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Abstract

Most model-based 3-D object recognition systems use information from a single view
of an object. However, a single view may not contain sufficient features to recognize
it unambiguously. Further, two objects may have all views in common with respect
to a given feature set, and may be distinguished only through a sequence of views.
A further complication arises when in an image, we do not have a complete view of
an object. In this thesis, we propose two new on-line schemes for the recognition of
an isolated ”33_—'D>obj(‘a‘<_;t using reactive next view planning. The first one is based on

aspect graphs, and the second is based on parts, and inner camera invariants. Both

use an uncalibrated camera and simple features. We briefly describe them as follows:

Aspect Graph~ba§ed reactive object recognition An aspect constitutes a set
of equivalent views of dn object, with respect to a set of features. An aspect
graph has nodes for an aspect, and links between adjacent aspects. We propose
an integrated scheme for constructing aspect graphs from noisy feature detec-
tors, and using them for recognizing isolated 3-D objects. Our aspect graph
construction scheme accounts for errors in raw aspect data. Our system han-
dles feature detection errors not only in the aspect graph construction process,
but also in the object recognition stage, both of which use the same feature de-
tectors. We propose a novel object recognition algorithm which uses the output
of the aspect graph construction algorithm. It is not dependent on any specific
feature set. The object recognition algorithm uses a probabilistic hypothesis

generation mechanism. Our hierarchical knowledge representation scheme fa-
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viii Abstract

cilitates recognition and the planning process. The planning process is reactive
- it utilizes the current observation and past history for identifying a sequence
of moves to disambiguate between similar objects. We show results of aspect
graph construction on more than 100 sets of noisy aspect data. The results of
over 100 recognition experiments using the same noisy feature detectors, on two

sets of models, show the effectiveness of our proposed scheme.

Part-based reactive object recognition For situations in which a complete view
of a 3-D object may not be visible, we propose a new reactive, planning-based
recognition algorithm which uses probabilistic reasoning. This algorithm is
based on parts of an object and their relationships. We use a novel method
of complete 3-D pose estimation using image-based measurements which are
invariant to the internal parameters of a camera. While the earlier part of our
work assumes an orthographic camera, we have formulated inner camera invari-
ants for the more general projective case. For this problem also, we formulate
a hierarchical knowledge representation scheme. The results of a large number
of experiments with 2-D parts show the effectiveness of our approach in recog-
nizing fairly complex 3-D objects, and localizing the camera with respect to the

objects.

We demonstrate that by using reactive next view planning in conjunction with
suitable representation schemes, it is possible to recognize 3-D objects with reasonably

complex shapes, using simple features.
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