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Computer simulations of a neural network model of I-D and 2-D brightness phenomena are
presented. The simulations indicate how configural image properties trigger interactions among
spatially organized contrastive, boundary segmentation, and filling-in processes to generate emer-
gent percepts. They provide the first unified mechanistic explanation of this set of phenomena,
a number of which have received no previous mechanistic explanation. Network interactions be-
tween a Boundary Contour (BC) System and a Feature Contour (FC) System comprise the model.
The BC System consists of a hierarchy of contrast-sensitive and orientationally tuned interac-
tions, leading to a boundary segmentation. On and off geniculate cells and simple and complex
cortical cells are modeled. Output signals from the BC System segmentation generate compart-
mental boundaries within the FC System. Contrast-sensitive inputs to the FC System generate
a lateral filling-in of activation within FC System compartments. The filling-in process is de-
fined by a nonlinear diffusion mechanism. Simulated phenomena include network responses to
stimulus distributions that involve combinations of luminance steps, gradients, cusps, and corners
of various sizes. These images include impossible staircases, bull's-eyes, nested combinations of
luminance profiles, and images viewed under nonuniform illumination conditions. Simulated
phenomena include variants of brightness constancy, brightness contrast, brightness assimila-
tion, the Craik-O'Brien-Cornsweet effect, the Kofika-Benussi ring, the Kanizsa-Minguzzi
anomalous brightness differentiation, the Hermann grid, and a Land Mondrian viewed under
constant and gradient illumination that cannot be explained by retinex theory.

PART 1
INTRODUCTION: INTERACTIONS BETWEEN

FORM AND APPEARANCE

The sensitivity to ambient differences in light energy

is the most basic discriminative ability of visual systems.

The distribution of light energy reaching an animal's eyes

is often characterized by regions of slow or zero gradients

bordered by abrupt changes such as edges or contours.

Correspondingly, one important tradition of psychophysi-

cal investigation has intensively studied the perceptual

properties of juxtaposed homogeneous regions, leading
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to such classical contributions as Weber's ratio and Fech-

ner's law (Fechner, 1889), Metzger's Ganzfeld (Metz-

ger, 1930), and the analysis of brightness constancy and

contrast (Hess & Pretori, 1894; Katz, 1935). A parallel

line of psychophysical investigation has emphasized the

processing of luminance discontinuities, notably edges and

textures (Beck, 1966a, 1966b; Julesz, 1971; Ratliff,

1965).
Each type of investigation has provided essential data

and concepts about visual perception, but, taken in isola-

tion, each is nonetheless inherently incomplete. For ex-

ample, the output of an edge-processing model produces

only an outline of its visual environment and provides in-

sufficient information about either the fonD or the appear-

ance of the structures within the outline.

The nature of the incompleteness of vision concepts and

models that focus on only one type of process at the ex-

pense of the other can be understood from two different

perspectives. On the one hand, there exist large data bases

which support the hypothesis that the processes that con-

trol the perception of fonD and appearance strongly in-

teract before generating a final percept. Data concerning
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