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- Executive Summary , - : , - . o

Th|s prOJect was to miniatunze and advance to production ready status the L d

-»VV0|ce Response Translator developed and demonstrated by Integrated Wave
Technologies Inc (lWT) with the Oakland Pollce Department under a prewous NIJ
Grant Extensive evaluation by OPD personnel valldated the requrrement for the .
~ device and the usefulness of the technlcal approach This evaluation also revealed
several_ defrmencues to be corrected before the devrce is put into production for wnde_
scale use'by‘ p‘olice departments and other agencies |

| Th|s grant was extended ona no -cost basis until 2005 as IWT, Inc. worked with"
g NIJ, the Offrce of Naval Research the Air Force Research Labs and the Defense
Advanced Research Project Agency to advance, the design of the Voice Response '
_ Translator An eyes- free hands-free vorce to vmce translator because a national

defense pnority after the 9/11 attacks While the Defense Department rushed into

' production a vorce-to-vonce translator this system was not able to achieve eyes- free
| _hands-free operation These agencres funded purchases and further development of
the Vorce Response _Translatorf for national security applications, as ,well, as law
| enforcement/corrections work - | |

IWT has supported field u use ‘and evaluation of the VRT dunng the penod of this
grant and documented successful use in numerous appllcatlons The technical
A .performance of the system in law enforcement and corrections applications has been u
very good, wnth eyes-free/hands-free capability that no.othe_r syste'm has, but

A implementation and use has been compliycr:ated by several factors. First, the large




~ police departments always had some degree of in- house language translatlon

P : capabllrty and offlcers often relled on personnel who spoke: the reqwred language

More recently, f eld testlng has focused on very small departments W|thout |

: ;Ianguage resources. lmmlgrant mfluxes have created S|gn|flcant Ianguage

requwements and small departments often do not have bllrngual ofﬁcers Testrng with -
the Shenandoah County (Vlrglnla) Sherlff’s Office has produced highly promlsmg

| _. 'results The ofﬁce has deployed VRTs in operatlonal use to conduct routine
enforcem.ent activities W|th persons employed primarily at’ a chlcken processmg faClIIty.b
. ln|t|aI results are the system meets the operatlonal requurements for thls law

| | enforcement department

Military and homeland security use of the VRT has been highly successful, with

the“VRT being the only system successfully used in direct action combat. “We went on -

another,air‘assault today and l'used the VRT again and as before when the're was, no .
| lnterpreter around it- was wonderful. It helped me establlsh control inan uncontrollable )
sntuatlon wnthout lt accordlng toa January 2006 report from 101St Alrborne Dwrsnon
Iraq operatlons ~ . |
The Coast Guard in law enforcement operatlons supportlng Operatlon lraql
Freedom used the VRT on alI cutters operatlng in Gulf securlty duty. Accordmg to the 4'
-‘ Executlve Officer of the- USCG Cutter Adak, “It has proved to be the best interpreting
ool that we have used to date Others have been purchased for us, but yours is used
- oall of the tlme.. Itis S|mple to program; easy to use and the voice that results from the _
unit is clear»and understandable to the.enduser-the Arabic ve'ssels' that we encounter j

each day.”l
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Based on this successful operational use, the Defense Advanced Research

Projects Agency h.as--f“nde.d advanced development of the VRT, centering on new . ‘

confiQUrations and limited two-way capability.-Law enforcement testing of a limited

two-way version is scheduled for late 2006.
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Project Goals and Objectives Summary

This proposal is tominiaturlze and advance to productio_n-re,ady status the Voice‘.

Res_‘ponse T»ranslator‘ de’veloped and d‘emonstrated by Integrated Wave Technologies, '
| Inc. (IWT) with'the Oakland Police Department-under a previous NIJ Grant. Extensive,
evaluatron by OPD personnel validated the requrrement for the devrce and the |
-usefulness of the technlcal approach. This evaluatron also revealed several
defumencres to be corrected before the devrce is put into productlon for wide-scale use -
'by police departments and other agencres. . |

o More generally,.th.is extended effort was to produce a voio_e-to-voice Ianouage
translation tool to meet a stated law enforcement and oorrections requirement. New
features unanticipated in the.original design have been,added in r_esponse to field_ use

of the VRT.

The advancement of the development of thus translatron capabllrty is designed
support more effectlve communrty-onented pollcmg

For the ongrnal effort program goals were to

. lmprove the effectrveness of the VRT by mlnlaturlzmg itand makrng it eaSIer :

to "traln" usrng the ofﬁcers VQICG» and |

. Assess the effectrveness of the |mproved system using a cnmlnologlst to

d|rect the evaluatlon
n P’rogram objectives are tos

. Deploy up to 12 Voice Response Translators with Department personnel

o Test the functlonallty and relrabrllty of the units;




‘. Conduct user 'accepta”nce testing under»field conditionS"
h Integrate the expertrse of a cnmrnologrst |nto the program to develop

effectrveness evaluatron criteria and collect data; and e

"Work with OPD communlty Advlsory Commrttees on Crime to continue to

_ assess'the impact of this device's use in the community.

Proposed Research and Desrgn Methodology
| The flrst -generation VRT prototypes were based on PC104 boards that allow for ,
relatlvely easy development and testrng of de5|gn concepts IWT expanded the work of
the prevnous pl’OjeCt to mclude new hardware desrgn work after |t unexpected problems
' wrth the PCMCIA sound card mterfaces prevented use of palmtop computers as
planned. . | | |

The use of more a'-dv-anced, hardware alllowed for subs’tantial miniaturization,of

the IVRT; This includles a specialiaed 'ultra-low-'power-consurnption (500 milliamps).

'486 PCMCIA form factor motherboard Use of this board will aIIow a devuce

. ,conflguratlon that wrll flt in a shirt pocket

Thls and other development work wrll allow for.an ove'rall effe'ctive'ness
evaluatlon of the VRT once itis deployed wrth 12 members of the Oakland Pollce
Department A crlmmologlst WI|| work with the program to dlrect th|s effectlveness o

evaluatron.




Accom-plishments Against Goals

Thrs proposed program was desrgned to meet the need of law enforcement '

) offlcers to have an effective- audlo translatron capabllrty The effort built upon a .
successful Natlonal Institute of Justlce funded program to. develop a belt- mounted

Voice Response Translator (VRT) The VRT uses a unique voice recognltlon algorlthm '_
that is able to recognlze an offrcer s voice with near 100 percent accuracy even in hrgh
background noise envrronments This proposal was to advance the VRT desngn and |
testlng to the point where it would be mmlaturlzed to fit in the shlrt pocket of an offlcer
Thls goal was to prowde Iaw enforcement officers wrth a deV|ce capable of hands free _

| eyes -free command playlng of 500 pre selected phrases in at least three Ianguages

The technlcal achrevements with respect to the VRT have srgnlflcantly exceeded

these goals The current VRT can hoId up to 125 Ianguages with up to 1 ,000. phrases,, _ . |
record phrases dlrectly on the umt and understand limited forelgn Ianguage | |
responses when programmed to do e

, The VRT, onglnally required to last at least"8 hours between charges, Tlt/i" go,:at |

. least 65 hours between charges. .. - -

Audience for Product

| IWT' has foUnd the'military market to be an’expanding area for sales of its. |
: products The earlrest adopters have been specral operatlons forces: Marines,
Rangers SEALs and Green Berets. For the purposes of accurate market

segmentation, IWT deflnes its. potentral military market narrowly as front I|ne combat




medical and force protection personnel. These are a myin’orit-y, of the armed_'.forces,- and |

. total 282, 487 "

The voice- to -voice translator market |s driven: both by the desire of pollce
department to have enhanced operatlonal language capabllltres and by S|gn|f icant
public. pollcy conS|derat|ons For example |n Callforma the Blllngual Services Act (32) N
requires all state publlc agencies to prowde blllngual publlc contact personnel and
; ..wntten matenals in any non- Engllsh Ianguage that is spoken by at least flve percent of -
those served at any partlcular office. Local agencres are under a similar requirement
:vvhe.re thev serve a substantial number of language minorities. Thus for example, iffa
Sp-anish speaker is.unable to file a claim or communicate in Spanish ata public office,
. a,nd at least tive percent of the cllentele of that office are S‘panish-s‘pe’akers; that |

agency is required to provide written and oral language assistance.

'Non--English speakers are nothingr new to America. But_as.the number of
. ' toreign-born residents“in the United States has steadily risen in the past de‘cade so
"has the number of people who are not fluentin Engllsh Census data from 2000
"“_showed that 1in5U. S. re5|dents speak a forelgn language at home Only a llttle more
than half of these people (55 percent) also reported speaklng Engllsh “very well 2
As of June 2000 there were about 708 000 sworn Iaw enforcement personnel. ’

Of those 425 OOO were unlformed officers whose regular dutles rncluded respondlng_ |

- "Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2004-05 Edition,
Job Opportunities in the Armed -Forces, on the Internet at http://www.bls. gov/oco/ocosz49 htm.

“Language Use and English-Speaking Ability,” Census 2000 Brief, U.S. Census Bureau, October 2003.
Available online at http //www census.gov/prod/2003pubs/c2kbr-29. pdf ,
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- to calls for. servrce This subgroup of potential users is used for the purpose of
| estabhshing the VRT market. |
“ In additlon about 11 percent were either corrections or process servers As of
June 2002, Federal age.nC|es employed more than 93,000 full-time p_ersonnel
: authoriz,_ed to make arrests and carry firearmsl in the -5(i States and the District of-}
. Columb'i-a according to a'SUrvey c‘onducted by the Bulreau of Justice Statistics (BJS).. |
Compared with June 2000, employment of such personnel mcreased by about 6%.
There are approxnmately 3,300 _|aI|S in the United States Correctlonal officers in
the U.S. jail system admit and process more than 11 million people a year with about
'haif a million offenders in jail at any given time. Correctionalofficers held.about ,
476 000 iobs in 2002. About 3 of every 5 jobs were in State correctional institutions |

'~such as pnsons prison camps and youth correctional facilities. Most of the remaining -

jObS were in city and county jaI|S or other lnstitutions run by local governments About. -

16, 000 jObS for correctional officers were in Federal correctional institutions and about

16,000 jobs were in privately owned and_managed prisons.

‘ There are 1_,18 jail systems in_'the United‘States tha_t house over 1,0(50 inmates,
aIIA'of which are io.cated in urb‘a’n areas._‘A significant number work injails and other
facilities Iocated in law enforcem_ent agencies throughout the country. However, most
correctional ofﬁcers work in institutions iocate_d in rural areas wrth smaller inmate :

" populations than those in urban jails.

* Bureau of Labor StatIStiCS, U.Ss. Department of Labor, Occupational Out/ook Handbook, 2004-05 Edition,
Correctional Officers, on the Internet at http //www bls gov/oco/ocoslSG htm.
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One partlcular segment of the consumer market for speech recognrtlon
‘ deserves specmc mentron because of the opportunltres for the Company that it
creates The U S Government is placrng mcreasmg lmportance on the development of .,
assrstlve technology for dlsabled persons both as a matter of civil rlghts for these
persons and the desure to make them more mdependent and productlve members of
socrety The passage of the Amerlcans wrth Dlsabllltles Act (ADA) requrres that publlc
and prlvate entltles make all reasonable accommodatlons for disabled persons Slmply
‘put, speech recognrtron that allows dlsabled persons to live more mdependent home

Ilves and more productrve work lives would be funded by many government programs

or requured to be purchased by relevant accommodatlon Iaws such as the ADA

- Assi‘}stive'technology development areas that have lagged are Voice ReCognitionA

-and _Spe"aker Verification. Useful and effective Voice Recognition (VR) and Speaker
Verification (S\'/V)-technology WOuId allow many disabled-persons to Iead more ’A
'_ mdependent and productlve Ilves But the v0|ces\ of some drsabled persons are
unrecognlzable by currently avallable VR and SV systems These systems rely on the
7 recognltron of separate parts of speech - phonemes —to determrne the words

spoken Non- standard speech cannot be processed effectlvely by these systems.

The General Accou-ntlng Ofﬁce in a -1'996 re'p'ort “People with Di.sabilitieS'
| Federal Programs Could Work Together More Efﬁmently to Promote Employment
noted that Congress has worked to find means of reducrng the $60 billion spent each
year on dnsabrllty assrstance payments One of the most effectlve way of maklng

' disabled persons more self suffrcrent is to develop more advanced aSS|strve
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technologies, and the GAO specifically cited voice recognition for'eomputers asa

‘promising tecn'nol'ogy-. : - S 4 o R .

Many{p,erson‘s reéeiving disability payments have impaired speech. The group of
_ persons with diseases or injuries involv'ing ‘impaired speech is Iarg'e.' Approx_ir'rlate.

numbers for some are:

~e 700,000 with cerebral p_alsy; o

350,000 with muItiple‘scIerosis; »

- 500,000 with Parkinson’s Disease;

- 2 million new cases annually of Acquired Brain Injury;

4 rnillio_n V\rith‘AIzheimer's Disease;'

4 million with epilepsy; and -

¢ 4 million stroke survivors.

Other important greups for which numbers were not irnmediately available are:

e Throat ‘and mouth cancer; and
e Other mt;scu"lar diseases.
For some groups, on'ly{'s'c‘)me péf‘son“s_ suffer from impaired speech. For others,
such as cerebral r)alsy and Parkinson’s Disease', v'ir,tu‘all-y all members suffer from

impaired speech.

Several laws - notably the Amencans wrth Dlsabllmes Act and relevant sectlons
of the Rehabuhtatron Act and the Telecommunrcatrons Act - requrre governments and

‘private employers to purchase assrstlve devrces when they are shown to be effectlve

t

in .helprng disabled persons have more productive work Ilves.,

11



| IWT antrcrpates the market for. serwces and hlgh technology hardware for -
. dlsabled persons to be a sugnlflcant busmess area. Some 52 mllllon non-
| . lnstltutlonallzed Amerlcans experlence some form of dlsablllty that |mpa1rs thefr

o performance of dally actlvmes Wh|le many of these drsabllltles are. relatlvely minor,

approxumately 26 m|ll|on Amencans are severely" dlsabled

Accordlng to marketlng data taken from studles by FIND/SVP a 25 year-old
worldW|de research and consultlng flrm thls market is now estlmated to be $796 bllllon
and will top $1 tnllron in the next flve years Functlonal llmltat|ons affect 36 m|II|on

persons and work dlsabrlltles affect 17 m|lI|on

The adoptlon of IWT’s voice command capablllty as a reasonable workplace
accommodatlon under the Amencans with Dlsabrlltres Act wnll add to thls market size.
. The majonty of people wrth dlsabllmes are of worklng age but only one-third of
| dlsabled persons are employed and most of these are in blue collar occupatlons
- Employed people with dlSabl|ltleS earn less than their peers. Vorce command wull open

new areas of employment in hlgh tech computer-based jObS ThlS wull offer new

- K3 s x -
Caia -WY—-,-—- ERCTr A m.—‘s b e e

) )opportunmes for many large groups For example vnsual |mpa|rments affect more than

:10 million, and more than two mllllon have |mpa|red speech
Impact of Pr_oduct on User Groups
" Capt. Ken Pence of the Nashville Police Department wrote:

The Metropolitan Nashville Police Departme‘nt uses the AT&T _language‘
' . | . , line and it costs the city thousands ofdollars a year. When we (the

12



department) reviewed charges that we noticed that most cei_l}ls only lasted

ﬂtwo (2) minutes. Officers in the field can perform better than_prelimir}ary :

question's‘:_@nd get real ilnfo:'rm'atjon ina timely vfashion...oft:én. better 'th'an a.
Ianguége Iihe. These"devicés are a wo>ndelrful p.ublvic relations tool‘sir;ce' |
gove‘rnmefn»ts can é,how fheir concgrn by. making therﬁ avai|ébl'e for the |
Iang-uages-in their own _comniunity. | . |
’T"r'ie'd‘e‘vi‘cér‘espOnd:'s. well'in high Backi_jround noise where other speech~
recogrjition systems would not work at-all. The device fits,;\_&ell in a closed
uniform shirt pocke_t and thie level of coopefati_on is amazing when your,

 shirt starts talking like a native speaker. The device is highly adaptable for

" paramedics, hospital triyage,' retail stocking or other situations a_hd'trains
well with speakers who may have serious accents or épeech impediments

whereé other speech recognition systems would not work at all..

