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= Abstract=

The Analysis of the Information Capacity of Digital Radiography System

Jong Hyo Kim,* Byoung Goo Min,** Kwang Suk Park,** Choong Woong Lee***

In this paper, the information capacity, the intergrate performance measure of digital radi-

ography system has been quantitatively analyzed. The effect of various factors affecting the

information capacity of the digital radiography system in multi-stage detection processes has

been considered and analyzed in detail.

The results show that the more information capacity can be obtained with the smaller de-

tector cell area, despite of the reduced signal to noise ratio due to the reduced number of X-

ray photons per detector cell.

Considering the limit of human visual acuity, however, the sufficient resolution will be ob-

tained when the detector cell size in 0.2 X 0.2mm? with 8 bit quantizaion.

And also the results indicates that the information capacity may be severely reduced by

the mixture of electric noise in final read-out stage.
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Fig. 1 The relation between the detector cell area
and the information capacity per cell for an
ideal detector

Information Capacity
per cell(bits)

N &+~ o oo
T S N

Cell Number/mm?

1 10 100
400 R EEIT Lo i

Information capacity
(bits/mm?)

rrrri T T

1 0.1 0.01
Cell Area(mm?)
a8 2 o138 A&7 AS HJELA AT A
2d FR g #A
Fig. 2 The relation between the detector cell area
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for an ideal detector

a3y 3¢ ¥ =& 29 DR A&H ] AHg
g 3% 2399 TH2AEYT Frole =9
BHEEALE EASFATY

olwj Nz Aste) Bk E[Vsle

E[VS]:EO Spd Ny Gp na Go(V) (19)

ZF5 9 UAg X-H 29 N299) FrEF B4 -

radiant relative
sensitivity(A/W) emission
N /
0.5 \\\
4
0.4
0.31
0.2+
0.1+
T 1 T T T T T T T
200 400 600 800 1000 1200

wave length(nm)

38 3 DR Al&de) A8 FF2=zd<
Y% FrieleEe) # FESA

Fig. 3 The light emission spectrum of the phosphor
screen and spectral sensitivity of photodiodes
used in DR system

s

I, X—A FFed 71AF FAge A oS
X—AMoA 7N B o e FEFAL AHNA
AN B PRl A FRARS WEHHA o

= poisson processo] 22

2

rir

1]

ha)

Mo

1
0‘,2 EEQ Spd Nne Gp Nd Gd(1+(1+GF)nd Gd) (20)
ot go] Hh A71A Syt FF22UL BTl
ome BmyH $E AL WHoRA 23
Ao Wz AgHsE MTFRR gFriol = A7l
o Wz ALTSF MTFRE B 2213 o

2.
1
u v
J I MTF,(g, v) MTFa(g, v) dedv
o 0

(21

w

pd =

olge 7 HAvEEH AL FH AR
H grioles AZwrAe FREF Col #T
2(22) st

= O_ A~
g deT



~BTaesk

Cd=

logz|1+
28, B 18 1

4)=Z|(read-out) ¢t

Frole=e 7+ HE7le AIZAFE
A HEA £34%0(seria) N T2
fo] HzHos ERHY A/D W] oFof
o] HANA kel X—He 97 FAFEY
of Frielesel FAFA AT He, 299
& AAFER 2 249 ARLFo Ao F71

"k A7) A/D @A e g F&

AN AAANAT 3 ol AR YA dAde
22 Aot A AN 23 FuFgd] WY ¥
Mg EQZ #of 3tv] fEojch

DR A=goAE olsge Fed FoIA4 73
gedre st=doz s Fu YA
: & a5 gARG. o H7|
oz Q) AT A
A whehA
e B e Fug
ol A 77| ¢ o shE
£ Cro] #4238 4L

=

=] [e]
}\é'\!._a’\:

4

=

C=2 ] J loga(1+P (s 1)/N(s ) duty  (23)
: 0o 0
P(u,iu)‘;P(O, 0)MFTtotal(g, v)

