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Abstract

The neuronal mechanisms that serve to distinguish between light emitting and light reflecting objects are largely unknown. It has been
suggested that luminosity perception implements a separate pathway in the visual system, such that luminosity constitutes an indepen-
dent perceptual feature. Recently, a psychophysical study was conducted to address the question whether luminosity has a feature status
or not. However, the results of this study lend support to the hypothesis that luminance gradients are instead a perceptual feature. Here, [
show how the perception of luminosity can emerge from a previously proposed neuronal architecture for generating representations of

luminance gradients.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Under daylight illumination conditions, looking at a
television or computer screen rarely produces the sensation
that displayed items are light emitting, although each pixel
of the screen emits light (Zavagno & Caputo, 2001, with
references).

But to perceive objects as being luminous, it is not nec-
essary to have a physically source of light emission. Halos
were used by artists since a long time as a means to create
luminosity effects in their paintings (Zavagno & Caputo,
2001, with references). When a region is painted with a halo
surrounding it, then one perceives this region with
enhanced brightness, or even as glowing, without physical
light emission being present. Thus, the perception of glow
can be evoked on (light reflecting) paper or canvas, and text
or pictures being displayed on a (light emitting) computer
screen are not necessarily being perceived as luminous.

In other situations perception and physics are not diver-
gent. For example, the sun is always perceived as light
emitting and so are stars at night. In such situations, the
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strong contrast between light sources and background
may provide the key factor to the perception of luminosity
(Bonato & Gilchrist, 1994; Bonato & Gilchrist, 1999).

A recent fMRI study has identified a region in the brain
which seems to be associated with the perception of lumi-
nosity (Leonards, Troscianko, Lazeyras, & Ibanez, 2005).
In this study, different configurations of the glare effect dis-
play (Bressan, Mingolla, Spillmann, & Watanabe, 1997;
Kennedy, 1976; Zavagno, 1999; Fig. 5, top row) were pre-
sented to human observers. The results of the study were
indicative to that luminosity might constitute a perceptual
feature much like contrast, orientation, motion, or faces.

The question about whether luminosity is a perceptual
feature or not motivated a corresponding psychophysical
study (Correani, Scott-Samuel, & Leonards, 2006). The
study was based on the idea that perceptual features are
distinguished from other object properties by being pro-
cessed in a more efficient way. This means that visual fea-
tures consume less attentional resources than non-
features (Jospeh, Chun, & Nakayama, 1997), what is
reflected in, for example, “pop out” effects. A visual search
paradigm such as the one used in the study of Correani
et al. (2006), therefore can serve to distinguish features
from non-features.
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Unexpectedly, the results of Correani et al. are compat-
ible with that luminance gradients instead of luminosity are
a visual feature. Several authors have already formulated
the hypothesis that luminance gradients are involved in
the perception of luminosity (Kennedy, 1976; Zavagno,
1999; Zavagno & Caputo, 2001; Zavagno & Caputo,
2005), as there is evidence that luminance gradients can
influence lightness perception under certain circumstances.

I therefore asked whether a recently proposed theory for
the perception of luminance gradients (“gradient system’’)
could account for the just-described observations. The gra-
dient system has been successful in quantitatively predict-
ing available data on Mach bands (Keil, Cristobal, &
Neumann, 2006). It furthermore provided an account for
Chevreul’s illusion in terms of luminance gradients (Keil,
2006), and in addition is capable of real-world image
processing.

In this work I will show how spatial configurations of
luminance gradients can interact to produce the perception
of luminosity in the absence of physical illuminants. The
results presented here also contribute to the further under-
standing of how luminance gradients interact with lightness
computations and brightness perception, respectively. Spe-
cifically, representations of luminance gradients provide a
straightforward explanation of “self-luminous grays”
(Zavagno & Caputo, 2001, 2005), and why it is that percep-
tion of luminosity is independent from lightness anchoring.

