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Our Topics

Medical Image Characteristics




Objectives

 |dentify the image quality characteristics that apply to all
medical imaging modalities

« Understand the concept of image optimization

* Review the factors that determine contrast sensitivity in
radiographic procedures

* Describe the approach to optimizing contrast and patient
exposure

+ Identify the sources of blurring in radiography

« See how detail can be optimized in radiography
« Determine the sources of noise in radiography
« See how noise can be optimized in radiography
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Medicine’s Great Challange

See Into the Human Body



Medical Physnmsts

Provide Solutions
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Medical Imaging

Increased
yility and Complexity

Time (Years)



The Imaging Modalities

What is Different? What is Similar?
Radiography

Computed Tomogra?y ‘
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The Medical Image is a Window
into the Human Body




The Medical Image is a Window
into the Human Body

There is No Perfect Window
It is All About Visibility " ‘



It All Begins With Imaging
The Expanding Role for Medical Physicists
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What Determines
Medical Image Quality
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Physics and Quality Characteristics of
X-Ray Images (Radiographs)
OVERVIEW

Patient

The X-ray Bed
It’s all about

VISIBILITY
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Physics and Quality Characteristics of
X-Ray Images (Radiographs)
OVERVIEW

The X-ray Beam Patient

It’s all about
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Physics and Quality Characteristics of
X-Ray Images (Radiographs)
OVERVIEW

The X-ray Beam Patient
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Physics and Quality Characteristics of
X-Ray Images (Radiographs)
OVERVIEW

The X-ray Beam Patient

It’s all about

VISIBILITY

Displayed Image
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Physics and Quality Characteristics of
X-Ray Images (Radiographs)
OVERVIEW

The X-ray Beam Patient

It’s all about
VISIBILITY

Displayed Image

Magnified
View

Photons

‘| Distoltion

X-Ray Spectrum

image Of An X-ray Beam
A Random Distribution of Photons
— Magnified
View

Sensitivity
(Speed)

>

Selection of Technique Factors




Physics and Quality Characteristics of
X-Ray Images (Radiographs)
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The X-ray Beam
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Image Of An X-ray Beam
A Random Distribution of Photons

Magnified
View

This is visible in an x-ray image as noise (quantum noise).
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Photons
Individual Units (Quanta) of Energy

Each photon is characterized by its specific energy

90 keV

The energies of the different photons cover a wide spectrum
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Photon Energy (keV)
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Relative Exposure

20

X-Ray Spectrum
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Photon Energy (keV)
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Imaging Procedure Optimization

Radiation Dose

Image Quality
VISIBILITY
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DOSE OPTIMIZATION

IMAGE QUALITY
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The Medical Imaging Process

All Modalities
Digitization ’mage
= i or
) Acquisition Reconstruction Pyo essing
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; _or Digital Displayed Image
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Voxels Display Controls
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Medical Image Quality
Characteristics

Patient

It’s all about

VISIBILITY

Displayed Image




What Determines Visibility?

Image Characteristics

Object
Characteristics
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Physical Characteristics of Objects
Effect on Visibility
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Physical Growth of Cancer
Effect on Visibility

Contrast
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Characteristics of Objects in the Body
That Affect Visibility
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What Do We See?

Viewing Conditions

A Contrast
Transfer
(Processing)
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Objects in the Body
Physical Contrast
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Masses

2.00 mm thick tumor-like mass
1.00 mm thick tumor-like mass
0.75 mm thick tumor-like mass
0.50 mm thick tumor-like mass
0.25 mm thick tumor-like mass
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PHYSICAL CONTRAST
in
CHEST

CALCIUM
RECEPTOR




PHYSICAL CONTRAST
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Optimum Photon Energy

Photon Energy (keV) Spmw{s
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FACTORS AFFECTING
THE X-RAY SPECTRUM

in Mammography
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FACTORS AFFECTING
THE X-RAY SPECTRUM

in General Radiography
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Mammography

Receptor/Display Contrast Characteristics

) Film
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| ) Digital )
Image

Processing )




Range of Exposure to the Receptor
Histogram

Iimage Area

Receptor Exposure
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Digital Radlographlc
Contrast Transfer

Digital Image
Processing
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Anatomical Image

Detail
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Visibility of Detail Limited By

BLUR
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The Medical Imaging Process
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EFFECTS OF BLUR

VISIBILITY IMAGE RESOLUTION

of SHARPNESS

DETAIL '

) MTF
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MEASURING BLUR

POINT SPREAD LINE SPREAD
FUNCTION FUNCTION “V#awls




Blurring
Reduces Visibility

Blur

Image
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Calcifications
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0.54 mm simulated micro-calcification
0.40 mm simulated micro-calcification

0.32 mm simulated micro-calcification
0.24 mm simulated micro-calcification
0.16 mm simulated micro-calcification
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Line-Pair Test Objects
Used to measure the effect of blurring

Sprawts



RESOLUTION
TEST PATTERN
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MAXIMUM RESOLUTION
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Approx. Blur(mm)
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MODULATION TRANSFER
FUNCTION

RELATIVE CONTRAST (%)
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CALCULATING MTF

RESOLUTION

MTF

CONTRAST

FOURIER
TRANSFORM

LINE SPREAD Cycles/mm
FUNCTION

(BLUR SIZE)

(%ﬂa,mé



Gamma Camera Relative _
Image Detail

_ Comparing the Modalities

Mammography

Maximum Resolution (Ip/mm)
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Focal Spot Blurring