Lt. Michael Blanton, Lexingtoh -(KY) DiQisio.rf of Pdlice, Buréau' .of Training, -
. "‘wrote-éfter tesﬁng the VRT that: - | |
| The Emergency Response LAJ_nit-us'evd the Voice Trans!ator with.the‘“
A megaph_ohé syétem on one ba_rricadéd subj'éctl incident. The éystem. -
. workéd és it was deéignéd to d‘o and_ projécted stavte.ments‘ for sev_er‘alr_
‘hours to the subject'thét refuséd tol fespon_d to Police, The subject was - .
: . : ‘

eventuallvy arrested without incident. _ . .
B 13 | ’ .



Accordlng to a Navy Pakistan Rehef After-Actlon Report

‘The VRT's gave the Navy Corpsman and Medlcal Doctors a means to N

communlcate wnth patients from a forergn country that was not prewously L

avallable.

The S- 2A of the Marine 22nd MEU: wrote after a Kosovo Deployment

f 2005

The Mannes who employed the VRT glve |t credit for belng a very rugged :
| unit that can stand the rlgors of being a permanent part of battle gear
: gettmg bumped and dropped and:still functlon properly

S It was exposed to-extreme heat in excess of 95__deg,reesF. with great&er

than 80 percent humidity. It weathered rain and thunderstormsfor u-p to

“one hour in the open.-It shoWed no signs of problems J

A Captaln wrth the 3/75 Rangers wrote after lraq use of the VRT in February

Voice ReSponse Transl‘ators ‘contributed immeasurably to the success of -

~ more than twenty dlrect actlon ralds in Iraq in support of natlonal level

, objectlves ln addltlon to sparlng premous time on the objectlve they o
| reduced colla,teral damage by brldglng a tremendous language Abarrler :

therein resulting'»in the detention of more than fifteen members of the local

insurgent networ‘k '

‘The VRT proved mvaluable in multrple roles as not only a tactlcal

’ questlonlng tool but also as a force protectlon multlpller used both on

" objectuves and from blockmg posrtlons

14



- Other field feedback includes: | R

‘We went on another air assault today and | used the.VRT again, and as ' '

oefore when there was no interpreter around it was wo:nde,rfu‘l. 1t helped ’
‘ rne'establish control in an uncontrolIable'si—tuation vvithout |t~ |
Landi‘ng Zone RTO, 101st Airborne t)j_vision‘l; J.anua'ry 2006
'_"‘In one case, [Coalition Forces] approached the house and annoUnoed via‘n
'the VRT that we vvere there and oonduoting an 'operation._ Several people
came out-of-their houses and provided information on{[Anti-Coa’lition

Forces] forces in the area and led us to a weapons cache.”

| Ranger, Iraq, 20 MAR 05
Ut isavvesome”_ . | |
| Captaln USA 3/75TH Ranger BN, 14 JUL 04
“The translators have arrlved and let me tell you, they work superbly'"
Marlne, Bagram AII’ Base, Afghanrstan 15 MAY 04

“It has proved to be the best mterpretrng tool that we have used to date. -
Others have been purchased for us, but yoursis used all of the time. It is
_simple to program, easy to use and the voice that results from the u'nit»;is :

clear and?understandable to the end. user-the Arabic vessels th'at we |

VR

encounter each day.”

X0, CGC Adak, 11 SEP 03
“The IWT devnce responds well in high background noise where other

speech recogmtlon systems would not work at aII . The device is hlghly

© 15




" adaptable for paramedics, hospital triage, retail stocking or other -
situations and trains well with speakers who may have serious accents or

) ‘;sp_eech ,impe:di'rnents;where-other 'speech recognitro‘n \\systerrj‘s would not_ . ,I

- work at all.”

et s

Captam Kenneth Pence Metro. Nashvrlle Police Department

“The [IWT] device works great .'this is a very mce and unexpected

j addltlon to [the shnp s] force protectlon capabrllty

ALY

Weapons Officer; a U S.-Navy Destroyer = M»»;\ .

' Purchased by Manne Corps Warflghtrng Lab in 2000 after competrtlve

4 evaluatlon rated it" rmpresswe. :

“Good piece of equipment.”

Manne H&S COMM PLT 14 JAN 04

“In my op|n|on this was my favonte devuce It was the easiest to use (2

: -button) there wasn 'ta fragrle LED screen or one of those pen touch
g’screen thlngs to Iose It S hands free and the commands are short and |t '

understands‘your normal talkrng. Plus it easrly adapts to a Ioudspeaker.

'Marine, 2nd Bn 15t MAR WPNS Co., 14 JAN 04

“It is super easy to use, small and hands free. This is the best of the three

~ . [evaluated] for squad-level missions.”

Marine, Lima 3/1.,.'14 JAN 04

- 16 .



“Results indicate that the VRT is the easiest of the three to use. It has the
R g fastest response times and the Iongest Itved battery, in addition to being

the only one with hands-free capability.

© Justice Department Report of Comparative Testing of the
Voice Response Translator (VRT), the Phraselator and the
Ectaco UT103 :
Rewewers and Testers
Test and evaluation of the VRT was conducted by the Naval Air Warfare

Command s Training Systems DIVISIon (NAWC TSD) for the Justice Department

For military use, test and evaluation of the VRT and other translation dewces is.

conducted by'Scrence Advrsors at the Corps and Division level. For special operations |

_units, evaluation is conducted by the SpeoiaI_Operations L',anguage Office in *
~ conjunction with individual units’ Ia_nguage_ offices. The G2 '(intelli‘g.ence) officers at the

division and brigade level also conduct test and evaluation efforts.

All of these efforts include combat reports received by users involved in current

operations.

Diss_emination Avenues‘ )

IWT plans to continue to. work with NIJ., OLETC, the IACP and _other |
organization to provide inform'ation“on the Voice Response Tran'sllato‘r. IWT is self-
. funding continued test and-eyaluation of the VRT with '-an ‘emphasis on 'heiping small.
| departments that 'do not have any Ianguage assets. While larger departments are

-easier to locate with respect to arranging testing activities, the vast majority of US local

17




' law enforcement departmerits are very small. IWT’s self-funded testing indicates that
" these departments are in needed of a system such as the VRT -
" IWT plans to work over Summer 2006 to document the use of the VRT with
small law enforcement and corrections departments in Virginia and pr'ovideA feedback

and contact information to NIJ for review.

18



Background -

| . No formal study of translation/interp.re_ter pro'blems confronting law enforcement
: is available. But there is substantial an_ecdotal e\'/idence that both .I_argwe and slmall law
enforcementvdepartments are having increasing difficulties."deallng with-communitie\s
of persons who do not speak Engllsh Also census data mdlcate that the problems is
wrdespread In 112 Amerlcan cmes one of every four resrdents is forelgn -born,
f _.natlonwide, 31 .8‘}million _peOple over the’ age of 5 speak‘a language other'than English

IWT 'identiﬁecl an a"p'p'li'cation of this*sound analysis technology t.hatyvould meet
a need ldentrf ed by law enforcement ofﬂcrals The Natlonal Institute of Justlce s :
Technology Assessment Program Advrsory Councrl (TAPAC) atits December 3, - . :
1993, meeting heard from its Weapons and ProtectNe S_ystems Committee, which |
-‘ identiﬁed instant Iangua‘gé ‘translyatlon asuone ‘of_six A“immedifat‘e” law enforce’ment-x ' ‘

technology priorities.é' | |

| Lavl/ en‘for.ce‘ment officers often encounter situationfs-‘in, whlch svuspects a‘nd.‘other |
persons do hbt spe'ak English. Departrnents spend .considerable resources on
developing multilingual.resources. The Iarge number of Ianguages lnvolved -- often o '

more than 10 and sometlmes more than 20° -- and the changrng mix of Ianguages

¢ Miami Herald, January 2, 1994, “Immigration Overload; Umted States has lost control of i its borders.”
! Minutes of the December 3-4, 1993 TAPAC meeting, p.6. :
§ Conversations with police departments and database research.

19



: trustrate attempts .to provide'office'rs with the ab'ility‘.to_give eVen simple directions to .
N . persons/speaklng other languages | N
| lntegrated Wave Technologles Inc (IWT) worked from June 1, 1996 to March
30 1998 under a Natlonal lnstltute of Justrce Scnence and Technology grant to
: develop the VRT. The VRT on vouce command produces pre programmed phrases in.
vanous Ianguages Thrs allows offrcers to rdentrfy the language spoken by a person |
. |ssue emergency commands to the persdn and make lnquirles to which a person could
respond with hand signals. This system was designed for use in both hostile and-'non.-
o 'hostlle encounters W|th non Engllsh speaklng persons o |
| The Oakland Pollce Department provnded extensnve support for
hardware/software deSIgn revnew translated phrase selection and translatron revrew
and operatlonal testlng Both the hardware and software have evolved extenswely |n
response to detarled feedback from OPD personnel . _ R
lWT desrgned and burlt prototypes of the first belt- mounted voice command
translatlon unit. lWT worked to develop thus desrgn -- based upon the PC104 board
format -- after evaluatrng all avallable palmtop computers and determrmng that none
~ was surtable The highly compact nature of the. lWT voice command algorrthm allowed
. for the use of a 386 class processor in the unit, WhICh greatly reduces size and power
B consumptlon Other voice recogmtlon software requnres a Pentlum class
mlcroprocessor consumlng 10 tlmes the power and requnnng a large amount ot
supportlng hardware -
| The basus of this unique devuce is lWT s work with Sovnet-concelved sound

. analyS|s technology Scnentrsts and engmeers at these laboratorles |n seeklng to
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'. develop speech'identification and other sound analysis programs, took an approach

that is fundamentally different from that used:in voice rec'wognition systems developed -

in the United States and other Western countries

Prototypes for this program were approxrmately five mches by five mches by two-. :
inches much smaller than any previous voice- command platform capable of this task.
.' Advanced prototypes and production units can be assmallas a hand held calculator |
when based upon-custom-designed compulter boards such as has been developed for -
‘another IWT application | | | | |

The VRT completed initial evaluation by the Oakland Pollce Department (OPD). . |
| OPD worked with the National Institute of J-ustice and IWT to evaluate the phrases '
bemg used the translatlon of the phrases and the cont" guration of the hardware of the -

: VRT The Department worked closely with its Adwsory Committees on Crime to galn

pertinent feedback from crtrzens on the |mpact and effectiveness of the VRT in
. operational use. | |

The'Voice Response Translator‘grant efiort..brokeA hew ground in seVerall areas.
First, it has. refi ned to the greatest extent ever, scripts needed for corn»muniCating 'with
: 'foreign Ianguage speakers usmg a computer—based translator Second |t has resulted
in the desrgn of computer optimlzed for law enforcement use that is both smaller and "
llghter than any previous unit able to accept voice commands. Third, it has |
.demonstrated the highly"de\./eloped capabilities' of the Sovietfbased voice 'recognition
‘system b)r operating in a high noise environment with virtually no externally indubed |

audio-recognition errors. -
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A s T "

~ This work has lald the groundwork for a testlng program that wrll help to provide

a better understandrng of the effectlveness of this dewce in partrcular and machlne

translatron in general A follow-up report based upon the results of planned testmg
~should prowde a wealth of data on communrty acceptance of the devrce and rts abrlrty

to communrcate with non- Engllsh speaklng persons

The program changes were prelrmlnary driven by the followrng three factors 1)
the need to desrgn and burld a belt-mounted computer rather than usmg an off-the- '

shelf unit as planned 2) the need to conduct extensuve communrty evaluatron/relatlons

SN N

’ \work prror {o field testlng and 3) the need to rnclude approxrmately 10 tlmes the o

number of translated phrases_ as planned.

IWT has been successful inresponding-to,.,and m_eetin_g, the reﬁned
requirements of this program. The design Work on the belt-mount computer has been

completed and demonstrated to top 'officials of the'Oakland Police Department '(OPD).

- The OPD has devoted consrderable resources to making the" communlty evaluatron a

~ success, and we believe that thls unantrcrpated part of the program wrll be of great o

' benef tto th|s law enforcement technology development effort IWT has also

. 1completed the expanded translator work, in close coordlnatron with the OPD

This program‘s goals were > to rmprove the_effectNeness-of the VRT by
miniaturizing lta.nd making it e‘a_‘sie'r‘to operate. | |

Even though ,the VRT developed under"the preview l\llJ effort was the,.smallest
voice-command computerable’ to meet this reqUirem'ent ever devel'oped-, further
mlnlatunzatlon is needed for it to become optronal equrpment for Iaw enforcement

offlcers Thrs mlnraturlzatlon isa central aspect of this proposal

" »



A eignificant drawback of the VRT as developed was the need for it to be partly

diSéSee_;mbIed and cohh}lected tda video card,. monitor end-ke}‘Iboard for officer voice'

: pettern -training. A "trai.nlin'g." iAs_IWhen a _user makes a vdiee-comménd imprint computer .
file used as a template for the reeognition algorithm. Beceuse an IWT 'o'r-EMA'A |
t_echrmician needed tolbe "preeent f_dr.anlll training s‘essidns, officers were una‘b"le to create

- the vbi_ce sample collections at their convenience. .This approach.\;vlas taken tvo

: vminir_ni}_‘e the initial development needed to field the VRT, but gre}atly increased the

training needed for use of "theridevice. |

-Effectiveness Qf the tréinidg was also Hampered beeeuse 'df the I‘a"c>k of a voice-
prompting training system. While the patfern recogni-t:ion:algorithm wilIA cdrrect fdr a
wide range of veriances such as t_he speed with which a word is said, the best '

voiceprints are those said in the situation in which the device will be used. A good

analogy is finvgerpri'nting, as both}ar’evw_a've representations dnique to individuél-s‘.' Law
ehforceméh't experts een match fih'gerpr-intfs from'er/en a partier semple.'But when
,faking the:'sample upon which to base these matchee, ‘a' dlear, corrrplete fingerprint 1s
taken. Clear \'/eicese'rr:nples, said naturally with no background noise,,‘proyide the mosr
flexible and aceurate basis for use of the IWT a’Igorithm. Using this sérn_ple, fhe |
algoriihm ca'n;ma'tch ’the-same word or'phrase even if it is séid slower, faster, under
stress or with ba}ckgrodnd h“oise.

| .AII persons working ihifially with vdice recognition syetems experience a'higﬁh
| ‘_ degree of self codSciousness, as talking to a m.a'chine is an unusual act. This |

.disappears quickly, but the awkward training structure of the VRT hérdwére. made

g repeat t'ra'in'irrgs difficult. An initial design decision to make the units as srrjall as
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‘ possible meént thét_ the video card was _not'ingl*uded_. Though this help;ed tc; meet the
operatiéna'l requ'iféments, ‘a’ sbftWére é.rchit"ec'tl’ir’e redesign.n:eeds to be :mé'de"to allbw'
i forl audio prompts that Willmake the VRfa self—trainjhg deviée. IWT hésjde‘ye‘_lppeq -
' thls design,a}chitecture for use with a’nother‘applicatién aﬁd can usé it in future Work .

with the VRT.. '
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AP.P_ENDIX A: Current LaW',E_nfoi'cement Documentation

PRIMARY (1 of 3)

“I'Ntry” lw:llhy
“1 Thank you” Thankyou te
“Isay yes” “Affirmative”
“lsay no” “No'
“Family nsme?" “Which name is your family name? "
“Group leader?” "Who is the leader of your group? "
“Turn Off Engine” “Tum off the engine
“My pameis ... * “Hello. | am Officer..."
“My reason” The reason I stopped yois is..
“Go too fast™ “Your vehicle was exceezlmg lhe tpecd limit ™
“Red light” “Your vehicle went through a red light” .
“Ran stop sign” “Your vehicle weni through d stop sign without stopping "
“Iegal turn” “Your vehicle made an illegal tum ™ . .
“Plates Out Of Date™ “Yoir license plate has expired”
“Driver’s license?” “May I see your license? Please hand it 10 me.”
“Registration?” “May I see the vehicle regjslmlion? "
“Car Ownper?" “Are you the vehicle owner? "
. “Car Insurance?” Do you have insurance? "
Gwmg You Ticket” “J am required to write you a citation. *
“Get out of car” Slep out of the vehicle” T
“Move over here” “"Move over here”
“Vehicle search?” ‘Mayl have permission 1o search your vehicle? "
“Wait Here” “Wait here” (Omccr points where)
“No guilt” “Please’sign here.” " (point \hhere) Thu isn'tan admx.mon of
guilt — just that you received a citation”
“Court Dste “Court dale is here” @omr 1o date/time) “'or you may mail
in the fine”
“Pull Back™ “Please be careful as you pull back onto !he road"”
“Tow Vehicle” * )our velucle wr[l be towed " (officer will write dovm
" address)
“Other driver?" "Will yau allow someone else here with a l:cense to drive
your vehicle?
“Open the door™ “Police. Open the door! "
“Warrant for Your Arrest” “We have an arrest wammljoryau
“Warrant for Search” “We have a search warrant for vou™
“Face Away". “Face away from me slowly and put you hands here (touch
where)" on you? Point 16 where they are.”.
“Take hands™ "Take your hands slqwly out so [ can-sce them"'

PRIMARY (2 of 3)

“Any qupom"“ ‘Do you have any weapons or drugs on you? Poml to -
“where theyare.” -

“Spread feet™ “Spread your - feet. Tum your 1oes outward. Feet wide
apart.

