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HYPER: A New Approach for the Recognition and
Positioning of Two-Dimensional Objects

NICHOLAS AYACHE AND OLIVIER D. FAUGERAS, MEMBER, IEEE

Abstract-A new method has been designed to identify and locate
objects lying on a flat surface. The merit of the approach is to provide
strong robustness to partial occlusions (due for instance to uneven light-
ing conditions, shadows, highlights, touching and overlapping objects)
thanks to a local and compact description of the objects boundaries and
to a new fast recognition method involving generation and recursive
evaluation of hypotheses named HYPER (HYpotheses Predicted and
Evaluated Recursively). The method has been integrated within a vision
system coupled to an indutrial robot arm, to provide automatk picking
and repositioning of partially overlapping industrial parts.

Index Terms-Computer vision, occlusions, robotics, scene analysis,
shape recognition.

I. INTRODUCTION
COMPUTER VISION is an important field where
_roughly two somewhat conflicting tendencies can be

identified. On the one hand, a very strong demand for ap-
plications implies that performant solutions to concrete
problems have to be quickly developed. On the other hand,
there is a very natural desire to understand human vision
as a problem in itself, hoping that this will result in the
development of a general methodology for solving com-
puter vision related tasks.
One may argue that many applications are either not

sufficiently representative of the whole set of vision prob-
lems or that the people who solved them did not bother
identifying the general methods that could be used else-
where. On the other side of the road, vision theoreticians
can often be reproached not to always be enough con-
cerned with the implementation of their findings on "rea-
sonable" hardware executing "reasonable" code.
Three main problems can be identified in computer vi-

sion. The first is the construction from sensor output of a
symbolic description where information necessary to solve
the problem at hand is explicitely represented. The second
is that of the representation of a priori knowledge. This
"world model" is generally very complex and few things
are known about ways of representing and organizing the
corresponding database. The third problem is that of using
these two structures to achieve the task.
Of course, there are many relationships between these

three problems. Nonetheless, separating them allows us to
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Fig. 1. Isolated objects and excellent contrast are the constraints required
by most of the currently available vision systems.

identify a number of potential bottlenecks. Problem I is
mostly a signal processing problem, problem II mostly a
knowledge representation problem, and problem III mostly
a control strategy problem. Their complexity can be de-
fined in terms of a number of parameters such as signal
quality of the sensor output, how many and how different
are the objects or phenomena that can be observed, and
what type of a priori information is available.
We hope that if we fix one or several of these parameters

and make the others vary in a controlled manner, we shall
be able to outline a methodology for solving the corre-
sponding problems in a large variety of situations. This
has been our approach.
We present in this paper the methods we have developed

in order to solve a very specific problem, that of analyzing
scenes with randomly oriented and partially occulted in-
dustrial parts. These parts are assumed to be "flat," i.e.,
one of their dimensions is small compared to the other
two. If we attempt to characterize this task in terms of the
above parameters, it is clear that depending on signal
quality, problem I may or may not be simple. On the other
hand, the a priori information about the objects is of a
quantitative geometric nature and can be made as accurate
as needed; as a direct consequence problems II and III
should be simpler.

This task has been tackled by several authors and is
solved in a limited way by some commercially available
systems. Such systems typically deal with isolated objects
with excellent lighting conditions (see Fig. 1) making
problem I very simple. Silhouettes of objects are usually
extracted by a simple luminance thresholding followed by
a connectivity analysis. Silhouettes are then represented
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Fig. 2. Metallic and plastic objects often produce unpredictable highlights.

Fig. 3. Before their final process, foundary castings often have sprues and
dead-heads (-) whose number and size are quite variable.

Fig. 4. Touching and overlapping objects.

by a few global numerical features making problem II also
very simple, and the recognition and positioning problem
is solved by nearest-neighbor techniques in feature space
(for a good overview of existing industrial Vision Sys-
tems, the interested reader is referred to [1]).
A strong limitation of such systems is that they cannot

handle partial alterations of the observed silhouettes which
can be due, for instance,

1) to uneven lighting conditions including variations of
contrast, shadows, or highlights (see Fig. 2),

2) to the occurence on the objects of sprues or dead-
heads, whose sizes and shapes can vary much (see
Fig. 3),

3) to the occurence of touching and overlapping objects
(see Fig. 4).
More sophisticated systems can so far be found only in

the laboratory. They can usually deal with objects under
poor lighting conditions, thanks to sophisticated edge de-
tection techniques, and tolerate partial occlusions by using
structural representation of objects and more elaborate
symbolic matching techniques. The systems developed by
Perkins [2] and Dessimoz [3] are based upon cross-cor-
relating the tangent angle or the curvature as functions of

the curve length between the scene description and the
database of models. They have produced good results on
complex industrial scenes, but the preprocessing (segmen-
tation) is expensive and both methods are not well suited
to scale variations. Another approach is that of Rummel
[4] and Hattich et al. [5] who have developed systems
based on a representation of objects with line segments,
corners, and circular holes. Model primitives are then
matched with scene primitives with an A* tree-search al-
gorithm. Basic limitations of these systems are the com-
binatorial explosion when the number of primitives in-
creases and the unability to deal with scale variations. A
third approach is that of finding maximal cliques in rep-
resentation graphs as pioneered by Ambler et al. [61 and
further improved by Bolles and Cain [7]. A basic limita-
tion here is the very large complexity of the clique finding
problem. A last approach developed by Davis [8], Bhanu
and Faugeras [9], and Ayache and Faugeras [10] is based
on the use of relaxation techniques. Objects and scenes
represented by relational graphs and subgraph isomor-
phisms are searched for. A basic limitation is the very large
complexity of the relaxation algorithm. A fourth approach
is that of the PVV system of Lux and Souvignier [11]
which uses two modules implemented as coroutines: a de-
scription module extracts features in the image in a top-
down or bottom-up mode and a prediction and verification
module that interprets features produced by the other
module in terms of a data base of models. More recently,
Segen [121, Turney [13], and Grimson and Lozano-Perez
[14] proposed new approaches to the problem.
The approach described in this paper is based upon

matching simple descriptions of the scene and the models
by a technique called HYPER (HYpotheses Predicted and
Evaluated Recursively) of hypotheses generation and ver-
ification coupled with a recursive estimation of the model
to scene transformation [15]-[17]. It is fast, accurate, ro-
bust to noise, and can deal with scale changes. It is also
general in the sense that it is basically independent of the
kinds of primitives used to represent the 2-D shapes and
in the sense that it can be extended without too much dif-
ficulty to the corresponding 3-D problem [18].

In the next section we describe how models and scene
descriptions are built, i.e., what kind of primitives are
used in our representation and how we compute them from
the input image. We then describe the matching process
that identifies models in the scene description and esti-
mates the corresponding geometric transformation. An
analysis of the complexity of the corresponding algorithms
is then presented, and we conclude with results obtained
from a number of difficult scenes.

II. BUILDING MODELS AND SCENE DESCRIPTIONS
Our system is designed to handle objects with one di-

mension much smaller than the other two, that is flat or
almost flat objects. Partial occultation is allowed, and no
special care is taken of the illumination, i.e., the system
is capable of working under poor lighting conditions. The
acquisition device is a cheap standard Vidicon camera
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