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Tab■ e l. Image size and amount number of images for each modality at KUH

Depth   images/Exam.  Images/year  Gbytes/year
(bytes)

X―ray CT                920 x 920            2          11            55000         11

2う6 x 2う 6 2          20 24000          9
64X64 - 2う 6x2ぅ 6      2 8           40000        1.9
2う6 x 2ぅ 6 1          4う 9 2 0 0 0           2

う0 0 0           1う12 x 2う 6          2         2

Modality Matrix

MRI

Nuclear Medicine(→ ←)
Uユtrasound

DSA

(→←)t)FCR and conventiona■  X― ray film system are contained.
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We  had  chosen X― ray CT,  and investigated tendency of its examination using a X― ray  CT

examination  history  database system.  This database system is a component of  KyOtO  Univ.
Hospital lnformation System,  and stores history Of entire examinations since 1976 when  the
CT scanner started to run.  The database has patientts identification, examination date, run

平, scanned location, diagnosis, comment and so on, but doesnit include CT image itself.
Counting  records in the database,  number of examinations in each month was obtained  as

shown  in  Fttgure l.  In the Figure,  number Of RI imaging examination is also indicated  in
dotted line.  There was one head CT scanner at fttrst, and one more body CT scanner was added
in  1979.  The  aVeraged number of examinations per month is 499,  and it  has  been  almost
constant  since 1980.  According to Table l,  One CT image needs 200 Kbytes to store without
data compression, and ll images are generated per one examination on averaget Thererore, the
storage capac■ ty requ■ red for archiving images during each month is 9う O Mbytes.

The rrequency or repetitive studies for each patient is also obtained.  This  information
■s IInpOrtant for design of an ■ mage worksta■ on and estimation of the retr■ eva■ response time

when examination history is requested. The number or cases is p10tted for each repetition of
examinations  during 60 mOnths (from February 1981 to 」 anuary 198う )in Figure 2.  In these う

years 21620 cases had been studied,  and 27Z of them had repetitive studies.  This frequency
curve fits well to an expOnential distr■ bution,

log   n = -0,1う 7t + 9。 29     ( r = -0,965 )
10

where n ■ s number or cases and t is a repetition time. The dotted line also ュ ndicates for RI

■maging exam■ nations.
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Figure l Figure 2 F r e q u e n c y  O f  R e p e t i t i O n

o f  E x a n■ n a t i o n s

InfOrmation Flow Analys■ s of CT Examination

lnformatiOn  flOw  cOncerned  with a CT examination at KUH is a little different  from  a

typical  flow of AInerican radiological section.  A printed film  is always returned  to  the

department  or  the  ward  from which the examination was ordered.  Figure  9(a)  shows  the

corlventional infOrmation flow at KUH.  An order form and a patient are sent from a  clin■ cal
department.  After  scann■ ng,  image  data are recorded onto a magnetic tape and a  rilm.  A

radiologist in CT section reads the rilm,  makes a diagnos■ s and a comment on a report form.

Then the rilm is duplicated, one is stored in a Film ユ ibrary of radio10gy department and the

other  is  returned  tO  the Ordered department with  the  report  Form.  Ir  necessary  the

radiologist  makes a consultatiOn with the physician who ordered the examination.   The most

■mportant  po■ nt is that image data must be returned to the ordered  department.  This  fact

requ■ res satel■ ite ■ mage worksta■ Ons ln each department. It is too heavy spec■ ficatiOn for a

pilot system, sO we have designed a compact system shown in Figure 9(b).
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(a)flow in the conventional system
Figure 9. Information
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(b)flow in the new system

Flow of CT examination

System lmplementation

he fundamental design shown in Fttgure 9(b), following devices are developed :

Image workstation su■ table For CT images

Network system expandab■ e to connect another moda■ ities or workstations

lnterface between a CT scanner and the network

lmage database system us■ ng optica■  disks

Each device is described below in detail.

ImaRe Workstation

We  have  designed  an  ■ mage workstation  cons■ dering  CT  diagnostic  use.  Fundamental

specifi畳

;t品]1最 aittaどを:t:iot呈 i°苫と disp.ayed simultaneous■ y 5ust l主 ke a conventional fi■ m  to

cOmpare them between slices and a■ so between studies.