“Place hands back™ Handt behind your back. Paims out.”

“See judge™ “] am taking vou to see a judge”

“Lie face down™ "Lie down face down. Don 't move.”

“Stop Re:nhn(,"‘ "Stop resisting! You won 't be hurt” i
“Miranda” “You have the right to remain silent. Anything you say can and
will be used against you in a court of law. You have the right to be speak
to an attorney, and 1o have an attorney present during any questioning. If- .
you cannot afford a Iawver one will be provided for you at government
expense. '

“What's your age?” “How old are you? .

“Write your phone number?” “Please write your telephone number?
“Home address?” Do you know your home address? Write :l here.”
“Parents work?" “Where do your parents work? "

“Work number?” Do you know their work relzphone number? "
“Probation?” “Are you on probation or parole? " - R
“Date of binth?” “Write down your date of birth. Month, day and year ”
“Card number?” - Wnle down your social security number if you know
in?” .

“Come by car?”® - Dldyou come here by car?”

“Did you walk?” “Did you walk?" e

“Were you dnnlung > “Have you been drmkmg’ Shuke your- head up
and down for yes.

““How many drinks?" "How many dnnb’ Hold up as many fingers as

vou have had drinks. " ~

“Do eye test” “Stand here with your hands to yaur side, Follow the motion”
of my pen or fi inger with yotir eyes. Do not move your head”
“Do balance test” “Stand here with your hands to your side. Do not sum
until 1 tell you to start. Raise either - foot about six'inches (a hand width) oﬁ'
the ground, Point your toe like this and look at your [ool Start counting in .

your language until [ tell you to stop. You may begin™

“Gang member?” “Have you ever been a member of a gang? Shake  your
head up and down for ves. Side to side for no."”
“Any tattoos?” "Do you have any tattoos? Where? Point to them.*
“Cool tattoo” “That is a céol 1attoo. May I see it? "

PRIMARY (3 of 3)-

“Don’t be afraid” 'Dan ‘t be afraid. 'm a police aﬂ'cer and I'm here 10
-help you. "

“Are you lost?" “dre you lost? Can you show me, write down or say the
address? "

“Tow truck?” Do you need me to call a wrecker (a lowjnlck) fvr. you? "
“Need telephone?” “Do you need a telephone? "

“Need 8 rest room?” “Do yois need a rest room? "

“Are you thirsty?" “Are you thirsty? "

“Are you cold?” “Are you cold?

“Draw you a map” “'/ will draw you a map.”

“I'lllead you” */ will lead you there...follow me.” *

“Need a Doctor?” “Do you. need a doctor? Shake your head up and down
for yes - side to side for no.

“§ understand” "/ think undersland._
“I don’t know" "I don 't know."
“Draw it here” “Draw or write here."
“Are you in pain?" ‘Do you have pain? "

“Show where hurt?”" “Where does it hurt? "

“Pain in chest?” “Are you having chest pain? "

" “Trouble breathing?" “Are you having difficult breathing? "

“Diabetic?” “‘Are you diabetic? "

“Pregnant?” “Are you pregnant?”

“Caused injury™ "Show me what caused the injury”

“Please sit” “Please sit down"

“You lie down" “I nieed for you to lie down now”

“Doctors numbers?” “Write the names/phone numbers of your doctors”
“Any medical?” *Hrite down any medtcal conditions you have”
“Ambulance” “The ambulance is coming”

“Straight line™ “Stand here with your hands to your.wde Place your lefl
foot on the line. Take nine steps, heel to toe, down this line. Turn around.
Take riine steps back, heel to toe.” “You lie down" “ need for you to lie -
down now” .
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“Phrase Charlie”

Always Active Commands .

“My greetings” “Hello™”
“Begin directing” “/'m speaking 1o you lhraugh a device that translates

" select Pphrases into your language. Please nod your head for yes, shake

your kiead for no, or write down short answers. "
“Goodbye to you™ “Goodbye " .
“Under arrest” “You are under arrest™

~“Don't move” “Don‘tMove"

“Show eye-dee” “Show me your. ldennf tanon
“You halt now™. Stop now”
“Don’t getit” “Idon’t get it
“What’s your name?"" "‘What's your name? "
“Speak American?” “Do you speak Engh.rh7'
“Calm down” “Calm down™ .
"Use tear gas” “Failure to leave immediately will result.in aur use af tear
gas”
“Illegal” *“What you are domg is against the law™
“Keep moving” keep moving "
“Break.up now” “Failure to disperse will result in your arrest”
“Behind barricades” “Stay behind the bamcades "

“Write name” “Please write your name"

“Phrase Alpha” ¢

“Phrase Bravo”

“Phrase De¢lta”

“Phrase Echo”
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PEOPLE (1 of 2)

“File Charges?” “Do you want 1o file charges?’
“Who called?” “Who called the police?”
“Live here?" “Do you live here? "

_“Anotherroom” “Let's tatk in another room”

“Your husbund?" “'Is this person your husband? "
“Go to jail” " am taking this person o jail " -
“Youngsters?” “Do you have children? "
“Kids in danger?™ “Are the children in danger?”
“Temporar\ place?” “Do you unh to-stay temporarily in a :hzl{er for
women?”

R Reslrammg order? “Is there a retrrammg order‘on that person’

“Who has custody?” “Who has custody of the children? "
“View'order?” “Can | see a copy of the restraining order or custody
order? "

“Live together?"™ “Do you live togéther? "

“What's your age?” "How old are you?”

“Write phone number” “Please write your telephone number "
“Home address?" “Do you hnow your hame address’

“Show me?" “Are you hurt? Show me*

“Stranger bring? “Did a stranger bring you here?

“Parents work?" "'‘Where do your parenis work?

“Parents ttlcphone"" ‘Do you know their work !elephone’
“Dad’s name?"- "What uynurfalher 's name? "

_ “Mom’s name?” “What is your mother's name? "™

“The victim?" “Who is the victim? " .

“When did it happen?” “When did it happen? "

“Write all” “Write your name, address and phone number.”

“Know where suspect lives?". "Do you know lhe suspecl ‘orwhere he

- lives?'. .

“Go wherc ™ “Which way did the suspecl Slee?

“Man or.woman?” “Is the suspect a man or woman? *

“Show how tall” “Use your hand to show me how tall the suspect is"™
“Latino suspect?” "Is the suspect Latino? "

“Caucasian suspect?” I the suspect White?"

" “Black suspect?” “Is the suspect Black? "

“Asiatic suspect?” “Is the suspect Asian? " - .
“Color shirt?” “Hhat color shin was the suspect wearing? "
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PEOPLE (2 of 2)

“Color julket"" ‘What color jarker was the suspect. wenrmg’
“Mure than one?" “Was there more than one suspect?

“Go on foot?" “Did the suspect leave on foot or in a vehicle?™" :
“Vchicle's color?” “What color is the vehicie?

“Plate number?” “Do you know the license number? If s, write it here.”
“Any weapons?” “Did the suspect have a weapon’ " .

“Child’s name?” “What is the child s name?™ " = = ot
“Boy child?” Iy Ihe child a boy? Shake vour head up and down for yes.
side-to-side for no”

“Child's age?" “How old is the child? "

“When'last seen?” “When was the person last seen?”

“Seen last where?" “Where was the person last seen? "

“Child come home?" “Did the child come home from school?
“School'on foot?" “Does the child walk to school?

“Child’s height?” “Show me how fall the child is”

“Got phota?” "Do vou have a photo? "

“Search bouse?” “Can | search your house for the child?”

-“Medical problem?” “Does the lost person hdve a medical pmblcm?
“Checked with relatives?” “Have you checked with relanves’

“You Eplltpll("" “Epilepsy?” .
“Alzheimer's?" "dlzheimer's Disease? "

“Child last seen by?” “Wlho saw the child lasi?"
“Who.saw person last?". "Who saw the person las1?"
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" Changing from “Primary” tp“‘People’;

"If thése groups are trained with your voice, you can

switch from having Always Active + Primary to

| Alwsys Active + People by using the voice command

“Choose Different Group” while the VRT is in acti’ve
mode. When asked which group, say “People” o
“Primary.” Sée Instructions and Default cards for
more information on Groups.

- LEARNING TO USE THE TRANSLATOR -

1. Thisis a Voice Response Translator Vome-‘ro-Vmce English-to-
-~ Foreign’Language System. “The VRT respunds to specific, short -
command phrases you say into the headset microphone. For
example; you would say, “Under Arrest” and the VRT would play

in chosen forelgn language, “Hello, I am a US Soldier.”

"2, Readall the instructions on this card before starting. Note each R

User must record his voice so the Translator recognizes his Voice
Commands. - The first time you use the Translator, it will ask you
to do this. Follow the Translator's audio instructiuns, repeating
. each phrase as requested The ’l'ranslalor mll only recogmze
. commands you have trained. - ° s :
3. There are about 350 phrases in the upphcauun. separated into’
nine groups. Remémber the names of the groups, because you will
use voice commands to.switci among them. They. are named: .
Always Active, Primary, Base Duty, Local Aid, Medical,
- Pharmacy, Training, Devices, and Boarding Commands.
4.’ There are also voice commands used to operate the unit, celled
_“Contiol Commands,” and the names of the languages. You'll -
train the Control Commands, the Group bames and the Language
Names during initial training.. You can train any oflhe groups
immediately after that, or later if vou like.
5. Read the Voice Commands on the cards out loud at least once
before starting, using a strong command voice. Speak clearly And
"naturally — say the phrases without pauses between words. e.g.,
“Stand’'n’line”, not “Stand-In-Line.”
6. * Put on the headsel s0 the mike is in front of the lefl side vour
’ mouth about 13" in front of your lower lip, with the hoops
cuived over your ears and the band around the back of your head
behind your ears. Afier practicing the Voice Commands. turnon
the Translator. Listen to the commands and watch the Ilghts on-
top of the Translator for guidance. -

7. Turn on the Translator. The Translator will say “Please Input

Your ID.” Préss the button — once for Usér One, etc, up to User
Eight You may also say a number from One through Eight io

select a User Number. YOU MUST ALWAYS USE THE SAME

NUMBER; AND,NO ONE MAY USE YOUR NUMBER.

8. Wait until the red light goes off before repeating the phrase - if
you start too quickly, it will cut off the beginning. You must also
speak loudly encugh for the Isght to flicker green.

8. ° After you train the h;iﬁal Commands; you may train the other
groups of commands, described on the phrase cards. To train a
_.group of phirases, say “Begin Trainiig” after putting the !

translator “On Standby,” and say the name of the group when
prompted by the VRT. Training will then begin. .

9. Toswitch from “Use VRT” (Translale) mode to “On Standb).
press the button fqr five seconds or say “Go On Standby™.

10. Retraining the Translator after you've learned to use it will
greatly increase effectiveness. If you've trained the Translator in
a perational envir - a classroom for example - you
should retrain the unit in the sétting where you'll be using it,
using the command-voice you will use operationally.

11. Ifthe Translator keeps asKing you 0 nepeatm phase ~it says; «° -4 [

“Training must be repeated ..." - then say the phrase faster, in a
deeper voice and loudly enough for the green.light to flicker.

12. After you turn on the translator and input your user ID, the -
“Always Active” commands nnd the Default Group commands
are available to use if you’ve trained them. Say any of these
commands and the selected foreign language outpul phrase will
come out. Other groups are available after you've traisied them.
Use the coromand “Choose new group” to switch groups.

13. A greeo light will blink if the battery needs to be charged.

Phrase Group Names: “Primary,” “People” -

R N N

Control Comman(!s Are:
“My Location”

. “Find Language”

- “Choose Different Group”

Police
Version 260

:g: on 15.""",“’_"3’ " Integrated Wave

gin Training’ ‘ L

- “lse VRT” Technologles, Inc
“Turn Volume Down” Fremont, CA

. “Repeat Phrase Loop” support@i-w-teom

“Start Recording™ .
- " Copyright 2006 IWT, lic.
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'Piaying Emergency Phrase

The Voice R Transl is equipped with an Emergency Phrase
that can bé activated and played continuously by any person without
ISSIA"IL 8 voice command.

To start the Emergency Phrase, turn the translator on and after it asks
for a User Number, but béfore entering it, hold the Button down for
at least five seconds. Let go of the Button 2nd the Emergency Phrase :
will play continuously untit you press the Button again or turn the unit
off. You still must press the megaphone button,

The Emergency Phrase, plaved continuously in available languages is:

“You are under arrest.”

Sound Ampllfer Attachments

The Voice Resy Tr is
amplification devices.

! to pluv through auxiliary

quipp

~To use the Megaphone amchment, attach the Translalor to the
Megaphone using the matching Velcro suifaces. Unclip the short
connection cable from the Megaphone ring and insert the small plug
into the transtator and the Inrger plug into the jack on top uf the -
Megaphnne mncmphune

Please note you must press the Megaphone trigger for Translator to
play through it. When the Translator is not plugged into the
Megaphone. you may use the Megaphone normally.

TURN OFF VRT BEFORE ATTACHING
AMPLIFYING DEVICE. TURN.ON VRTONLY . .
AFTER MAKING CABLE CONNECTION.
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"Changing Default Languages &
Phrase Groups -

The VRT has a default Innguage and default group of commands
that start when you turn it on and enter a user pumber. While
using the VRT, you can temporarily switch to other hnguages or
groups of commands by using the voice commands “Find
" Language™ and “Choose Different Group.” Please note that these

groups arc unly available afier you’ve traincd them, as described
on the card, “First Steps to Using This Translator.” Please also

. pote thut the VRT will return to the default language and group .
after you turn it off and back on again. . E
The VRT lels you know which defaults are selected vohen you turn
it on.. For cxample. it will say, “Iraqi, Primary” when you turn it
on (after vou've (rmned both the Initia! and anary :ommands )

If lhe phrases andfor language you plan to use on your next
mission are not the default ones, it only takes a few seconds to
¢hange the VRT so it will boot up in the language and phrase
group nceded for your mission.

To change the default language and/or phrase group' do the’
following. Put on the headset with the microphone next to your
mouth. “Turn on the VRT and enter jour user number. When the
unit boots up, it will say the default language and group. Say “Go
on standby” or press the button for five seconds to put the VRT

on standby. While VRT is in “Standby” mode, say “Choose
Different Group.” After the VRT asks which group, say the name
of the group you wish to select. Once this is recognized, the
default group has been changed. To change the default langusge, |
follow this procedure and say, “Find Language” nnd the name of .
the new default Janguage when askc.d -

Tum the VRT off and back on again, select your user number,
" and when it boots up it will say the names of the new language
- and | group. . .
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User Numbers
USER 1: o .
USER 2: . '
USER 3: e e
USER 4:

USER 5:
USER 6:
USER 7:
USER 8:

_ Choosing User Numbers
When'the VRT is turned on, it will ask you to input a user
number. Press and relcase the Button from one to eight times
to correspond to the user ID that you want to enter, or say a
number from One to Eight. The unit then will enter either
“Initial Training” if this is the first time you've used the unit,
or play the name of a language if you’ve done Iunitial
Training. If you’ve trained the main command gmup, it will
say the name of that as wel) when turned on.

B

Recordmg over User Numbers

If you are a new user and choose a number, and the
translator. starts up‘naming a language and a group of
commands, that user number was used already. Either.

- c¢hoose an unused number, or reset that number as follows.

