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ABSTRACT

In this paper, a semi-tight coupling between vi-
sual and auditory modalities is proposed: in par-
ticular, eye fixation information is used to enhance
the output of speech recognition systems. This is
achieved by treating natural human eye fixations
as diectic references to symbolic objects, and pass-
ing on this information to the speech recognizer.
The speech recognizer biases its search towards
these set of symbols/words during the best word
sequence search process. As an illustrative ex-
ample, the TRAINS interactive planning assistant
system has been used as a test-bed; eye-fixations
provide important cues to city names which the
user sees on the map. Experimental results indi-
cate that eye fixations help reduce speech recog-
nition errors. This work suggests that integrating
information from different interfaces to bootstrap
each other would enable the development of reli-
able and robust interactive multi-modal human-
computer systems?!.

1. Introduction

The notion of multi-modal interfaces has been around

for a long time. The integration of the visual
and auditory modality has been primarily been
examined in the context of lipreading[2]. Other
recent applications of multi-modal interfaces in-
clude HearingAid[9], EagleEyes[8], and so on. In
[9], the programming by demonstration paradigm
is enhanced by allowing simultaneous speech in-
puts to help resolve ambiguities.

1Dr. Ramesh Sarukkai is now with Kurzweil A.L

Researchers have noted that gaze information
is an integral part of face-to-face communication.
Typically, if objects of discussion are in someone’s
vicinity, humans talking about the objects tend
to gaze in that direction. In [10], an eye-based
interface has been described where the deictic be-
haviour of the eye has been explored. [5] exploits
the eyes as a consious interface, which can be inter-
twined with mouse and keyboard inputs. The role
of the eyes however is just that of a pointer similar
to a mouse. EagleEyes[8] is another system that
allows the computer to sense the user’s eye and
head movements in order to adjust the display or
perform corresponding operations (such as play-
ing a digitized video or sound). Eye fixation infor-
mation also provide useful cues in a face-to-face
communication, and this has been demonstrated
in [11] where an on-screen face is animated ac-
cording to the user’s hand gestures, gaze and into-
nation. More recently, in [9], the programming by
demonstration paradigm is enhanced by allowing
simultaneous speech inputs to help resolve ambi-
guities.

2. Motivation

Most of the actual integration of multi-modal sig-
nals has been explored mainly in the context of
lip-reading (for example [2]). However, [14] have
explored the integration of simultaneous inputs
from speech, gaze, and hand gestures. The ap-
proach taken in [14] work is as follows: 3 streams
of time-stamped data are generated using the dif-
ferent modalities, namely words from the speech
recognizer, position and postures of the hands, and



Figure 1: An example eye-fixation sequence dur-
ring the speech utterance: “TRAIN FROM CLEVE-
LAND TO BUFFALO”

point of gaze. These input streams are parsed
seperately to produce frame-like descriptions. Fi-
nally, these frames are interconnected and evalu-
ated together to resolve the references in the users
utterance. Thus, multi-modal information is used
to interpret collective information.

The goals in this work is quite different from
the above work. In the real world, each of the
individual modalities have errors associated with
them: sensing errors, algorithm approximation er-
rors, and so on. It is clear that perception of differ-
ent modalities occur in a complex combined man-
ner. For example, [4] have demonstrated how eye-
movements can be used to study spoken language
comprehension. But from the point of view of a
human-computer multi-modal interface, the task
of integrating different modalities is an arduous
task. The dimensionality of the problem increases
(along with the sparseness of observations) with
added modalities. One mechanism for simplifying
the integration problem is presented and explored
in the context of using eye-fixation cues to enhance
the speech recognition system.

In order to further motivate the use of eye-
fixation information for speech recognition, con-
sider an illustrative eye-movement sequence when
an user uttered “(take the) train from Cleveland
to Buffalo”. This is a snapshot from the TRAINS

map [12]: users interact with the system to plan
travel plans from different cities. It can be noted
from figure 1 that the user makes saccades from
the city Buffalo to Toronto to Cleveland to Buf-
falo. Such eye-fixations are typical. A variety of
eye-movement sequences have been observed:

e Cyclic eye-movements: The user looks at the
path of cities back and forth.

e Sequential eye-movements: The users eye-
fixations match the sequence of city visits as spec-
ified by the speech utterance.

e Mixed eye-movements: The user looks at
some of the cities in the speech being uttered, but
also makes fixations to other cities that may or
may not have been in discussion in the previous
utterances.

¢ Non-utility eye-movements: The user does
not need to look at any of the cities while articu-
lating the speech. This typically occurs when the
user is certain of the start and goal cities, or when
he/she is giving other commands.

