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ABSTRACT

Human language and communication technologies alegy role
in enabling humans to interact with robots in auret and

intuitive way. This is essential for the usabilapd adoption of
robots into every day life. Task Communication ¢jaage
attempts to be a unifying architecture for the espntation and
incorporation of communication within the behaviof an

intelligent agent or robot. This paper providegeaeral overview
of TCL as well as techniques and methodologieseatiyr under
development.

Categories and Subject Descriptors
1.2.7 [Artificial Intelligence]: Natural Language Processing —
Discourse, Language models.

Keywords
Human Robot Interaction, Natural Language Undeditay Task
Communication Language.

1. INTRODUCTION AND MOTIVATION

Current research in robotics has been dealing wétly specific

robotics issues, such as navigation, grasping, mgowvbstacle
detection and avoidance, object and facial rectmmiteven

multiple robot or human/robot object balancing.efiéhhas been a
great push for a humanoid service robot capablentefacting

directly with humans in daily life. If these rolsatre expected to
interact with humans in activities of every dayidly, much

greater communication and interaction technologiesneeded.

Human language and communication technologies plesy role
in enabling humans to interact with robots on auratand
intuitive level.  Although many research groups énagreat
ambitions for human robot communication, there itaek of
complex language skills in multi-modal implemerdas.
Currently, most assistive robotics systems recagrspecific
keywords in incoming speech that then lead to tkexetion of
predefined actions and procedures. Some allowntipesing of
constraints or beliefs or planning and others allowitimodal
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interaction to allow gestures and pointing to acpany
commands.

Although there has been a great deal of dialogudefsowhich
allow for action and plan recognition, procedurearteng,
intention recognition, collaborative planning, nixenitiative
behavior, negotiation and more; these models haste been
successfully integrated into working human-centexgplications,
other than a few domain-specific research toys
telecommunication based systems. This is someudtimatto the
lack of implementation platforms as well as currdeficiencies
of speech-act and dialogue-act recognition.

Task communication language (TCL) attempts to haidying
architecture for the representation and incorpomnatiof
communication within the behavior of an intelligeagent. This
produces a foundation on which many of the comnatiin
models in the preceding paragraph can be easilyeladd
expanded and integrated together into one implestient

2. TASK COMMUNICATION LANGUAGE
TCL is based on thepractical communication language
hypothesiq4], as well as theractical dialogue hypothesiand
the domain-independence hypothedit The former is provided
below.

The Practical Communication Language Hypotheskhere
exists a language between that of a human coni@raht
participant and that of an intelligent agent. Thisguage is
capable of abstracting away the complexity of human
language while yet maintaining the practical infation of
the conversation.

Many natural language understanding systems hawe $orm of
semantics between a human and its programming hehdtis a
language, protocol, or programming interface. HeaveTCL is
deeply founded in this hypothesis, which providesocmmon
foundation upon which dialogue systems can be ehifi

The true practical communication language is ides volatile.

This is due to the ever-evolving notion of whatgmactical’. It

should be abstracted of all region and dialect @spef language,
informal, colloquial, slang, idiomatic expressiorasd even
modality. However, this information should not pisn be

discarded. For example, [3] demonstrates that fitpdean

influence the establishment of common ground. &mesmnces of
interaction should be understood through the tediosl rather
than relying on the existence of corresponding epts:

or



2.1 Approach
Only a general overview of TCL is provided. Inttesl readers
are referred to [4] for more details.

TCL consists of a series of messages. Each messagapped
into a well-structured outer layer that allows fbe modeling of
non-traditional conversational paradigms as well l@arning
through feedback of any interpretation informatimtiected. The
content of each message is composed of nested mgeaction
concepts (MAC). A MAC is a particular meaning of atterance
or gesture, which may or may not have an associattidn.
They are based on the task-model below.

2.2 Methodology

Associated with the language of TCL are techniquesl
methodologies of modeling the interaction
communication and behavior and integrating theno imin
intelligent agent implementation. The details bfstsection
represent work in progress.

2.2.1 Dialogue Models

Various dialogue models obtained from examples afural
human interaction are built. These models reptdsigher-order
communicative abilities such as negotiation, teasmmétion,
persuasion, collaborative problem solving, command control,
learning by description and adjusting autonomy.

2.2.2 Task Modeling

The task model consists of a set of core atomicepts as well
as a set of operators that act upon those concepttough
generalized to most conceptual models, the originspiration
came from the problem solving concepts of [2]. Hubset of
core concepts includes objectives, recipes, actioesources,
situations, states, constraints, beliefs, intestiometrics and
priorities. The set of task operators include aidop selection,
deferment, abandonment, release, identificatiomluaion and
modification.

Although rationalists will demand that each condspexplicitly
stated with every possible consequence in ordertégrate these
concepts within a mathematical logic, the irratiop@perties of
human language and behavior force the model to take
empirical approach.

2.2.3 Task-Communication Model

The task-communication model interleaves the coiscemd
operators of the task model into a communicative laehavioral
model of the agent. For example, take the coreemn‘action’
and the communicative acpgopose( action,)accept( action )
andreject( action )as well as the behavioral amtaluate( action
). A simple task-communication model would thenadiée the
following. The input communicative act of the pospl of an
action leads to the evaluation of that action.thi evaluation is
good, then the action is accepted, if not it isectgd.
Complications can then be introduced such as
misunderstanding of an action, which leads to aifidation
dialogue rather than an immediate evaluation oeptamce.

Hierarchies in the task-communication model alloar fthe
layering of communicative behavior. An example niagiude
persuasion using the lower elements of formal am@rinal
argumentation.

between

2.2.4 Interaction Modeling

The interaction model is built from the task-comication

model by dropping behavioral acts and keeping conicative

acts. The purpose of the interaction model imtmiporate and
evaluate the composition of many task-communicatioalels.

2.3 Implementation

The task concepts and operators should be impledetitectly
within the agent’s core facilities such as reasgnpianning and
knowledge. The communicative acts correlate tosagss of
TCL. Thus, the task-communication model demonssrdtow
communication brings about a change in behaviavelsas how
changes in beliefs or rationality bring about comination.

2.4 Validation

Annotated corpuses of dialogue sequences can biedagainst
the interaction model. If the dialogue sequenamigered within
the interaction model, then that particular seqaeiscvalidated.
If the dialogue sequence is not present, thenrteeadction model
should be examined to see if the task-communicatiodel could
be expanded to include the cases that the dialegaggence
reveals are missing.

3. DISCUSSION

The dialogue manager must shift roles from beirgy ¢anter of
communication for an intelligent agent to one tha@nslates
human centric communication. Dialogue moves must e
encapsulated within the framework of a model irdégg
communication with behavior. The notions of a aliple stack
and context must be shared between the managehandodel.
The task-communication model will have to refledtions of
turn-taking and mixed initiative control. Due teenpth
considerations, these types of issues have notdiseussed.

We plan to run human investigations with one of agent-based
implementations. This will be done with a wizarfdea based
technique, employing a human operator to transkeesubject’s
commands, into meaning-action concepts and entéhioge into
the system. The subject will be unaware of thaxess.
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