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Abstract

We describe the development and conceptual evolution of
handheld spoken phrase translation systems, beginning with an
initial unidiredional system for translation of English phrases,
and |ater extending to alimited bidiredional phrase translation
system between English and Pashto, a mgor language of
Afghanistan. We review the dall enges posed by such projeds,
such as the ngraints imposed by the cmputationa
platform, to the limitations of the phrase translation approach
when deding with naive respondents. We discuss our
proposed solutions and their experimental evaluation.

1. Introduction

The inspiration for a spoken phrase trandation system (SPTS)
can be found in traditiona text-based phrasebooks, where
domain-spedfic sets of useful phrases in the user's language
are listed along with trandations in the target language. These
trandations are usually written in some phoretic form, so that
the user can produce an approximation to the target language
sounds. The phrase trandation systems that are the subjed of
this paper extend the dassicd phrasebook in many ways. they
use voice input for seleding the desired sentence, including
likely variations in wording, as well as voice output to play
bad an associated prerecorded translation. The alvantage of
using vdceinput is that the user’'s eyes are kept freg and the
user does not have to search for the desired phraseif he or she
approximately remembers it. Voice input may also offer
greder convenience than seaching through a list of phrases.
The caability to give spoken output can be vauable when
deding with illiterate listeners, or when it is important to keep
a physicd distance between the user and the addressee The
use of prerecorded voice output for the trandations aso
ensures that a dea, native pronunciation cen be mnveyed and
does noat require the user to produce the best approximation of
the often crude written phonetic representation.

The SPTS represents one of the simplest forms of voice
trandation avail able. Most of the computational effort resides
in the phrase remgnition comporent, and the translation
consists of only a look-up operation for the waveform of the
corresponding perecorded  translation.  The  moderate
computational demand and the many potential appli cations for
such a system make it an ided applicaion for the aurrent
generation of high-end handheld computers.

A natura extension of an SPTSis to alow spoken responses
from the aldresseg enabling limited bili ngual communication.
However, using this capability presents geda challenges for
the spoken phrase trandation paradigm when deding with

naive respondents, as we will discuss in the following
sedions.

A phrase translation system, while dealy limited in its nature,
can till be very valuable in numerous situations where users
need to convey diredions, commands, orders, simple
instructions, and even simple questions, with limited possible
answers, to non-English spekers. These uses arise in adivities
such as peac&eeping gperations, medicd triage, humanitarian
assistance, medicd diagnostics and treament, fire and pdice
departments, disaster relief, business travel, customs and
immigration, the travel industry, and many others.

In this paper we report on ou work on the system architecture
and adgorithm and software development for both a
unidiredional SPTS and a bilingual SPTS having severa
additiona capabilities. There has been complementary work
on the underlying speed recognition engine [1] and on the
hardware platform [2], as well as on the development of
Pashto language techndogy [3] for the bilingual SPTS that
has been reported el sewhere.

2. Unidirectional phrasetranslation

The main challenge in developing the first unidiredional
SPTS was to adieve red-time spedker-independent
recognition for a significant number -- around 7® -- of
simultaneoudly adive phrases, with reasonable acaracgy, on a
handheld computer. Part of the work consisted of developing
and optimizing our remgnizer engine for embedded and
mobile systems, DynaSpe&k [1]. Much of this DynaSpeak
development was driven by the requirements of the phrase
trandation system, such as the use of integer arithmetic,
support for embedded grammar tags, support for dynamicaly
loadable grammars, and low-overhead Gaussan and seach
pruning, which is criticd for fast demding in large seach
spaces. In addition, we implemented full support for SRI's
different amustic [4] and language [5] models and a simple
natural language parsing capability. To increase reagnition
robustness, we dso implemented fast online spe&er and
environment adaptation based on[6] and nase cmpensation
cgoabilities. Finadly, a multithread-safe implementation
efficiently supported running multiple instances of the
recognizer with different grammars, and/or different acoustic
models, this is an esentiad fedure for speed-to-speed
trandation systems. Other work included applicaion-spedfic
reseach and development, such as a study of seach
topologies, amustic model development for robust, fast,
spedker-independent recognition, and grammar optimization
tools[7].



2.1. Architecture of the unidirectional SPTS

In Fig. 1 the dotted box delimits the wmponents that
correspond orly to the unidiredional SPTS. At initidization,
the aplicaion loads Engish amustic models into the
recognition engine, and the user, either by using the GUI or by
voice @mmands, chooses one of the available reaognition
grammars, usualy correspondng to spedfic goplicaion
domains. Eadh reagnition grammar is composed of a number
of finite state subgrammars, eat subgrammar representing the
canonicd form of a sentence and likely variations in wording.
Eadch sentence is explicitly represented by concaenating the
corresponding word models in a sequentia path. Alternative
branches in the subgrammar allow the representation of
variations. In the simplest case, ead sentence subgrammar is
associated with a unique tag that the recognizer passes through
to the output and that is used to find a unique translation and
display string. The grammars can be spedfied in a simple text
form using the JSGF format. The tag is used to look up a
corresponding translation in a set of compressed audio
waveforms spoken in the desired output language. The user
may seled the output language from a set of available
languages in a given application.

