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Abstract

Task agility is an increasingly desirable feature for
robots in application domains such as manufacturing.
The Canonical Robot Command Language (CRCL) is
a lightweight information model built for agile tasking
of robotic systems. CRCL replaces the underlying com-
plex proprietary robot programming interface with a
standard interface. In this paper, we exchange the auto-
mated planning component that CRCL used in the past
for a rational agent in the GWENDOLEN agent program-
ming language, thus providing greater possibilities for
formal verification and explicit autonomy. We evaluate
our approach by performing agile tasking in a kitting
case study.

Introduction

With the advent of Industry 4.0, new industrial standards
have emerged for distributed and intelligent systems. At the
same time, sensors and processing capability are gradually
becoming cheaper. These factors have contributed to a sig-
nificant growth in the adoption of robotic systems in do-
mains such as manufacturing (Antzoulatos et al. 2017). In
such systems, it is crucial for robots to be quickly tasked
to perform an operation. Task agility is not only limited
to the speed of tasking robots, but also includes other fea-
tures such as handling task failure, planning for new goals,
interchangeability of data and task plans between different
robots, and adapting to dynamic environments (Harrison,
Downs, and Schlenoff 2018).

To tackle the problem of agility performance across many
robotic systems, the Canonical Robot Command Language
(CRCL) (Proctor et al. 2016) was developed at the National
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Institute of Standards and Technology (NIST) in the USA.
CRCL is a messaging specification that focuses on the do-
main of industrial robotics as a special case of an overall
ontology for automation (Fiorini et al. 2017) and was cho-
sen as the first test case to validate the concept of a core
ontology with domain-specific extensions. It works as an in-
formation model for tasks that uses XML Schema to abstract
semantic explanations of the behaviour of common robotic
commands and their execution status. These commands are
independent of the kinematics used by the robot and can be
reused in robots from different manufacturers.

Interoperability of data between robots is also explored
by middleware such as the Robot Operating System (ROS)'.
The main difference between CRCL and ROS is that CRCL
is a communication standard for both joint and Cartesian
control of industrial robots, while ROS, is a framework pro-
viding a joint message interface. It is also possible to use
CRCL with ROS using the packages available from the
ROS-Industrial Consortium, however, in this paper we fo-
cus on the interaction of CRCL with GWENDOLEN.

In the agility demonstration at NIST (Kootbally et al.
2018), CRCL has been implemented for a 7 DOF Motoman
SIA20D and a 6 DOF spherical wrist Fanuc LR Mate 200iD
industrial robots. CRCL is a lightweight, modular compo-
nent where messages provide robot motion and control with
grasping as an abstraction on top of the proprietary robot
controller interface. Significantly to manufacturing, these in-
dustrial robot controllers provide high-speed, smooth mo-
tion, and robust operation tuned to the proprietary robot ar-
chitecture while optimising cycle time for manufacturing ap-
plications. Research partners, such as Georgia Tech and the
University of Maryland in conjunction with the Advanced
Robotics Manufacturing Institute (ARM), as well as indus-
trial partners, such as Siemens, use or are exploring CRCL
for industrial robot applications.

Classical task planning is an effective technique for gen-
erating plans to achieve a goal or a set of goals in com-
plex problems (Nau, Ghallab, and Traverso 2004). The Plan-
ning Domain Definition Language (PDDL) (McDermott et
al. 1998) is a well-known formalism for representing plan-
ning domains and problems and it is often the default input
language for many automated planners.

'https://www.ros.org/






