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An approach e 3 ohpeor repeesentation and matching,
which vmphsys cubic H-spline curves and Coeas surface patches
AD objects are represented as structured cotlechions ol
surlace patches whose houndary curves are approximated by cubig
-sphines. Reh curved  and  polyhedeal obpects may  be
represenied A variety ol 3 and 2D shape Teatures are slelined
which e casily compuied For this represenlalion Many of the
MY leatures bave 200 analogoes, thos providing access paths from
200 o 31 D oas amtivipated tha this approach will prove usefuoi
lor matching ¥ obpect models agianst 213 ohject descriptions.
Tl representation, our approaches 1o the probiems of indexing
matching, the staie of the implementlation,  and
expericnees with the implementation are briefty discussed.
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LD OBICT REPRENTUNTATION

1 Objects are represented by siructurcd collections of
sutlave puiches A sorlace paich may be aimple o compten
Somphe patches are wepresented e Coons form | H with boundiny
anve curves, amd blending functions
represcited as cubwe Bospline curves A complex surlace pateh s
hy  jning  1wno muory patches aleng a common
baundaty Vor more details on the representation see [R,9]
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Twer ol the more sigmficant propertics of (he representation
are the ahility o represent both curved and polybedraf obgects m
a single representition and the targe number of shape fealures
whach ol adnuts. A cutne B-spline corve s represented by a list of
In-y-¢ coordinstesy called the “vertex polygon™  The
Presperty cubie  B-splines  permils
stope-sdhicsntioueus amd curvalure-discontinuous curves o have
sembar represeatadinns e sewdh curves; the only differenee
that a deconumuous curve waill have sl least one werex of
winlaphony peeater than Lan gs vertex polygon A cicele may by
apprroximaled by o cubie Bspline witk only 4 vertices in ol verica
potygon and a square s oapproximated by a similar vertex polygon
wilh 4 vertices of multiplicity 3 {see Figure 1) When cubie
Bosphimes are usd 1o represent the haundary curves ol a Coons
surlace  patch, both corved and  pedyhedral obpects may be
abtamed. Figure 2 shows a plol withaoul hidden lioe remaval ol a
smesath, curved objeel (o runniog shoe) deseribed by o siople
patch in gur representaton: Fipere 1 shows a polyhedral object (a
woedpe), Because of the smooth jein property of Coons surface
patiches, complea smooth objects may be Tormed by joining
severl component patches, as well as objects with both curved
and polyhedral paris. Fhe verdiex polygon of a cubic B-sphine
cuive permity computalion s palygonal shape features and the
Coony patch form allows the computalion of additional shape
leatwivs wheeh are characteosoe of the patch rather than s
Iwwndary carves  Figwe 4 lists some of the more signilicant
shage Teatuees Bor Bsphne curves and Coonns patches.
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Figure 1 Circle and Rectangle

Figure 20 Kunemg, Shoe

Wi have imteractively designed 21 and 31 cubic Bospline
vurves, stored them an w data base, computed ther Tealure values,
wind ssovited them will surtaee pateh delimtions e any ol three
roles - [RILLTON houmlbary  denvalive  curve,
blending Tunvnon Fhe design ol Coens patches is less inleractive
Smple Coous patches are designed by entenng the conrdinales of
the corner position mainx and pomnters 1o desired boundary
vurves anmd biending funclions. This i s cumhersome process and
1t regpuaires that the surface patch be designed on paper belore it
may he entered into the dats base,  In progress s the design of a
mechamsm  Tor ipleraclivedy  constructing  arbitrarily  complea
patches wvang o guad 1ree data siructuee angd 1he Coons smooth
pn entenas Soch oo mechanism o will Tacilitaic the consruction of
new ohpecl models from caisung ones
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Figure 3: Wedge

{urves
o0 = openSolned
Pl = pramardy
5M = smuothiicss
NV = nu ol verliees
MV = ol moll-vertiees
U = COmMacinmss
AV = anguliu vanability
MAXA T = max angular 1an
Fatches
. = palch compaciness
PVA = posiion vector angkes
TVA = langent vector angles
PYMHE = posion vecliy magmilude e
TYMR = tunpent veclor magnilude ralics
Fymue 4 Some Shape Teatures