Eo
= (—2Spd Ny Gp Ppd Gd)2

MTF, (g, v) MTFs(p, v) (24)
E

Nz, v) =—29spd 2, 13 Ga(1+ (14 G,) 15 Go)
MTF, (s, v)MTFs(s, v)+Ne/UV (25)

714 PE Azd¥ A2H9EHola N F3A
g 2dEefo|th. New EHTA A74 3
gz W72 nFE Nyquist F35= U V7R
Heedk JFE uxry) @& UVE Fits A3
Z o]t

F12%, H15E, 19914~

5. Al220|M A

ool A A¥ R uispgre] DR A|&FoNe 3
299 Ag7tA asrgo]l AL FREF
S AT aFeA B 2AF, Y9
7t BT AAAR At 2dddAM Hue
AREFE AEH ALFEE dA AFste ol

1.0
E
g 0.8 W
98
Q=2
? g 0.6 A
32!
5 =
o E 0.4 1
2
27 0.2
n
0,0
0 4
frequency(lps/mm?)

% 4 A B PN AzAYg AHEY
Fig. 4 The signal power spectrum in the simulation
experiment

1.0

B
=]
573
O 3
O o
QA r—
wn >
g ¢
: -
O
a o

=
v O
[,
- N
(=]
=

a i 2 3 4

Frequency (lps/mm2)

J8 5 A g0l AFAy FgAg AHEF
Fig. 5 The noise power spectrum in the simulation
experiment



—AFE 9 I UAYg X—4 &G A2 AugF BH-

Z890 olAH o] FLI AREF g E
gz e gy AAnEFAA HHe 2U&
Ae g Zolth.

A7l E o1FeA Foles=e oArtA &%
HAo] gk Axde] FrEF WHE AEd
o] A slYth ol Frlol ez 2AHAO] JAe
dolgtae ARFAFozM #ule 7HAH G
#u G AFH AAH7] B Rl

Q7)M FroleT axE HAZREe RFo
gel dol7t DY Afolnz Frjoje=9] WA
ALPS MTF,E 4(26)% 2& Sincd 47 8.

[e]
e

MTFq(x, v) = Sinc(Dgy) Sinc(Dv)
sin(z#Dy) Sin(zDv)

26
zDv (26)

zDp

YFF 2382 Kodak Lanex regular 23282 7}
Aaged ol FAHELE F 50%=2A 7t

4 g7 Bl A&wolel YAEAZE 2mR,
SHeHel A74 Fee D=02mmA A

29 20% #HWRE 713

olgtge zZAdA DE HFuHE F Ny A
HAHEY S O9 4o, F§ dYg2HdEHS 19
5o, 1E] 1 AEd) FEue 2HEHE a9 69
ztzh GERglith £33 DE HSEE 3 H 2o
o Arggel HlE 19 7o YERAUTH

6.

m_)'|_l

al

a9 13 7928 wasl B9 Azadel B
Aol d 5% 2xFe FREFL AolAed
e AAAN HREFE Sojde ¢4 Ak o
GA gue Aol Gael Bulgol Hers
S# 94e APES Bolt o] Fugde =
Mol e felstth Teiu AAFeE Apgel A

ol

Adoz PAEE Ye AREE AT ol
40cyc/degd =7l I AL RoE &#A QUrhD
a8r g 34377 0.2x0.2mm%Q) FAS 45cm

Ardold AeM #REY Ag2 AE g

€ 719 AXTF flen I olsE g

=8 wolv A2 AAALRE 997} gtk
oF AMdE EdE dd FEX-M I 2

A
Ao

HE2A49 A7|E 0.2x0.2mPold FH3
TEHT ojeigre Apde Iy A
HEe SEYsa gy

28 1& o3 HEIE ARAL F$
A&7 23RS 2249 Frgne AAE B
ol Atk A7|A HE&AY 7] 0.2X0.2m?¢) 7

ot

SNR Spectrum

2
Frequency (lps/mm?)

3 4

3% 6 AEHolH APAAM Nz ey 29

=9
Fig. 8 The signal to noise ratio spectrum in the sim-
ulation experiment

Cell Number/mm?

