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ABSTRACT

In this paper, we describe a relational wodel-
ing technigue which categorizes three-dimensional
objects at a gross level. These models may then
be used to classify and recognize two dimensional
views of the object, in a scene analysis system.

I. Introduction

of three-dimensional objects
from two-dimensional views 1is an important and
still largely unsolved problem in scene analysis.
This problem would be difficult even if the two-
dimensional data were perfect, but the data can be
noisy, distorted, occluded, shadowed and poorly
segmented, making recognition much harder. Since
the data is so rough it seems reasonable that very
rough models of three—dimensional objects should
be used in the process of trying to classify such
data. In this paper we describe a relational
model and discuss its use in a scene analysis sys-
tem.

The recognition

There have been many approaches to modeling
three-dimensional objects. For a comprehensive
collection see the proceedings of the Workshop on
Representation of Tnree-Dimensional Objects [13].
Also see Voelcker and Requicha [11] and Brown [4]
for mechanical design; vork et.al. [14] for curved
surface modeling using the Coons surface patch
[5]; Horn [6] and Waltz [12] for study of light
and shadows; Badler et.al. [2] for study of human
body modeling; and Agin and Binford [1] and Neva-
tia and Binford [7] for the generalized cylinder
approach. The models we suggest are related to
the generalized cylinder models, but are rougher
descriptions that specify less detail about
three—dimensional shape than do generalized cylin—
ders.

1I. Sticks, Plates, and Blobs in Relational Des-
.iptions

A relational description of an object consists
of a set of parts of the object, the attributes of
the parts, and a set of relations that describe
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how the parts fit together. Our models have three
kinds of three-dimensional parts: sticks, plates,
and blobs. Sticks are long, thin parts having
only one significant dimension. Plates are flat-
ish wide parts consisting of two nearly flat sur-
faces connected by a thin edge between them.
Plates have two significant dimensions. Blobs are
neither thin nor flat; they have three significant
dimensions. &l1 three kinds of parts are "near
convex"; that is a stick cannot bend very much,
the surfaces of a plate cannot fold tco much, and
a blob can be bumpy, but cannot have large concav-
ities. Figure 1 shows several examples of sticks,
plates, and blobs.
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Figure 1 illustrates several examples
sticks, plates and blobs.
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In describing an object, we
parts, their types (stick, plate,
their relative sizes; and we must specify how the
parts fit together. For any two primitive parts
that connect, we specify the type of connection
and up to three angle constraints. The type of
connection can be end-end, end-interior, end-cen—
ter, end-edge, interior-center, or center—center
where "end" refers to an end of a stick, "inte-
rior" refers to the interior of a stick or surface
of a plate or blob, "edge" refers to the edge of a
plate, and "center" refers to the center of mass

of any part.



For each type of pairwise connection, there
are one, two, or three angles that, when specified
as single values, completely describe the connec-
tion. For example, for a stick and a plate in the
end-edge type connection, two angles are required:
the angle between the stick and its projection on
the plane of the plate and the angle between that
projection and the line from the connection point
to the center of mass of the plate.

Requiring exact angles is not in the spirit of
our rough models. Instead we will specify permis-—
sible ranges for each required angle. In our
relaticnal model, binary connections are described
in the CONNECTS/SUPPORTS relation which contains

10-tuples of the form (Partl, Part2, SUPPORTS,
HOW, VL1, VHl, VL2, VH2, VL3, VH3) where Partl
connects to Part2, SUPPORTS is true if Partl sup-

ports Part2, HOW gives the connection type, VLi
gives the low-value in the permissible range of
angle i and VHi gives the high value in the per-

missible range of angle i, i =1, 2, 3.

The CONNECTS/SUPPORTS relation 1is not suffi-
cient to describe a three-dimensional object. One
shortcoming 1is its failure to place any global
constraints on the resulting object. We can make
the model more powerful merely by considering tri-
ples of parts (sl,s2,s3) where sl and s3 both
touch s2 and describing the spatial relationship
between sl and s3 with respect to s2. Such a des-
-ription appears in the TRIPLE CONSTRAINT relation
and has two components: 1) a boolean which is
true if sl and s3 meet s2 on the same end (or sur—
face) and 2) a contraint on the angle subtended by
the center of mass of sl and s3 at the center of
mass of s2. The angle constraint is also in the
form of a range.

Our current relational description for an
object consists of ten relations. The A/V rela-
tion or attribute-value table contains global pro-
perties of the object. Cur A/V relations cur-—
rently contain the following attributes: 1) number
of base supports, 2) type of topmost part, 3) num-—
ber of sticks, 4) number of plates, 5) number of
blobs, 6) number of upright parts, 7) number of
horizontal parts, 8) number of slanted parts. The
A/V relation is a simple numeric vector, including
none of the structural information in the other
relations. It will be used as a screening rela-
tion in matching; if two objects have very differ-
ent A/V relations, there is no point in comparing
the structure—describing relations. We are also
using the A/V relations as feature vectors to

input to a clustering algorithm. The resulting
clusters represent groups of objects which are
similar. Matching can then be performed on clus-

ter centroids instead of on the entire database of
models., Other relations include SIMPLE PARTS,
PARALLEL PAIRS, PERPENDICULAR PAIRS, LENGTH CONST-

RAINT, BINARY ANGLE CONSTRAINT, AREA CONSTRAINT,
VOLUME CONSTRAINT, TRIPLE CONSTRAINT and CON-
NECTS/SUPPCRTS.