Image
(Magnified)

Small Object
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Focal Spot Blurring
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Focal Spot Blurring
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FOCAL SPOT BLUR SIZE "
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Pinpoint
Focal Spot

Receptor Blurring

Receptor
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(Magnified) Image
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Receptor Blurring

Pinpoint 7.7\ Receptor Image

Focal Spot = 4 (Magnified)
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Receptor Blurring

Actual Blur Equivalent Blur
- Same general effect
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image detail ]
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Representative Approximate -

Receptor Equivalent Relative  Receptor
_ Blur Value (mm)' Speed 234> Sensitivity® (MR)

General Radiography 23

LANEX Fast/Ortho G, L, C 0.76 600 0.21
LANEX Fast/T-MAT H/RA 0.66 1200 0.10
LANEX Fast/T-MAT G/RA, L/RA, S/RA 0.66 600 0.21
LANEX Regular/Ortho G, L, C 0.64 400 0.32
LANEX Regular/T-MAT H/RA 0.53 800 0.16
LANEX Regular/T-MAT G/RA, L/RA, S/RA  0.53 400 0.32
LANEX Regular/T-MAT C/RA 0.53 400 0.32
LANEX Medium/Ortho G, L, C 0.55 250 0.51
LANEX Medium/T-MAT H/RA 0.44 600 0.21
LANEX Medium/T-MAT G/RA, L/RA, S/RA  0.44 300 0.43
LANEX Medium/T-MAT C/RA 0.44 250 0.51
INSIGHT HC/INSIGHT Film’ 0.28 350 0.37
INSIGHT Standard/INSIGHT Film’ 0.28 250 0.51
Extremities >

LANEX Fine/Ortho G 0.41 80 1.60
LANEX Fine/T-MAT G/RA 0.23 80 1.60
LANEX Fine/EKTASCAN M 0.14 40 3.20
(single screen)

Mammography >

MIN-R/MIN-R M 0.14 100 16.0
MIN-R/MIN-R E 0.14 150 10.7
(extended cycle)

MIN-R/MIN-R H

0.14 160 10.0




RADIOGRAPHIC
RECEPTOR BLUR

e FAST 0.65 mm
e MEDIUM 0.45 mm
e CHEST 0.25 mm

e MAMMO 0.15 mm
T



RECEPTOR AND DISPLAY BLUR SIZE



Receptor Blurring
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Composite Blur
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Sources of Blurring

Trade-offs
Heat Capacity Limitations
Patient Exposure of
I Technology
Receptor /
Focal Spot \/] Pixel
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Intensity
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Effective Size Eq uivalent Size Phys ical Size
Point Spread Functions Srrawls




Composite Blur
Optimization
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Pixel Blurring
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Digital Image Blurring

Acquired Processed Displayed

-----

PUR P

< >
oV, Matrix Size (pixels)
Matrix Size (pixels) Processing Screen Blurring

Focus

Compression
Noise Reduction
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The Medical Imaging Process
Image Noise

Digitization ’mage
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or grea Displayed Image
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Voxels Display Controls
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Visibility of Low Contrast Anatomy
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X-Ray Image Noise

Image of Anatomy

Acquired
Image

Quantum
Noise
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Image Of An X-ray Beam
A Random Distribution of Photons

Magnified
View

This is visible in an x-ray image as noise (quantum noise).
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Randomly Distributed
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X-RAY PHOTONS

QUANTUM NOISE ..,/




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
e ——
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Number of Photons per Pixel
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Number of Pixels

Image Noise

(Deviation from the Mean Value)
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Image Noise
e ——————————————————————

High Noise
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Low Noise
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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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Image Noise

(Deviation from the Mean Value)

High Noise
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Low Noise
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X-Ray Image Noise

Receptor Characteristics
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Other Noise Sources

Receptor Sensitivity (mR)

@x

Receptor Input Exposurs

(Jy/:)’ﬂ(( 1(1




X-Ray Receptor Sensitivity

Speed
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Other Noise
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Exposure
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X-Ray Image Noise
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Digital Processing
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X-Ray Image Noise
Temporal Filtering
Series of Images with Noise
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CONTRAST DETAIL DIAGRAM
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Resources for Additional Study
and Teaching

 http://www.sprawls.org/resources/
 http://www.sprawls.org/PhysRev

m


http://www.sprawls.org/resources/
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Digital Radiography
Principles

and

Image Quality Characteristics

Perry Sprawis, Ph.D.
Emory University
sprawls@emory.edu

Sprawls Educational Foundation
http:llwww.sprawls.org




The Medical Imaging Process

All Modalities
Digitization ’mage
= i or
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<
N Radiation __

; _or Digital Displayed Image
e Signals Image

Analog Piers
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Voxels Display Controls
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Digitizing
a
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Sampling Process
Body Image




Sample Size
(voxels and pixels)
Is a major factor in

Image Quality

Body Image




What is the dilemma?




Radiation Dose

Sprawls




Objectives

* Review the structure of digital images

* |dentify the quality characteristics of digital
Images

* Review the principles of digital radiography

« Describe the factors that determine image
guality

« Show the general approach to image quality and
patient exposure optimization

P



Digital Radiography Physics Principles and
Image Quality Characteristics
OVERVIEW

spatial H S8 | Artifacts

Contrast ]




Digital Radiography Physics Principles and
Image Quality Characteristics
OVERVIEW
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Digital Radiography Physics Principles and
Image Quality Characteristics
OVERVIEW
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Digital Radiography Physics Principles and
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