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Sign-invariant boundary grouping

The segregation of image parts into foreground and background is an important aspect of 3D scene perception. 2D images composed of spatially disjoint shapes of the same contrast (black or white) with respect to the gray background, and of opposite contrasts along each induced continuous boundary show that figure-ground judgments for these ambiguous displays are determined by the orientation of contrasts only, not by their relative sign.

Introduction

The consciously mediated [START_REF] Dresp-Langley | A plastic temporal code for conscious state generation in the brain[END_REF]2012) perceptual organization of planar visual images into non-ambiguous representations of figure and ground requires the visual system to be able to generate a three-dimensional (3D) representation from a twodimensional (2D) stimulus input [START_REF] Dresp | The effect of practice on the visual detection of near-threshold lines[END_REF][START_REF] Dresp | Asymmetrical contrast effects induced by luminance and colour configurations[END_REF][START_REF] Dresp | Long-range spatial integration across contrast signs: a probabilistic mechanism[END_REF]. Early phenomenal descriptions of surface percepts in configurations with illusory contours by [START_REF] Prazdny | Illusory contours are not caused by simultaneous birghtness contrast[END_REF][START_REF] Prazdny | On the nature of inducing forms generating perceptions of illusory contours[END_REF] noted that the phenomenal strength of surfaces standing out against uniform backgrounds appears as marked in configurations with inducers of opposite contrast polarites as in configurations with inducers of one and the same polarity. Quantitative data for the relative strength of these percepts were not made available in these earlier reports, however, they were so compelling that they motivated subsequent quantitative accounts for boundary detection mechanisms insensitive to the local sign of contrast elements in the perceptual assignment of border ownership [START_REF] Grossberg | Outline of a theory of brightness, color, and form perception[END_REF][START_REF] Shapley | Non-linearity in the perception of form[END_REF]Grossberg and Mingolla, 1985). Shapley and Gordon studied polarity insensitive surface border detection experimentally in a variety of configurations, which included cases where the resulting surface percept occurred on either side of a perceptual boundary depending on the local direction of contrast, but not on its local sign. Several hierarchical stages of neural integration are at work in the genesis of surface percepts. They involve non-linear integration mechanisms as those suggested by Grossberg and Mingolla (1985) and [START_REF] Shapley | Non-linearity in the perception of form[END_REF] well beyond the classic V1 or V2 receptive field and, subsequently, several authors (e.g., [START_REF] Kapadia | Improvement in visual sensitivity by changes in local context: Parallel studies in human observers and in V1 of alert monkeys[END_REF][START_REF] Polat | Neurophysiological evidence for contrast dependent longrange facilitation and suppression in human visual cortex[END_REF][START_REF] Wehrhahn | Detection facilitation by collinear stimuli in humans: Dependence on strength and sign of contrast[END_REF] reported signinvariant boundary grouping, sensitive to contrast intensities only, on the basis of local collinear detection facilitation by inducers of opposite polarity (see the recent review by Spillmann, [START_REF] Spillmann | Beyond the classical receptive field: The effect of contextual stimuli[END_REF]. The postulate that boundary detection by the visual system is insensitive to local variations in contrast polarity was subsequently challenged by findings from studies by [START_REF] He | Illusory contour formation affected by luminance polarity[END_REF], [START_REF] Spehar | Degraded illusory contour formation with non-uniform inducers in Kanizsa configurations: the role of contrast polarity[END_REF], and [START_REF] Spehar | When does illusory contour formation depend on contrast polarity?[END_REF], with new configurations where the contrast polarity varies repeatedly within one and the same inducing element. In these cases, the strength of induced perceptual boundaries (or illusory contours) was found to be significantly diminished, especially at stimulus durations shorter than 300 milliseconds (e.g. [START_REF] Spehar | When does illusory contour formation depend on contrast polarity?[END_REF]. In contrast with the criteria for variations in contrast sign put forward by [START_REF] Shapley | Non-linearity in the perception of form[END_REF], these authors created patterns where the local signs cancel each other out locally, not globally along an axis of boundary induction (see Figure 2 for a schematic overview). These studies hark back to earlier observations on the Ehrenstein illusion [START_REF] Dresp | Illusory form from inducers of opposite contrast polarity: Evidence for multistage integration[END_REF], where the perceptual strength of the centrally induced surface does not depend on the contrast polarity of the inducing lines provided the contrast sign is homogenous within a given inducing element. When the inducers are fragmented into several parts with variable contrast signs (see Figure 2), we observe considerably weaker surface effects. He and Ooi reported a new ring-shaped illusion, the 'O' illusion (see Figure 2), which is only perceived in fragmented radial lines of one and the same polarity (see again Figure 2). These findings may seem controversial, however, they most of all show that the ways in which contrast polarity variations are locally distributed, and the exposure duration of the stimuli, matter critically in the perceptual genesis of shape illusions. At identical physical luminance, opposite contrast signs within one and the same local inducing element may largely cancel each other out and become less effective in perceptual grouping when viewing durations are not long enough.

