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Property of Wave-Front Coding Imaging Systems for Extending
the Depth of Field
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Abstract: New mathematical tools are used to explore and analyze the well-known properties of imaging system for
extending the depth of field from spatial and frequency domain, respectively. In the spatial domain, canonical
projection of the Wigner distribution function of the associated pupil function to show the insensitivity of the system’s
point spread function to the defocus-related aberrations is mainly used, and in the frequency domain, it is shown that
the optical transfer function of such a system is also insensitive to misfocus through a geometrical description of the
so-called Cornu spiral. The involved digital image processing is also briefly discussed and a digital simulated

experiment is done to affirm these excellent properties of the wave-front coding imaging system.
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Fig. 1 Gray-scale pictures of the Wigner distribution function (WDF) for pupil function with and without defocus

aberrations and the point spread function (PSF) curves obtained from the projection of the WDFs along the x axis
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Fig. 2 Schematic illustration of Cornu spiral
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Fig. 3 Defocused modulation transfer functions of traditional (a) and wavefront coded (b) imaging system
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Fig. 4 (a), (b) Traditional point spread function; (c), (d) wavefront coded point spread function; (e), ({) wavefront

coded point spread function after filtering
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Fig. 5 (a) Traditional in-focus image; (b) traditional out-of-focus image; (c) wavefront coded in-focus image; (d) wavefront

coded out-of-focus image; (e) wavefront coded in-focus image after filtering; (f) wavefront coded out-of-focus image after filtering
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