The visual system restores the local-phases in quantized images
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Abstract
The local phase is the image component responsible for the local symmetries that originate 1D features (i.e., lines and edges) that form the shapes and define the boundaries necessary for visually recognizing objects. The precision of the local phase coding depends on the number of levels that are quantized. As it is implausible that psychophysical or biological visual machinery encodes the whole range of local phases present in an image, we ask whether the local phase quantization has an effect on image identification. The Riesz transform (a natural isotropic extension of the Hilbert transform to multidimensional signals) and the monogenic signal (the vector-valued counterpart of the 1D analytic signal obtained by linearly combining the original multidimensional signal and its Riesz transforms) were used to compute the local amplitude (or envelope), the local phase, and the local orientation of a number of real-world images. For each original image, we digitally synthesized four image versions in which the local phase was quantized in sixteen, eight, four, and two levels while the envelope remained unaltered. We show that local-phase quantization with no more than two-level (0 and π rad), one-bit or binary images, was enough to maintain the spatial characteristics that allow image identification (In fact, opposite polarity phase-only images look like black ink drawings).  These results would suggest that, in order to recognize an image, the spatial vision above threshold does not need to process the whole range of local phases of the original images. However, we show that the narrow band-pass linear filter bank of early visual processing restores much of the phase values that are absent in the local-phase quantized images providing to the cognitive system an almost continuous AM-PM representation of the quantized images similar to the inner representation of the original images.
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