - 72 (Fig. 2B). [@ LCRTTHL®
viewer £ V) b HAH Tl 4O RFERATHETH b
(Fig. 8), CRTOZEMTHFENERS %) Z LA TE
5. (EROviewer TiL, Wifg70—X7 v 7% L7
D, ¥4V MY v 7 ARERT I, EHMEZRT
HEEVILBETH A5, DTWSTIE, filjiizs <y A
ECH{EERE BIICEIEIIE LS8 5 & L AT R
&% o7 (Fig. 2). WSR2 EERTHTHET,
BUCICERB R LA Ty M RBEIE) ES, X5
2D AT 7 b ZBIRIESE L 2d35 5 hsnl e

Fig. 7 Speed of image transmission from the ACS to the Macintosh viewer.

Comparison of the performance of hard-disk and CD-R changer.
ACS: DICOM server by GE Yokogawa Medical Systems.

VL ZESHDEBROEMFIHE 2 4.

3. EFEGRNRANDOEGIREOSZE & EEDEIR
AR 38 1) RISseg. ~1IDICOMIEE A {§ % BifE L 72,
L2L, MEELL EOREROBIZIIRISseg. NIZH W
T, WRERICHEMEELL(Fig. 4). T—/BEOKE
WIEEELCREEIE, BFERERL R Y b7 — 27 OFHE
DHENFIA, dmREEER OEHD 7212, DICOM JPEGIET
WIEFORAPAED 2 FBEEEZ NS, /105 OEH

TIWREDHY)OF—FRIICT, MREIFIZFALICRD,
FOBRENEHTE L. ZOBREOB{ETEH CIXERD
T IL 2\, HISseg. ~DweblitfE1x, BEfED A >
¥ —dy MEMTE WD 720, HISE R GRICHET
&, BRI MY AT AHBENTETH B9, LrL,
8bit-JPEGDIEMEM{Z I FEFRZEIICZ L <, FMEFCT %
EOBI Y M A MEBICEIAREETHS. Lo T,
ZHEEOERFEETDH D, filmlessLIZEE L T,

E 1241225 H

Thh.

WBMILILEGR OSN3y — Vv Th D, Sk
% L BG4 B~ TOFTIATEETH 5 (Fig. 2).
MEEDOFOVATR L > TWThH, FEY A X (A7 —
WD —I27% % &) BB SN 20, BEmIckE s
DA TEETH . 2574 ADFTH, B{EOMNEOTHI
b, FBICHIEATE A, WBMZIGH L, TIRFHEE, T2
SRR (E, EEEEEZIERTERL, 3 2Owindowk 1) >~
7 S TWETMI IR T A2 LD TE S (Fig. 3). 320
WE DA BRI WD, MBS/ Y — D
MbESHTHSH. WBMADHEHIZL Y, HEkDviewer 7 4
Wi TIIATT Rl 2% SR AT RE & 20 o 72,

DTWS EWBMODHEHIZ L Y, fidviewer& L, B
\HRIERD SR (RER, JRFTHE A 5 < 0 T)13ik3% L 72 (Fig. 9).
TR P LY TRITV, BRI BB OFH
bITHITFETH L. BEPSBEShBZ LIz, Wi
WIERT X, FEBEAORRIL, WEE(+HSR L FE— b S
TERTE 2 ) DI ESIIfES NG, &Y 7 b7 1.7 idhttp:/
/www1.odn.ne.jp/cak42860 1 THEHEPREMATAM ST
5.
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& b.chest CT 1. B2 72 Ethernet® ¥ Bt +
c.abdominal CT )
125% d.head MR (coronal) b7 —2 %5 L, DICOMEIRRAT
\ =85 e.lumber spine MR {rsagibltal) - % BRE L7z, HDERFEOCT,
A b <Bioun | et U o) | R 1 B 1 B 5 17
100% ; — ZEEEATHETH Y, filmlessiB iz
e ———— b Bt 2 152 BBLAFBIT X 72,
o \ TS ) 2. A PCA— A DB — 5
’ i ) I —+— DTWS () | T b WSR2 BE K& A e
] B, ThHERVT, FF— 2
50% e e 7 AR B LI e
SR e L. BB, | DOFBLED

Fig. 8 Comparison of effective image area with and without Dynamic Tiling Window Sys-

tem (DTWS).
100Point N.S. n=6 p<0.05
I 1] 1
80Point ; f
60Foint
40Point
L |
n=6 p<0.05
20Point
OPoint
Radworks Advantage  Medical Image
Workstation Browser

Fig. 9 Comparison between three DICOM viewers in terms of
mouse pointing and keyboard handling.
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