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Table 1. Data source

Modality Image Data Source

Electron density
(AR )
Tissue interface

Ultrasound (=R AH)

Physiological function
CEEER
Proton hebavior

(G 4%)

Computed tomograpy

Nuclear medicine

Magnetic resonance
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Table 2. Information communication method

Digital data

l

LRadiological departemenq

+ Record
» Archiving
- Retrieve



Table 3. Medical image data content

Image type

Matrix size

Bit depth Data content

(Megabits)
Nuclear medicine 128X 128 10 0.16
Ultrasound 256X 256 8 0.52
Computed tomography 512 %512 12 3.14
14" X 17" 3500 % 3500 4 60
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Table 4. Medical

information system by using

computer

Diagnosis &

therapy
(e 2 28)

Hospital
admistration —
(s i)

Regional
medical care—

(A4 2)

— Image diagnosis(3}+4-# &)
PHD (% & 2])

Clinical analysis

(A A ALA B)

Nurse program (7}3. 4 3)
L Dietic treatment (A A} 2.9)

— Patient billing (% 8.3} 4))
Inventory control (=) z32])
Hospital ward management
( &e])
Hospital management
— (4 #e)
— Information exchange
(Hxuash
Inhabitant health care
(Fulelg)

Emergency medical care

(+¥98)
Medical information
NEEEED _1

Medical document
(JeEagn)
Blood supply
(getgn)

Pharmacy
(e]ekEA 1)

Table 5. Media for information communication old media vs new media

— Letter
Document

Message

Old media Magazine

[T

Newspaper:

Radio

‘—Telephone

New media [:

Personal communication

Massmedia by printed material

.. }—‘—Massmedia by electric wave
Television

Vocal communication by telephone line

Information transmisson by communication network or

media transformation by computer and electronic technology
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Table 6. Communication by new media

Static image communication
—EFacsimile — Business, Home

Videotex (CAPTAIN
telephone access information network)

! Drawing communication
_ETelemail

Sketch phone
Dynamic image communication

——TV Telephone
F—CATV (community anntenna television or

—charactor and pattern

cable television)

— VRS (video response system)

Computer communication

—VAN (value added communication network)

—LAN (local area network)

Table 7. Communication network

r—EWireless system

Satellite communication

® Intelesas— International telecommunication
organization

Wire system

Fiber optics

® ISND—Integrated services digital network
Telephone line

Microwave

Coaxial cable
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Radiolgy
Nuclear information
medicine management DS.A,
PACS Diagnostic
gzﬁ%fe (picture archiving & radiology
communication system) U/sS
3
Clinic C.T. M.R.1 [Satellite hospital
(teleradiography) (teleradiography)

Fig. 1. Tomorrow’s radiology department
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Table 9. Kansas university —600 beds

Total data per year
1.6x10**(16 million M million) bits

Data storage
@ Magnetic tape: - 89000 rolls($1, 500, 000)
e Disc optical--+----- 1600 sheets($160, 000)

Table 8. Medical imaging modalities data requirements

Data Bit Mega Mega
matrix depth bits bytes
Digital
Nuclear medicine 120120 12 2 1/40
Ultrasound 512%512 8 2 1/4
. Computed tomography 512 %512 12 3 3/8
Magnetic resonance 512x512 24 6 3/4
Digital subtraction angiography 10241024 8 8 1
Digital radiography (future) 2040 % 2040 12 48 6
Non-digital
Film radiography 14”x17”(5IP/mm) 4096 X 4096 12 192 24

“Digital modalities account for only 7% of the total data”
Source : Opportunities in Electronic Medical Imaging, Drew Consultants Inc., 1984.
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Table 11. Medical imaging equipment (laser imaging camera)

