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ABSTRACT

We argue that there is an urgent need for spokefogiie
translation systems in the medical domain. In thisrk we
describe how an existing system of this kind, oddjy intended
for a desktop PC, was adapted to run in a mobilér@mment.
The different characteristics of the target devieeessitate new
interaction approaches and interface design. Thew ne
configuration uses two client applications runnimy two
different devices, one for the doctor and one foe patient,
together with a server; the components are condeoter a
wireless network. The system supports context-daen
translation in both directions. We give a generareiew of the
system, and discuss some of the relevant desigesgsertaining
to deployment of speech-enabled systems on mobiliees.

Categories and Subject Descriptors

H.5.2 [Information Interfaces and Presentation} User
Interfaces —graphical user interfaces (GUI), natural language,
voice I/O

General Terms
Design, Human Factors

Keywords
Medical Speech Translation, MedSLT, Regulus

1. INTRODUCTION

The world’s current population of 6.6 billion speakore than
6,000 languages [1]. Language barriers often
inconvenience. When medical issues are involvedeler, they
cease to be mere inconvenience, and can becortariatening.
Anyone who has had the misfortune to fall ill ic@untry where
they do not speak the local language will be pédlinfaware of
this from their own experience, and quantitativedis [2, 3]
have shown that lack of a common doctor-patiengguage
correlates with a greatly increased probability wégative
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outcomes across a variety of objective indicat@sspite this
fact, in the United States, where 52 million peopleeak a
language other than English at home and 23 miltieaple have
limited English proficiency (LEP) [4], one studyufiad that about
half of LEP patients presenting to an emergencyadegent were
not provided with a medical interpreter [5]. Unfarately, trained
medical translators are both scarce and experBhe substantial
gap between the need for and availability of lagguservices in
health care could be bridged through effective weddspeech
translation systems, e.g. [6], [7], [8]-

MedSLT system [6] is a multilingual spoken languagaslation
system tailored for medical domains. The systerdeisigned to
help in situations where no common language ekistaieen the
doctor performing the diagnosis and the patientd$1€T is based
on Regulus [9], an Open Source platform that sugpor
construction of rule-based medium-vocabulary miatjihal
spoken dialogue applications. MedSLT has alreaéy loeployed
in different versions on a desktop PC and seveysiemn and
positive user evaluations have been reported inlieear
publications [10, 11, 12, 13, 14].

At the international workshop on medical speechdiation held
in conjunction with the 2006 NAACL conference
(http://lwww.sehda.com/hlt-2006-workshop/), doctaaad other
potential users several times said that a syst&m MedSLT
would be far more useful to them if it was avaitabin a hand-
held device, rather than, as with the present @ersin a laptop.
Systems like [15], [16], [17] are efforts towartie tdeployment of
mobile speech-to-speech translation applications.

The paper describes a port of the MedSLT systethisotype of

cause environment. Rather than trying to put all the fimmality on the

mobile devices, which is still very challenging, wese the

distributed client-server architecture describel®), in which a

centralized server accommodates the burden of #rgcu
resource-hungry processes (in particular, moshefrecognition

task and the natural language processing), andott on the

client becomes light enough that it can easily bstéd on a
mobile device.

However the limited screen display on the clieratform, in
addition to the different input mechanisms compaced desktop
PC, necessitates alternative interaction approadhtegration of
the different functionalities to provide efficiecadmmunication is
the main challenge. In this work we try to addresme of the
issues caused by the special nature of the interabetween a
novice user (the patient) and an expert user (tatod), and in
particular provide a different GUI for each of tine® parties.



The paper is organized as follows. In Section 2give a short
overview of the Regulus platform. In Section 3 wesgent the
desktop version of the system along with the fest@mbedded in
the mobile version. We continue in Section 4 withme issues
concerning the deployment on a mobile platform.e&atiption of

the system’s architecture is presented in Sectiolm Section 6

we focus on the GUIs for both the doctor and théepa The

results of a short evaluation are presented ini@e@t The final

section concludes.