The user interface uses a push-to-talk (PTT) button to input
speed into the reagnizer. Whil e the system is adive, audiois
continuoudy aayuired into a drcular buffer and the PTT
beginning and end signals are used only to cue likely
endpoints. This enables the seach for the adua endpoint to
start before the PTT beginning signal, so the system is robust
to user synchronization errors that would atherwise result in
the speed being truncated.

2.2. System features

A valuable mnsequence of the use of speder-independent
aoustic models is that no acustic training for individual
spe&kers is required to begin using the SPTS. A result of the
use of current state-of-the-art large-vocabulary speed
recognition tedinology is that the aoustic models are
phoneticdly based, alowing the eay addition of new phrases
through entering ordinary spdlli ng. It is thus graightforward to
crege phrase sets for new domains with relatively simple
tools. All that is needed besides text input are the recordings
of the asociated trandated waveforms. It is also easy to add
sentence variations either by defining new sentences
associated with the same tag/translation, or by editing the
subgrammar associated with the canonicd form of a sentence
Adding new languages is also easy, requiring only (ora)
trandations and recordings of the trandations. There is no
pradicd limit to the number of target languages, as eah
normally requires only a few megabytes and many can be
stored on a flash memory card.

The system user has the choice between having the recognized
phrase trand ated immediately, or using a verificaion mode, in
which the recognized phrase is first displayed, and if corred,
played in trandation by the user pushing a second button. This
verificaion mode can aso be speed based, so the operation
can be ges free This smple feaure ads reliability to criticd
communicaions or when reaogntion acaracy may be
degraded becaise of environmental condtions. It is aso
possible to use stylus input to seled the desired sentence to
translate on a scrolli ng display window.

3. Bilingual phrasetrandation

The next step in the development of phrase trandation systems
was to alow limited hbilingual communicaion. In principle
this can be implemented with two unidiredional systems, one
for ea language. Unfortunately, smply putting together two
unidiredional SPTSs would na work for untrained
respondents, as they may not be avare of the dlowable phrase
answers.  Furthermore, a naive respondent may produce
unexpeded but criticd speed input. Our goa was to med
challenges without gredly increasing the cmputational
demands, so that the same hardware could support the new,
bidiredional system. One gproacd to handling the speed of
the naive respondent is to reduce reagnition perplexity by
using question-dependent reagnition grammars for the
respondent; that is, at ead point in the dialog, the last English
question determines which Pashto gammar will be adive
during the respondent’s turn. The English questions are dso
designed to constrain respordent answers by using careful
wording, and even suggesting possible dternative answers as
part of the question. To ded with unexpected inpu, which by
definition cannot be catured by the question-dependent
grammars, we implemented a wordspotting mechanism that
can be used either to cue the system user abou certain criticd
information a to help the system user reengage in the kind of
direded didogthat the system is cgpable of handling.

3.1. Architecture of the bilingual SPTS

In Fig. 1 we show the different components of the bilingual
SPTS. The system consists of two similar SPTSs, one for
English and one for a target language, in this case, Pashto. The
user interface dows the operator to dired inpu speed to
either recognizer. The English subsystem is very similar to the
unidiredional SPTS discussed above, with the aldition that
the identity of the recognized English sentenceis used by the
grammar seledion block of the Pashto SPTS. The Pashto
SPTS uses this information to load the response grammar for
the Pashto recognizer that matches the last question from the
English speer. In aher words, the Pashto recognition
grammar at any time is dependent on the previous English
question. This fedure is esentia to reducing the reagnition
perplexity in the Pashto system to only a few semanticdly
distinct alternatives.

In our approacdh, respondent answers fit into 1-of-N synonymy
classes, where eab synonymy class is a set of answers having
the same meaning. Each synonymy class is modeled by a
subgrammar that represents most of the expeded variability in
the responses of naive spedkers to a given question. Ead
synonymy class is linked to a "canonicd translation” that
conveys the meaning bad into English. Note that the
synonymy classes can be represented by quite large grammars
to encode syntadic, lexicd, and dialedd variations of answers
with the same meaning. This complexity of the synonymy
class sibgrammars is compensated for by the fad that only a
few of the synonymy class subgrammars are adive at a given
time, becaise of the question-dependent architecure for the
Pashto recognizer.

3.2. Structured value sentences

A particular type of input, structured value sentences, which
convey information about quantities, time, order, and so on is
handled by parsing the input to obtain a language-independent
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Fig. 1. Bilingual SPTS. The user interface ontrols the audio gating to the English or the Pashto recognizer; it also can

seled, by voice or stylus, a domain grammar from those avail able.