(b)Both  operations of retrieval and hand■ ing Of images on a sCreen should  be  easy

enough to comprehend its contents.

(c)RespOnse or operations must be quickh暑
18‖畳len旨idt:。軍モ晶苫景3th]手3g骨:3inSとve.。ped.T o  r e a■ i z e  t h o s e  s p e c i f i c a t i o n s ,  f o■ l o w i n g

Hardware
workstation was constructed based on a 68000 machine.  The architecture ■ s shoWn ■ n

Figure  4.  The workstation has three CRT monitors oF 1024 X 1024 p■Xels whose  overview  is

M告予ヽ3s  ttidiiguitt ti3 m:獄8!y :3::groli3888も
ScPu よ
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T h o s e   m e m o r y  p l a n e s

p o s sュ b l e  t o  e x c h a n g e
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V e r s a―Bu s  ( 1 6 b i t  w i d t h ,  l  M W o r d s / s e c )

It is a l s o

6 8 0 0 0  C P U

O S  :  V e r s a― d o s

c o n s o ] _ e  t o r n l l l l a

i

十__ _

1   1
_ _ _ _ 十

__十 ■_____+ fOr

↑|

i!

十一一

+__

System Menory     !

OS & applicatiOn !

4 MBytes        l

Magnet,ic Disk

r。1、 dat,a tind software 十 _____+十 _

192 MByt,es

しom●1とr l■c a t i o n

I  I I  t ( ) r r a〔―.

1 1  卜l b i iッs / s ( , ( )

十 _ _ _ _ _ ― ― ― ― ― - 1 - ― ―

I  Magnetic Tape Drive
――一― 十 f o r  o f f - l i n e

d a t a  t r a n s r e r

1   l m a g e  P r O c e s s o r ( A L U )
_―_―_十 wi t h  う  l V l b y t e s  M e m o r y

l  and lnternal Bus

1 (8 MWords )

十_ _ _ _ _ ― ―― ―――――― ――― +

!  ,  C R T   m o n■ t O r s
十   m O n O C h r o m e

l    1 2 8 0  X  コ 0 2 4

↑

十__十 __+

l M O u s e l
十_ _ _ _ _ 十

!   OPtital iPib● 1  ヽLi rik    !
十 _ _ _ _ _ ― ― 一 ― ― ― 十 _ _ _ _ _ ― ― ― ― ― ― |

t o  N e t wじ 1 k`  く―――十

1 1 2  M b y t e s  l m a g e  M e n o r y
――_―_十 B i t m a p  D i s p l a y  M e m o r y

l(2 Mbl,sSc甘景‖:ite:ank)
十 _ _ _ _ _ ― ― ― ― ― ― ― ― ― ― ― ― 一 ― ― 一 ―

十

/ s e c

十

,

十

十_ _ _

A n   l  m a g c   p r o c〕e s s o r   i n c l u d i l l g    A L (
(旦l i t h n t t i c  a r i d  t t O g i C  t t n i t ) a n d  う―M b y t e s
w o r k i n g   m e r i c l Jヽ   i S  u s e d  f o r  i n i a g e   d a t a
h l i  n d ]主1l  s   ご(1 ! h  ]主ke  p o s i t i o r i i n g  o「  i mュge
o n   a   m  c  r l●ry   p l a r l e .   D i s p l a y   c ) x c h a n g e
d c s c r i b e d   a b● ve  i s  p e r f O r m e d   b y   A上 i ' s
f 1 1 1 l c t i c n   t 1 l r o l i g i 1  8  M W o r d s / s e c   i  l l  i・1 1ヽ 1ュ1
いuぶ be t w c c n  i m a g c  m e m O r y  a r l d  A t t U .   T h■ t、て!
i  l l a s c   n t■ヽo l Jヽ  a l l d  A L U  a r cヽ  a l s o  f o l l l l e r + ! l i

t l h e  V (〕1 sヽ と―b u S ,   T h e  V e r s a― b u s  h a s  1 6 -じ i t

(l WGrd)data width arld l MW_lI卜d/se(, data
t r a n s f e r  r a t t ,ぃ

F i g u r e  う.  T h e  O v e r v i e w  o f  t h e  W o r k s t a t i O n

S°t t t増
拒モ脊

≧
ギ計津号石督f七浜菜労

型
ず:き幸

皇一
tキ増:ま針～詩旨景dl i n g  O n  t h e  w o r k s t a t i o n  a n d  f o r   r e t r■e v a l   o f   a n   ■m a g e