2. REGULUS PLATFORM

Regulus is an Open Source platform that supporistoaction of
rule-based medium-vocabulary spoken dialogue agipdics. As
well as MedSLT, it has already been used to buélkesal other
substantial speech-enabled applications. The mashipent of
these is NASA's Clarissa procedure navigator [#8iich reached
to the point of initial testing on the Internatid®pace Statich

The distinguishing feature of the Regulus systethésemphasis
on principled use of linguistically motivated metisp all speech
and language processing is performed using resswitienately
derived from substantial, domain-independent feagnammars,
suitably compiled for the tasks of analysis, geti@naand speech
recognition. Early versions of the platform usedeobhase
grammar per language; more recently, we have evecepded
beyond this point, and merged together the resagnammars for
related languages [20]. Compilation of the gengrammar into
its final form proceeds in several stages, and liresexample-
based methods, driven by small corpora, which nitghessible to
transform the loose general grammar into tightlynstmined
domain-specific grammars. For the case of perfagmspeech
recognition, subsequent processing compiles theadwspecific

grammar into a Grammar-Based Language Model (GLM) i

Nuance format.

The Regulus platform also contains further infiactire to

support construction of applications which use teeognizers,
parsers and generators as components. In both, dagemain

processing flow consists of a pipeline. Thus prsicgs in a

speech translation application starts with speeetognition

(including parsing), which produces a source laggusemantic
representation. This representation is then passedtranslation
engine, which is interlingua-based. It first trates the source
representation into an interlingua form, and theto ia target
language representation. Finally, the target laggugrammar,
compiled into generation form, is used to creatarget language
surface string.

The generic dialogue application architecture imilar. The
central component is the Dialogue Manager (DM),clvhieceives
dialogue moves and produces abstract actionssdtrabnipulates
an information state, which maintains context; pssing will
generally be context-dependent. The DM is brackdtetiveen
two other components, the Input Manager (IM) angl @utput
Manager (OM). The IM receives logical forms and +speech
inputs if there are any, and turns them into diaogioves. The
OM received abstract actions and turns them intocie
actions. Usually, these actions will be eitheraieg, though
text-to-spech or recorded speech, or manipulatibra cGUI's
screen area.

! http://ti.arc.nasa.gov/project/clarissa/results/
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3. DESKTOP VERSION

The bidirectional MedSLT system supports two camf@ions.

The first of these is a restricted version allowimg/no and WH-
questions on the doctor side, and elliptical (Shanswers on the
patient side. The second is a less restricted argrsivhich in

addition supports patient answers in the form dfdentences. In
the initial prototype, the doctor language is Eslgli French,

Japanese, Arabic or Catalan, and the patient lgiggisaSpanish

The following table shows examples of grammar cagerfor the

English language:

Table 1. MedSLT Grammar Coverage Examples

Where? Is the pain
above your eye?

When? Have you had the pai
for more than a month?

=]

How? Is it a stabbingl How often? Do you get

pain? headaches several times a week?
How long? Does the painl Associated symptoms?Do you
typically last a few| vomit when you get the
minutes? headaches?

Why? Does bright light
make the pain worse?

What helps? Does sleep mak
the pain better?

3%

Figure 1 shows a screenshot of the GUI for the tdgskersion of
the system. It contains two tabs, one for the doatal one for the
patient, with the two parties normally taking attate turns. The
interaction in this version proceeds as followdtidly the doctor

asks a medical diagnosis question. The system pesdiwo

separate results: a back-translation (translatiom fEnglish-to-
English) that shows how the system understood tiestepn, and
a list of similar “help examples”, based on ondsetafrom the
development corpus, which are already known to vearkectly.

The back-translation and help examples
immediately below in Sections 3.1 and 3.2.

[t
File Settings Help

=lofx|

History |

= do you have fever? =l
B o fiene fiebre?

B0 5i rrucho

F= i have a severe fever

= what i5 a temperature?

B0 cuantos grados tiene?