The English remgnizer output is used to seled the

trandation waveform/s to playbadk, the display string, and the reagnition grammar for the Pashto recmgnizer. The
question-dependent grammar is combined with the wordspotting grammar in the Pashto recognizer. The Pashto recognizer
output, asinge tag, or atag list for value structured sentences, is processed to produce the Pashto waveforms play list and
the display string corresponding to the canonicd trans ation. The dotted box delimits the unidiredional SPTS components.

representation of the value enbedded in the sentence, and then
generating the trandation by rule from a series of prerecorded
waveforms that are dynamicdly concaenated. We
implemented support for a mechanism by which the structured
values can be anbedded in the redgnition grammars as well
as in the definition of the canonicd trandations. We used
DynaSpe&'s cegpability to output tags asociated with
subgrammars to encode in these tags relevant information. We
scan the output of the recgnizer for these tags and process
them to extrad the crred values in the right places. The
associated audio translation is formed by concaenating
prerecorded waveforms acording to a rule-generated
waveform list associated with the decded value. We alded
additiona functionality to handle tense and number agreement
between the generated components. Both recognizers can use
this cgpability.

3.3. Wordspotting capability

A significant cgpability was the cgadty to handle important
but unexpeded input, or "hot words', from the respondent. To
address this neal, we alded wordspotting. Our approach to
wordspotting attempts to capture most of the fedures of the
high-performance wordspotters based on continuous Peedt
recognition technology [8], such as using statisticd language
models and explicit amustic modeling of context words
leading to the "hot words’. At the same time, we limit the size
of the total wordspotting model to operate in red time on the
handheld herdware. In our implementation we used a dass-
based bigram language model composed of "hot words', likely
context words surroundng the hot words, and a generd filler
model to represent any other speed not explicitly modeled.
The wordspotting gammar is combined with the adive
question dependent grammar at a given time.



Thefinal stage of the wordspotting agorithm is based on word
confidence etimation derived from a posterior probabili ty
weighted word graph derived from N-best deading. Our
experiments sowed that this approach had five times fewer
false darms than classcd wordspotting methods using only
hot word and filler amustic models.

3.4. Additional features

A confirmation fedure was implemented for the Pashto
spedker, which plays bad the Pashto waveform meaning "Did
you mean ..." concaenated with a canonicd Pashto waveform
(or waveforms in the cae of structured value sentences)
associated with the reaognized Pashto synonymy class. This
feaure is particularly important for languages like Pashto
where thereis no widespreal use of written language.
Confidence scores, a byproduct of the wordspotting
medhanism, can aso be presented to the user to help
determine when the recognition acarracy may be low, and the
confirmation mecdhanism engaged.

4. Field experience

While still being improved, the unidiredional SPTS has been
deployed and used in severa red-world situations alowing
the colledion of valuable feadbadk. While limited, the
concept of phrase trandation seams to fill many relevant
neeads, mostly when the needed communication is asymmetric.
Some users have reported that the SPTS provided a grea
boost to the cgability to function with foreign nationals and
communicate the user's intent to target audiences.

When just introduced to the system, people often start out by
assuming that the device can trandate spontaneous peed, but
lean very quickly to adapt to the limitations of the SPTS
approach. It is not surprising that users have often expressed a
desire for bidiredional input.

The design o the phrase lists and organization of the phrases
into meaningful groups sens to be very important. Some
users have said that they would like to be &le to organize the
phrases themselves for maximum individual convenience or
just to group phrases into subdomains that users can interpret
and manage eaily. Being able to navigate a meaningful
hierarchy of topics ens to make a big differenceto how easy
or hard it isto find adesired phrase.

A number of field users have taken advantage of the provided
tools to build new domains or trandate old domains into new
languages. The capabili ty supported by these tools appeas to
be highly appredated and very valuable in rapidly changing
situations.

Overadll, perhaps the most important fador in the perceved
utility of the unidirediona SPTS is whether the desired
application is well matched to its cgpabili ties and limitations.
It cannot be overemphasized that the SPTS is not the solution
to the overall language barrier problem; nevertheless it
appearsto be aviable solution to parts of the problem.

5. Summary and discussion

We have described the system architedure and the underlying
agorithms used to develop the software for a unidiredional
spoken phrase trand ation system that would run on a handheld
computer. The achitedure was extended to accet
constrained responses from untrained non-English spe&kers, as
well as to support structured val ue sentences and wordspotting

cgpabilities. Feadbadk from initial deployments of the SPTS
seans to indicae that the gproach fills the need for
communication in many important situations, espedally when
the user wants to convey information in spedfic semantic
domains and the interadion is rather asymmetricd; that is, the
English spe&ker mostly direds the dialog by providing
information, giving drections and orders, or by asking
questions with simple aswers. The caability for rapid
prototyping of applicaion padkages for new domains and for
new target languages is perhaps one of the most salient
charaderistics of the SPTS approadh, providing a very
valuable tool to enable basic, essential communicdion in
Situations where international teams need to provide disaster
relief, humanitarian asdstance, or other kinds of services, and
afast responseis essential.
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