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Contrast

Contrast is the difference in image gray scale
between closely adjacent regions in an image.

Types of Contrast are:

Subject Contrast

Detector Contrast

Radiographic Contrast

Digital Image Contrast

Displayed Contrast
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Contrast

Bushberg et al 2001
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Contrast
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Subject Contrast

Bushberg et al 2001
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As attenuation increases, so does subject contrast

Bushberg et al 2001
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Characteristic Curves

Bushberg et al 2001
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Detector Contrast = Slope
of Characteristic Curve

Bushberg et al 2001
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Display Contrast

Bushberg et al 2001
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Intuition: the PSF is the response of a  system to
an input of infinitesimal width and unit area.

Point Spread Function (PSF)

Blurred Image
Original
Image
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Bushberg et al 2001
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Stationary PSF

Nonstationary PSF

For convenience, usually assume PSF is stationary.

Bushberg et al 2001



Image Quality, T.T. Liu, Spring 2006

Full Width Half Maximum 
(FWHM) is a measure of resolution.

 Prince and Link 2005
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Convolution
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Convolution with PSF blurs object

Bushberg et al 2001
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Blurring Mechanisms

Bushberg et al 2001
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Magnification
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Bushberg et al 2001



Image Quality, T.T. Liu, Spring 2006

Blurring due to magnification of finite source
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Bushberg et al 2001
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Line Spread Function

Edge Spread Function

Bushberg et al 2001
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Spatial Frequency

Bushberg et al 2001
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Spatial Frequencies

 Prince and Link 2005
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Modulation Transfer Function (MTF) or
Frequency Response

Bushberg et al 2001
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Modulation Transfer Function

Bushberg et al 2001
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System MTF = Product of MTFs of Components

Bushberg et al 2001
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MTF = Fourier Transform (LTF)

Bushberg et al 2001
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Useful Approximation
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Answer: B;  step wedges are used to create a gray scale which can be used to
evaluate the contrast of the image receptor system

Bushberg et al 2001
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Noise and Image Quality

Prince and Links 2005

Bushberg et al 2001
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What is Noise?
Fluctuations in either the imaging system or the object
being imaged.

Quantization Noise: Due to conversion from analog
waveform  to digital number.

Quantum Noise: Random fluctuation in the number of
photons emittted and recorded.

Thermal Noise:   Random fluctuations present in all
electronic systems.  Also,  sample noise in MRI

Other types: flicker, burst, avalanche  - observed in
semiconductor devices.

Structured Noise: physiological sources, interference
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Histograms and Distributions

3rd grade heights 6th grade heights
Bushberg et al 2001
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Gaussian Distribution

1, 2, and 3 standard deviation intervals correspond to 68%,
95%, and 99% of the observations

Bushberg et al 2001
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Poisson Distribution describes x - ray counting statistics.

Gaussian distribution is good approximation to Poisson when " = X 

Bushberg et al 2001