§-1 cuarenta grados

= my temperature is one hundr

= Doctor| (5] ’-I

T System understood
what is your temperature?

rQuestion-

what is a temperature?

Wwhat is your temperature

what were the results

what was the diagnosis

do you have a temperature

what kind of painisit

what antibiotics are you allergic to

what antibiotic are you allergic to
is your temperature over one hundred two degrees =l

[ Tranglation-

¢cuantos grados tiene?

q s

Ready \

1
1Phar\/ﬂg\lls§ I

Figure 1. Desktop bidirectional GUI

The user either approves the system’s back-trams|abr else
selects a help example; in either case, the sdlagterance is
passed to the translation module, and the resultangslation is
presented in the “Translation” box at the bottomtlu screen.
When the user presses the Play button, the syspeaks the
target utterance aloud, and then transfers contrathe other
partner in the dialogue. The history of the dialgidisplayed in
the left-hand pane.

are disdusse



3.1 Help system

In a spoken dialogue application, it is often dadie to give users
immediate feedback on the system’'s coverage, whigh
particularly likely to be useful when recognitionash been
unsuccessful. Work by [21] suggests that most uaersable to
use this kind of feedback to gain rapid familiarityith the

system’s coverage.

The help module for a Regulus-based applicationksvan the

following way. The system is provided with a libyaf examples,
compiled during system development, which are kndwrbe

within coverage. At runtime, the application casrimut a second
round of recognition using a backup recognizer go@d with a
Statistical Language Model (SLM), and uses a serfidegram

based distance metric to order the library examfgstheir

closeness to the SLM recognizer’'s output; the &p éxamples
are then shown to the user. This happens indepéndeh

whether the user’s original input was correctlyo@gtized or not,
which means that for each input, the user alwags seset of
related in-coverage phrases.

The experiments described in [10, 22] confirm ontuitive
observation that the help module makes a largeerdifice to
usability. With help available, most new users dapiacquire
confidence; without it, they flounder. Table 2 sisosome help
examples for the input sentence: “Have you hadegp $est?”.

Table 2. Help System Example

User “Have you had a strep test?”

System | Was a strep test carried out?
Was a rapid strep test done?
How long have you had congestion?
How long have you had a headache?

What where the results of a strep test?

3.2 Back-translation

Back-translation is a way of rephrasing the uspuirand is an
indication of what was actually understood by thstem. This is
particularly important in cases where the intergienh differs

significantly from the surface input, for exampléen it consists
of an incomplete utterance like a short answerckviieeds to be
resolved with reference to the preceding dialogoatext. In

order to produce the back-translation, we firstnstate the
recognition result into interlingua form, and theeanslate it back
the source language. Given that the system isdyireapable of
multi-lingual translation, and in particular of leimng an

interlingua form in the different languages, thigategy is very
easy to realize. Table 3, depicts some examplesisgcow the

back-translation differs from the actual user’sunp

Table 3. Back-translation Examples

User Back-translation

“Does red wine cause any
headaches?”

Do you have the headaches
when you drink red wine?

“What relieves your pain?”| What makes the painéy@tt

“How about bright light?” Is your headache made seor

by bright light?

“Do you have it every
day?”

Does the pain occur every day?

Published in SIMPE 2009

4. |ISSUES WITH THE MOBILE VERSION

In this section we will address some specific isstgdated to the
mobile version of the system. Initially, we shoutféention that
this version is less ambitious in terms of supmpartipatient
feedback, which so far can only be non-verbal.

As we mentioned in the introduction we have twodkimof users,
with different levels of expertise. On the one haweé have the
doctors, it is reasonable to assume that theyusd the system
regularly, and will be able to learn to use it dgycat an expert
level. On the other hand, we have the patient, wiag have to
interact with the system only once in his life. §hariation in

users, demands different kind of interaction sfgleeach party.
As discussed in the following sections, we haveighesl two

different GUIs. The one for the doctor is more dsfitated,

although still fairly simple for a regular user. el'tone for the
patient supports no speech recognition with the sskecting the
desired response through a touch-screen.