Method

Ambiguous images were generated in Photoshop using selective combinations of Adobe RGB increments to generate contrast inputs (see also [START_REF] Dresp-Langley | 2D geometry predicts perceived visual curvature in context-free viewing[END_REF]. The luminance levels for each RGB triple could be retrieved from a look-up table after calibration and the values were also cross-checked on the basis of standard photometry using an external photometer and adequate interface software (Cambridge Research Instruments). Images (Figure 1) consisted of six images with different edge contrast inputs. The luminance of the background was 50.5 cd/m 2 (148,148,148 RGB) in all eight images. The luminance of the black contrast fragments was 1.5 cd/m 2 (0,0,0 RGB) and the luminance of the white contrast fragments was 99.5 cd/m 2 (255,255,255 RGB), yielding perfectly balanced Weber contrasts (L feature -L background /L background ) of -0.97 and 0.97 for negative and positive polarities in the six images with the fragmented edge contrasts. 

Results

Configurations generate a higher event probability for the central surface to be perceived as figure ("in front") when the local contrast edges of the fragmented contour elements are inward directed, as indicated by the distribution of the response frequencies RF, with the following average values: RF (in front) = 0.83 (SEM = 0,05), RF (behind) = 0.07 (SEM = 0,03) and RF (same) = 0.10 (SEM = 0,04). The configurations generate a higher event probability for the central surface to be perceived as ground ("behind") when the local edges are outward directed: (RF (in front) = 0.06 (SEM = 0,02), RF (behind) = 0.75 (SEM = 0,03), RF (same) = 0.19 (SEM = 0,04). These perceptual decisions do not depend on the contrast signs of the local edges.

Configurations with negative like-contrasts, positive like-contrasts and mixed contrast polarities produced similar response frequency distributions, with average values as follows:

RF (in front) = 0.51 (SEM = 0,14), RF (behind) = 0.48 (SEM = 0,12) and RF (same) = 0.10 (SEM = 0,04) for negative like-contrasts; RF (in front) = 0.42 (SEM = 0,14), RF (behind) = 0.43 (SEM=0,13) and RF (same) = 0.15 (SEM=0,04) for positive like-contrasts; RF (in front) = 0.43 (SEM = 0,11), RF (behind) = 0.42 (SEM = 0,10), RF (same) = 0.15 (SEM = 0,05) for mixed polarities.

Conclusion

A unified mechanistic explanation can be given of these various percepts using FACADE and 3D LAMINART model mechanisms (Dresp-Langley and Grossberg, 2016) using two major functional assumptions of the FACADE and LAMINART models: 1) the major determining influence of direction of filling-in on the process that leads to figure-ground and 2) the insensitivity of this process to the polarity of contrast of the inducing elements of the visual configuration.
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 1 Figure 1: Sign-invariant phenomenal boundary grouping determines whether the central square is seen "in fornt" or "behind" the fragmented shapes