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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

Tungsten target

Copper anode

Electrons

Evacuated envelope

Heated tungsten filament
cathode
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1896 (5 min/film)
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Charles Johnson (1900)
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Hot Cathode X-ray Tube

Tungsten target

Copper anode

—“Coolidge tube

 Electrons

Evacuated envelope

Heated tungsten filament
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— > 3000 rpm
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Heel effect: Loss of X-ray exposure at anode side




Heel effect

Cathode electron beam

Cathode side X-ray

Anode side X-ray




Philips Medical System (1989)
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Anti-scatter grid
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Photoelectric Absorption




Photoelectric Absorption
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Compton scattering




Compton scattering
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Tungsten (Z=74)

Electron bénding ensrgies: Electron bindeng energees:
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X-ray attenuation
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Intensity of X-ray at different stages

x rays generated within anode

Characteristic
radiation
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Vate 0.1687
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Muscle

White matter 0.1720

Grey matter 0.1727
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Fluoroscopy (& & #=2>
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Fluoroscopy
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Image Intensifier for Fluoroscopy

Input Window Vacuum Envelope

Acceleration
and Focus Grids
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e Dynamic contrast uptake

— X-Ray contrast agent: & /& + & 4 +
Ef o BB RERET

/

— vk ~ &2 (barium sulfate, BaSO,)
— 40 R ¥ "5 (enema) ..
.7‘.}]":',3 I'%Klﬁ\]pﬁi}%




42 ) £ Gl Fluoroscopic Exams




42 ) £ Gl Fluoroscopic Exams




7 7 & B ¢ Fluoroscopy




Fluoroscopy
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Angiography (= & #&2°)
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B 5 Hp emAngiogram (4 |b. Hg)

1899 (Poor baby...)




Angiography i 32

— Subtraction angiography




Angiography /i 12
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e Conventional tomography
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e Computed (axial) tomography
— CT scan, CAT scan, & #w %7k




Conventional Tomography
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Conventional Tomography




Computed Tomography

Hounsfield (1972)
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— “... It (computerized tomography) literally swept the
world.” by Prof. Greitz at the Nobel prize ceremony In
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EMI-scanner

The prototype

1972 EMI-scanner (Hounsfield)

. . . . . . 33
EMI = electromagnetic imaging?? = Electronic and musical industries!!



EMI CT1010 (1976) A head scan (80x80)




4o 2 % * 1% % Tomography

A CT scanner A head scan
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 Hounsfield & Cormack
— 1979 Nobel prize in Medicine
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i > ¥ #& ¥  Projection slice theorem

F e P Bt2 ¢ Filtered back projection




Reconstruction from projections
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o Sparse matrix =2 #

— Jordan canonical form
— Singular value decomposition
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= ¥ #& 3% : Projection slice theorem

F e P2 1 Flltered back projection
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Algebraic Reconstruction Technique
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Algebraic Reconstruction Technique
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Projection slice theorem

F e Poi2 1 Flltered back projection










* Projection-slice theorem

— » F & central slice theorem, Fourier slice
theorem

e HurF 5 - 3wl Kk 1D
FT 2t > 3 2DFT & o oo— if s




— 27 (ux+vy)

Fuv) =[] f(x.y)-e

F(O0,v) = [] £ (x, y)d|

e F(Ov)=x > » FE B e 1D-FT




Central slice theorem
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Central slice theorem
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2D Fourier Transform % #%

1 acquisition




2D Fourier Transform % #%

-
u] =
s

— —
-
2 2

Amplitude

k..':,l' [1."I|:m] o [-Ill.lcm]

2 acquisition K-space




2D Fourier Transform % #%

4 acquisition




2D Fourier Transform % #%

8 acquisition




2D Fourier Transform % #%

ky [1/cm] ke [17Cm]

16 acquisition
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Back projection i 12

Acquisition Back projection
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Filtered back projection
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Correction Kernel
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Distance (in Pixels)

PoEFw 3 Pk — 1 kernel function




Filtered Back Projection e:5 4%
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Filtered Back Projection e:5 4%
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Filtered Back Projection e:5 4%
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Filtered Back Projection e:5 4%
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o 4w 7 (1972)
— 160 rays, 180 views = 28,800 Z\
— 5.7/pixel @ 80x80 matrix

— 2.5 hrs for algebraic reconstruction
o “Over-determined” system




e /50 rays, 600 views = 450,000 z:
o 1.7/pixel @ 512x512 matrix
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72 58 (180 views)

370 rays 185 rays 120 rays




Modern State-of-the-art

Filtered back projection :
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— Hounsfield Units, CT number
— HU =252 4000
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Substance
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e - A3 % w X CT
e Electron beam CT

o Spiral (¥%*z3") CT
e Multi-slice spiral CT




1 -dagres incremants

/f:h ;\
! X

* X.rovy fube

%

N

/[ .

fan




FoWER BRUSK CoLiMaTER

EGATVE
S5 R MU PLIER,
CATHODE MCDULE

3 - - TOSI TIVE
N . 3 o 85 kv MUTIPLIER

ANOUE
MODULE «_
. o SR ERUSH

HiGH NOLTAGE
TRANSFORMER

/
HEAT EXCHANGER



Electron Beam CT jr I®

Imatron (Siemens) ultrafast CT




Electron Beam CT srig %t

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

Multiple targets = multi-slice
RE=2K Bk o R E (4o IR)




Electron Beam CT 1% %t




Spiral (Helical) CTe/m 32
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The “Pitch”

e & 360° *zi## chtable {72 FEaE / slice
thickness

e Pitch > 1.0 : Data skipped

e Pitch<1.0: Over-sampled




Pitch and Spiral CT

Pitch =360 table 72§t / > o & &
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Multi-slice Spiral CTer/m 32
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Each channel is | mm wade.
Each element is 20mm tall

844 channels

arranged in a 48° arc; . " Lot chesnsl is Tmam wide.
Each element is 1.25mm tall

912chaonels by 16 rows = -
14,582 indvidual elements on a 55° arc.
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16-cut CT




Multi-slice Spiral CT
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— The “state-of-the-art”: 256+ *~»

o+ H ¥ 4 %245 & CT (HRCT) %

— 1024 x 1024 matrix
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. Streaking artifact

Dental fillings Metal implants
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