Doing a “Hard Reset” of a User Number: To erase all
templates in a User Number, hold the button down while

" turning oo the unit, The translator will then ask for a User
Number. After you input a'User Number, the previous
trainings are erased and thc unit starts “Initial Trammg
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Functions Controlled By VRT Button |

To erase ALL of a user’s trainings: Hold the button down while

-turning on the unit (a “Hard Reset™). Then selecting-a User Number

will erase all.of that user’s ummngs

To stop an ou(pul phrase while it is pla)mg Press and release
the button.

- To play the Emergenc\ Phrase: After the VRT is powercd up and

asks for a user number, but béfore selectin ng a User Number, hold
the button down for five seconds; The Translator then plays the
Emergency Phrasc conhnuouslv until you turn itoff or press the
button.

To go to “On Standb)" Aﬁer powering up and selecung aUser
Number, then hold the button down for five seconds The o
Translator will lhen 80’ “on standby”.

To retrain JUST the “Initial Tralnmg Whlle m “On Standbv”
mode hold the button down for 5 seconds; The Translator will
then begm initial training for the User Number selected when it was
turned on. If phrases in the Group(s) were trained, these remam '
trained.

Fo hear which Ian'guage/phrase group is active: Press and
release the button quickly, and the VRT will play the name of the
language and phmse group selected.

Low Battery Warmng

When the battery is gelu‘ng lbw a light on top-of the tra.nslaior will
blink steadily during use. When charging, the light will be red.
Wher charged, it will turn green and cvenmally the green light w:ll
go oﬂ‘
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‘Adjusting VRT Speaker Output Volume

The VRT starts at maximum volume. To
lower the volume by half, use the voice
command “Turm Volume Down.” This -
command reduces the output volume of the
device, as many times as the user says it. To
reset to maximum volume, press and release
the button

. AutOmatic Phrase'Repeat‘Functihn :

The VRT can be cdrnmjan&d to repeét the

. same foreign-language output phrase over and .

~over (until the button is pushed) by using the

: command “Repeat Phrase Loop.” The VRT.

. will then ask “Which phrase,” and the user
says the comrand for the phrase to be

-

repeated. The phrase will repeat dontinuously"

‘until the button is pushed or the unit-is turned
off. :

Copyright 2006 IWT, inc.

. Field phrase recording capability
Users can record up to five foreign-language output phrases in
each language directly onto the VRT. .The VRT conains five -

“generic commands” ~ the commands, “Phrase Alpha” through
-“Phrase-Echo.” To record an output phrasc aftached 10 one
these commands, firstturn on the VRT, select your user
number and when the unit boots up put it on standby either by
voice command, * Go On Sla.ndby," or by pressmg the bution *
for five seconds. .
When unit'is “On Siandby,” saving the command “Start

- Recording,” gets the response, “Which Language.” The user
says a language (for example “Iraqi”) and geis the responsc,
“Which Phrase.” The user says onc of the generic phrases,
“Phrase Alpha” through “Phrase Echo.” The VRT says “Press
and relcase the button to begin recording; Press and release. the
button to end recording.”  Hand the headset to the interpreter,

. who puis the headset on and then presses. the button once
immediately before saying the translated phrase. Immediately’
after saying the phrase press the button again to end the .
recording, The new output phrase will be saved alitomatically.

English R,e‘m'ind_ers' of Athe',Phréses:—; e
Phrase Alpha:_ S
Phrase Bravo: 7
Phrase Charhe.
Phrase Delta: :
Phrase Echo:__

1 copyright 2006 1w7, 1 -

Gettmg Started -

Read the card titled, “LEARNING TO USE THE TRANSLATOR
Do not tum oii the device until Step 4, below, . .
" Put on the headsct as shown on the other side of this card.
Read out joud the following words in a command voice. When you
tum on, the translator, it will.ask you'to repeat.these words again.

..¥ Practicing them allows you fo speak them'in é natural command voiceé |

" when training the lmnslalor

“My Location”, “Fmd Language”, “Choose Dlﬁ'erent
Group”, “Go on Standby”, “Begin Training”, “Use
-VRT?, Turn Volume Down”, “Repeat Phrase Loop”,
“Start:Recording”, “Begin Dari Farsi”, “Begin Lao”,
“Begin Viet”, “Begin Serbian”; “Begin Kurd”, “Begin
Russian”, “Begin Swahili”, “Begin Korean”, “Begin
Spain”, “Begin Arabic”, “Begin Greek”, “Begin Italian”,
“Begin American”, “Begin Mandarin”, “Begin '
Cantonese” ", “Begin Tagalog”, “Begin Creole”, “Begin
Japanese”, “Primary”, “People”, “My Greetings”, “Begin
Directing”, “Goodbye to.you”, “Under Arrest”, “Don’t
Move”, “Show Eye-Dee”, “You Halt Now”, “Don’t Get
It”, “What's’ your namie?”, “Speak American?”, “Caim
down”, “Use Tear Gas”, “lllegal”, “Keep Moving”,
“Break Up Now”. “Behind Barricades”, “Write Name”
“Phrase Alpha”, “Phrase Brave”, “Phrase Charlie”,
“Phrase Delta”, “Phrase Echo” .

‘4; Withthe headset on; turn on the transiator and select your user
© number as descnbcd in the LEARNING TO USE THE :
TRANSLATOR card. Repeat the phrases, taking care not to speak
unti} the red light goes out. Review the instruction card and begin use.-
The VRT s ready to use those commands just trained, but you must
train any others that you want to use in the same manner.

Correct Position for the -
- VRT Headset

Place the headset on your head.as ... --.|.:
shown. Pull the boom areund so the
- end is almost touching your mouth.
_ “Place this in the same place each
© time you use the translator

Copyright 2006 IWT, Inc.
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‘ et of the ity o anfoncomert.and ol securty, {.

ENGLISH TO ARAIIC HANDS FREE

, Four-and-a half years after 9/11 only a
teeny-tiny percentage. of ‘our troops speak
} | Arabic. And despite advertised plans for
f | increased lariquage training that's not
qoing to change any time soon. In the
meantime, the military is turningto
technological fixes -- translator gadgets: -
/that let soldlers convey snmple commands-'.: N

'The best known of thesé is probably the
PDA-like Phraselator. Make a couple of .
stylus taps, or say a few words in English,
-and out comes an Arabic phrase. "It gets
really funny looks from the Iragis, but they -
.think it's cool,” one company commander .
tells me.

N N But the Phraselator can be a bit of a pain,
: 'too Because you have to hold the thing in your hands in order foritto -
' work And that makes |t a lot harder to hold an M-16 at the same t|me

So Integrated Wave Technolomes has come up with a. translator that -

“doesn't requlre a hand-to work. Talk English into a headset, and aammo

clip-sized.speaker broadcasts out the Arabic equivalent. Check out this

“video for an example. You'll see, the translators aren't for carrying on

| conversation; they only interpret a few words at a time. But they seemto. - -

© work well, when you're yelling at someone to get on the ground while your
gunis pointed at his head. About 600 of the. thlngs are now in theater,

-accordmg to the company. A

The next step, of course, is to make the translators two-way, S0 Iraqls can
- talk back to_the soldiers. Integrated Wave Technologies has a Darpa
_ contract to do just that - one of ‘several translation pro;ects the Pentagon's
wway-out research arm is fundmg :

March 10, 2006 10:03 AM _ - |
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The Babel Dilemma:
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TheiComing of the Portable Universal Translator _

By John D.'~Gresham .

o There 1s. story from the Old Testament book of Gene51s about a pagan king named Nimrod

who wanted to touch the heavens. To achieve this goal, Nimrod put the people of his kmgdom

known as Babel, to work and began to build a temple so tall that it would allow Nimrod to

~ reach the sun. Seeing their lack of faith and Nirhrod's ambition, God made the workers begin to
‘speak in different tongues, so that they would be unable to continue. coordmatmg their efforts.

Thus is explained the beginnings of modern language diversity, and the heart of a problem that

~ has faced military personnel since the first one put on a uniform. How do you communicate in
multi-national collation situations with allies or with civilians in the lands you are operating

in? : :

Thls questlon 18 multlphed many times when one considers just how difficult 1t is for mllitary

" forces to recruit of train evén a handful of personnel able to speak a limitéd Tange | of foreigh

languages. Much of this problem stems from the decline of foreign language instruction being
presented in American schools and colleges. In addition; people with foreign linguistic skills '
have commanded excellent salaries in the booming, international economy of the past decade,
and are still very much in demand. Another problem is that few of the significant contingencies
of the past decade since the end of the Cold War have occurred in places with what might be
called "common languages. The Balkans use a mix of Slavic dialects, while Arabic which is
common in-the Persian Gulf is one of the most difficult languages to master. Of even more
concern is Chinese, ‘which will become the single most spoken and written language on Earth

~ (particularly on the Internet) in the next decade. Finally, as difficult as these languages are for _
us to'learn, imagine the pain speakers of romantic, Slavic, Semitic; and -other-dialects'must have -
when deallng with the freewheeling nature of American English! .

Language skills can' make or break the success of an ove'rseas military operation, and

5' translators quickly become attached at the hip to on-the-ground commanders.as they deal with -

‘local leaders and indigenous personnel. While one might think that the most critical parts of the
language problem for:soldiers would be in areas like riot control and hostage rescue, in fact the

~ reverse is true. The most critical need for qualified translators has proven to be in day-to-day |
- life and operations. Things as simple as public announcements of scheduling for water and .

food distribution, arrival of medical personnel, or even the messages of polit1crans n

"democratic elections make up the bulk of the language problem for military personnel

operating on foreign soil. Unfortunately, there has never been.a good solution to the challenge _

, of multl national communications, despite several thousand years of effort on the problem.

The magnitude of the military language problem might best be gauged by considering‘the needs
of a force which requires every member to have foreign dialect skills: the U.S. Army Special
Forces (SF), better known as the "Green Berets." Composed of less than 10,000 highly trained
and motivated soldiers, the Special Forces are the only community in the U.S. military, which
requires each serving soldier must speak at least one foreign language fluently. Organized into
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regionally seven focused groups (five active and two National Guard), the SF soldiers are
America's most culturally adept warriors. Each undergoes years of intense selection and
rigorous training before they ever are dispatched overseas. This includes training in one or
more lan’guages (out of a total of seventeen), and can take up to several years in the case of :.
__“more difficult dialects like Chinese or Arabic. That is-up t0.10% of an entire-20-year career for..

R S

some SF soldiers, something that 1s unacceptable for normal mlhtary personnel Unfortunately,‘ o

SF soldiers are hardly the only U.S. military personnel who deploy overseas, making anyone
who can speak the local dialect literally worth their weight in gold, given the goodwill and
cultural understand that can result from just one good translator n the rrght place, at the nght
time. : :

= Technology has tried for centuries to provide some means of universal translation for soldiers .
and statesmen, with poor to miserable results. The first efforts probably initiated with the

- :Egyptrans whose invention of papyrus scrolls provided a medium for hieroglyphic depictions

. of commonly understood tasks, goods d actions. Since that time, the invention of alphabets

T weod-based paper and plastics, high? Tatisn pnntmg technology has provided some- "

‘improvements on the idea of book-based translation systems. Unfortunately, these are at best
slow and cumbersome, hardly what is needed in a fast-breaking military situation. The -
development of micro-electronics and digital computers following World War II provided _
some hope of improving on print-based translation systems, though the process of creating an
personal "universal translator" has been much slower than one might think. In fact, the
problems ‘of creating such devices has thus far proven successful only in Star Trek movies and .
" television episodes, much to the frustration of military personnel everywhere. Commercial
customers also exist in ever growing numbers, especially in the automobile and medical

* - industries. Rarely has a technology been so desrred and antlcrpated and yet take so long to :

‘gestate. Nevertheless there has been progress. -

The beginnings of the drive to the universal translator really began in the 1950’s w:th the early
~ work at Bell Laboratories on identifying vowel sounds in single digit numbers:. Commercral
work on this technology continued at RCA and in Japan in the 1960's, with limited success. -

Most of the early problems had to do with the limited capacity of earlyco'mputers to dobasic

- signal processing, and storage technology to provide the library of software and data to
accomplish simple speech recognition tasks. The first electronic speed synthesizers also were
produced at this time, making use of the technolog1es developed for the electronic music
_instrument industry in the late. 1960s. Perhaps the most promising work took place in the
former Soviet Union during the 1960's, when T.K. thsyuk N.G: Zagoruyko, and other"
researchers began to actually produce usable algonthms for matchmg speech input patterns
stored in electronic data banks. What made their work so important was that it involved use of
~ the minimal computing and storage resources available in the USSR during that period. It was.
consideration that would later produce maJor dividends in the 1990s. ' :

In 1971 the Advanced Research Projects Agency (ARPA now the Defense Advanced
' Research PI’O_]eCtS Agency (DARPA)) issued contracts to companies and universities to
_'prototype a speech recognmon system with a 1,000 word English vocabulary. One of the keys '
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was that the system only needed to operate in a low-noise environment, something that would
prove to be a major impediment to future systems development. Three separate contractors
produced six different systems, though only one, the Hatpy prototype from Carnegie Mellon
University, met all the goals of the ARPA effort. From these systems came most of the -

" commercial systems that would evolve over the next two decades, leaning heavily oh the B
explosnve growth of the microprocessor and storage: technologles of the 1980s and 1990s.’
Unfortunately, no commercially viable products emerged from the huge investment in voice
recognition. The major problems were thmgs that had not been anticipated when the original
'concepts had been defined.

These included': ,
e Background N01se —One of the worst problems of makmg voice recognition viable in a
 real- world/ﬁeld environment is isolating the speech being processed from background noise

. and conversation. This has proven to be a major impediment, since the solutions have only

. » gradually been overcome, ‘though-a combination of hardware (microphone:design-and masking)-- SRR

and software (active noise cancellation, system "training," etc.). Much of the best work on this
-area was highly classified, as it was being appled to electronic warfare and anti-submarine
technology during the Cold War. Thus, much of what has been successfully applled only
became’ avallable in the last decade

. Miniatun'zation —-.Despite rapid advances in microprocessor and electronics technology,
the actual packaging of such a speech recognition unit into a portable unit has been difficult. A
good example of the difficulties can be seen in the development of early Personal Digital .
Assistant (PDAs), which began with the less-than-successful Apple Newton™, and has -

- evolved into the present- -day Palm™ and Windows™ CE operating systems. This technology .. .

sells over two million units a year presently into the commercial and military markets, and still

must be considered immature. This has taken over a decade in an environment with almost

unlimited capitol and personnel resources, which provide some perspective on the i issues of a
'umversal translator Wthh mlght be camed bya soldler sallor alrman or Manne mto combat.'

Sz tn e

. Accuracy/Approach One major 1mped1ment to automated speech recognition has been
the overall accuracy of the systems devised thus far. Much of the difficulty has been caused by
the basic approach taken in the systems development Most commercial speech recognition
systems are based upon ‘phoneme interpretation, which often has problems with regional
accents and dialects, along with requiring ever-greater processing and storage capacity to '
operate in. This has meant that most such systems have required high-end desktop or laptop
computers to run something unllkely to be lugged onto a battlefield or into a semi-hostile
peacekeeping environment. At the same time, the problems of grammar and j jargon upon the
final translation can sometime be maddening, especrally when in more complex languages llke
Chinese, Arablc and Engl1sh :




All of these factors have combmed to make speech recognmon a less-than- profitable
technology, in spite of i its tantalizing possibilities. However, recent developments-seem to be
changing that trend. - o . E
. The passage in the 1990s of the Amencans with Disabilities Act (ADA) has prowded new iR
fundmg and priority to the development. Designed to provide disabled citizens with greater
-access to professional and quality-of-life opportunities; ADA’ has proven-a boon to many
different technologies, from robotic wheelchairs to machines to carve ramps into existing

- concrete curbs. Over fifteen million Americans suffer from disabilities, which might be at least
partially overcome by the implementation of a successful speech recognition technology, which -
‘could be packaged into a small, PDA-sized unit. That this need overlaps the long-standing
military requirement for translat1on equipment has provided additional funding and interest,
along w1th pnonty in both commercral and mllltary marketplaces. -

~ What may be the breakout development for both requirements has recently appeared inthe
form of a riéw system from Integrated Wave Technologies, Inc. IWT). John H. Hall, a ploneer
- in the fields.of integrated circuits, microprocessors, and low-power‘microelectronics; heads -
IWT. Far from merely bemg a technology "guru," Hall's real-world inventions range the first
practical d1g1ta1 watches to the first computenzed/programmable pacemakers. Based in-
Fremont, CA, IWT's efforts since 1992 have focused on the problems of speech recognition
and translation, and bringing a practical package to market. In particular, Hall's work of late
has been aimed using actual word/pattern recognition instead of the phonemes previously -
utilized by existing systems. In pursuit.of this goal, IWT has taken advantage of several
innovative ideas to create the ﬁrst really useful translation appliance in hlstory

As a point of departure John Hall acqurred the existing algonthms of thsyuk and Zagoruyko
. and funded several several generations of improvements for integration into an extremely small .
package As mentioned earlier, one of the really attractive qualities of the Vintsyuk and
Zagoruyko-based translation routines is that they require very little computational horsepower
to run, meanmg that a finished device can run on a less powerful, lower power consumption .
microprocessor than existing systems. This allowed IWT to build their first device into a PDA-
sized board, running on PC-104 processor (an 80286-class microprocessor) clocked at only 5
MHz. This is about the same level of technology as the IBM PC/AT, which first appeared in
the mid-1980s! Combined with new front-end noise reduction technology, IWT has produced
several PDA-sized devices capable of some 1mpress1ve tncks ]
Working under Marme Corps and Department of JustiCe (DOJ) contracts, IWT has built a
modified bullhorn, with a PDA-sized translation appliance installed in front of the output
speaker. The idea was to have a number of pre-arranged key phrases that the appliance would
recognize then output in one of a number of desired foreign languages. As might be imagined;
such a system would be highly useful to law enforcement officers in the field, or deployed
~ military personnel. The 25 initial DOJ units have been issued to police in Cahfomxa and
Tennessee (West Palm Beach w1ll be testing soon: also) along with two systems for Marines '
deployed to the Balkans. .
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- _that required to send commands to a computer of PDA like a Palm™. The large flash memory . .

