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ABSTRACT

Humans can recover the shape of a
surface from its image boundary. The
authors have presented a new approach
to shape from boundary[4]. It includes
three points: the line of curvature
(LOC) regularity, an algorithm for
constructing LOC net from boundary, and
the computation of surface orientation
from LOC net. Briefing these ideas,
this paper examines the underlying
problems of the approach and proposes
improvements.

1. INTRODUCTION

Probably line drawing is the most
efficient means of describing our
three-dimensional world in a two-dimen-
sional manner. There are generally two
kinds of contours in a line drawing:
contours across surfaces and boun-
daries. This paper focuses on the

latter, though the former and the
latter are not <completely distinct
matters. It is worthwhile to mention
the pioneering paper written by Barrow
and Tenenbaum[ 1], in which they propose
a three-step paradigm for shape from
boundary: (1) classifying lines into

extremal and discontinuity boundaries,
(2) interpreting each 2-D image curves
as 3-D space curves, and (3) inter-
polating the surfaces.

The authors[4] have proposed a new
approach to shape from boundary, from a
geometrical point of view. The boun-
daries are usually not (at least not
perceived as) arbitrary curves on the
surfaces, but special ones that carry
more information than others. The
approach has three major parts: (1) the
line of curvature regularity, (2) an
algorithm for knitting LOC net from
boundary, and (3) the computation of
surface orientation from LOC net. This
paper first outlines the previous paper
(it is impossible to describe the de-
tails because of the space limitation,
and we invite the readers to consult
that paper if necessary), then examines
the underlying problems of the
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approach, and proposes improvements.
2. BRIEF OF THE APPROACH

In the inference from two-dimen-
sional i ity to three-dimensionality,
additional information is necessary.
What is it in shape from boundary? The
line of curvature regularity provides
one answer. It is formulated as: |In
absence of other evidence, the boundary
segments in image that can be inter-
preted as (3-D) lines of curvature on
the surface they bound should be inter-
preted so. An example is shown in Fig.
1(a). A closed boundary is segmented
into four segments A, B, C and D, which
are interpreted as two pairs of lines
of curvature (A-B and C-D).

An algorithm is proposed to cons-
truct an LOC net from four boundary
segments. As shown in Fig. 1(b), the
segments aO-al, bO-bl, cO-cl and dO-dl
bounds a surface. The points a2, b2, c2
and d2 are their chord centers, res-
pectively. The points a3, a4, b3, b4,
c3, c4, d3 and d4 are the chord centers
of the new segments. The segmentation
is repeated until sufficient resolution
is obtained. We first find a point that
has both an equal distance to the
points a2 and b2, and an equal distance
to the points c¢c2 and d2, which we
regard as the intersection of the seg-
ments a2-b2 and c2-d2. Similarly, we
can find other points, as shown in Fig.
1(c), which approximate the segments
a2-b2 and c2-d2.

Once the LOC net is knit in image,
the surface orientation can be computed
from it. Orientation is represented by
slant and tilt. A right angle in space
is foreshortened to an obtuse angle in
image, which provides a constraint on
perceiving the original surface orien-
tation. The more obtuse the angle, the
more strong the constraint. The inter-
section on the LOC net that has the
most obtuse angle is picked up, and its
tilt is estimated as the bisector (see
Stevens[3] for details). Then this
estimation is propagated to other
intersections along the net by a two-
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Fig. 1 The ne-knitting algorithm
(a) boundary segments
(c) approximation of

step approximation method modified from
the propagation on cylindrical sur-
faces. The slants are determined after
the tilts.

3.. THE LOC REGULARITY

By exploring natural regularities,
one can find what he/she needs in the
inference from two-dimensionality to
three-dimensionality. The LOC regulari-
ty is such one that we need in the
inference of surface shape from boun-
dary. About it, however, one might ask
two questions: |If a boundary in image
can be interpreted as projections of
lines of curvature, do they really
correspond to lines of curvature in
space? And, how do we decompose a
closed boundary into segments that are
likely to be projections of lines of
curvature? The answer to the first
question is that no matter true or not,
humans do interpret them as so, and

that is all that can be done. For-
tunately, observations convince us that
the probability of "ill usion"[31 is

very low.

To answer the second question,
recall that in general four lines of
curvature bound a surface patch, and
they intersect at a right angle in
space. When projected onto image, the
intersections are the tangent disconti-
nuities along the boundary. The only
exception is when an intersection is on
an extremal boundary and the line of
sight divides the right angle? the
tangent is continuous (Fig. 2). How-
ever, such intersections can still be
distinguished by curvature discontinui-
ties or extrema. Another criterion to
assist the previous two is similarity.
The two lines of curvature of each pair
are similar in space, and reserve simi-
larity in image to some degree. A
closed boundary should be so segmented
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(b) chord centers
the segments a2-B)2 and c2-D 2

\_/ P
Fig. 2 The intersection P is not a

tangent discontinuity, but
a curvature discontinuity

that the two segments of each pair are
as similar as possible. Any closed
boundary that cannot be segmented by
the above criteria should be regarded
as not being projections of lines of
curvature.

4. NET-KNITTING ALGORITHM

The algorithm, as described in
Section 2, is based on the following
three assumptions: (1) both pairs of
lines of curvature have the property of
constant ratio intersection; (2) the
arc center of each image segment is the
projection of the arc center of the
corresponding space curvet and (3) the
arc center is also the chord center.
Actually, however, few surfaces satisfy
all the three assumptions. Thus, a
constructed net wusing this algorithm
only approximates the original surface.

We call it the first-order approxima-
tion. An example is illustrated in Fig.
3.
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(a) boundary

The first-order approximation can
be refined. The third assumption can be
eliminated by modifying the chord cen-
ters to be the arc centers by a relaxa-
tion method. This is done two-dimen-
sional ly. We call the net so modified
the second-order approximation. The
second assumption can also be eli-
minated. Since the surface orientation
at each intersection can be computed,
the 3-D arc length can be obtained by
integration. Using a relaxation method
again, the 2-D arc centers are modified
to be 3-D arc centers. We call this
modified net the third-order approxima-
tion.

5. SURFACE ORIENTATION COMPUTATION

Once the net 1is knit in image
plane, surface orientation at each
intersection can be computed up to a
certain accuracy by the bisector esti-
mation and a propagation method. How-
ever, it seems that humans perceive the
surface shape stably and consistently.
This suggests that there may be some
mechanism in human vision that uniquely
determines surface shape from boundary.
If the LOC net is accurate and con-
sistent with the boundary, then the
mechanism should also uniquely deter-
mine the shape from the net. This
mechanism remains to be found.

Note that we are by no means
attempting to model the same process in
human vision. No evidence shows that
humans first build an LOC net and then
compute surface orientation from it.

The inference of shape from
boundary is inherently a process of
interpolation, no matter what the

approach is. But what is different
between our approach and that of Barrow
and Tenenbaum? They interpret the boun-
dary segments separately, whereas v/e

(b)

Fig. 3 An example of first-order approximation

(b) the constructed net

interpret the boundary segments glo-
bally and consistently. Constructing
the LOC net actually functions as
interpolating the surface.

6. CONCLUSION

We have first outlined an approach
to shape from boundary which is des-
cribed in detail in our previous
paper[4]| (1st ICCV). This paper is to
complement the ideas in that paper. We
have proposed criteria for decomposing
a closed boundary into segments that
are likely to be projections of lines
of curvature, and a direction for
refining the LOC net. Some underlying
problems of the approach have also been
examined.
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