Portability is another important aspect. Consider,example, a
doctor making ward rounds. It would be much conaole to

carry two small devices instead of a laptop. Ondtieer hand, it
is not always feasible for a patient to sit sidedige with the

physician in front of a computer. If, as is commpottile case, he is
lying on a bed, it would be much easier to interith a mobile

device. Moreover the clinical nature of the pateproblem may
demand minimal interaction (e.g. sore throat etc).

The distributed nature of our system offers thgilfidity to put all

the resource hungry processes in powerful centdlizervers.
Additionally we can easily perform changes in thesvers
without the need of downloading and installing svragplication
on the target device. A change in a recognitionngnar or the
help mechanism will be invisible to the end uset, Will enhance
the performance of the system.

The decentralization of tasks has also another fbherss it

reduces the CPU load and consecutively power copom This

would be an important factor for a professional vdoesn’t need
to charge the device frequently.

Of course the deployment of a mobile device hasradhawbacks.
For example the small display prohibits the prestéon of all the

information in separate text boxes. In our approsehmerged the
back-translation output and the help examples sh gme list. For
the user all items in the list represent possilgigons. Again the
history of the dialogue is hidden and can be prtestmupon

request. On the patient’s side the GUI is minimath very few

big buttons and text in large fonts.

5. SYSTEM ARCHITECTURE

Figure 2 shows the top-level components of the adkkwThe
system uses a distributed architecture, wheredhiews nodes are
configured as autonomous peers in the same network,offer
different kinds of services.

The mobile device, which is the only part the usegs, contains
all the logic needed to communicate with the oteers. In our
configuration there is one device for each of titeriacting parties
When the user speaks to the device, audio packetsamsmitted
through the wireless network to the ASR server, rehbey are
recognized using both the grammar-based and thistista

recognizers. The recognition results, in the fof\dest speech
hypothesis lists, are sent to the translation sefieis performs



all necessary natural language processing; its ubuip the
translation response, together with a set of helptesices. The
two mobile applications (at present, deployed orkidldN810
Internet Tablets) exchange information when one tbé

participants confirms a response.
@

fal

-

REGULUS"

Translation Server MRCP|Server Web|Server
( Ethernet 0

Patient
Figure 2. Mobile System Architecture

6. MOBILE APPLICATION

As mentioned earlier, the different levels of exiser and the
different physical condition of the doctor and tha&tient require
two different graphical user interfaces. In the tvext subsections
we will give a short overview of the features fath applications.

6.1 Doctor’'s GUI

The doctor’'s mobile application is a lightweight opess,
implemented in C++, responsible for the followiagks:

e Supporting different input modalities (speech, pen

buttons) and different output modalities (screem an
speakers).

« Communicating and requesting services from the Kledi
Resource Control Protocol (MRCP [23]) server for

either ASR or TTS.

e Capturing and packetizing streaming audio (8KHz -

8hit) using the Real-Time Transport Protocol (RMero
UDP).

¢ Forwarding the recognition result to the Transkatio

Server in order to perform the natural language

processing.

«  Providing the answer to a user’s request and ptiesen
a set of help sentences according to the userid.inp
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As seen in Figure 3, the doctor side GUI considt$wo text
boxes for presenting:

e A list with the back-translation (grammar-based
recognition) followed by the help examples assedat
with the statistical recognition.

e The translation of the selected output.

Understood

do you have pain when you drink red wine? [

is the pain caused by exertion?

is the pain usually relieved by sleep?

is the pain usually accompanied by nausea?
is the pain preceded by vomiting?

Translation

avez-vous mal quand vous buvez du vin
rouge?

RECOGNITION_ABORTED

Figure 3. Doctor’'s GUI

There is also a button for initiating the speectogmition and

three buttons for navigating in the result list. eTtsame

functionalities are also offered by the hardwarttdns located in

the upper left side of the device. Finally, thetisdabar presents
different events associated with the user’s inteyade.g. start of
speech, recognition completed etc.).