H ACCESSIBILITY

Accessibility deals with the problem of gaining access to a

propel set of 3D object representations based upon information
extracted Irom a 2D image It involves the representation of 3D
shape information, the representation of 2D shape information,

and the indexing paths available in the data base

A Structure ol Visual Knowledge

In the VISIONS system |3]| visual knowledge is collected in a
layered network data base called long term memory (LTM) Fach
level of the network contains a single type of entity The entity
types used for this work are schema, object, surface patch, .3D
curve, region. 2D curve, vertex Fach level is currently partitioned
into four spaces where a space is merely a collection of entities
The four spaces arc the "class" space, the "class feature" space,

the "instance" space, and the "instance Ileature" space An
example of a class entity at the object level is. say. "table" This
entity is a prototype from which many instances may be
constructed The instances may differ in a variety of ways

Consequently, separate leature spaces are maintained for classes
and instances Figure 5 is an example of a portion of the network
structure of LTM The advantage of this network structure is that
it provides a straightforward, logical view of the current structure

of stored visual knowledge and the semantics of access to
particular knowledge is easily described in terms of path
Iravcrsals|6|

649

B. 2D Representation

In the world of 2D scene analysis it is necessary to extract
representations of 2D entities from digitized images Our
approach is to attempt to keep the 2D representation as close to
the 3D representation as possible Thus, the 2D digital curves
which result from the segmentation of a digitized image are
converted to cubic B-splinc representation A B-spline curve is
filled to an image curve by analyzing the K curvature|2| of the

image curve and placing knots along the digital curve at
appropriate points. Special algorithms have been developed lor
knot placement and knot coalescing (the creation ol multiple

knots) The fitting procedure is iterative First knots are placed .it
points of high K-curvature, then knots are moved or coalesced
according to a set of special heuristics, the cubic B-spline through
the knots is computed, and a measure of error of lit is computed.
Il the error is above some threshold, we iterate from the knot
motion/coalescing step When the error is below threshold, the
knot vector is converted to the corresponding vertex polygon and
2D shape features are computed. The special heuristics are based
upon smoothness criteria such as the detection of corners or peaks
(slope discontinuities) and the detection of "staircase" straight

lines lor more details see |9]
The algorithms for knot placement, knot motion, knot
coalescing, B-spline compulation, and error compulation have

been implemented Currently the fitting procedure is interactively

controlled with the wuser indicating the locations in the curve
where a given special heuristic should be applied We would
eventually like to develop a mechanism which has good

performance without user intervention

C Indexing
A small LTM has been constructed containing IK
single patch objects The graph representing this LTM contains

approximately 150 nodes and 3000 edges An indexing mechanism
has been implemented in the (iRASPLR|5| graph processing
language The mechanism provides lor execution of relational
searches in the network An example of a relational search might
be the query "Find all curves which are closed and have angular
variability = 1.28" The current mechanism merely executes raw
primitive queries on the 3D levels ol ETM ANDing and ORing
ol the result sets is done interactively when all ol the primitive
results are available

We have
Correlation ol

not. as yet. implemented "standard views"[7]
certain 2D shape features (such as AV,,,) lor
standard views with the corresponding 3D features (AVio). will
provide indexing paths from the 2D levels to the 3D levels
Figures (> and 7 demonstrate the importance ol standard views
and the change in 2D shape features with change
projections ol a cubic B-splinc approximation to a 3D circle and
its associated vertex polygon are shown The circle is defined in
3-space even though it lies in a plane The plane ol the circle
stalls out orthogonal to the line of sight and is rotated away from
the viewer by the angular amounts indicated As the the circle is
rotated, it projects as an ellipse of greater and greater eccentricity
until finally it projects as a straight line. Figure X shows certain
2D leature-values for rotations from 0” to 90° In the case ol
the circle some of the 2D feature-values lor ()" arc equivalent to
the 3D feature-values for the 3D circle Irom such a table we
can begin to correlate change in feature values with change in
viewpoint Ultimately we would like to develop correlations for
more complex shapes

in view four
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Figure 5 LTM Network Sirocture
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0° - curve ° -- vertex polygon
30° -- curve 30° -- vertex polygon

Figure 6: Projections of Circle -- 0° and 30°
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60" -- curve 607 -- vertex polygon
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75° - curve
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75° - vertex polygon

Figure 7. Projections of Circle -- 60° end 75°
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111 CONCLUSION

Matching is a difficult problem involving exponential search
It becomes more tractable when the number of candidates against
which a description must be matched is reduced We feel that our
representation, the structure of LT'M, the use of standard views
and multiple structural decompositionsl4 |. and a powerful
indexing mechanism will contribute greatly to this reduction
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