:景:ab予8骨r.皆予:l e:,st:常eiRp号
↑さ s3を骨主:la8暑 を最書

diiltte 8::」
8督:eiS i景8:き

i:岳
lti]rと

h:景
e 岳i!i33n  ]l

]::キ:をhi:l:言i3Rai]1]告骨::手::iir:告告S主i::景::3岳:号岳岳!景雪]景挙:i:魯38を:景:::::i:告岳Wi告it:告
・
s:畳l苦31ti?881!]4器8♀

:|), :2,::!::::'8i !2:::::ifii輪号:iti32'告8::::lei:告吉:::岳:::::;ii::告子:;i:|:::::!::士::;子;
I n  t y p e  2  f O r m a t ,  1 6  s l i c e s  c a n  b e  b r O w s e d  w h e r e  9  s l i c e s  i n  t y p e  ¬  f O r m a t .

sPrf yο,767"レ θJrca′″"aoing r'98乃 / 747



F i g u r e  6 .   A  T y p■ c a l  D i s P lュ声                耳i = u i ‐`
i n  9 2 0  x  9 2 o  F O r i a t

?iel::t::::::ii景:in i主:‖]ge6 ]l111n章生:iせュ i:is:l pi::ignsll :
1 ,  S c r o l l

l n  o n e  i m a g e  m e m o r y  b a n k ,  1 3  s l i c e s  c a n  b e  s t O r e d  i n  t y p e  l  f O r m a t  a n d

i n  t y p e  2  f O r m a t .  T h e  d i s P l aょ r e d  S l i c e s  c a n  b e  v e r t i c a l l y  s c r 0 1 l e d  o u t

え十 P i c景 i i岳
e s  o u t S i d e  O f  d i s P l a J  r e s i o n ,

I m a g e s   c a n  b e  d i s p l a y e d  i n

s e l e c t i o n   o r   s l i c e s  .。  し。
Fi g u r e  7 .

ユI  E o o m

ビ、  C h a骨魯:協言:告岳予

r  を: S m e S C 8 ] s P ] l y  ] i e ;早 8 1阜

t号

キ2  暑8】; l骨 .  ・

1 l  b e  d O n e ,   F i g u r e   8   s h O w s   a

う)SwaShiS ・C°n .s fOr changing display tO another study.

6 ) T O O l °

 e x c h a n g e  c O n t e n t s  O r  s c r e e n  w i t h  a n O t h e r  m o n i t O r ,  t h i s  i c O n  s h O u l d  b e  p O i n t e d

T h i s   ■ c O n  m e a n s  s p e cュ a l  f u n c t i O n s  s u c h  a s  m e a s u r e m e n t  o f  l e n g t h  O f  a n g l e  ■ n   a n

7)Retilttg骨る 暑!g早主岳‖皆
a舌
:暑晋glt and so On.

T h i s   i c O n   w i l l   b e  u s e d  w h e n  t h e  p r e v i O u s  s c r e e n  s h o u ] d  r e c a l l e d  i n   a   z O O m e d

8)RetS:景pi3yttain Menu
When all wOrks has dOne, this icon should be pointed to return tO the main menu.

:::::i::i::i!!i:::::i:!i:i::::i:!:i:::iiii:ii:    i :  :::  i     :   !i !:    i :: : :: ii
character■ stics.  And  gray scale w■ ndow modif
window ■ ndicator.
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3 2  s l i c e s
i n s t e a d  O f

a  z o o m e d  f o r m a t  s h O w n  ■ n  F t t g u r e  8 .   T h i s  ■ c O n  l s  f O r
z o o m e d .   A  s e l e c t e d  s l i c e  w■ 1 l  b e   f r a m eα   s h o w n   l n



Figure 8. A typical ZOOmed display Fttgure 9. An Display Example Of Radttography

E s t i m a t i o n s

T h e  ■ m a g e  w o r k s t a t i o n  ■ s  w O r k i n g  i n  O u r  C T  s e c t i o n  n o w .
t h e  w O r k s t a t i O n  a t  p r e s e n t .