III. Matching

Relational matching of two-dimensional objects

to two-dimensional medels is a well-defined opera-
tion. See Barrow, Ambler, and Burstall [3] for a
discussion of exact relational matching, Shapiro
[8] for relational shape matching, and Shapiro and
Haralick [10] for inexact matching. Our problem
in scene analysis is to match two-dimensional per-
spective projections of objects (as found in an
image) to the three-dimensional medels stored in
the database. Our approach to this problem is to
analyze a single two-dimensional view of an
object, produce a two—dimensional structural shape
description, use the two-dimensional description
to infer as much as possible about the correspond-
ing three-dimensional description, and then use
inexact matching techniques in trying to match
incomplete and possibly erroneous three-dimen-
sional object descriptions to our stored three-di-
mensional relational models.

We decompose a two-dimensional view into sim-
ple parts by a graph-theoretic clustering scheme
as described in [9]. To match a two-dimensional
object description to a three-dimensional model is
to find a mapping from the two-dimensional simple
parts of the object to the sticks, plates and
blobs of the model so that the relationships among
the two-dimensional parts are not inconsistent
with the relationships among the three-dimensional
parts. For example, a binary CONNECTS relation
can be constructed for the two-dimensional parts.
For a pair (pl,p2) of three-dimensional model
parts where (pl,p2,%,*%,* ,* % % % %) ig an element
of the CONNECTS/SUPPORTS relation and a mapping h
from three-dimensional model parts to two—-dimen—
sional object parts, 1if (h(pl),h(p2)) is not an
element of the two-dimensional CONNECTS relation,
then an error has occured. If a mapping accumu-—
lates too many errors from wvarious n-tuples of
various relations not being satisfied, that map-
ping cannot be considered a match.

As an example, suppose the three-dimensional
moedel of a simple chair contains two plates (the
back B and seat S) and four sticks (legs L1, L2,
L3, L4). The relation obtained from Jjust the
first two columns of the CONNECTS supports rela—
tion is {(s,B), (B,5), (L1,8), (S,Ll), ({(L2,S),
(s,L2), (L3,S), (S,L3) (L4,S), (5,L4)}. Now con-
sider the two-dimensional decomposition of Figure
2. We can construct the hypothetical connection

relation € = {(sl,s2), (s2,sl), (s3,s2), (s2,s3),
(s3,s1), (sl,s3), (s4,82), (s2,s4), (s4,s1),
(sl,s4), (s5,s2), (s2,s5)}. Then the mapping f
defined by {(S,s2), (B,sl), (L1,s3), (L2,s4),
(L3,s85), (L4,s4)} accumulates no error while the
mapping g defined by {(S,sl),(B,s2), (L1,83),
(L2,s4), (L3,s5), (L4,s4)} accumulates error since

(L3,8) is in the model, but (£(L3),f(S)) = (s5,s1)
is not in C.

Not all of the three-dimensional relations can
be directly constructed from two-dimensional data.
(If they could, the entire scene analysis problem
would be much easier.) For example, only an esti-
mate of whether one part supports another can be
computed. Relations 1like PARRALLEL PAIRS and
LENGTH CONSTRAINT can also be estimated. Rela-
tions invelving angles are probably the most dif-
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Figure 2 illustrates the decomposition of a two-
dimensional chair by graph-theoretic
clustering.
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ficult, since a perspective projection will change
the angles between parts. Such information should
be left out of initial matching attempts and used
later to try to wvalidate a given match or to
~hoose between several possible matches. The pre-
cise definition of an inexact match from a two-di-
mensional description to a three-dimensional des-
cription is the subject of our current research.
IV. Summary of Current and Future Research
We have described a relational model for
three-dimensional objects, in which the parts of
an object are very grossly described as sticks,
plates, or blobs. We are building a database of
three-dimensional object models. The objects in
the database are being clusterd into groups, using
graph-theoretic clustering algorithm. Instead
of comparing a two-dimensional view to every
object in the database, it will be compared ini-
tially only to a centroid objects in each group.
Only in those groups where the unknown object is
most highly related to the centroid will any full
relational matching take place.

Relational matching will be a form of the
inexact matching we described in [10]. The gen—
eral method will be to obtain estimates of the
three-dimensional relations from the two—dimen—
sional shape and match these estimates against the
three-dimensional medels. Deriving the algorithms
and heuristics for the matching is one of our most
challenging tasks.
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