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Crookes tubes 1895 1895~1896
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Energy spectrum of X-ray
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Hot Cathode X-ray Tube

Electrons
Tungsten target
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Charles Johnson (1900)
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Hot Cathode X-ray Tube

T - . Electrons
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Anode Angle & Effective Focal Spot

Large Anode Angle | 20° Sidoview  Small Anode Angle | 10°

Field coverage at same image distance
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Heel effect

Cathode electron beam
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: Cathode side X-ray
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Philips Medical System (1989)
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Anti-scatter grid
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Photoelectric Absorption
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Photoelectric Absorption
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Compton scattering
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Compton scattering

Recoil Electron

Scattered Photon
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X-ray attenuation
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Intensity of X-ray at different stages
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100 mAs
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* Fluoroscopy
* Angilography
* Tomography
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Fluoroscopy (¥ & #&2°)

o kAP~ PRAR K 5 (plain film)
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—Real-time X-ray imaging

Thoracic fluoroscopy (1909)
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Fluoroscopy

— ~200 times lower

e 2 & /¥ T &7 % : image intensifier
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Image Intensifier for Fluoroscopy
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Acceleration
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* Dynamic contrast uptake
—X-Ray contrast agent: & B & 5 & &+
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Fluoroscopy
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i 5 Hp e9Angiogram (4 |b. Hg)

1899 (Poor baby...)

73



Angiography s 72

— Subtraction angiography
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Angiography i 12
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T ¥ B g 3% Angiogram

77



¥ A éAngio i * 3 3\
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* Interventional (/i » |%) radiology
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%7k ¥ P Tomography

* Conventional tomography
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* Computed (axial) tomography
— CT scan, CAT scan, 7 %& %7k
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Conventional Tomography
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Conventional Tomography
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Hounsfield (1972)
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Computed Tomography
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— ... It (computerized tomography) literally swept the

world.” by Prof. Greitz at the Nobel prize ceremony in
1979.
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EMI-scanner

The prototype

1972 EMI-scanner (Hounsfield)
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EMI CT1010 (1976)

A head scan (80x80)
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S 1A S m% * Tomography

SOMATOM

A CT scanner A head scan
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e Hounsfield & Cormack
— 1979 Nobel prize in Medicine

 Oldendorf 1961 : i ¥8% =&
* Radon 1917 : d L EEF
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% = & 4&  Projection slice theorem
F e P BTz ¢ Filtered back projection
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Reconstruction from projections
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— Jordan canonical form

* Sparse matrix > ¥

— Singular value decomposition
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% = ¥ # 4&  Projection slice theorem
F e P BTz ¢ Filtered back projection
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2 % ;E (lteration)

Algebraic Reconstruction Technique
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Algebraic Reconstruction Technique
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i# #& : Projection slice theorem

&2 Filtered back projection
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* Projection-slice theorem

— » f % central slice theorem, Fourier slice
theorem

c BHGLF R - % b B 5iE 1D
FT 2. {4 » % & 2D FT = & ¢h— £
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B EHP

—j2m(ux+vy)
F(u,v) = ff(x,y) - e dxdy

— J2TTVY

F(O,v) = jf(x,y) - e dxdy

— J2TTVY
F(O,v) = !f(x,y)dx - e dy

e F(O,v)=x > w3 F2 e 1D-FT
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Central slice theorem

<> 2DFT ©® eh- if 3
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Central slice theorem

<> 2DFT ® ¥ - if &R
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* CT Fpg A2 =2 & & & BRI
# - JR R IDFT
s R =1 A 2D FT T 4

 Inverse 2D FT & # 22 ik
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2D Fourier Transform i 4%

1 acquisition
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2D Fourier Transform i 4%

2 acquisition k-space
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2D Fourier Transform i 4%

4 acquisition
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2D Fourier Transform i 4%
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8 acquisition
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2D Fourier Transform i 4%

16 acquisition

111



2D Fourier Transform i 4%

1 acquisition
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2D Fourier Transform i 4%

Fourier-space
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2D-FT;2 F L #are-gridding
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%= ® g Projection slice theorem
ke P Bz ¢ Filtered back projection
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Back projection i 12

Acquisition Back projection
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— Point spread function blurring
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Amplitude
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Filtered back projection
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Correctlon Kernel

-1.0.5

10
Distance (ln Plxels)

P etw 3 pF3k - B kernel function
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Filtered Back Projection :§ 4%
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Filtered Back Projection :§ 4%
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Filtered Back Projection :§ 4%
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Filtered Back Projection :§ 4%