O n  r e s p O n s e  t i m e ,   a  s c r e e n  i n  t y p e  l  f O r m a t  i s  d i s p l a y e d

s e c o n d s ,   a n d   1 0   s e c O n d s   i n  t y p e  2  r O r m a t .   T h e  s c r o l■ i n g
m e a s u r e d ) .   う  s e c O n d s  i s  r e q u i r e d  f o r  z o o m i n g  O f  o n e  s l i c e .

l h e r e  a r e  s o m e  e s t i n a t t t o n s  a b o u t

f r o m  t h e  m a g n e t i c  c■ s l  w■ t h i n   8

i s  q u i c k  e n o u g h   ( i t   c a n十 t   b e
T h e  s w a p p i n g  O f  s c r e e n s  i s  d o n e

w■t h i n  a  s e c O n d .

A F t e r   h a v■ n g   e x p e r■ e n c e   o f   d i a g n o s i n g   w i t h   t h e   w o r k s t a t i o n ,   s O m e
r a d i o l o g i s t s  a r e  s u m m a rュ z e d  a s  f o■ ■ow s  :

とl iieW:3告8ettn:甘gなa:呈きrCti]iC]・c古景岳とntiona. viewbox.

子| :tOi:n旨 ei;::i岳 暑:3:岳岳:言

‖

:景::予:主を!:岳:S。:::a:::骨

1:告

[:・a l。 。k―up table .OdifiCation  iS

pOssib■ e in cOntrast with a conventiona■  Films.
6) The display is a ■ itt■ e poor fOr a p■ ain radiographic image (show■  in Figure 9).

On-line Commun■ cation w■ th X― ray CT
A CT scanner has cOnnected tO a netwOrk described in the next section.  CPIB interface is

used  FOr  the  cOmmun■ catiOn between the scanner and  a  network  interrace.  This  network
interface (cal■ ed icOnverterl)is consisted oF a 68000 CPU,  some memories, a magnetic disk,

CPIB  interface  and  Optical Fiber ■ ink.  It こ

景

r8:ittSif骨

3!暑]cgO器 苫:rsi8需  ?キぅ ?:yt:普 ラ:38):18bufFer■ ng  between the scanner and network.  0

requires 19.9 seconds for transmission a slice image to the converter.  TherefOre, Generated

images are transmitted in a batch Operation twice a day.

A network has imp■ e

p]を最舌t °lg景』骨ltSis 岳]:8. fTi!: 3岳:彗:言4 :ibを? !忌
雪号S〉:きど

S:忌:::旨i fib8in岳岳S'HDLStii号1 8,S経岳y骨書:
s  u s e d  o n l y  f o r   ■ m a g e   d a t a   t r a n s m■ s s■o n .   A

岳雪景::岳品;u:3:a t品!:r8f キ1盈 n岳!)°こ告eiSf:3°d苫:首七暑sどSttinittettgi号
―
:::3!]岳e:r魯景StisSi景3兵t  ci暑3:き]|

commun■ cates  control messages wュ th each compOnent by RS292-C lines connected  in  star-like
shape.  Although this network architecture is not sophisticated,  it simplifies the  netwOrk
soFtware. The network diagram is shown in Figure 10.

sPrf yθ,7677W9宮 lca′′′"aging r″987ブ/ 749
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Figure 10. The Network Diagram Of KIDS

Image Database using Optical DiskF

Ha rdware Desit tn
A  juke―box  styled  optical disk system called Optical disk library (ODL)  is  used  for

i:i!::i古ii骨ifi::!:i:]:i :::言!キ!:告::i;:岳:;:::;‐m:i]告g需3i:i:::岳;]::ni官:岳;8も:岳骨gie孟魯f:3き:::予
g::

to anOther icOnverter! llke the converter used
■n c ommull■cation wュ th the CT scanner. And the cOnverter ■ s linked tO the network.

rol data line

―〉Hospital
in↑ormation

System

Figure ll. Inside View of ODL Tab■ e 2. Design of

Database Design

Archived images are managed by RDB under tab■ es designed as Tab■ e 2.

