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Shape from Diameter: Negative Results�
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Abstract

Our objective is to automatically recognize parts in a structured environment (such as a
factory) using inexpensive and widely-available hardware. We consider the planar problem of
determining the convex shape of a polygonal part from a sequence of projections. Projecting
the part onto an axis in the plane of the part produces a scalar measure, the diameter, which
is a function of the angle of projection. The diameter of a part at a particular angle can be
measured using an instrumented parallel-jaw gripper.

In this paper, we present the negative result that shape cannot be uniquely recovered: for a
given set of diameter measurements, there is an (uncountably) in�nite set of polygonal shapes
consistent with these measurements. Since most of these shapes have parallel edges of varying
lengths, we also consider the related problem of identifying a representative polygon with no
parallel edges. We show that given a diameter function, deciding whether such a polygon exists
is NP-Complete.

1 Introduction

In automated manufacturing it is often useful to sort parts according to shape. A common approach
is to use machine vision, which can be sensitive to lighting conditions and requires coordination
with a programmable manipulator. In this paper we explore an alternative approach that uses an
inexpensive modi�cation to the parallel-jaw gripper. For the class of convex parts with constant
polygonal cross section (2.5 D parts), we consider the following problem: recover the shape of a
part's cross section by grasping the part with a parallel-jaw gripper and measuring the distance
between the jaws: the diameter of the part at some angle. Can a sequence of such measurements
be used to determine part shape? Note that the answer is clearly negative if we admit curved
parts, for example a circle cannot be distinguished from a Reuleaux triangle (cf. the Wankel rotary
engine) merely by grasping and measuring its diameter.

We present the negative result that shape cannot be uniquely recovered even for polygonal
parts: for a given set of diameter measurements: there is an (uncountably) in�nite set of polygonal
shapes consistent with these measurements. Since most of the shapes in this set have parallel edges
of varying lengths, we consider the related problem of identifying a representative polygon with no
parallel edges. We show that given a diameter function, deciding whether such a polygon exists is
NP-Complete.

�This material is based upon work supported by the National Science Foundation under Award No. IRI-9123747
and ESPRIT Basic Research Action No. 6546 (project PROMotion).

yDepartment of Computer Science, Utrecht University, Padualaan 14, Postbus 80.089, 3508 TB Utrecht, Nether-
lands. anil@cs.ruu.nl, Tel: 31-30-533922, FAX: 31-30-513791.

zDepartment of Computer Science, Institute of Robotics and Intelligent Systems, PHE 204, University of Southern
California, Los Angeles, California 90089-0273. goldberg@iris.usc.edu, Tel: 1-213-740-9080, FAX: 1-213-740-7877.

1









































From the �rst and third, we get

Ci+1 = di+2 � di cos(�i+2 � �i) + [li sin(xi)] sin(�i+2 � �i): (4)

Between equations 3,4, eliminate [li sin(xi)] to get a linear equation in di+2; di+1; di:

Ci+1 sin(�i+1 � �i) = di+2 sin(�i+1 � �i)� di+1 sin(�i+2 � �i) + di sin(�i+2 � �i+1): (5)

From the remaining 3Z � 3 equations, we can similarly get Z � 1 other linear equations in the
dj. By observing the coe�cients in the linear equations, we can see that they will have at most
one solution (i.e. the case of in�nite solutions is impossible).
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