~connected to the HCT6" prov1des plenty st toom for the various words used t6-foiTi pnrases e
" Because of the need for absolute certainty in the accuracy of the’ translatlon the systemis - -
' programmed to only accept a select library of key phrases. These are designed to provide the

B WK

Composed of a single board Motorola HC16 computer running at only 4.7 MHz, the device

~ takes its input from a special microphone, which is designed to minimize the pickup; of

background noise and conversation. The HC16 then runs the speech recognition algorithms,
- generating audio output for the bullhom speaker. It can also produce a digital output, such as

‘user with an absolutely perfect translation, which is critical in cases where deadly force may be
used or lives at stake. These might include things-like: C

"Do you require medical attention?"

= "Please-drop the weapon and lay down on the ground."

\

wbiai. "Will you please:take me to the local police station?”. .~ .l . SHEgEE

. Amazingly, while the system can store up to 500. phrases in.each of 40 separate dialects, the

version used by the Marine (which outputs in Serbian, only uses around 195. So far, ten
languages have been programmed for the police version, with Enghsh as the pnimary input

- dialect. While the data stream from the translator could be fed into a voice synthesizer, the
current system produces the output audio stream from a dlgrtally recorded library of words,
which maximizes clarity to the listeners. In fact, the entire system is designed to be as much
like a normal bullhorn as possible, which is familiar to a wide range of military and law.
enforcement personnel. So far, the TWT system has been an unqualified success, with the only
. problemsbeing that:the users often refuse to return the test units for maintenance and upgrades
High praise indeed for a system that is l1ttle more than a prototype and not even close to

: commercral release

The potentral of IWT's. spcech recogmtlon technology 1s both 1 impressive and groundbreakmg
" After several decades of relatively slow progress there now appears to’ be an open road'to”
effective implementation of speech recogmtron not only for military appl1catrons but also the
c1v111an marketplace: In particular, the possible applications within the disabled community

- may not only mean an improved quality of life, but also a new and emerging pool of talent in-
Amenca s tight employment pool. Clearly, the time is nght for thrs technology '

IWT, w_1th the assistance of Eagan, McAllister Assomates, Inc. of Lexington Park, MD, is
planning to begin development of a PDA translation appliance, which would have both
-commercial and military applications. By taking advantage of the greater processing power
available with the Palm™ or Windows™ CE operating systems and emerging microprocessors,
IWT should be capable of bringing an-important new product to market. What that product
might control, as part of an emerging new user interface, might well be limited only by the .

- imagination itself. In doing so, perhaps God's curse of Babel will finally be lifted from the

earth, and mankmd will ﬁnally speak w1th one voice.
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HOW DO YOU SAY 'DILITHIUM CRYSTALS' IN KOREAN'7 :
This is not the final frontier. Since at least the 1950's, researchers in artificial 1ntelhgence have
. been trying to develop a real-time personal interpreter like the Universal Translator in the "Star
Trek" shows. In January, President Clinton promised that "soon, résearchers will bring us
. vdev1ces that can translate-foreign languages as fast as you cantalk." The German Research -
Center for Artificial Intelligence in Saarbrcken, Germany, has demonstrated a prototype system

- for laptop computers that will instantly interpret what two speakers are saying in Japanese and

German, as long as the conversation is limited to travel arrangements. Integrated Wave
Technologies of Fremont, Calif., has developed a prototype of a language box for police - - ‘
officers. They will eventually carry the device in their shirt pockets and bark commands into a
lapel microphone. The device doesn't really translate, but utters prerecorded phrases like "Stop
-- police -- or I'lLshoot!" in such languages as Swahili and Vletnamese --Cate T. Corcoran

GRAPHIC : Photo ‘(Kevin R. Moms/Corbis)

" LANGUAGE: ENGLISH
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Tmagine’ the scene: ‘A trght fist-sized ball: of yel]ow string gets shot 30 feet ata suspect ﬂeemg

a crime. As it closes in on him, the ball opens, into a 16-foot net that ensnares the bad guy. This
1S no Splderman cartoon; police are now using Capture Net--just one of the devices on display
at a Denver convention touting technology for cops, paramedics; and firefighters. Like the
Capture Net, a lot of the products were backed by the National Institute of Justice, an obscure
federal agency charged wrth boostmg research into publrc safety

'NIJ exists because crime ﬁghtmg doesn t pay. Local pohce departments--90% of whrch have
‘fewer than 30 officers--don't have the budget to develop their own new- products. So N1J pays c

for research that turns private or military technology into products cops can use. The agency -

- gives out research-grants, then serves as a clearinghouse to‘make sure-the fmdmgs are avallable

to other companies. (Research that the government funds isn't proprietary.) Recent grant

: -reC1p1ents include large public companies like Raytheon, ‘which is developing thermal- 1maging

equipment able to locate people in the dark, as ‘well as smaller private firms like Integrated

_Wave Technologies, which has built-a mini- -translator to Splt out phrases hke "You have -

" the right to rémain snlent" in three languages.

" Some of the' gadgetry rises to James Bond levels. At the Denver ,conv_entiou, NIJ demohstrated

a prototype radar flashlight designed to detect subtle movement--even quiet breathing--on the |
other side of a wall. The agency is also sponsoring research to develop a handheld device that

-can detect, from seven feet away, whether a suspect is carrying a weapon. It uses audible sound.

waves that bounce off metal or plastlc

" In addition, NIJ has become a kmd of Consumer Repons for cops, testmg products that are

already on the market. One goal is to cut down on sham compames selling.bogus devices to the

-police. For example, it rates bullet-resistant vests and tested an $ 8,000 device called the

Quadro Tracker, which, when powered by the static electricity of a user's breath, purportedly
could detect drugs with an oscillator. That sounded too good to be true, and it was. The Quadro .
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Tracker didn't work, leadmg the agency to issue a wammg to pollce departments across the
‘ country :

.. Also nixed by NIJ-:Sticky Foam, the much hyped goo that can be hosed onto fleeing suspects

" to immobilize them. "It turned out to work a little too well," says David Boyd, director. of NIJ's -
Office of Science and Techno]ogy Boyd s researchers found that it took about ten minutes per
square inch to remove the foam from a person's skin, making it too much of a hassle' for the
polrce (The military didn't think so--it has authonzed the use of Sticky Foam. )

Some NIJ-funded résearch goes toward computer applications. The agency gave $ 3 million to
Anser, a not-for-profit research group, to develop software that'rec'ogni'Zes people by 35 or so
key points on their face. Anser found the facial points work as well as fingerprints in

1dent1fymg people and originally planned to use it searching the Internet for photos of missing
kids. But now Miami drug cops are testing Anser's system to match suspects to a database of "
mug shots. It's also testing a camera that "learns" the people it watches and alerts a guard 1f

~ say, the wrong person takes a bike under its surveillance. ©

. One of the most powerful cop -gadgets now in testing is an electromagnetic Auto Arrester that

the'police can shoot under cars during high-speed chases. Get it close enough, and the Auto

Arrestor's magnets shut down the getaway car's engine. That's bad news for would-be escapees, '
. but good news for everyone else on the road Now if N1J could on]y find somethmg to clear up

trafﬁc jams. , . . o ' : : .
: .-GRAPHIC TWO COLOR PHOTOS JEFFREY LOWE, These gadgets resemble hair dryers '
~ but they detect motion and weapons.; COLOR PHOTO: JEFFREY LOWE, This virtual-reality-
simulator shoots back: (Don't worry: It fires only pellets.); _COLOR ILLUSTR_ATION.

- MARTIN. KOZLOWSKI, THE ECONOCLAST
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Hoping to get a Spamsh -speaker behmd the door to open up, the Enghsh speaking polrce
ofﬁcer makes his request to a httle hand- held box.

Ina ﬂat tone, reminiscent of the spaceshlp computer Hal in Stanley Kubnck’ "2001 " the box -
repeats back the message.

Then "Polrcra' Abra la puerta en esta momento!" the machine says in the v01ce of a Spanrsh--
o Aspeakmg cop. w1th consrderably more emotlon e o e R

PR Wt PR A L s .»—_»;.frr-,u...-\.:‘ IR M.. TS TN R S

-The scenario may. one day become a reality. Big city police officers routinely encounter
. speakers of many different languages, and often have trouble communicating effectively. . =

~ .So police in Oakland have begun testing a battery-powered language interpreter, the Voice
Response Translator, which responds to as many as 125 vocal commands, spitting out .
statements and questions in Spanish, Cantonese-or Vietnamese that demand yes-or-no answers.

Duh’ng-a demonstration last week, Everett James, a police departmentcommunity liaison
officer, showed off the machine. Saying "Miranda" into the translator' s microphone for
"example produces the's message ""Y-ou have the right to remain srlent "in a forergn language

So far, James has only been able to try it out on pohce statron walk ins, who have had few
complamts "They're obvrously pretty perplexed when I pull this out "he sard "No one. knows
what it 1s ~

S I O T

, The Natlonal Institute of Justrce began developmg the devrce after a 1994 task force noted that
officers in places like Oakland's Chinatown, where 70 percent of people are older than 65 and }
not proﬁcrent in Englrsh are mcreasmgly unable to communicate effectrvely

T ames is helping scientists enhance the tool, which at a boxy 4 inches by 6.;1,nches can't easily be
carried by foot patrols. An upgraded version smaller than a pack of cigarettes is in the works,
and. Fremont-based Integrated Wave Technologres hopes to begin marketmg it next yearata

- retail prrce of $9OO :

"This is a b1g focus of commumty policing,” said Tim McCune, an analyst with Eagan
McAllister Associates, a Washington area. defense consulting firm working on the device.
_"Bemg able to say hello, thank you, good bye officers say it really helps because they want to
be viewed as accessible to the commumty :
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o phrases they need.

An infinite number of phrases and languages can be programmed 1nto the devrce James, as
well as officers in Nashville, Tenn., are workmg out the machine's kinks and decrdmg what

"'It would be a good tool for any ofﬁcer sa1d Oakland pol1ce Ofﬁcer Barry Ko, who often
. speaks Cantonese during his patrols. "It's more personal. 'T'm out there, I want to help you even.
though I can't understand you."

But Nelleké'Van Deusen, a Berkeley sociolinguist who works with medical providers to :

improve their communication with members of Laotian mountain tribes living in the United -

~ States, said the device has "serious shortcomings" .among them the machine's inability to -
‘understand anything other than its lexicon of Engllsh commands spoken by an ofﬁcer

"Ina tense situation with a polrce officér, a nonnative speaker mrght get susplcrous about
‘ “"questlons that are asked and might not be grven the chance to respond appropnately given they
, only have a yes- or-no question to answer,’ she said. . : :

: LANGUAGE ENGLISH

-LOAD- DATE December 4, 1999

Copyrrght 1999 National Publrc Radio (R). All nghts reserved. No quotes from the matenals ,
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‘In Nashville, Tennessee, police are testing an electronic language device that could help in

~ dealing with people who don't speak English. It's called a Voice Response Translator. The’
officer speaks a key phrase, and the machine responds: The first models have been in use in
‘Oakland, Cal1fom1a and now the testing will include San Diego and Nashvrlle Captain Ken
Pence is with the Nashv1lle Police Department He says the translator is necessary because so -
many different groups of people have come to Nashville to find jobs.

‘Captain KEN PENCE (Nashville Police Department) We re go'mg to try it with Hispanic and
Vietnamese, generally. We have a Laotian population; s when we get the new units, which are
smaller we'll be programming them with Laotlan too.

ADAMS How' many dlfferent languages are your ofﬁcers dealmg with on a regular day n
Nashvrlle? L . ‘

LAMS TR

Capt PENCE Oh probably 20 languages And to change languages you can have--there sa”
Tittle disk 1nsrde that--you _]l.lSt s1mply replace this- d1sk and you have three more languages.

{ ADAMS Tell us what the instrument looks 11ke actually
Capt. PENCE: nght now, the prototype is about the size of a small, AM FM radio. Fits i in a
shirt pocket, or clips to the belt, and the microphone is a little tube. Looks llke a Bic pen, about
two mches long This one does V1etnamese Spanish and Cantonese. .
| : ADAMSJAll in th the same umt‘7 L
Capt PENCE: rh(es
ADAMS nght So you have to sw1tch between those languages’7
( ’Capt PENCE No you Just say, Change language |
Vmcefrom Translator Machm‘e: Whichlanguage? B
| Capt PENCE Start Spamsh

Voice from Translator Machme Start Spamsh

Capt. PENCE_: ‘See that's what you do and you're good to go.v

ADAMS What 1f you wanted to say to 2 a person that an officer has stopped--what if that ofﬁcer -
wanted to say you were dnvmg too fast? -

Capt. PENCE: Too fast.




: _Voice from Translator Machine: Too fast. (Spanish spoken) =

Capt. PENCE: And it's. made for police This isn't yonr generic conversational This is made for -
police, so the phrases are very, very useful and very specific to domestic disputes, lost children ,

medical problems do they need help, or _]US'[ conversational greetmgs
ADAMS: .Can you switch to Vietnamese for us, p‘lease? |

Capt. PENCE: Sure. Change language.

Voxce from Translator Machme Whlch language"

Capt PENCE: Start Viet.

“Voice from 'Translator Mach'i'n‘ei' 'Start“\/:iet e

Capt. PENCE OK Now Ill give you the same thmg How about 1 ask perrmssmn to search
their car? :

ADAMS OK
Capt. PENCE: Vehicle search.
Voice from Translator Machme Veh1cle search (Vletnamese spoken)

ADAMS: So it is not recognizmg--lt s not really speech recogmtion it' s recogmzmg certain
code words?

Capt PENCE: What it does, it does Russian phrase recognition. So it's takingaphras‘e‘ instead :

of phonemes .in the speech, and it recognizes a. ‘pattern. So it only recognizes the officer that

trains with it. But you can go out in pretty much a loud-noise env1ronment and it'l] p1ck up your

‘ speech pretty well Andit's loud enough that the other person can hear 1t

ADAMS: So you wou]d have one, and I woul.d have one,.and we couldn' t use each other's?

Capt. PENCE: Right. Well, I mean, you could spend 30 minutes training it,"andithen you could. -

ADAMS: What about in a really tense s1tuat10n‘7 If somebody were running away from an
officer--this has happened in many cmes--and they would say, 'Stop, or I'll shoot,' and the
person running wouldn't know that language, could it be useful at all in that situation?
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Capt. PENCE: I'm not sure it could. Some people have said, 'Halt, police and, of course, you *
might know stop in Spanish, but you might not know halt or—-espemally in Vletnamese You
know you wouldn' t--or Hmong : : :

y ADAMS Captam Pence what do you have--xf you don't have th1s what do you haVe‘7 What s .
your alternative? .