The doctor can navigate through the list and giekresponse that
he prefers. When the tick button is pressed thecssd item is
translated to the patient's language and it is gresl and
announced on the latter’'s device. By pressing aifipdardware
button the physician can also observe the dialobigtory
between the two parties.

6.2 Patient side GUI

The GUI for the patient is much simpler. As we @dserve in
Figure 4, it consists of a textbox for presentitng tdoctor’'s
question and six buttons for the most useful respsnwhich
cover the basic subset of the possible answefsrénch).

avez-vous mal quand vous buvez du vin
rouge?

JE NE SAIS

o PAS

REPETEZ
LA QUESTION

FREQUEMMENT

RAREMENT

Figure 4. Patient's GUI



The patient’s responses are categorized into treep pairs, so
that buttons answering the same type of questiomsnaa close
position. These include:

A Yes/No response, which can be used in questikes |
‘Do you have fever”, “Does the pain appear every
morning” etc.

¢ A Frequent/Seldom response, for questions like ®Doe
bright light make your headaches worse”, “Is it a
persistent pain” etc.

2. The user speaks to the mobile device using the same
headset as the one used for the desktop PC (MOB_H).

3. The user speaks to the mobile device using theambo
microphone from a distance (MOB_O).

4. The user speaks to the system using the Nokia BH-90
Bluetooth headset with a sliding boom microphone
(MOB_B).

The error rates for each interaction scenario exsgmted in Table

« A Don't know/Repeat response, when the user doesn't 5. We present figures for three metrics: Word ERate (WER),

know what to answer or he is not able to clearadrthe
text on the screen and wants to listen to the aodiput
again.

The user can tap with his finger on one of thesohs, which
results in the response being announced back ordadb®or's
device, in his language. In the next version of @idl, we will

also include forms where the patient can specifgitamhal

information e.g. fever temperature, date intervaledications list
etc.

The following table shows a sample interaction leemv the
doctor and the patient:

Table 4. Sample Interaction

Input “Is the pain stabbing?”
Doctor . La douleur est-elle comme un
Translation .
coup de poignard?
Patient | Press NO
Input “Throbbing?”
Doctor i i
Translation| La douleur est-elle pulsative?
Patient | Press | DON'T KNOW
“Does the pain come early in the
Input : M
morning?
Doctor i _
. La douleur survient-elle tét le
Translation .
matin?
Patient | Press YES

7. EVALUATION

We evaluated the application with respect to speaechgnition
performance and response latency, and obtainettgesusistent
with those of our previous studies [18]. The fawattwe use a
distributed client-server architecture implies thie mobile
application can benefit from its ability to run oesce-hungry
processes on the remote peer. The issue we wishiasdstigate,
however, is whether this also involves degradatinrthe quality
of the system’s understanding of the user’s input.

For our experiments we used the data collectedxogan-native
English speakers in an office environment. Eactalspes had to
read 50 selected, in coverage sentences duringifioeraction
scenarios. We thus collected 200 sentences frorh eser,
producing a total of 1200 waveforms (300 waveforper
interaction scenario). The scenarios were theiotig:

1. The user speaks to the desktop PC using a simiie of
headset (DES_H).
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Sentence Error Rate (SER) and Semantic Error Ba@ER).

Table 5. Error Rates per Interaction Scenario

Desktop Mobile Mobile Mobile

DES_H MOB_H MOB_O | MOB_B

WER 6.7% 6.3% 12.8% 10.2%
SER 29.7% 29.7% 37.0% 35.3%
SemER 11.0% 11.3% 23.0% 18.3%

SER is, as usual, defined as the proportion ofarites where at
least one word is misrecognized. Semantic Erroe Ratefined

as the proportion of utterances which produce aas@m

representation, at the level of dialogue processimgich is

different from the one which would have been pradlgiven

perfect recognition. SemER can thus be thoughsaf eersion of
SER that has been adjusted to take into accouriathéhat many
recognition errors have no effect on system respons

From the results presented earlier, we can obssiwelar
performance when using the headset on the deskiopri@ the
mobile device. This was more or less an expecteditreBesides
any hardware differences between the two platfortims, factor
that mainly differentiates them and may affect plegformance is
the wireless data network. As our architectureisdributed, we
rely on the underlying data network mainly for audi
transmission. Audio is always time sensitive infatibn and a
congested network will cause packet loss (transomssver the
UDP connectionless protocol). In our experiments, wsed the
public wireless network of the University of Gengwahich
offered a reliable and speedy access medium.

