Vi
2.1 Vi
(Linear attenuation coefficient)
2.1.1 (X-ray Interactions)
B(Interaction) 4 (Nucleons)
(Atomic Electron) (Electric Field Of Atom)

(Meson Field Of Nucleus)
(Complete Absorption)

(Elastic Scattering) (Inelastic Scattering)
12
3
(photoelectric effect) (comton scattering)
(pair production) 3

2.1



2.1

22

{

2.2

(characteristic  X-ray)



0.511 MeV

“recoil electron”

(annihilation)
180
2.4



2.1.2
X-Ray)
2.1.1
(Lambert's Law)
= 1 0B
| =
h =
X =
2.5
2.5(a)
2.5(b)
/I = 1 o0¢
/ '
X 1X,

(Linear attenuation coefficient of

(22)

(22)



2.5 8

2.13

2.6

2.1

2.6
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2.6 'a

2.1.4

(monitor)
2.7
! (Correction)

"Shading correction” (2.4)
sy = NEIDECH) e
[5(* 1))
M
£>(*1,y,) dark current
KM )
24 (XLy1)
{V(xLy1)

dark current {D (x, 1y, ))

Ve(xl,yl)



V{X1ly 1) D{xly1)

\a

2.8

K)(*1,11)
2.4

Pixel Number

dark current

217 29
Ps(x1y1)

dark current

2.10

11



2.9

2.10

Shading correction

12



2.15 (Back Projection Method)
|
!
211
2.1.6 (Filter function)
2.13(c)
2.13
2.12 2.13
2.13(b)

212(c)

211

212(c)

13

2.12

2.13(c)
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(a) () (c)
2.12 il
(a) () (c)
2.13 il
2.1.7 y (Filter Back projection Method)
(Fourier Transform) 2 F(XrY)
f(x,y)
F{X,Y) = JVE{x,y)e~ife+Yyc/xdy ..(2.5)
- 0000
f{x.y) () r 0 X
F (X 1Y)
F(XY) = ) A @CEe-r 6+ 0+ Bllyichrcty
00

e XSO

—00-00



F(X,Y) =] 3V(r' ) -UrXeest-rXsine+rrsinetra*eld ra’

-C0—0

R=Xcos6+YsinG

=Ycos9- X sinG

F(X,Y) = 1 M(r, e~ [iResSiohd:

00

F{X,Y) = Fe{R, )

(2.6) fe{r, ) (X, y)
Fg(R, ) R (X,Y) 0

P{6, 1)
P(G,r) = hfe{r, )d

P{Q.R)  P{G.r)
P{G,r) = oA

(2.6) (2.8) P{9,R)

P(.e,R) =Fe(R, )\

(Projection-slice theorem)

(26)

F(X,Y)
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(2.10)
f{x1/) :-AAl-QMBZ(0,R)e"xcos(Hysini9)Rdee (2.11)
F[O,R) Fo{R, )\g
(Projection-slice theorem) P{0,R)
F(-6,R) F(6 +k,R)
f(x,y) =— ) "P{0,R)eiRrR\dRd6 ..(2.12)
A0
(2.11) (Unbounded function) 7]
(diversion) R 171<Q
H{R) = b(R) |
where |7 < Q
b{R) where 17> Q -(213)
(Lateral sampling)
a (Sampling theorem)
0O = 2lmx = | .(2.14)
(2.12) (Convolution)
(Reconstruction formula)
) = =ty 6 t)0 h(xcos9+ysi e- )dzd0 ..(2.15)
h{r) [-1(17) (Analytic



9%
0= i 10
e sin(Qr) +— cos(Qr) - 1r
I7(r) h{rk=ak)
0.1,2...N1
[700) = 2.
A"k) - k
h{rk) = 0 k
17 Ramachandran
r Logan
h{rk) = - Tlaz2~ <2 _1) X=0,£1,£2,...£(IV-1)
"Shepp & Logan filter function”
f(x,y) = ) 'hixcosGj +ys\ir\dj - rk)

17

.(2.16)

(2.17)

Shepp

.(2.18)

(2.19)
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2.2 ' (Quality of Computed Tomographic Image)

2.2.1 Pixel noise

CT-number
Pixel noise B

Pixel noise
CT-number ( 25 100
ASTM E 1441-97 [f])

L 220
1?
g ot .02
[7 CT-number
i CT-number
J CT-number  Pixel

noise
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Pixel noise
SNR (Signal to Noise Ratio)

SNR = (2.22)

pixel noise SNR
pixel noise SNR
pixel noise
SNR

2.2.2 Probability Distribution Function (PDF)

PD F X0 CT-number
PDF 2.14 (a) PDF
CT-number CT-number
(feature ; /lfeature ) (background ; /1background)
(Contrast ; Aju) (2.23)
~  Rfeature ~ Rbackground (2.23)
PDF
(blurring)
PDF 2.14(b) PDF
CT-number
FWHM (Full Width at Half Maximum) 2.14(h) ?
PDF CT-number
PDF

PDF

CT-number FWHM FWHM
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FWHM ?
FWHM
Circle of Circle of
Reconstruction Reconstruction
feature feature
background background
(a) Theoretical PDF (b) Practical PDF
2.14 PDF
2.2.3 Point Spread Function (PSF)
PSF® Resolution
(point object) CT-number

2.15

2.15 Point Spread Function
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Resolution point object CT-
number point object
point object CT-number
CT-number 20%
point object Resolution

2.2.4 Modulation Transfer Function (MTF)

MTF® Point Spread Function (PSF)
CT-number
“slit” 2.16(a)
(b)
2.16 slit slit
MTF CT-number
slit 2.16(h) slit
( ine pairfcm.)  slit
5 5 slit
slit 1 1 CT-
number (All) sl
slit
2.17 slit
217 All'l Al 2
Ap,

MTF



"M

A |imax

MTF
MTF

2.17

22

MTE =7 ~ .(2.24)

max

2.18
Theoretical Practical
Profile data Profile data
An,
J I
A12
JL
Alis
~'|'...

JUIL fibs!
An6=0

slit



.OT
08--
0.4--
0.2--
0.04 —omn frrreee oo o X -----
0 12 3
line pair frequency [Lp/cm.]
2.18 MTF
MTF ' MTF
100% MTF
MTF  20%
Resolution Resolution
f MTF 20%
2.3
il
(random)
pixel noise
(ad) 2.26

Texp(-2/10(£)1,)

MO(E)

23

(2.25)

.(2.26)



E
RO
2.26
je) RO
CT-number
Pixel noise
180
219
, 180
2.19

() 150° (b) 120° (¢) 90° () 90°

24

2.16



2.20

22

222

25



2.21

0-180

2.22
(2) 0.5% () 1.0% (c) 2.5% (d) 5.0%
0 - 360

26
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