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I. INTRODUCTION

Real-world planning requires reasoning about the
high-level tasks and robot motion. They should not be
considered in isolation due to the complexity of robots
and their environments. We need planning techniques
that interleave sequencing with motion planning for
feasible plans in the configuration space. To that end,
we implement a Task and Motion Planning (TAMP)
system for robotic food preparation. We demonstrate
this in both simulation and real-world, through the
preparation of yogurt parfaits. We select this scenario,
as there is merit in task sequencing while preparing
multiple parfaits with common ingredients.

II. TASK AND MOTION PLANNING

The task and motion planning problem extends
task planning to the infinite domain. To explicitly
define our planning problem, we employ the Planning
Domain Definition Language (PDDL) [1]. This is
similar to STRIPS, with additional features'. For the
symbolic task planning problem, a PDDL description
consists of:

Objects: Entities that influence the planning problem
Predicates: Logical properties of objects

States: Set of predicates describing the current world
Actions: Ways of changing states

Actions are defined by a set of preconditions—
predicates on these variables that must be true for
the action to be applied—and effects—changes to the
state defined by a set of new and removed predicates.
Actions become grounded when applied to objects,
which substitute the action’s variables.

A symbolic task plan consists of finding a sequence
of actions that transforms an initial state sy to a goal
state s,. Each action is assigned a cost, and the cost
of the plan is the sum of the costs of each action. In
the combined TAMP problem, there is an infinite set
of actions A, and a state cannot be defined only with a
set of predicates on objects. In addition to predicates
that describe the symbolic state of the world, objects
also have physical characteristics that are defined in
continuous domains. There is an infinite domain of
physical motions that can define valid actions, rather
than a discrete set of motions. Any physically valid
action is also defined by a set of preconditions and

llike type specifications for objects, negated preconditions, nu-
meric variables, durative actions and conditional add/delete effects
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Fig. 1: (top) Schematic description of the parfait preparation
problem, where the goal is defined by multiple bowls of different
ingredient orderings. (bottom) Simulation of a 6 DoF KUKA arm
performing TAMP towards the preparation of two parfaits.
effects, just as in the task planning problem. However,
the objects these actions are defined on can have
continuous properties, such as position in space, rather
than just binary predicates.

Objects are limited to a set of bowls containing
ingredients at known physical locations. We define our
TAMP problem as finding a sequence of valid trajecto-
ries that transforms the initial bowl configuration to a
goal configuration where bowls contain an ordered set
of desired ingredients. We assume a constant angular
velocity for joint angles in the arm, and thus define
the cost of a trajectory as it’s arc length in space.
For a plan 7w defined as a sequence of actions with
trajectories (Tp,...,T;,...,T}), the cost of the plan is:
(m) =YX arclength(T;).

III. PLANNING ALGORITHM

A. Streams

A naive approach to planning in the continuous
domain would be to discretize the physical space and
denote each valid path with a discrete action and
employ standard task planning. This is computation-
ally intractible due to the sheer number of possible
actions. To choose valid actions from the continuous
space, we use the concept of a stream [2]. We use
the PDDLStream python library https://github.com/
caelan/pddlstream for our implementation.

Candidate actions are generated from streams of
possible actions. These candidate actions are evaluated
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https://www.youtube.com/watch?v=VBhGjcgPVqA
https://www.youtube.com/watch?v=mJocimdTLtA
https://www.youtube.com/watch?v=BADt_yy_Lvw
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