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Sayre, K. (1986). Intentionality and information processing: An jnformation such as the location, contrast, and sharpness of
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Science$(1): 121-138. changes correspond to physical features such as object

Searle, J. (1980). Minds, brains and prograBehavioral and - . .
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Winograd, T., and F. Flores. (1986). Understanding Computers the orientation of small surface regions or the distance to
and CognitionNorwood, NJ: Ablex. surface points from the eye. Such representations may also
describe the motion of surface features in three dimensions.
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Cummins, R. (1989)Meaning and Mental Representatidbam- 54 orientation relative to a coordinate frame based on the
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Garfield, J. (1988)Belief in Psychology: A Study in the Ontology objects or on a fixed location in the world. Tasks such as

of Mind. Cambridge, MA: MIT Press object recognition, object manipulation, and navigation may
Newell, A., and H. Simon. (1975). Computer science as empirical OPerate from the intermediate or higher-level representa-
inquiry. (1975 Turing Lecture.) Reprinted in J. Haugeland, Ed., tions of the 3-D layout of objects in the world. (See also

Mind Design.Cambridge, MA: MIT Press, 1981, pp. 35-66. MACHINE VIsION for a discussion of representations for
Putnam, H. (1960). Minds and machines. In S. Hook, [Eichen- visual processing.)

sions of MindNew York: New York University Press, pp. 138— Models for computing the early representations of inten-
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Putnam, H. (1961). Brains and behavior. Reprinted in Ned Block, that smooth and differentiate the image intensities. Smooth-

Ed., Readings in Philosophy of Psycholog@ambridge, MA: ing at multiple spatial scales allows the simultaneous repre-

Harvard University Press, 1980, pp. 24—36. : : :
Putnam, H. (1967). The nature of mental states. In W. H. Capitansentatlon of the gross structure of image contours, while

and D. D. Merrill, Eds.Art, Mind and Religion Pittsburgh: preserving th_e f_|ne detail Qf surface markings MURE'
University of Pittsburgh Press. Reprinted in Ned Block, Ed., 1he differentiation operation transforms the image into a
Readings in Philosophy of Psycholo@ambridge, MA: Har- representation that _faC|I|tates thg localization of_edge con-
vard University Press, 1980, pp. 223-231. tours and computation of properties such as their sharpness
Rumelhart, D. E., J. McClelland, and the PDP Research Group.and contrast. Significant intensity changes may correspond
(1986). Parallel Distributed Processing: Explorations in the to maxima, or peaks, in the first derivative, or to zero-cross-

Microstructure of CognitionCambridge, MA: MIT Press. _ings in the second derivative, of the image intensities. Sub-
Sayre, K. (1987). Cognitive science and the problem of semanticsequent image analysis may operate on a representation of
content.Synthesg0: 247-269. image contours. Alternative models suggest that later pro-

Smolensky, P. (1988). The proper treatment of Connectionism.

Behavioral and Brain Sciencad (1): 1-74. cesses operate directly on the result of the filtering stage.

Several sources of information are used to compute the
3-D shape of object surfaces. Binocular stereo uses the
; i relative location of corresponding features in the images
CompUtatlonal Vision seen by the left and right eyes to infer the distance to
object surfaces. Abrupt changes in motion between adja-
The analysis of a visual image yields a rich understandingcent image regions indicate object boundaries, while
of what is in the world, where objects are located, and howsmooth variations in the direction and speed of motion
they are changing with time, allowing a biological or within image regions can be used to recover surface shape.
machine system to recognize and manipulate objects and t@®ther cues include systematic variations in the geometric
interact physically with its environment. The computational structure of image textures, such as changes in the orienta-
approach to the study of vision explores the information- tion, size, or density of texture elements; image shading,
processing mechanisms needed to extract this importantvhich refers to smooth variations of intensity that occur as
information. The integration of a computational perspective surfaces bend toward or away from a light source; and per-
with experimental studies of biological vision systems from spective, which refers to the distortion of object contours
psychology and neuroscience can ultimately yield a morethat results from the perspective projection of the 3-D
complete functional understanding of the neural mecha-scene onto the two-dimensional (2-D) image. (Seauc
nisms underlying visual processing. TURE FROM VISUAL INFORMATION SOURCESand STEREO
Vision begins with a large array of measurements of the AND MoTION PERCEPTIONfor further discussion of visual
light reflected from object surfaces onto the eye. Analysis cues to structure and form.)
then proceeds in multiple stages, with each producing The computation of 3-D structure cannot proceed unam-
increasingly more useful representations of information in biguously from the 2-D image alone. Models also incorpo-
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