Manufacture 3M Matrix Hitachi Canon Fuji (201) Konica
Type Laser Laser High depth | L. Maltiformat Image Image
yp imager recorder | L. Printer imager recorder | hard copy
Film used 3M Laser Dupont EK EK Fuji Konica
IR film laser film S0-497 SO-497 CR-film LP film
Film size 147X 17" 14" %177 14: X 11: 14" x17” B, 87 x10”
107 %12
Format 1, 4, 6, 12 - - 2, 4, 15, 24 Fixed —
Image matrix size | 4000x5000 | 4087 %5054 | 2800 % 3560 40005000 2000 2000 < 2600
Gray scale 256 256 256 1024 1024 1024
Record time 21 sec 10 sec 40 sec 10 sec 45 sec 30 sec
_ _ _ 3.6 GB
Memory (Std) 2M byte [4X4096 byte both sides
Magazine recieve 125 - 50 - 1002 50
. Dupont _
Magazine supply 125 cassette 50 100 X2 50
Laser spot - 87u m 100 m 100 m 100 m 87.54 m
D.
FTOCessor Optin - - - Std fixed -
connection
Laser IR(LD) He-Ne He-Ne He-Ne He-Ne -

Table 12. Laser camera design

Laser type Emission Color
Gas (helium—neon) Red(633nm)
Semiconductor Infrared (820nm)

Design approach
#® Film stationary- Laser moves mechanically
® Laser stationary-Film mechanically transported
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« Image intensifier(1.1)/TV camera

« Image intensifier(I.1)/Photodiode array

« Photoconductor plate

» Photodiode array/Phosphor

« Film-screen
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2202 vehit woleh A g X4 Bl
A XAokle] sgzoltye] 23 signal o] 5|
i e XAFEY Azl odsi=|e] signal-to-
noise tby AReh A x2x A% sigml-
2z 2149 noise ] slo-g3 AR
%9 signal 3283 A& vehil € Aol

to-noise =

noise (data &} ran-

E 2| 31 signal-to-noise ¥ & Jehlich &
A12d 1.0Ve TVouaslag 1.0mvel Wi
noise 7} glthshs o]x-2 1000 : 19 signal-to-
noise 7} g} shugic}, Al28lo| 4 signal o] &
== signal-to-noise & WER ol A& dobok
o 29 signalo| 0.1VE 7zh4-5l9  signal-to-
noise = 100 : 10| =t}

%] w3} AkA| 2 #lol| 4] quantum noise = Z|E} ol
noise Yo F4.8keh o] 4 FE FFAFAl A
4 T34 £H 2 signmal-to-noiseE gquantum si-
gnal -to-noise B.tks. A8t XAFZE o d7A
L of g}, o|9pzke AlglolA & A£H9] contra-
st sensitivity £ A&7 8" X4xs DQE
off A g v},

%A skr] ¢4, Jgk signal-to-noise 54
3} DQEx7} g+ THAAHL2 A3l contrast
sensitivity & F4| 3l ok, A 2AE 4ol
gt x Abefl o} display contrast 7} & Alojslx] X
A A2 A S el she Aot Yok

3) Resolution

A28 o s A XY AR MTF 54l
stel Alefo] Hrh el v B AlLdledl4 sdEE
3} At o]} w]-Foll digital memory matrix sizeol]
A& A Agk= el 4] Alakel] H§ contrast sensitivi-
tysh s AE Abolol & AskaAlzt 4¥Re) s,
xolz, A B8 ATAEL FEE dehdelh
ehob I A ofel ) AR Fae 2
wohabe a3 AL e Azt e

4) Useful Dynamic Range

Useful dynamic range g} 3+ X4 §4B35x =
£ Ak range = Aoich o 74E  quantum
noise 7} X&) 34x] 2] noise & wjdle Aoz o,
A vzl A ol ZERRR| £ BF dA =T gle dy-
namic range ¥ v} Uy e 7 zrl o559, 1000
: 1 3|2 signal-to-noise7} g+ TV camera-<«
1olzh shuh, wpabal 4]
2®le]| 4 contrast sensitivity/} 1% 2 A" 7
£ 7 TV camera® useful dynamic rangeit= 10
11 o]3ke] display 7} ¥ Relvl

(1) Film-Screen Performance

W53 Sl oAl whel A s

dynamic range 1000 :

Ao 2 Cro-
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nex4 -QII S 7Y 759 vloetE dl=2 ¥4 o
oz,
DQE=0.5 80kVp
> LP/mm
Signal - to~noise = 1000 : 1

Resolution >

(1mm?® Resolution Element)
Useful dynamic dynge=20:1
224
range Aol 2H A9 dF3e, YES useful
dynamic range:= A4 2| parameter o] 1000 : 1
ojao 2 ube4 gluh Fejd) WE -2 Ao
= vehiE olte] REgt parameter & 5334
ol R 2Hl 9 AEr 2 FIE AL I Ee