2. Introducing the gradient system

This section provides an overview over important char-
acteristics of the gradient system. A more detailed descrip-
tion of it, as well as its formal definition, can be found in
Keil (2006) and Keil et al. (2006).

2.1. Motivation

The original motivation for proposing representations
of luminance gradients was that they are of different utility
for object recognition. It is known, for example, that they
may aid to (i) recover three-dimensional information to
compute surface shape (shape from shading, e.g., Mingolla
& Todd, 1986; Ramachandran, 1988), (ii) to resolve the
three-dimensional layout of visual scenes (e.g., Bloj, Ker-
sten, & Hurlbert, 1999; Kersten, Knill, Mamassian, & Biilt-
hoff, 1996), and (iii) to identify material properties of object
surfaces (e.g., mat versus glossy), and are therefore comple-
mentary to lightness computations (lightness is associated
with surface representations).

In situations, however, it may happen that luminance
gradients rather would interfere with the goal of generating
invariant surface representations, and thus disrupt light-
ness constancy. (Invariant surface representations are man-
datory for robust object recognition.) In natural scenes,
specular highlights, cast shadows, and slow illumination
gradients are often superimposed on object surfaces. In
such cases, luminance gradients must be suppressed in sur-

face representations for establishing lightness constancy.
Nevertheless, it has been demonstrated recently that
humans use cues such as shadows, shading and highlights
for segregation of object surfaces (Fowlkes, Martin, &
Malik, 2007). Thus, lightness constancy implies discount-
ing “gradient features” on the one hand, yet on the other
hand they are used by humans to achieve a more reliable
segregation of figural regions from the background.

Taken together, luminance gradients contain different
information, which cannot be interpreted by bottom-up
mechanisms. Without segregating them from surfaces, sur-
face representations would vary as a function of illumina-
tion conditions and scene layout. Notice that such a
merged representation would necessitate segregation any-
way, as lightness constancy is not interrupted by specular
highlights (Todd, Norman, & Mingolla, 2004), and human
object recognition seems to work reliably for most illumi-
nation conditions and scenes.

2.2. How it works

The gradient systems is a hypothetical neuronal circuit,
and its main processing stages are shown in Fig. 1 (see also
Fig. 1 in Keil et al., 2006). The retina constitutes two path-
ways, which are related to brightness (““ON-channel”’), and
darkness (““OFF-channel”), respectively. A high-resolution
boundary map is produced by processing information from
both channels.' “High-resolution” is to say that only the
finest scale is considered. At a cortical level, boundary
maps are usually regarded as demarcating surface represen-
tations thus defining surface shape. Because contours
define surfaces, but not gradients, they are referred to as
non-gradients within the gradient system. Non-gradients
act always inhibitory (Fig. 2).

In the first step of gradient processing, gradients are
enhanced by suppressing ON- and OFF-activity at non-
gradient positions. The result of this process can be con-
ceived as ‘‘retinal activity maps with erased contours”
(“gradient ON” and ‘““‘gradient OFF” in Fig. 1).

In the second step, retinal ON-activity and gradient ON-
activity provide excitatory input to the site labeled by “+”
in Fig. 1. Analogously, OFF-activity from retina and gra-
dients act inhibitory on the site labeled by “—.? Excitation
and inhibition is tonic or clamped, what means that activity

is actively generated at “+”” and “—”". In addition, activity
spreads laterally: activity values with positive sign from
“+”  and negative values from “—”. Silent (or shunting)

inhibition (reversal potential equals resting potential that
is zero) exerted by non-gradient features during activity
propagation quickly suppresses boundaries, while at the

! In Keil (2006) and Keil et al. (2006), a simplified circuit is used to this
end, which detects contours without using orientation-selective operators.

2 For the sake of simplicity, ON- and OFF-channels interact directly for
generating the gradient representations. The channels are distinguished by
their respective sign, where information from the ON-channel has a
positive sign, and information from the OFF-channel corresponds to
negative values. See Keil (2006, p. 882) for more details.
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