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Background
Human-Robot Interaction Cognitive Systems

- Interdisciplinary research field: Al, robotics, cog- - A cognitive system is a (artificial or biological)

nitive science, comp. linguistics, and social sciences. | system able to actively perceive the environment it

L . . finds itself in, reason about it, and achieve goals
- Core objective: develop principles and techniques through plans and actions.

to allow efficient and natural communication ; W oo - . | |
between humans and robots B < - Cognitive architectures typically consist of a large

. _ _ _ ,\ number of distributed and cooperating subsystems,
- HRI s always about situated interaction: J\ such as communication, computer vision, navigation
language often refers to reality and discusses 'y & manipulation skills, and various deliberative
action and plans that affect that reality. orocesses (such as symbolic planners).

The Issue Our Hypothesis

- The first step in comprehending spoken dialogue - The intuition underlying our approach: use
IS automatic speech recognition [ASRY]. contextual information about salient entities in the

- The performance of Speech teChno|OgieS has : situated environment and the dia|Ogue state to
improved significantly in the last two decades. prime utterance recognition.

- But ASR remains very difficult and error-prone in > 4R - Our claim is that, in HRI, the speech recognition
the case of robots operating in real-world, noisy »- performance can be significantly enhanced by
environments, and dealing with utterances A exploiting knowledge about the immediate physical
pertaining to complex, open-ended domains. = environment and the dialogue history.

Architecture Salience Modeling

- Psycholinguistic motivation: humans systematically exploit dialogue

architecture. Each subsystem consists of several processes, and a and situated context to guide attention and help disambiguate ana
working memory. The process can access sensors, effectors, and refine linguistic input by filtering out unlikely interpretations.

the working memory to access data within the subsystem. - To implement this mechanism in the robot architecture, we use two
Information sources: the salience of objects in the visual scene, and
the recency of linguistic expressions in the dialogue history.

- Our approach is implemented as part of a distributed, cognitive

- A specific subsystem, called the "binder", is responsible for the
ontology-based mediation accross modalities | - : ,,
- For the ASR, we use Nuance v8.5 together with a statistical 1] - The two saliences are integrated into a cross-modal salience model.

language model dynamically updated at runtime. | " m— iR We dynamically extract a set E of (visual and linguistic) salient
- = = ' M entities, and compute a probability distribution P(E) on this set.

-~ Ontology-based mediation

to other modalities )
(wision, navigation, planning, etc.)
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Language Modeling

. | g - We define a lexical activation network, listing for each possible

(- Spesch recognition e e : ] salient entity the set of its activated words. For instance, laptop will

g"mﬁiﬁij"fﬁ?ﬁ?’?”‘“ﬂ A - f — activate the words "laptop", "notebook”, "screen, "ibm", "switch on", etc.
5 . T EE - The speech recognizer seeks the most likely word sequence W*

. dynamic update of . .Smw e - . . . . .
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extra-lingu stic interpretation probabilities

acoustic model salience-driven language model

i ~ SR VAR | | - For the language model, we rely on a class-based trigram model

/" Incremental parsing ) /E_)ialo ue Interpretation \ ‘ Vs
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g - We introduce the salience model into the word-class probabilities:

packing and pruning N 6&1I0gue move interpretati%
- of logical forms ) 5 P(wz‘can) — Z P(w1|cz,€k) X P(ek)
\. vy reference resolution ex €E . . . .
L\é ) - P(w;ilcis er) is defined using the lexical activation: the probability of

vy

(Schematic view of the spoken dialogue comprehension module) currently activated words is increased by a specific amount.
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