In the case of recording with the onboard microghave observe
a clear degradation in the performance. From oseonfations on
the corresponding waveforms we see that the distdefinitely

affects the quality of the speech. One may argaettie user can
bring close to his mouth the device when neededs Tihually

causes clipping on the waveforms as the user spiedks device
too close. On the other hand a constant movemetiieotievice
may affect the smooth interaction between the ws®t the

system.

The Bluetooth headset is a compromise, as it pesvic
performance between the two extremes and on ther didnd it
offers the flexibility of no cables. We believe thtor less
demanding applications we could rely on the relighbf this
headset.

Besides the previous metrics concerning the speeobgnition
performance we calculated the response latencg.i$hiefined as
the time between the press of the recognition butiad the



acquisition of the recognition result (includingettime of user’s
speech). As seen in Table 6, we have an overhe@@8fseconds
in the mobile version compared to the desktop &ke.believe
that this is a minimal compromise considering tleadiits of a
possible transition to the mobile version of ousteyn.

Table 6. Recognition Response Latency per Scenario

Desktop Mobile
DES H MOB B
| Time (sec) 2.838 3.470

Another interesting comparison is between the tterf

acquiring the translation result on both versidrisgs is defined as
the elapsed time after sending the request orrainslation server
and obtaining the output. Table 7 shows the resaft this

comparison, which again indicate a negligible latefior real

time applications.

Table 7. Translation Response Latency per Scenario

Desktop Mobile
DES_H MOB_B
| Time (sec) 0.479 0.634

8. CONCLUSIONS & FUTURE WORK

In this work, we tried to identify some key issugken moving

from the desktop version of our MedSLT system te thobile

one. We first examined the main features embeddedath

versions. By incorporating client/server architeetuve offer

flexibility and scaling on the target applicatidrhe different user
interaction styles demand specific solutions focheaf the

engaging parties. Finally, we showed that the neobélrsion has a
similar performance concerning the speech recagndis long as
the same headset is used.

In the next phase of this work, we will perform exments with
real users. We will use medical students as weirdigrevious
studies, together with users that impersonate titeerds. The
participants will simulate different, well-scriptefixed scenarios.
In these experiments a task will be considered uzsessfully
accomplished when a doctor correctly identifies type of
medical condition that the patient was asked toukite. One
important aspect is also the time needed for aiplaysto pick
the correct diagnosis from the list of candidaRscognition and
translation errors along with interaction errorsodd be
quantified for both interacting parties. The samerkwvalready
implemented for the desktop version will offer amgarison
basis.

Considering the fact that the participants may rade under
stress, or in a noisy environment, we could offedigonal
modalities. For example a question can be pickeam fra
predefined list or written with the stylus pen. amy case the
question of synergies between modalities is a tolaisely related
with the current work.

A more ambitious task would be to add meta-linguist
information in the generation grammars. Using SSkMis for the
TTS output we can give emphasis to certain pahange the
pitch etc.
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Another way to deliver meta-linguistic informati@ould be the
addition of images. For example when the doctos &8kd you
eat salmon yesterday?” and the user doesn’t knoat wimd of
fish is that he could press on the correspondinmn.icFor
modeling certain kind of pain, we can include voicens that
resemble the pain.

A model of the human body on the screen could diso
appropriate for depicting problematic areas to doetor. Other
types of iconic representations, such as temperacales, date
intervals, and medications list are also possible.
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