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I. INTRODUCTION

The ability to effectively use tools would enable robots
to perform assembly, repairs and maintenance of equipment
in remote locations. To effectively perform tasks involving
tool use in these situations, a robot needs to identify, localize,
grasp and manipulate the object that is most suitable for a
given task in an unstructured, cluttered environment. For tasks
such as these, it is useful to represent the scene as a collection
of all possible actions the robot can take. In other words, the
scene can be represented as a collection of object affordances
[1], rather than in terms of object classes. Knowledge of the
object affordances as well as the pre- and post-conditions
of the actions facilitates high level task planning along with
low-level motion planning towards a given goal.

Tool affordances are inherently attached to parts of the
tool, for example, a screwdriver handle affords grasping and
the tip affords driving screws. Therefore, localizing the parts
of the object individually facilitates scene understanding in
terms of object affordances. A parts-based representation
of the objects is robust to occlusions due to clutter or self-
occlusions because the object model can be used to infer
the location of occluded parts. The parts-based method also
allows us to obtain an efficient pose estimate of the object
by constraining the belief to hypotheses which respect the
object part model. Accurate pose estimation of the objects
allows the robot to calculate grasps needed to carry out the
task.

II. METHODOLOGY & PREVIOUS WORK

Deformable part models have been used extensively in
the literature to represent objects in terms of their parts
[2]. This is typically done over 2D data where models are
represented using geometric constraints and geometric object
features. To represent the relation between object parts, we
propose to instead use semantic relationships which describe
the object model, for example, the head of a hammer is
attached to the end of the handle. This method generalizes
over object instances without requiring a precise description
of the object geometry for each instance. In addition, we
propose to demonstrate this in 3D, with RGB-D data. The
semantic representation of the objects is more interpretable
to human users. Semantic relationship descriptions are also
compatible with human understandable task goals.

We model the object part poses using a Markov Random
Field (MRF) and perform efficient inference on the graph
using Pull Message Passing for Nonparametric Belief Prop-
agation (PMPNBP) [3]. PMPNBP is a Bayesian inference
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method which maintains a belief over object pose hypotheses
as a set of particles. In this work, the messages are con-
structed using potentials describing correspondence of the
current observation to a given hypothesis and the agreement
of the hypothesis to the parts-based model described by
semantic relations. Previous work has shown the efficiency
of using PMPNBP to estimate the pose of articulated objects
represented as an MRF in terms of their parts. Additional
potentials that encode semantic relationships provided as prior
knowledge are used to improve robustness and consistency in
the scene estimation, as in [4]. The formulation of the parts-
based estimation can be extended to represent inter-object
semantic relationships given additional prior knowledge of
the domain for more efficient full scene estimation (ie the
hammer is on the table and next to the tool chest).

III. CONCLUSION

In this work, we aim to demonstrate a method for under-
standing scene as a collection of available affordances which
encodes semantic information seamlessly and is efficient and
robust to occlusions. This will enable a robot to make use
of the object part affordances towards completion of a given
task, such as tool use for equipment assembly.
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