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Linespread-, Pointspread- and Modulation Transfer Function

Calculations with Mathematica

In imaging the linespread function (LSF), the pointspread function (PSF) and the modulation transfer function (MTF) are used to characterize the spatial resolution of an imager. Similar to electronics, the PSF is the response to a point illumination or a 2-dimensional (-function; the LSF is the response to a 1-dimensional (-function and the related to each other by integral transforms:
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by Abel Transform.

Since often only one of these functions is measured or can be measured easily, the others can be calculated by means of these transforms.

Programs

Three programs, written in Mathematica, have been implemented on a Unix workstation. They read and store ASCII files of x,y values separated by 'tabs'. If the format is different, i.e. ASCII separated by 'CR' and 'Linefeed' use the auxiliary conversion programs indicated below.

1.) 'lsf_to_mtf_to_psf', input: LSF, output: MTF, PSF

2.) 'psf_to_mtf_to_lsf', input: PSF, output: MTF, LSF

3.) 'mtf_to_lsf_to_psf', input: CTF, output: MTF, LSF, PSF

Concerning the 3rd program: the input can alternatively be the contrast transfer function (CTF) which is the frequency response to periodic rectangular functions. In practical measurements test charts with absorbing bars are often and most easily used, i.e. the CTF is measured, however sinusoidal test charts exist. Two auxiliary programs can convert the data set in the correct format:

1.) 'm2u', input: ASCII data x 'tab' y 'CRL' x 'tab' y ..., output: x 'tab' y ']' x 'tab' y ...

2.) 'u2m', inverse operation

Environment

Access is needed to a workstation that holds a Mathematica licence, e.g. 'silver' or 'expgb'. For regular use of these programs contact the Computing Services and get an account on 'silver'.

Examples

· PSF of Lorentzian shape and calculated LSF, MTF

· PSF of Gaussian shape (a Gaussian function is invariant under Abel transforms) and calculated LSF, MTF

· PSF of MR Detail mammography screen from Agfa, measured with an X-ray generator, tungsten anode at 20 kV and calculated LSF, MTF (FWHM of LSD is 80 m, thickness of phosphor layer is also 80 m).

Note that the FWHM of PSF and LSF changes nearly by a factor of 2.
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