, ,Capt PENCE A lot of grmnmg, -waving hands, shufflmg of feet and drawmg plctures on httle
scraps of paper

'ADAMS You could I suppose, bring somebody back to the station house and get a translator
or do mterpretatxon by telephone? -

_' Capt PENCE 'nght We use one of the language l'ines but that ¢osts from $2 to § 5 a minute.
And then in the middle of the night if you need somebody that speaks Hmong, it's very--you

" know, it mlght be ari hour. And if:you're on the Interstate, that's--when somebody runs up to

you, this gives you a first line of defense to serve the public, and our chief's very , i

technologically minded.-And we want to provide some service to the public, and the way todo .

that is you need to provide that service not just in English.

- ADAMS: Captain Pence, thank you for your time.

Capt. PENCE: Thank you!

B - ADAMS: Ken Pence of the Nashville Police D"epaﬂme'nt.'.

You're listening to NPR's ALL THINGS CONSIDERED.

" (Soundbite of music)l
" LANGUAGE: English

LOAD-DATE: Décember 3, 1999
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Overview and Introduction

Development of speech to speech Ianguage translatlon dewces was spawned toa
large extent by the 1990-1991 Gulf War and accelerated Slgnlflcantly after the Sept. 11,
2001 attacks. Systems were deployed in“small numbers after 1997 and in the :
thousands since 2001, but development and procurement have outpaced e

- developmental and operatlonal testlng

Testlng to date with speech to speech language translation devrces has consrsted
mostly of characterization, experimentation and demonstration rather than true testing
~ and evaluation, something one US Army observer called “drive-by.fieldings.” This has .
hurt the voice-to-voice translation field by allowing unproductive programs to continue -
while:missing the opportunity to justify expenditures by documenting actual and
potenti'al 'operatlonal contributions from systems that have 'performed weII.

.. Testing allows evaluators to, determlne whether speech-to- speech language e
“translation devices have or can make contributions to operational activities by focusrng
- on tasks where users have identified language communlcatlon |ssues

To conduct a useful testlng program, personnel with operatlonal experience should
- diagram tasks where language communications difficulties exist and descnbe the -
problems that cause either friction or fail points. Using a task :

. documentatlon/segmentatlon/analyS|s approach, evaluators can measure
improvements in users’ ability to accompllsh tasks when they. have voice-to- vonce
devices to aSSISt them : S

/ '“Potentral benefits — e. g reduced search tlme per. \ vehicle because of increased
occupant. understanding/cooperation and more effective handling of persons durlng
house searches — can be documented effectively based on test and evaluation.

- Alternatives for reducing or eliminating: fail/friction points such as live translators,

graphical aides and drffermg kinds of voice-to-voice translators should be ldentlfled
~and the relatlve costs/beneflts of each examined. :

~ Discussion -

Past assessment efforts have fallen short of being realistic operational testing and
evaluation reviews. Users were trained in a classroom setting to use voice-to-voice

- deVICes and then encouraged to demonstrate and use the devrces in thelr missions.

The data. that emerged from these assessments consrsted mainly of descnptlons of
simple demonstrations for senior personnel. Also included are operator impressions of
how the systems might contribute in future missions. Actual integration into the "
repetitive tasks such as house searches, vehicle searches, entry control points and.
force protection was not done. Reasons given by users for failure to use the voice- to-
voice devices (if feedback is recelved at all). are that usmg them would be disruptive in

44




' the field exercise, or that there was some diff culty in usnng the device that they hoped
would be solved by more training time.

The baS|c problem is that voice-to=voice translators are a new class of equrpment and
gaining user acceptance and device integration into operations has proven to be more

“difficult than anyone anticipated. Users cannot envision how the devices would work
operationally and dont like to be the ‘high- visibility guinea pigs for initial use at the unit
level

User acceptance and device integration is the essential component to testing and
evaluation. One successful tool for gaining initial user confidence is to show
videotapes of field exercises where the devices are employed. Another is to focus user
training on working with the device to accomplish specific tasks:in role-playing |

situations. Testing can then proceed with early adopters willing to employ the systems :

-in operational or realistic settings :
- Developing Testmg Crrtena »
Operational and Developmental7 Testing' criteria fall into two areas:

1) Functionallty related to the basic task the device must do: and
2) Environmental Suitability/Survivability Criteria related to the devices
: suntabillty/survwability in the user’s operational envrronment

“ Functionality criteria need to be developed by first selecting critical user tasks being
frustrated by Ianguage -based communication problems. These range from simple
tasks such as warning persons away from secure locations to complex ones- such as.
interrogations of hostlle mdrvnduals - :

“User ta‘sks then need to be broken down into task elements so failure points without -
- the system can be identified. Though there are different correct ways of conducting

tasks such as house and vehicle searches, the failure points will often be the same =

~ even if a user does not conduct the task in the same way. Task criteria must focus on
'whether the system enables the user to overcome a validated task fail point.

’

- Task example; '

1) House Search

" Developmental testing involves determining the extent to which a system/device meets performance parameters set

- during a formal requirements process. System performance levels are characterized either as “threshold” or “objective”,

with the latter being scheduled for later in a system’s development. These are often linear measurements —e.g., a system will
have to demonstrate the ability to work in XX dB of noise early in its deve]opment but (XX+35) dB before entering -

advanced testing and/or production. Operational testing involves putting a'system into a realistic (or real) environment and"

made to perform the tasks for which it was designed: “A continuing process of evaluation that may be applied to either
operatlonal personnel or suuations to detemune their validity or reliability.” .
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. Occupants must be informed that persons comlng to search the house
are US military personnel
-Fail Point without device: Occupants m|ght not know |n|t|aIIy that
‘ persons are authontles and resist entry. -
.- Occupants must be divided into two groups women/chlldren and men
— and directed to go to separate areas.” ' - o
. i. Falil Point without device: Operator is unable to dlrect persons i
: effectively by voice command and must physmally move them.
.. Occupants are told they are going to be blindfolded. After being
blindfolded, they are told that if.they can provide information about
. weapons caches or anti-coalition individuals, they should indicate th|s
by putting their chin on their chest.
i. Fail Point without device: Operators cannot ask this questlon
and must bring forward a human interpreter or bnng house
- occupants back to a secure area.
d.. Individuals are-separated so the identities of those prowdmg
mformatron are not known to the others in the group.
o Not appllcable if questions cannot be asked

,Survwablllty Testlng

. Environmental surtabuhty/survnvablllty crltena need to be generated from actual data
Testing for ambient temperature survivability is simple, but often not done. Testing for -

~ problems resulting from other factors such as high levels of sand/dust clogging

“equipment cooling systems is more difficult and needs to be done in the. operational
envnronment :

Alternatlves to electronlc Iangu'age translation systems include on-the-spot human _
- translators, translators: connected telephonlcally, and other translatlon devrces such as’
‘ srmple graphucal cards. ' - :

Conductmg Tests

_ Enwronmental Swtablllty/survwabrhty crltena testing should be addressed first by
independent laboratories, i.e., “shake and bake” testlng Much of the relevant work will
be relatively low cost. Simple oven tests, where devices are operated at temperatures
representative of some current operatlonal environments (140 degrees F) and drop’
tests can reveal the limitations of equipment before S|gn|f|cant numbers are procured
and deployed. Other tests, such-as battery life/power consumption, can validate or
refute vendors’ statements about critical performance areas such as time between
recharging.

_ Please note there is a tendency to believe that performance in areas such as power-
- consumption and ruggedness can be added onto a system after task functionality
problems are solved. Such improvement efforts are usually only marglnally successful
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and involve tradeoffs such as additional weight and/0r size. Therefore performance”
areas critical to system deployment should be tested as threshold reqwrements prlor
: to sngnlf icant mvestment in development and/or acqursrtlon of systems ‘ o ‘ '

: Conclusmn v

Voice-to-voice Ianguage translation devices are tooIs developed in response to

~ specific operational shortfalls cited by users. System development/deployment/testing
must be tied back to specific operational problems. Systems/devices must address
specific tasks and provide solutions to problems in completing those tasks so that the
benefnts of system use are documented

Detailed testing plans must be prepared before expendlng resources on fleld activities.
These plans should lnclude

1) A descnptlon of tasks for which users have prowded |anguage-
+ communication-related fail point feedback; .
2) A description of translated phrases that would address these Ianguage-
- related fail points; '
" 3) A description of system/device operation in  the task setting dlscussrng how
the device would be integrated by the user;
4) A description of the expected successful outcome of system/devnce msertlon A
into the task; and - . : :
5) The method of documentatlon/quantlflcatlon of beneflts from use of the .
: system/devuce -

’
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APPENDIX D: TECHNICAL APPROACH

] lntroductlon

lntegrated Wave Technologies, Inc., has. made sngnlflcant hardware and
: _software advances related to speech recognltlon ‘ :

, IWT voice recognltlon technology performs ina robust manner usrng novel
signal processing methods. The accuracy of the system exceeds 99% in adverse
conditions using different communication channels and in the presence of background ,
noise. The core technology is very efficient and inexpensive to implement: A standard

- 8-bit audlo/dlgltal converter and.a 5 MHz controller chipis suffment to run the .

- program : .

IWT began ten years ago on an R&D track radlcally dlfferent from that of other

:-- speech recognition companies. Companies such as Dragon Systems, Inc.,-were
founded by highly talented linguists who attempted to mechanize their knowledge of
how. humans process speech into computer systems. Their systems try to recognize
phonemes — parcels of speech such as consonants and vowels peculiar to each
language — and then assemble them into words and words into sentences using
contextual analysns much like humans do. Phonemes are extremely subtle, often "
only 100 milliseconds long. The software developed to do this was supposed reside

. on top-line personal computers and allow persons to convert conversational speech

into text. Their hope was that documents such as letters, memos and reports might
be done W|th little- of no use of a keyboard : ‘

- This phoneme -based R&D — now datmg back over 30 years — has not-been
technically or commercially successful. These speech recognition compames have.
been able to eke out incremental |mprovements in the products increasing

' vocabularles and accuracy in some situations, but noise immunity and overall
accuracy have not increased to the point where these systems are useful for real-
‘world operation. These companies have placed their technical hopes in the

“development of more effective noise-canceling microphones, noise cancellation from .
digital signal processors. (DSPs) and advanced software dependent on more

' powerful PC processors

IWT is a company with a core expertlse in mlmatunzed electromcs and pursued a
different path than that of these linguists. Rather than emulating human speech .

' recognition, the Company approached this problem as its founder approached the
challenges of producing the first electronic watch, the first computerized heart
pacemaker and many other technological firsts. This approach was to analyze

_ precisely the delicate audio srgnals produced by human speech and develop
innovative ways of extracting this sound from background noise and recognizing it

- with high accuracy. While perhaps insurmountable roadblocks were encountered in
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' pursurng the Imgurstac approach the Company was able to reach its technologlcal
. goals. : .

Key to this approach and its success are the talents of a team of sctentlsts and
engineers who have been employed by IWT for the past ten years. Algorithms that,

* as pure calculus equations, would take literally a supercomputer to execute have
been refined so that they are performed on a 5 MHz controller chip in milliseconds.
These individuals, working as a closely knit team, have been able to produce
complementary advancements in pattern-matching mathematlcs srgnal analysis- and
software/hardware |mplementatlon

A key to the Company’s current product development posmon was its strategic -
decision in 1991 to develop recognition systems for miniaturized applications such as
cellular phones and personal drgltal assistants rather than for personal computers.
This decision resulted from IWT’s analysis that the greatest value-added for speech
recognition is for devices that, unlike desktop units, do not have useful keyboards.
This decision has allowed the Company to create a capability that converges with the

~ emergence of web-capable personal digital assistants and mobile phones and
provrdes IWT with |ts ovenNhelmrng competltlve advantage

- IWT decided also to work closely with high-end law enforcement and other
government users during its-development process rather than market its technology
in its incrementally capable stages. The Company believes that speech recognition
technology must cross performance thresholds to be useful and commercially viable, - -
and that other companies have damaged the market for speech recognition by trying
to sell products that do not live up to promlsed minimum performance levels.

Hall also provided services to the U. S. Government for |mportant new m|I|tary
technologies, including:'a. combination linear/digital low-cost sonobuoy IC; the phased
array radar module for the B-1B bomber; the first radiation-hardened computer fora
classified program; and a high- speed data acqwsrtlon system for a long- range infrared
~ missile. detectlon system. - : : : S S

Each of these: commercral and mllltary programs mvolved Hall personally in
inventing new solutions for electronics problems that had eluded other developers.
Many of these solutions included making fundamental advances in semiconductor
technology. For example, Hall invented.the low-power CMOS technology that now
forms the basis for virtually all of the consumer electronics products. being produced
today. A company he founded and led, Micro Power Systems, JInc., produced devices
- based on.this technology for 10 years before it was adopted by Intel foruseinits

microprocessors and other products. A full Ilst of Hall's technical mnovatrons is
Jincluded below. o : ;

This 40-year technical resume indiCates why the Company has been able to
. make groundbreaking advances in speech recognition where other firms — including ..
~ large ones such as Intel and Microsoft — have failed. His unique perceptions and

Al
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insnghts related to analog/digital signal processing — technology at the center of the
speech recognition challenge have led to the srgnificant advancements described in
‘ this plan : -

The Company S founder has 40 years experience in electronics manufacturing
start up and continued growth operations, having designed and built factories in .- .
Ireland, Japan, Finland and the US. For the products described in this plan, the
Company will outsource the manufacturing to entities with which Hall has long-
standing relationships IWT does not foresee needing to burld any manufacturing
facmties :

Technology s Background

Speech recognitlon development began in the. 19505 In 1952, Bell Laboratories .
built a system based on measuring spectral resonance to identify the vowel sounds of
single digits. A program at RCA in 1956 also used this vowel sound approach and

other work was begun in Japan in the 19603 '

An approach important to thls proposal was begun in the 19605 in the former
Soviet Union. During that time, research by T.K. Vintsyuk and others produced work
" - related to matching speech inputs to patterns stored in a databank. The Company’s
+ recognition algorithm is a unique and highly refined example of this basic approach.

“In 1971, the Advanced Research Projects Agency (ARPA), now called the
Defense Advanced Research Projects Agency, challenged American companies and
universities to develop a speech- understanding system with a vocabulary of at least
1,000 words capable of processing connected speech with an error rate of under ten
percent in a low-noise environment for use by many cooperative speakers Most A
speech recognition systems — other.than the Company’s — descend from these ARPA -
efforts, backed by private investment in addition to some continued public funding.. o
Companies ranging from IBM and Philips as large integrated high-technology firms to
- Dragon Systems, Inc., Kurzweil and Lernout & Hauspie (L&H) as entities dedicated to
- speech recognition technology have labored to produce saleable consumer products
- A'host of smaller frms have also devoted Significant R&D efforts in the field.

