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COmputed Tomography

Image
Characteristics




Have you ever seen an image
of an X-ray beam?




X-Ray Image Noise

Image of Anatomy
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The Quantum Structure of the X-ray Beam

Photons
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Randomly Distributed
In
Space

Photon Interactions
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X-RAY PHOTONS
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IMAGE RECEPTOR
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IMAGE RECEPTOR

Small Areas (Pixels)
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IMAGE RECEPTOR
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Number of Pixels

Image Noise
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Image Noise
-
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Image Noise

(Deviation from the Mean Value)
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Standard Deviation =\/ Mean

Mean Standard Deviation
100 10 (10%)
1000 32 (3.2%)
10,000 100 (1%)
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Number of Pixels

Image Noise
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Visibility of Low Contrast Anatomy
Limited By
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Pixel Blurring
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Digital Image Detail
Effect of Matrix Size

Large Matrix Small Matrix
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Digital X-ray Imaging

Pixel Size
Small Medium Large
High Medium Low

Image Noise
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& Humerical $ize of Digital Images - Netscape

.| File Edit  Yiew Go  Bookmarks Tools  Window  Help

Numerical Size of Digital Images

Modality Matrix Bits/Pixel Image Size (bytes)
Radionuclide 128 x 128 8 16,384,
Imaging
MRI 256 x 256 12 98,304.
Ultrasound 256 x 256 8 65,536.
CT 512 x 512 12 393,216.
Fluoroscopy 1024 x 1024 8 1,048,576.
(General
Radiography 2048 x 2048 12 6,291,456.
Mammography 4,096 x 5120 12 31,457,280.




The Three Phases of CT Image Formation
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CT Slice Divided into Matrix of Voxels

Voxel Size Controlled By




X-ray Photons Interact With Tissue in A Voxel

. ¢
Radiation Dose * v Image Noise
determinedby | | ve ¥ ‘. determined by
. & | e
Conceniradion 2% ol #<. " Number of Photons
of S e | S - q
< per voxe
Absorbed Energy &
per voxel Y 4
Dose is increased Noise is reduced
by ] by
increasing number increasing number
of photons. of photons.

Sprauls




L)
10

| SD=0.5%

T
5

Numbers

CT

-5

Attenuation Coefficient
0

21|-2|-3]|]0 |-6|-6
-1|-1|-2|]0 | O

s|axid JO Jaqunp

-
Z
-
=
L
14
=
N
«f
WL
=
L
-
e,
Z
-
&




Measuring CT Image Noise
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of
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Decreasing Noise

Produces Increasing Dose
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Effect of Matrix Size on Image Noise

Small
Large Voxels Small Voxels
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The same radiation dose for both images.
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Two Major Image Quality Goals
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IMAGE DETAIL
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SIGNAL STRENGTH
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LOW NOISE
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The Medical Imaging Process
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COmputed Tomography

Image
Characteristics




Clinically Focused Physics Education

Clinical Small “Flying
Classroom Conference Group
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Effective medical Imaging Physics Learning
-=.In The Clinic

The Real World Motivating Interactive Collaborative
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