R e BB T 10 57 & &
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Filtered Back Projection :§ 4%

201F 4572 & R
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Filtered Back Projection :§ 4%

304K R° & R
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Filtered Back Projection :§ 4%

45T 4R & R
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Filtered Back Projection :§ 4%

60 B X 7> & R
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Filtered Back Projection :§ 4%

00 B X 7% & R
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Filtered Back Projection :§ 4%

180 B 3> & &
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PR B 5 &

o Bhpg B (1972)
— 160 rays, 180 views = 28,800 &:
— 4.5/p1xel (@ 80x80 matrix

—2.5 hrs for algebraic reconstruction

* “Over-determined” system
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B yy BE

750 rays, 600 views = 450,000 &:
1.7/pixel (@ 512x512 matrix
Pijitr R { o3& B

EEH hiER s gARR Y
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(370 rays)

3R
W

60 views 30 views

180 views
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Modern State-of-the-art

Filtered back projection ENE NI R 2E -
71:‘_[@;—%«\,»3 X;zw? aﬁ_z_e}guq
e %ﬁ%‘f T A MR pie ) AR
PilhpdEing L Ay o e2bigg
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— Hounsfield Units, CT number

HU = 2%~ FH:0 1000
lLl'Hza_lLl'aiT'
fj*wfrU%' FRER

Substance
Air

Fat

Water
Muscle

Contrast

Bone

HU
-1000
-120
0

+40
+130

+400 or
more
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CT et B (B~ it &)

* - B3 % e i CT
* Electron beam CT

* Spiral (3% %2 3%) CT

* Multi-slice spiral CT
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CTik =

FIRST GENERATION
60th SCAN

/S w— O\

o

I st SCAN/

y

X-RAY SOURCE
&> 120 th SCAN
\/
<2
DETECTOR\G\ /
(N
-
11 W

| DETECTOR
SCAN TIME; 4 —5 MINUTES

THIRD GENERATION

PULSED
FAN BEAM

360°

CONTINOUS DETECTOR
A

LAl ARRAY

300 DETECTORS
SCAN TIME ; 2—-4 SECONDS

SECOND GENERATION

30 DETECTORS
SCAN TIME ; IB—20 SECONDS

FOURTH GENERATION

[
\\\\\\\HI ' /17,, 360° DETECTOR
N
NON-PULSED X 4 “._ RING
FAN BEAM X )
360° ':; O §
CONTINOUS = &
SCAN ///// \\\\
N
T\

700 STATIONARY DETECTORS
SCAN TIME; 2-4 SECONDS
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CONTROL.
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Electron Beam CT g 12

Detectors

Focus coil
Ceflection coil —— X-Ray beam

ﬁ 1

Imatron (Siemens) ultrafast CT
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Electron Beam CT i %t

* No moving parts at all !
* Fastest-ever scan (< 50 msec)

* Multiple targets = multi-slice
« A OFFFER DOET (dou ER)
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Electron Beam CT %
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0 & #%F cardiology 7 3
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Spiral (Helical) CTem 12

S
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The “Pitch”

» & 360" *z ¥ chtable {7 & FEHE / slice
thickness

* Pitch > 1.0 : Data skipped
* Pitch < 1.0 : Over-sampled
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Pitch and Spiral CT

Pitch =360 table 73 /7> & & R
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Spiral CT 18’ ik & 1%

* A H o FRFREPIRM BT I
panis it ek CT P 72 = 8.3

 Pitch i § 12 B~
— i F 1-2
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Multi-slice Spiral CTe/m 32

eeeeeeeeeeeee

Multi-detector 75 = % & L% S fLf™ » FeB-FF R



*7 & detector 7 4¢

&
%

Each channel is | mm wede.
Each element is 20mm tall

~——

, Dy 16 rows =
14,582 indmidual elements on a 55° arc.

912 channels
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4o 4 FFR R R B - 360in 10 sec

16-cut CT
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Multi-slice Spiral CT

* Pk b 7ERTAASIE
— The “state-of-the-art”: 256+ *~»

+ 1% ¥4 Bf%45 & CT (HRCT) %
— 1024 x 1024 matrix

s el P GARE L1 E

y
> 7

— Visualization/rendering : 2_{$ € 4% — & ...

150






% MRS ¢ Streaking artifact

Dental fillings Metal implants
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B~ § % % slice
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