High- technology Ieaders have made investments in these firms to promote
product development and to secure access to this work. Forexample; Lernout &
Hauspie Speech Products announced last year that Intel Corporation has signed a
binding letter of intent to invest $30 million in L&H. L&H also announced last year that
" Microsoft elected to exercise its warrants to purchase an additional 857,142 shares of .
- L&H Common Stock at an exercise price of $17.50 per share, for a total exercise price
‘of approximately $15 million. This purchase increased Microsoft's investment in L&H to
~ approximately 3.75 million shares, or approximately 7% of L&H outstanding Common

‘Stock. These warrants were-issued to Microsoft in connection with Microsoft's $45
million mvestment in L&H in September 1997 : :
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_ Desprte this i |mpresswe dedication of resources, N0 company has been able to
market a commercially successful speech recognition- -based desktop.product or been -
able to produce significant revenue. L&H — the parent of Dragon Kurzweil and
Dictaphone — is currently attemptlng to reorganize in bankruptcy courts in.the U.S. and
Belglum :

Development of successful speech recognrtuon devrces has been hampered in
general by problems of background noise, miniaturization and accuracy. Phoneme-
.based systems such as those produced by L&H, Dragon, Philips and-IBM have the -

. further problem of being language and accent-specific, so that new versions have to
be developed at great cost to serve desired markets. -

. Until recently, speech recognltlon development focused on software dedlcated
to the task of large vocabulary speech-to-text dictation on desktop computers. The
technically poor performance of this software, combined with the advent of widespread
‘Internet and wireléss phone service, have led speech recognition companies to look
toward the development of large-scale recognition centers ori'one hand and to
miniaturized speech recognltlon for cellular phones and personal dlgltal assistants on
the other. : : :

Some success, under carefully controlled conditions, has been achieved by
Nuance and others in the field of large-scale recognition centers, generally described
as having Interactive Voice Response (IVR) capability. Instead of using touch- tone -
_responses, the IVR uses key words and phrases to direct the flow of the call. If callers”™
clearly understands what phrases and words to use, they will find the applications
~easier to use than touch-tone systems. The performance of these systems has been
‘ hmlted and this market has not proven to be profltable '

Voice Information Associates, Inc. has recently released a study, Automatic

Speech Recognition for Telephony Appl/catlons The World-Wide Market: 1995 —

- 2003, which predicts the growth in end-user revenue obtained from automatic speech
recognition products in telephone applications. The unified messaging subsegment will
show the strongest growth with an cumulative annual growth rate (CAGR) in excess of

80%, 'while operator services is projected to have a more modest CAGR of 27.5%. The

“service revenue obtained by the carriers for ASR based servrces is antucrpated tobein =

excess of $9.5 billion in 2003. :

, : Whrle this segment of the speech recognition market might eventually prove to
“be technically and commercially viable, its limitations are apparent. These devices are
“susceptible to background noise interference, and users overcome this by calling from -
relatively. quiet areas. As important, these systems require large-scale -hardware
resources for implementation, limiting them to well-funded applications. -

Background: =
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- The Company’s original core software technology was developed in the former
‘Soviet Union, in an atmosphere where expensive and complicated resources were
limited. Russian scientists were forced to.use inferior (by Western standards) -
computing machinery. To get results; they had to rely on elegant, yet parsimonious, -
algorithms to achieve comparable results being accomplished-in the West with more.

" powerful computers. IWT’s-current generation of software is an entrrely hew creation,
- developed by the Company’s. employees and a generatlon ahead of the already-

|mpresswe work Aacquired eight years ago.

In the 19603 Vintsyuk first proposed the use of dynamlc programmrng methods

for time-aligning a pair of speech utterances. Although the essence of the concepts of
- dynamic time warping, as well as-rudimentary versions of the algorithms for connect-
word recognition, were embodied in Vintsyuk’s work, it was largely unknown in the

West and did not come to light until the early 1980s -- long after more formal methods

were proposed and |mplemented by others. : : :

e meny ’1—«:-“ S e

A srgnrfrcant mrlestone in vorce recognltron work was achleved in the 19705 by
Vellchko and Zagoruyko.® They created perhaps the first viable and useful voice
recognition system. These Russian studies helped advance the use of pattern-
recognition ideas in speech recognrtlon It should be noted that these. studres ‘predated
those by Sakoe and Chiba in Japan and ltakura in the U.S. L

The work in the Seviet Union continued on with an emphasis in robust voice

" recognition-and voice identification for use in military and covert operations. A wealith
of commercially available potential research soon became available after the fall of the
Soviet system. IWT secured the commercial rights to the most significant and
applicable research. The technlcal detarls have not been pubhshed $0 as to- protect
these rights. : : -t -

The Company has achreved its S|gn|f|cant technical breakthroughs partly due to
its aggressrve development-deployment-evaluation- redesign- redeployment-

-reevaluation program: IWT has created new generations of its devices in as little as SiX -

months, incorporating new scientific insights by Dr. Hall and other staff members.

- IWT's practice is to field new technology quickly in demanding situations and draw
lessons from it rather than attempting to provide it to consumers prematurely. IWT! S
products enjoy a vast technological lead over those of its competitors and an ‘
unmatched reputation among sophisticated government users.

- 8T K Vintsyuk, ¢ ‘Speech Discrimination by Dynamic Programmmg biernetzka 4(2): 81-88, Jan. /Feb 1968.. co
® V.M Velichko and N.G. Zagoruyko Automatrc Recognition of 200 Words International Journal of Man-Machine

* Studies, 2:223, June 1970.

‘ 1% H. Sakoe and S. Chiba, “Dynamic. Programmmg Algonthm Optrmrzatron for Spoken Word Recognmon IEEE Tans.
“Acoustics, Speech, Signal Proc., ASSP-26 (1): 43-49, February 1978.
"' F. Itakura, ¢ “Minimum Predrctron Residual Applied to Speech Recognmon " IEEE Tans Acoustrcs Speech, Signal Proc
ASSP- 23(1) 67- 72, February 1975
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- The Company’s technological breakthroughs also have come because it has
taken an approach fundamentally different from developers such as Lernout & S
Hauspie (L&H), Dragon Systems (now part of L&H) and IBM. These companies, or '
‘their speech recognition divisions, were founded by highly talented linguists who 4
attempted to mechanize their knowledge of how humans process speech into
“computer systems. Their systems try to recognize phonemes —.parcels of speech such -
-as consonants and vowels peculiar to each language — and then assemble them into -
words and words into sentences using contextual analysis, much like humans do.

. Phonomes are subtle variations in speech peculiar not only to each language,
but each accent and/or dialect within that language. Each phoneme is perhaps only a
~ hundred milliseconds long, and recognition software based on them must separate
- them from background noise and each other to identify them continuously. These
- recognized phonemes are then- assembled into a word, and then words into '
sentences. . :

" This recognltlon approach i is dependent ona contmuous strlng of tasks bemg
done correctly. If a “v” sound is misrecoghized as an “f’, then the entire word will be
wrong even if the phonemes that follow are recognized correctly

. This problem has dnven the complexity of phoneme-based speech recognition
software. To compensate for phoneme misrecognition, this software uses a probability
ahalysis to attempt to identify words from phonemes, and contextual analysis to assist
in selecting words. For example, if the system recognizes “the dog” as the beginning of '

“a sentence,; it will conclude the next word is “barked” rather than “borrowed”, though
the recognition part of the software might not be able to discriminate between those

- words. This method of.improving accuracy is very limited — many possible choices

| eXISt for each word positioned in a sentence — and it is of no use for command/control .
“recognition as there is no context for words such as numbers.




Figure 1: Phoneme Chart

IWT’s analysis, reached mnt:ally eight years ago, has been that thls approach IS .
'fundamentally flawed. Other research supports this analysis. Dr. Steven Pinker, a B
" noted language expert and director of the Center for Cognitive Neuroscience at the
Massachusetts Institute of Technology, described the fundamental problems wuth the
. phoneme/linguistic approach in his book The Language Instinct. 'He wrote that, “
. human-made system can match a human in decodmg speech He el_aborated, addln_g:
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o “__“recognlze speech, evolutlon that is partly self defeatmg

- Sentences and phrases are built out of words, words are built-out of -
morphemes, and morphemes, in turn are built out of phonemes. Unlike
words and morphemes, though, phonemes do not contribute bits of
‘meaning to the whole. The meaning of dog is not predictable from the
meaning of d, the meaning of o, the meaning of g, and their order.
Phonemes are a different kind linguistic object. They connect outward. to
speech, not inward to mentalese: a phoneme corresponds to an act of
making a sound."? -

IWT identified.in its early analysrs of speech recognrtlon technology that

" phoneme- -based systems are also highly susceptible to background noise and require
large computer processing resources to operate. A key flaw in the phoneme approach -
~ is that the processors needed to |mplement it create system noise that interferes with
speech recognition. Each generation of phoneme-based software has required ©
increasingly powerful processors, which in turn interfere with the system S ablllty to-

Similarly,. Prnker descrlbes the futility of trying to guess words from the sentence
~ context because of the ‘sheer vastness of language. He wrote:.

"'Go into the Library of Congress and pick a sentence at random from any
volume, and chances are you would fail to find an exact repetition no
matter how long you continue to search. Estimates of the number of
sentences that an ordinary person is capable of producing are
breathtaking. If a speaker is interrupted at a random point in a sentence,
-there are on average about ten different words that could be inserted at
that point to continue the sentence in a grammatical and meaningful way.

" (At some points in a sentence, only one word can be inserted, and at

- others, there is- a choice from among thousands; ten is the average). Let's
assume that a person is capable of producing sentences up to twenty
words long. Therefore the number of sentences that a speaker can deal

~with'in principle is at least 10% (a one with twenty zeros after it, or'a - -
‘hundred million trillion.) At a rate of five seconds a sentence, a person
‘would need a childhood of about a hundred trillion years (with no trme for
eating or sleeprng) to memorize them all."

Rather than emulatlng human speech-recognition, the Company approached ‘
this problem as jts founder approached the challenges of producing the first electronic
watch and the first computerized heart pacemaker. This approach was to analyze
precisely the delicate audio signals produced by human speech and develop .
innovative ways of extracting this sound from background noise and recognizing it with -
high accuracy. Whlle perhaps msurmountable roadblocks were encountered in

12 Pmker Steven, * “The Language Instmct How the Mmd Creates Language Wnlham Morrow and Company New York,
1994, pp. 162-163. . A
B Pinker, op.cit;, p. 87.
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pursuing the linguistic approach the Company was able to achleve the specmc results
- described below : o , ,

IWT S technologles are not merely supenor to those of other companies. They
cross performance thresholds that will allow them to be the basis of new products and

T new markets. In addition-to securing-ownership of the algorithms, IWT has pursued an- -

‘aggressrve strategy.of developing essential implementation technologies. The -
Company is in the process of completing patent application. documentation for.these
technologies and-believes that the resulting paténts will prevent competltors from .
developlng similarly capable products ‘

: These technologles also can be combined with existing innovations such as the
_ Universal Serial Bus-standard and emerging ones such as the Bluetooth radio '
frequency interface standard to become lmportant mtegrated parts of the next
. generation of computing systems. :

" 'Backgroun’d hoise: is-simply the everyday notse‘ that surfounds us. The noise
Ievel exceeds 40 decibels often even within the percelved qu;et of an office because of
ventilation systems, equipment and other people. City street noise is generally around
80 decibels, while the noise within moving vehicles rises to about 100 decibels at :
- highway speeds. The military and police applications in which the Company s products
- are being demonstrated routinely experience background noise over 100 decibels.

-The. Company has developed systems based on its unrque rntellectual property
that have unprecedented capabilities in background noise situations over 100 '
; decibels. This capability, described below in detail, is key to IWT’s competitive
. advantage. Other. speech recognmon systems being marketed cease to recogmze o

o _generally at about 30 to-40 decibels of extraneous noise. These systems “lock up

__under the pressure ‘of noise above that Ievel maklng them useless.

o The Company has made similar strrdes ahead in mlnlaturrzatron of speech
- -recognition. Systems such as those made by Lernout & Hauspie, the Iargest speech ..

recognition software manufacturer, require a Pentium Il computer.with 128 megabytes S

of memory. IWT has reduced the size of its complete speech recognition system to a
two=inch by three-inch.board that werghs less than an ounce. In addition to being a
“highly capable device capable. of integrating the Company’s advanced speech -
recognition into many products, this board also demonstrates that IWT could integrate
its technology into PDA running the Palm OS or Wlndows CE without i mcreasmg
B processor power or overall size. : : -

IWT has also produced systems that approach 100- percent in recognltron
accuracy, even when using short commands such as numbers

The problems of background norse susceptlbllrty, targe system size and poor
accuracy have prevented the emergence of successful desktop, laptop and handheld
speech recognltlon products, desprte mtensrve marketing efforts by L&H, Dragon
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Systems, |nc (purchased by L&H) and-others. Reviews of these products are critical -
. of poor accuracy rates, long times needed for setup/tralnrng and the hrgh level of
computlng resources needed for basrc operatron :

A hardware based competrtor of IWT is Sensory, Inc., founded by well- regarded

innovators who produced successful speech synthesizer mtegrated circuits.- The work

done by Sensory has been impressive, but suffers from the limitations of systems such |

. as L&H and Dragon. The Company can demonstrate also that its products have
significantly higher performance that i is at Ieast a generation ahead of systems using
Sensory’s chips. : : :

Sensory and others a’ttempting:to produce useful handheld speech recognition
- are trying to augment the performance of their technology by using digital signal
processors (DSPs) to reduce background noise. These companies hope that using the

. DSPs to remove noise will allow them to achieve breakthroughs in performance. IWT’s -

~_analysis.is.that this approach will allow for noise rejection of only 30.dB, far less that
" the Company can do with its technology Further, DSPs work best reducing repetitive
noise, while the noise encountered in using speech recognition is non repetitive. IWT
therefore believes that it will maintain rts lead in speech recognrtron technology fora
significant amount of time. :

A speech recognition application area involves the area of telephonic speech
recognition. This application area, developed by Nuance and other companies,
involves recognizing words and phrases spoken over felephones to computer-based
systems. These systems base their success on being able.to devote high-level
computing resources to the recognition of a limited number of words and phrases,
generally spoken in relatively low.noise environments. Even using these constraints to
increase performance, caII center systems have not met technrcal or commercral
expectatrons : ~

Call centers are attractive to many developers because they appear to allow
mobile devices to be used with phoneme-based speech recognition systems that : -
require Iarge -scale processors. Developers state correctly that they can use the most
advanced phoneme systems and software-based noise reduction. Deeper '
consideration reveals significant problems with this approach. First,.the commercial .
requirements are for these systems to handle. many thousands of recognition tasks
_simultaneously. Thus, what might be made to work for a single call or for very small
numbers would require perhaps thousands of Pentium equrvalents to succeed.
“Second, such systems are victims of input variations. Telephones are designed to
operate within a specific band of frequencies, but otherwise produce vastly different
characterizations of the same voice. Further, noise is introduced into the systemin -
many ways: from the background; from the telephone set; from the landline or mobite -
connectron and from Iong drstance swntchlng systems ‘

, For these reasons IWT has no pIans to invest resources in the call center
market area. :
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The Company belleves the best marketrng opportunltles for speech recognrtlon
exist in the area of handheld devices of various types. The miniaturization of
computing and telephonlc resources have created a greatly increased need for speech
recognition command/control and information entry. Unlike. desktop and laptop
computers, PDAs and moblle phones have tlny, awkward keyboards and no

: 'complementary mouse PP B

Several new market opportunmes are based upon IWT'’s ablhty to burld very
compact, low-cost devices that recognize all languages, dialects and impairments in
speech in environments with loud and unpredictable-background noise. The core -
technology was developed in the former Soviet Union in a atmosphere where -
expensive and complicated resources were limited. Russian scientists were forced to
use inferior (by Western standards) computing machrnery To get results, they had to,
rely on elegant yet parsimonious, algorithms to achieve comparable results being
accomplished in the West with more powerful computers. IWT acquired the applicable
rights to this technology in 1991 and continues to_ fund related research. lts current

e generation of software is-not- related as* mtellectual property to this earlier work aridis

being patented separately

IWT’s system analyzes the frequency and energy characterlstlcs of the sounds
rather than the phonemes. This allows IWT to match sounds directly and precisely to -
templates of voice commands ‘and also to distinguish the voice command sounds from
all types of background noise, even-other human speech. - ' 4

The second characteristic is the highty efﬁment architecture of the Sovret

.. algorithm. Software_based on this algorithm can run on relatively modest hardware —a. -

286 processor equivalent compared with Pentiums requrre for Western vorce

recognrtlon systems — which means that IWT has been able to create systems that are

- vastly smaller, more power efficient and cheaper than systems relying on Western .

systems. The algorithm can be embedded in a single chip, which can then be
integrated directly into devices where voice command is desired. Western systems

-were forces to rely on large, costly laptop Pentium computers that use a S|gn|f|cant

amount of power to integrate vorce command into other systems.

Based upon these two characterrstlcs IWT has.been able to create new market i

_ opportumtles by meeting the stringent requirements of carefully selected applications..

