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One of many blurmed planes)
Imaging (“fulcrum®) plana
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A Parallel beam prejection Fan beam projection

* Computed Tomography Geometry

Collimated "fan” beam

/ Linear detector array

B (First CT was developed in 1972)
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Collimators

Beam shaping filter

Patient

Post-patient collimator
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Ceramic Scintillators

% X-ray

Scintillator Visible Photon

Photo-Diode

Electrical signal
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Projections

2D views - ‘projections’ at angles all the way
round the patient
— rotate tube and
detectors around
patient
— sample p at each
detector for each
rotation angle
— generate series of
projections
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X-ray CT system

= Thinly collimated X-ray beam

* Multiple views

* Detectors to collect X-ray photons

= Data acquisition system

* Image reconstruction algroithm
(filtered back projection)

* Film/monitors to display axial slices
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—~Matrix representation of a tissue slice
inCT

Detector

Reconstruction
. Matrix

= Pixel (picture element)
« H.U. = [u-u(water)/u(water)]*1000 Focal spot
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Multiple detectors
translation-rotation
large fan-beam

30 rays = 1000 views
<1 second/per slice
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Start of
spiral scan

Fath of continuously
rotating X-ray tube
i and detector

Direction of
continuous
patiant transport
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CAT scan slip ring
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Step and shooty Helicalispiral mode
sequential mode
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- Lise data 180° each side of reconstruction position
— Introduces artifacts where structure changes along the z-
Axis

YA Ul
Selected image plane
Path of continuously {arbitrary)
rotating X-ray tube
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* Multiple banks of detectors
* Far single irradiation width,
4 simultaneous data sets acquired

-4 axial images or8
- 4 helical sets of data or 16
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| Matrix & adaptive detector arrays !
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Two pitch definitions in MS CT:

pitch, = table travel per rotation
X-ray baam width

pitch 4= table travel per rotation

detector width
YAY S
SR =
Beam pitch = T
Detector pitch = +
wo _ Detector pitch _ |
Baam pitch = g Ll
I » |
— -+ —F/ \ -\
g 0000
| fo-T
Single detector array Multiple detector aray
I - Table travel (mm)frotation
W- Beam width {mm)
T - Single data acquisition channel width (mm)
N - MNumber of active data acquisition channels
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examination

Radiographic
examination

Head
Chest
Abdomen

Pelvis

Skull

Chest PA
Abdomen
Pelvis

Ba swallow

Ba enema
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(Shrimpton et al. 1991)

Examination Eyes Thyroid Breast Uterus Ovaries Testes

Head 50 1.9 0.03 *
Cervical spine  0.62 44 0.09 *
Thoracic spine  0.04 0.46 28 0.02
Chest 0.14 2.3 21 0.06
Abdomen g 0.72 8.0
L. spine g 0.13

Pelvis g : 0.03 (26
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- Automatic exposure control (AEC) system
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Tube Current Modulation
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Fig. 2. Attenuation measured along the Z-axis from (a) anteroposterior and (b) lateral SPR of a patient [14]
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Angular Modulation

Table 1. AEC techniques currently available from different vendors

AEC Technique GE Healthcare Siemens Philips Toshiba
X-y axis/angular Smart mA CARE Dose D-DOM -

z axis/longitudinal Auto mA ZEC Z-DOM SureExposure
X-y-z/combined Auto mA 3D CARE Dose 4D - SureExposure3D
Note: AEC = automatic exposure control.
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