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Abstract

An implemented and operational model-based vision system is described.
Examples are given of its interpretation of images, including extraction of three dimen-
sional parameters from monocular images. Advances are presented in representation for
geometric modeling of objects and objects classes, in techniques for manipulating non-
linear symbolic algebraic constraints, in geomectric reasoning in incompletely specified
situations, and in constructing algebraic constraints from image measurements. Both
gencric object classes and specific objects are represented by volume models which are
independent of viewpoint. Complex real world object classes are modeled. Variations
in size, structure and spatial relations within object classe:s can be modeled. New spa-
tial reasoning techniques are described which are useful both for prediction within a
vision system, and for planning within a manipulation system. New approaches to
prediction and interpretation are introduced, based on the propagation of symbolic con-
straints. Predictions are two-pronged. First, prediction graphs provide a coarse filter for
hypothesizing matches of objects to image features. Second, prediction graphs contain
instructions on how to use measurements of image features to deduce three dimensional
information about tentative object interpretations. Interpretation proceeds by merging
local hypothesized matches, subject to consistent derived implications about the size,
structure and spatial configuration of the hypothesized objects. Prediction, description
and interpretation proceed concurréntly, from coarse object subpart and class interpreta-
tions of images, to fine distinctions among object subclasses, and more precise three

dimensional quantification of objects.
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1 latroduction 3

T'he physical structure of ebjects can be deseribed in terms of their geometrical
properties. These might include the volumes that they oceupy, along with their spatial
relationships to other objects in the world, Such deseriptions uced not be completely
specific. Geometric classes of vbjects and spatial relationships can be deseribed. While

such descriptions of objects are not complete, they are adequate for a wide range of tasks.

Model Iinage

Function (=] Function
cg_ﬂ_mna =] cgﬁna

<o~m5m < <0_M§m

mcwmwnm & m:nmpom
m:w%m =] mwp%o

Edge & Edge

Exmu &= Ex_w..—

Fig. L1: Levels of representation both model based and

unage based.

Objects can be described locally in terms of their surfaces. 'This might be in the

form of a local ortentation of the surface and its direction relative to the camera.

The remaining levels of the diagram are all 1mage description terms.  Shapes
describe regions in a monocular image. They are nsually generated by parts of surfaces.
Shapes and image edges are viewpoint dependent. Edges bound shapes. They can result
from discontinuity in surface normal, sIf obscuration {(where a surlace is tangent to the

line of sight), a discontinuity in the surface reflectivity, or a discontinuity in illuinination.

The Jowest level representation for an image is the pixel level. A digitized image
is represented as a two dimensional array of integers, ench representing an intensity level
sampled by the camera. The array is arranged o as Lo retain the geometry of the image

plane of the camera,

Figure 1.1 is divided into two columns. The left side shows the progression
worlanig from models down to images, and the right shows a data driven approach

workiug from pixels up to high level descriptions of the world.

! tutroduction 4

A useful vision systen must somehiow relate its a prioei understanding of the world

to the mformation inimages given to it Thus it must relate entities which appear in the
top left of figure L1 to entities in the bottom right. There are many areas for research in
making all the transistions between levels and across levels. Questions concerning what

operations can or should be done at each level, and with what generality, need to be

answered.

Much of the current work in computer vision is concentrating on the lower levels

‘enenbaum [8], Binford [12] Horn [32)

of the right side of the diagram. Barrow and
Waoodham [62] and others have based algorithins on considerations of the physies of the
production of nnages. Others, principally David Marr’s research group at MIT, (see
Marr (39], Marr and Hildreth [10] and Grimson [27] for instance) have found in psycho

physical evidence suggestions for algorithias which might be imuplemented en eonventional
computers to extract information from images. Most of this work has not been concerned
vath making use of model driven processing, nor with crossing over to the model side
al higher levels. There have been a large number of fundam. atal scientific problems
identified in the lower right areas of the diagrams which can be well posed independently

of the types of processing and mappings which might go on in other parts of the diagram.

The dissertation is concerned with most of the rest of the diagram.

The approach taken in AcRONYM is Lo map from a priori object class descriptions
to descriptions in terms of the same primitives as produced by the image description
processes. This can be viewed as prediction of image featuces. Matching is done belween
image and object at that level. ‘The matches are not conservative and in the interest of not
rejecting eorrect. matches some incorrect matches may alse be accopted. Then a mapping
from image deseription terms to object moded primitive terms is made, making use of both
the information gained at the itnage description level match and the information included

in the image description prediction. Incorreet matches are found to be inconsistent with

the detailed models at this stage. Kveatually a three dimensional interpretation of the

image is obtained, in terms of the a priori models.
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