Retrieval System

For  the  retrieval system,  we prepared two types or user interface.  Each

access to ■ mages wュ th any combination OF keys listed in the prev■ Ous section.
The  first  type displays a list such as a study ■ ist OF tOday Or  patient'

75θ /SPrf y9,70ア 月″θdica′ル"aging r'987ブ

Patient RelatiOn

field nane

Patientis ID Number

Last Sequential Number

Patient「 s Name
Date of Birth

S e x

Exam■ nation Re■ ation
field name

Sequentia■  Number
Date of Examination

Mnenonic of MOda■ ity
Diagnostic Codes

Plane Or Contrast etc.

Scanned Location

Count Of Past Access
‖In ODL‖  Or ‖ On Shelf‖
Al■OcatiOn Address in ODL

Re■ational Database

of  them  can

s  exam■ nation



history list according to a query tO RDB.  A user can select studies from them by  pO■ nting,
then images are displayed.

The  second type uses a shrinked images shOwn in Figure 12 instead Of a ■ ist.  This  idea
has  shown  in our experiment (ElectrOnic Viewbox ).  Using this method,  a user can  browse

contents of data selected frOm RDB.

Retr■ eval User ttnterface Us■ ng Shr■ nked ttmages

A n  o p t i c a■  d i s k  c a r t r■ dg e  c a n  s t o r e  ■ ma g e s  O r  C T  s t u d i e s  d u r■ ng  2 . 6  m o r l t h s .   = ! l e r e F o r e  w e
c a n   s■ mu l a t e   a n  o p t i c a l  d i s k  a c c e s s  w h e n  a l l  p a s t  s t u d i e s  o f  e a c h  p a t i e n t   a r e   r e t r■ ev e d .
T h i s   s i m u l a t i O n   c a n   b e  d o n e  u s i n g  t h e  C T  e x a m i n a t i o n  h i s t o r y  d a t a b a s e  t h a t   iご   d e s c r i b e d
b e f O r e .  S p e c■ fi c a t i o n s  o f  O D L  i s  l i s t e d  b e l o w  :

T i m e  t O  m o u n t  a  c a r t r i d g e  t o  d i s k  d r i v e  :  9 . O  s e c O n d s
T i m e  t O  d i s m o u n t  a  c a r t r■ dg e              :  7 .う  s e c o n d s
S e e k  t i m e  o n  a  c a r t r■ dg e                  :  o . 2  s e c o n d s
TransFer rate to external pOrt           : 900 Kbytes/sec
SectOr ■ength                            : ぅ12 bytes/sector

W e  a s s u m e d  t h a t  o r i e  e x a m i n a t i o n  g e n e r a t e s  l l  s l i c e  i m a g e s  i n  a v e r a g e .   I r  a  c a r t r i a g e  w h i c h
h a s  r e q u i r e d  i m a g e s ,   t h e  r e s p o n s e  t i m e  t o  g e t  t h O s e  i m a g e s  w i l l  b e  1 4 . 7  s e c o n d 6 .   F r o m   t h e
r e s u l t   O f   a n a■ y s i s  b y  t h e  h i s t o r y  d a t a b a s e ,   1 . 9 4  e x c h a n g e s  o f  d i s k  c a r t r i d g e  t t s   e x P e c t e d
w h e n  a■l  p a s t  s t u d i e s  a r e  r e t r■ e v e d .  I n  t h i s  c a s e ,  t h e  r e s p O n s e  t i m e  w■ 1 l  b e  と8 .十 S e C O n d s .

COnc■ udin Remarks and Future Plans

altg!isti早首
Sti‖

Act彗:PS oF°ttts c8景手晋景i:首nains,皆骨e品lini景8igintiき
°
]岩早』itag』 r皆普:主ts trrを品

S ti!:

SyStemと
,al岳暑を::i::38ai:::十:tei苫暑:::旨!告も告需!:::]::;苫:告岳ui:告:!::3岳邑8:::]i:i]言i首p3:!ieved :

var■ ous digital tools.

PACS, 主 .e. on― ■ine data acqu■ s■ttt On, long term

ommun■ cation between dev■ ces  and  man― machine

and can work the CT  section,  but  it  still
―wide PACS.  To improve this system, fol10wing

h the CT scanner
The imprOvement will make the cOmmunication faster 10 times or more than present

one.

2) Speed up of actiOn inside the image wOrkstation

A large improvement of the wOrkstation is required for quicker response.

9) Design and construction of a satellite image workstation
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