i 10 100
320 1 L1 11 tra 1 4.1 12111
3 280 -
8 _ 240
g'fg 200
SEIGOM E : 2mR
§§'2°j xposure : 2m
5§ 80
[T
€ 401
O v T T

0.01
Cell Area(mm?)

T8 7 AEHolA A Frleles AW
H) R8Fo #AA

Fig. 7 The relation between the photodiode cell area
and the information capacity



—BTaak .

WolH B2 FAs} MESS o}
Qe 94Fel 0mRem sHgshe &
e o 6uEs} 8 Aol T A
AN AE7N} ohinm Fue AF
g0l oa £4% FREFo] ojnrhs
A A slolh 99 AREFE LAgle
) E7wﬁlﬂlﬂﬂ*}
e A4Hos waAYY 2 sas)
480 G850 AoivE Gas B>
gl 1 AsE FRYS
org AR A3 wES
27 8 Fe ol £om sl9 4
215¢ ngw 8y

K-y

o

T o
ot

et

.
'\__

o2

o>
m %

ot

we o ¥ & ol orlo

[}

s
ot

¢

i)
2

it
m
o
f
o
mrwqu

L o
R A

]
B

ot
i1
X

frt

g 549 #Thol o= Axe] WA Zop
of wet WA dy] g GFgor uF 4R
AX e Azt Fgule ZH7r AsA €& @
4 v

a8 6
BoFEa
I Ea
ol $7te ¥ 29
o) Ag-ol waAE

=R
I 7ZkAR o

=
CEERE
2 Aol
a#m2 DR Al2"o)A sy
AN AeaAVAL FA @
Feo) #F2E A8 FoE sgdo
G| el Asd Hg e %i%
o ABETL YSFHEE sFool ¥ Aoluh

o
o

A el BHe) ARg EHHom
ed S zAsNA BeAAY
ANZE Axde] WA Bus
e B ol 4Ee A%
2 grol Wejze 94 AT
sl oo G Be 4
29 50 e wheh o] nEw
Na geHst #43 @HH7) o

=3

K3
p

Aed oe

ohﬁl-ﬂ

2
=

7. £

==Re)

DR A2del 2G4 4%& BrAste A+2
EELERDIE EETLEERSEN P E

ARG YL vAe & AEve A 245

=

F124,

FE19%E, 19914 —

fdé}‘}iq-
°§ a2
6}'.1_
U Atge] AJZHE A 9
A48 =7l 0.2x0.2m%0) W
F Qlermg o AVE J|Fo
Efc 24T AREFoEZREH SHEAL
ARE Aoz A=)
=3 NsAene 4717
CRERE LR
e Fr LF&
3 dsleE g T
Al el

H]

Ao W o
23] A god HI3d
3 2084 Hed oy
AFarde A T4

e

= -
5
A} =
© =

K
il

Mo

2

)
—3 8y Ax
GRS
7%, page 1989.
Ay, whgA,

&t

O

2) olEl, ATHE, S
7], HA" X—4 #GA) 2" &f& ﬂ?, 9
3887, A 79, A 1%, page 1986.

3) J.C. Dainty, R. Shaw :

formation theory,. Image Science, pp. 344 — 376,

Image assessment by in-

Academic Press.

4) Kanamori et al., “The information spectrum as
measure of radiographic image quality and
system performance” Physics in Medicine and
Biology, Vol., pp. 29, No. 4, 1984.

5) Albert Macovski: Medical Imaging. Prentice—
Hall, New Jersey, 1983.

6) BT, WFN, 22F, “dAg dgeadg

A 2o g B AT, #E8I|EH A&
HFRAA, AL, 1985

7) Martin D. Levine :
p. 118, McGraw Hill, New York. 1985.

Vision in man and machine.