It is important to note that the above eye-
movements are non-intrusive in the sense that the
user is not forced to look at these cities/objects,
but does so naturally. The key idea that is being
exploited is that humans use eye fixations for de-
ictic references: in the following sections we de-
mostrate a scheme whereby the eye-fixation in-
formation is utilized to enhance/correct certain
speech recognition errors. Furthermore, the ideas
and notions presented are general and can be ap-
plied to various other domains which utilize visual
and auditory cues.

3. Using Eye Fixations to Enhance
Speech Reognition

In this section, we discuss the method of integrat-
ing eye-fixation information into existing speech
recognition systems. There are various approaches
to the problem of multi-modal integration:

¢ Loose Coupling: By loose coupling methods
such as ones proposed in [14] where information
from different modalities are gathered and recog-
nized seperately; multi-modal integration of these
recognized tokens enables reference resolutions.

¢ Semi-tight coupling: In this approach, infor-
mation gathered from various modalities are then



used for bootstrapping each other and the rescored
recognition is performed. This is the approach
taken in this paper.

e tight coupling: The various modalities are
time-stamped and synchronized, and the reconiser
runs on the combined information from all modali-
ties together. Examples of such a coupling include
various neural network architectures proposed for
lipreading.

After examining the eye-fixations, it is clear
that while temporal sequence of eye-fixations cor-
relates with the sequence of occurence of those re-
ferred objects in the speech data in some cases,
accurate temporal correlation is absent a lot of
the time. This suggests that rather than incorpo-
rating temporal sequential information from the
visual modality, it would be more useful to incor-
porate “symbolic” information: by this we refer
to symbols such as city names or objects that are
being discussed which appear in the field of view
of the speakers.

This notion of non-sequential information has
been researched upon in speech recognition sys-
tems in the form of triggers[13], and more recently
word sets[1]. The idea behind the word set proba-
blity boosting algorithm is to enhance the probabil-
ity of occurence of “predicted words” in a speech
utterance. In the present case, the predicted words
are provided by the visual eye-fixation informa-
tion. Figure 2 summarizes the ideas succinctly.

4. Summary of Experimental Results

Experiments have been performed using data recorded

from 8 speakers constitued a total of 95 utterances
from a single dialogue per speaker with the sys-
tem planning train travel routes. The Sphinx-
IT system from CMU was used as the underly-
ing speech recognition system. Experiments were
performed on the TRAINS domain; users wore
an Applied Science Laboratories series 4000 head-
mounted eye-tracking system, headphones and a
microphone. The cities that were fixated upon
during a particular utterance were manually ex-
tracted and stored at 30 frames per second. These
words(city names) were then boosted using the
word set probability boosting algorithm|[1].

The overall correct city recognition in the de-
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Figure 2: Overview of the integration of eye-
fixation information to enhance speech recognition
systems

Method % Cities Correct
CSR-alone 74.2 %
CSR+Eye 82.3 %

Table 1: % Correct city identification with and
without eye-fixation information

coded word sequences improved from 74.2% to
82.3%. Surprisingly there were no incorrect cities
additionally introduced despite boosting an aver-
age of 4.6 cities per utterance (the average num-
ber of cities actually spoken in an utterance was
1.6). We further experimented by boosting all 26
cities on the TRAINS map, and found similar im-
provements in city detection; what this suggests
is that eye-fixation is just a means of extracting
information relevant to the current domain of di-
alogue. Using deictic ”eye-triggered” word sets
in dynamically varying scenes is potentially use-
ful information for improving speech recognition
performance. The visual modality can sometimes
provide useful cues as to what the speaker is talk-
ing about (such as a specific cities/objects), and
this work suggests that it can be useful to bias
speech recognition systems towards such dynamic
domain-specific information. The improvement in



correct city identification is summarized in table
1.

5. Conclusion

In this paper, the concept of utilizing eye-fixations
to enhance speech recognition has been explored
and implemented. This is achieved by treating
natural human eye fixations as diectic referencesto
symbolic objects, and passing on this information
to the speech recognizer. The speech recognizer bi-
ases its search towards these set of symbols/words
during the best word sequence search process. As
an illustrative example, the TRAINS interactive
planning assistant system has been used as a test-
bed; eye-fixations provide important cues to city
names which the user sees on the map. Experi-
mental results indicate that eye fixations help re-
duce speech recognition errors. This work sug-
gests that integrating information from different
interfaces to bootstrap each other would enable
the development of reliable and robust interactive
human-computer systems
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