(2) Film-Based Digital Radiography

Y S A gahe A X4 o 2SR
E txlg Fofsit vl oletzA lEAl7] = wh ol
&7 electronic 7] Eolut g ol £AM gl e}
noise & & 4|7 ¢t Y-Ed olele v X|E W

signal-to-noise A-6-& useful dynamic

A7l AL shsshel, webd dlolk o del Ayt
o] Ak Wgro 2 WE- 2% 4L 2YSE L
Ae) L ALY AT olelE e 2
o't} o] o] we} ez HAY Hlolels H A

& wlolel Melg shen] A" T4 we A
S AlF3He Aolrh
(3) Film DRS(Film Digital Radiography System)
o] AL YE MY (film scanning), =X
€] (digitizing) , ¥ °Jeku s (data storage) , B4 ¥
( image processing), 3}4k84] (image display)$]
Aser 4=z Yok o] WE DRSE A=A
2 glot Fogul oebe] HupRA B Ex137] 48
A z¥8 Aol
ALAAE o} B L shalx gl
« Data matrix — 2000 X 2000
- Pixel depth — 12 Bits(log)
- Scan time — 60 seconds -« (DRS [ 60sec)
» Scan area— 14"% 17
Soft display — 1050 line video
» Image processing
Window and level
Magnification/Roam

Unsharp masking
Edge enhancement
(4) Tone Scale Reversal

YEe 483 oAY skl Zeoden 3
A el ed-L A7) A 7kxk-24 (potential su-
btraction), o] X} -2 (energy subtration), ©
ek o oJebe] MurhE XEURE AlF o] ik

(5) Wide Dynamic Range Film

2% 2% 2% dzxe ¥E3t WDR I8
AT S FAF Aolek, Useful dynamic range
EQTe) el FFAZEY 1/29 AL
2 e o) e 22 vladeh

L

ot

3.0+ Contrast
film
2.0 Wide dynamic
) range film

Optical
density

1.0

i 1 1
0 1.0 2.0 3.0

Log exposure (relative)

Fig. 2. H & D curves illustrating dynamics
range differences

DR( Dynamic Range)= log~' (A LogE)

Film ALogE Useful dynamic range
Contrast film 1.3 20:1
WDR 2.0 100:1

olohro] B4d WL AATo R4 WEE 4
$3 HAY s Bl A Awe BES %
$5 WA S FEL FEUNE TPAAE Aol
53k S giek,

Z, o] WEL useful dynamic range 100:1-& =
=

£32 g dAEge), o] A wel 1= ¥

o 1359 XAxz dfzadlq wrtx]  FHE
vlolelE qlE YT <+ JA Hgloh 58 HaF
Woju) g o] &l A 2 T ok =2 S
7 Byt el d9d g AR AGEUt
Holzloh zelw, &=t Mgtz 3wl 93
subtraction mask film& 24 + gk, =3 of
-5 dgdzAdl4 T Aol v WA

o}
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olgslm nAEE YE S Hgwelr)
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o 48] Alzule Fael FHE B X4k v
ol Eastel HAYHUE ¢ + UEE 44 &

Aoleh. ol4bat e A3l ¥Astn 4% Hoishd,

contrast sensitivity 7} 59 5-& g3t o 24 34
Hes A =3 P Aol Foside] Py
o 7H5A4L T3t HAg T4 A=A o
< A dhe wye] ZMEsAl Heh o] ARl o

0!

oA

ol

14

2.2 PACSH| A8 + = 7ke4le] gdeh

& digitizer & output -2 =3}5] 4ot FHA
B4 22 dolet AFA2E] ool H Ho|vh
ooz g% tE A8k o] sheaixwl HES
E3 o Ag vl olebe AF IS Ralsle] o Y
B o] olgo] & Holrf,

¥UES sRo sk HAEs Y2 gtor  uha}
Ao F 57 & Holrl, 2 oA E
A=, dguy Fleg HarlA s AX
A ARlE F9gshs #ATe x4 HEXW
Al 28 & F7) ko] anke w4 ol H 4 v el
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