Currently available voice recognition systems are unable to meet the demands of
these applications, and IWT's technical success can create a monopoly in these - -

. specific areas. IWT has worked closely with federal government technology managers,

federal laboratory engineers, university technology application specialists industry.
experts and non-profit organization expérts to ensure ability of its voice recognltlon to

| _meet the requnrements of these market opportunltles

IWT adopted this strategy of pursumg high-end, demandlng requirements unmet
by current voice recognition systems after determining that the poor performance of
devices put on the market by other companles had created a negative image of aIl
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voice recognition systems in the minds of many computer users. These projects both
create important products and benchmark this technology as being clearly superiorto.
" all other voice recognition. IWT believes that after it demonstrates its capabilities .
through dem‘anding high-profile applications, it will be able to sell applications for
general use, either. through computer manufacturers or as dlscrete |tems through
software and hardware retailers. S | ,

The Company has developed increasingly cost and performance effective
. mechanizations of its speech recognition technology. Stand-alone sound/data
- processing boards implementing the technology at a size of two-inch by three- rnch
-have a base'production cost of $30 each. This technology is being transferred to a
chip-on-board package that reduces size to one-inch square and costto $15 while

" increasing performance. These boards and chips can be used as add-on speech

recognition-modules or integrated into various hand-held devices by Original
Equrpment Manufacturers purchasmg IWT's. technology and/or components

The Company s technology is capable of recognlzmg lmpalred speech wrth an

- effectiveness that is unmatched by any other speech recognition technology. IWT is
testing new prototypes with the Cerebral Palsy Association of Greater St. Louis. The .
-national United Cerebral Palsy Association has evaluated this technology also and has
promised to market devices produced through the 160 member associations and also
through its Internet catalog of assistive devices: IWT is confident that once produced,
this technology will become a standard for “reasonable accommodation” under the
Americans with Disabilities Act and the Individuals with Disabilities Education Act and
will be required for use in workplaces and schools for dlsabled persons W|th and
_ without |mpa|red speech '

| The’ Company S development tlmehne below underscores the advancements it has
‘made in speech recognltron :
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" Figure 2: IWT R&D Timeline

- VRT’s Development Path-

to produce miniaturized SR
for high noise environments.

1994: ITWT presents V2V
[ tactical translator concept
to Justice Department

1996: Justice Department
completes peer review,
competitive evaluation and
selects IWT to produce
" tactical translator -

¥

1997: First Generation 1998: 2d Generation VRT is - : :
'VRT is tested in police use. [—» funded by DOJ, tested by police | . | , 2000: 3d Generation VRT
- Second Generation begun. forces, demonstrates hands-free . | _funded by DOJ, is used
: capability, 3d Generation begun. successfully by police, USMC
. : 1 forces in Bosnian combat, and
B v T e e o o :2. USN for force protection.
2001: -_USC'G‘ selects VRT '2001.: 4 Generatio.p . - 2002: USCG equips all
after competitive evaluation, _VRT is developed using " combat cutters with
deploys for Gulf operations. new IWT algorithm and

ise filteri X | VRTs, reports successful
noise filtering teghmques. | ‘ combat use in maritime

force protection role,

~'2003/4: VRT deployed k 2004: DOJ tests conclude

successfully with USMC, VRT is only hands-free V2V
- SOF, USN, USA forces.

2005: .VRT used successfully in
Iraq combat to locate enemy .
weapons, persorinel. Advanced -
VRT funded by DARPA.

translator in existence.
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. tWT Approach to VoiceRecanition_ ‘

Broadly speaking, there'are three approaches to speech recognition:

e The accustic-phonetic‘ap_proach.
. . The{artifictali intelligence' approach: -
o The pattern recognition approach, which is used by IWT.

.The acoustrc-phonetlc approach is stralghtforward ‘The machine attempts to .
decode the speech signal in a sequential manner based on the observed acoustic.

- features of the signal and the known relations between acoustic features of the signal

.~ and the known relations between acoustic features and phonetic symbols. Itis a vrable_j
. approach and has been studled in great depth for more than 40 years. "

‘ In 1971 the Advanced Research’ PrOJects Agency (ARPA) now called the =
Defense Advanced Research Projects Agency, challenged American companies and
universities to develop a speech-understanding system with a vocabulary of at least -
1,000 words capable of processing connected speech with an error rate of under ten
percent in a low-noise environment for use by many cooperative speakers. The
systems were allowed to have an artificial syntax and a highly constrained context and
were not required to operate in real time. ARPA deliberately used the word
- understanding, as opposed to recognition. Understanding, when used in this way,

" came to mean that once input was recognized, or partially recognized, it would be
further processed. If a question were posed, the system would be required to answer
it, if a request were made, the system would have.to fulflII it. : :

At the end of the prOJect'ln late 1976, three contractors, Carnegie Mellon University
(CMU), Bolt Beranek and Newman (BBN), and System Development Corporation’
. (SDC) - Stanford Research Institute (SRI), had produced six systems. The three most
viable were the Harpy and Hearsay Il systems of CMU and the HWIM ("Hear what | -
mean") system of BBN. Of these only Harpy fully met the five-year goals of ARPA. The
. ARPA project pioneered the use of linguistic knowledge. Hearsay | borrowed the :
"blackboard" notion from the artificial intelligence field. Blackboard is jargon for a
database of information made available to the diverse processes of a software system. -
Hearsay Il had various subparts that checked on whether a potential sound sequence
was consistent with syllable structure, whether a potential syllable combination was a
legitimate word, whether a potential word combrnatlon was a legitimate phrase and SO
on. -

Through the blackboard, information from these various levels of knowledge
sources could be exchanged. Thus, if a potential word was found in Hearsay lI's
dictionary of allowable words, the system could back up and substitute a different,
sound or syllable, forming a different word, which: it could then try out. HWIM employed

“asyntactic analyzer called an augmented transrtron network that elrmrnated phonetrc
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chorces that Ied to ungrammatlcal sentences Harpy achreved a similar end by means
~ of a “finite state grammar.” In both systems, ‘if the recognrzers best-guess was ill- -
. formed, say, John green its dog, the’ syntactlc component would ask the recognlzer for
its. next best guess and continue to do so until a grammatically acceptable sequence
occurred. If no well-formed sentence could be found, the. system rejected the input as
- unrecognizable. All large speech-recognition systems developed afterARPA“had ways” =~ =
to restrlct recogmtlon choices based on the. syntact|c constraints’ of the Ianguage '

The ARPA prOJects were-concerned chrefly with the kinds of. fundamental problems of
_-recognition and understanding, but none worried about noise. Expenments took place
in quiet enwronments using high-quality electronics. The quest for practical, usable

- systems led to an investigation of the effects of noise, which can be devastating.
- Systems with five percent error rates in quiet environments found themselves with 35 B
- percent error rates when background was introduced. Channel noise plays havoc with '
the recognition process as does noise introduced by the speaker such as coughing,
. -throat cleanng snuffling, snorting,-sputtering, spluttering; stutterlng stammering, -
~slurring, lisping, lip smacking, and nonlinguistic vocalizations such as hemming,
hawing, uh-ing, and er-ing. These difficulties were addressed throughout the 1980s
through the use of noise canceling microphones and internal noise reduction systems :
based for the most part on dlgltal S|gnal processors (DSPs)

However fora varlety of reasons, the acoustic- phonetlc approach has not
-achieved the same success in practical systems. The central problem is the extreme
difficulty in getting a reliable definitions of phonemes, i.e., segmenting the speech into
discrete regions where the acoustic properties of the signal are representatlve of one
(or possibly several) phonetic units (or classes) and then attaching one or more. -

i phonetrc Iabels to-each segmented region according to-acoustic propertles I e

A second problem is that once the labels have been defi ned a vahd word must
“be determined from the sequence of phonetic labels (usually in the form of a phoneme
Iattlce) that can have many permutatlons for a glven word or. phase "

: The artrflcral mtellrgence (Al) approach attempts to combrne the above phonetlc
approach with the power of an expert system that integrates phonemic, lexical,
syntactic, semantic and pragmatic knowledge: Although some of the limitations of the
’ acoustrc-phoneme approach can be overcome using Al, the compIeX|ty of the task .

‘makes it unsuitable for small, portabﬂe applrcatlons orin appllcatlons where costs
must be kept Iow -

4 ~ The pattern- recognltlon approach is the’ basns for the IWT speech recognlzer It
has three qualltles that lead to superior performance in apphcatlons

| 1 Slmplrcrty of use. The method is easy to understand, rrch in mathematlcal and
- communication theory, and rs wrdely used and understood.

4 L. Rabiner and B. Juang, “Fundamentals of Speech Recognition,’; Prentice Hall Signal Processing Series, 1993.
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2. ltis robust and invariant to different speech vocabularies, users, langUages,
“word vocabularies, talker populatlons background environments, and
transmrssron condltrons . ‘ o o ‘

3. Proven high performance ‘The pattern- recognltlon approach to speech =
recognition consistently provides-high performance on any task that is- within its -
technological parameters and provrdes a clear path for extending the technology
in a wide range of d|rect|ons :

The pattern recognltlon approach is better suited for the conditions to Wthh
hand-held dewces will be subjected for the followmg reasons:

1.-The S|gnal processing front end provrdes a set of unique filter bank
parameters that are consistent over a wude range of speakers and
communlcatlon channels o

T2 The Fllter Bank: parameters are transformed into a set of Pnncrpal Features o
(PF) thatis statlstlcally determrned to remove redundant data across the
vocabulary. :

3. The PF is transformed into frame parrs that model the statistical correlatron
between nearby speech frames : .o

4. The;system employs a modlf ied dynamic-time-warping (DTW) process in
which all templates are scanned continuously. The system then relaxes end-
point constraints of the mput utterance and updates allowable paths of the
utterance ‘

5. The algonthm works for speaker-dependent and speaker-lndependent
recognrtlon

6. The system works in a fast and effrcrent manner

‘Acoustic waves are converted wrth an 8- brt analog dlgrtal converter (ADC) at a
sample rate of 12.8 K/sec. The PCM data is placed into a circular buffer that is
continuously updated. The input data is converted into a stream of parameters in the
preprocessor. This secondary stream of data is converted into 8- drmensnon (8 D)
feature vectors every 20 ms. ‘ =

A word to be recognlzed is reCognized against a “template” that is initially
recorded during the “training” process. These are stored in external memory A
resident set of templates in memory defines the vocabulary.

‘ Consuder the input * “utterance” as a set of feature parameters that stream in
: contrnuously To.consider this utterance as a candidate for recognition, a front- end
processor is: needed to grab the utterance.
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- Once the utterance is captured, it is compared against the templates in memory
'using a comparison technique known as a dynamic time warping (DTW) algorithm.
The DTW provrdes the best time allgnment of two utterances (unknown and
- template > :

- However, instead of the-common DTW algorlthm the companson is performed -
continuously: This means that the input is estimated ¢ every tlme a feature vector comes
from the preprocessor, i.e., every 20 ms. :

Accurate end- pomt detection is crucial for accurate voice recognition. Tests _
have shown that small variations in end-point detection, such as +/- 40ms, can reduce
accuracy by 3%.'® The method used in this algorithm reduces these end-point errors
- quickly sorts out unlikely templates and shows promlse for contmuous speech
recogmtlon :

. Inside the Pre-Processor

_ The pre-processor part of the speech recognition algorithm converts the input
signal waveform into a stream of feature. there are two stages to this: the primary -
" transformation from the time to the spectral domain; and the statistically based method
to obtain a more compressed and reliable feature vector. The first is realized by means
-of a quasi-synchronized (with FO, the fundamental or glottal frequency) 17-band filter -
. bank. The second is a frame-pair conversron usrng a Karhunen Loeve transformatlon
~ (KLT or principal feature method) : |

Con_clUSion |
| The speech recognltion algorithm USed by IWT is very accurate and fast. It

recognizers, along wrth many novel techniques that have been added to |mprove
system performance. It uses low cost hardware (8-bit analog digital converter) and low
computational overhead, typically well under 5% total on a 486-33 PC.
It should be noted that other methods, such as using Linear Predictive Codlng

for the preprocessor, have been investigated thoroughly, but shown to have lower
~ performance due to added complexity. In addition, the use of “hidden Markov models”
. (HMM) has also been investigated. HMMs are widely used for large vocabulary

~ systems and for some speaker-independent systems. However, the reliability of using

1% L. Rabiner and B. Juang, “Fundamentals of Speech Recognition,” Prentice Hall Signal Processing Series, 1993.

'8 J.G. Wilpon, L.R. Rabiner, and T.B. Martin, “An improved word-detection algorithm for telephone-quality speech

* - incorporating both syntactic ahd semantic constraints,” AT&T Tech. J. , 63(3): 479-498, March 1984.

" E.L. Bocchieri and G.R. Doddington, “Frame-Specific statistical features for speaker independent- speech recognmon
IEEE Trans. on Acoustlcs Speech & Slgnal Processmg 34(4), August 1986
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- HMMs for reliable and robust.commanqéahd-control VO'iC€f‘ recognition does not
perform as well as template-based approaches. :




‘Appendix E: System',UnderDevelopment

The capability bemg developed here would prov1de effective combat voice-to-voice
" interactions for combat operators who must maintain weapon readiness and v1sual situational
. awareness. Users would be able to issue a variety of i instructions, statements and questions.

Non-English-speaking interview subjects would-be able to provide answers in their language in’
a limited-but-useful domain of words and phrases. The effort builds on IWT’s success in

, producing combat-proven' one-way tactical translators.

This project is to develop a voice-to-voice translation system enclosed n modrﬁed Modular

Integrated Communications Headset (MICH)-type combat hear- through18 headsets. The system -

will recognize a‘user's voice commands to issue any necessary number of foreign-language
output phrases. The system would also receive a limited number of foreign-language responses
(about 50.in the initial version) to questions in one or more foreign languages. The headsets

- -will.include speakers to play the foreign- language output phrases and mlcrophones to provrde -
) sound prckup of forergn language speakers. -

The translation system w111 be integrated seamlessly mto the MICH and not interfere with the -
headset’s communications or hear-through functxons v

. The DARPA payoff from a successful program development effort would be S1gmﬁcantly

advanced combat voice-to-voice translation capability with eyes-free, hands-free operation.
Combat operators would be able to issue instructions more effectively, potentially lessening
danger for both US military personnel and foreign national civilians. Combat personnel would
also be able to ask quest1ons such as those regardlng wanted personnel and weapons caches m

‘tactical srtuat1ons

Major program elements are:’ 1) the design of a new circuit board miniaturized further to fit in

 the headset; 2) incorporation of further sound analysis features such as phased array processmg,
*-3) further development of" the recogmtron and- apphcatlon software; and 4) design.and - '
production of the headset form factor. This form factor will be based on the chassis of an

existing MICH headset with the outer body and electromcs modified to include the translation

. capabrhty

anary program risk centers on the ability to recognize _foreign-lavnguage utterances in _

~ operational environments. Secondary program risk centers on miniaturization and headset

integration of the recognition hardware Ne1ther capability has been developed prevrously by “

- any other effort

'® The hear-through functron means that headset rmcrophones pick up sound around the user and process it. Loud sounds are

reduced in volume while quret ones are amplified.
N . -~ PROPERTY OF
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	ExecutiveSummary 
	This project wasto miniaturize and advanceto production-ready status the Voice Response Translator developed and demonstrated by Integrated Wave Technologies,Inc.(IWT)with the Oakland Police Departmentundera previous NIJ Grant.Extensive evaluation by OPD personnel validated the requirementfor the device and the usefulness ofthetechnical approach.Thisevaluation also revealed several deficiencies to becorrected beforethe device is putinto productionfor wide-scale use by police departmentsand otheragencies. 
	Thisgrant wasextended on a no-cost basis until 2005asIWT,Inc. worked with NIJ,the Office of Naval Research,the Air Force Research Labs,and the Defense Advanced Research Project Agencyto advancethe design ofthe Voice Response Translator.Aneyes-free, hands-free, voice-to-voice translator because a national 
	defense priority after the 9/11 aftkks.VVhile the Defense Departmentrushed into production a voice-to-voice translator,this system wasnotable to achieve eyes-free, hands-free operation.These agenciesfunded.purchasesandfurther developmentof the Voice ResponseTranslatorfor national security applications,as well,aslaw enforcement/corrections work. 
	IWThassupported field useand evaluation ofthe VRTduring the period ofthis grantand documented successful use in numerousapplications.Thetechnical performance ofthesystem in law enforcementand corrections applications has been very good,with eyes-free/hands-free capabilitythat no othersystem has,but 
	implementation and use has been complicated byseveralfactors.'First, the large 
	police departments always had somedegree ofin-house language translation 
	capability,and officers often relied on personnel whospokethe required language. 
	More recently,field testing hasfocued on very small departments without language resources.Immigrantinfluxes have created significant language requirements,and small departmentsoften do not have bilingual officers. Testing with 
	the Shenandoah County(Virginia)Sheriff's Office has produced highly promising results. The Office hasdeployed VRTsin operational useto conductroutine enforcementactivities with personsemployed primarily atachicken processing facility. Initial results arethe system meetsthe operational requirementsfor this law enforcementdepartment. 
	Military and homeland security use ofthe VRThas been highlysuccessful,with the VRT being the onlysystem successfully used in directaction combat."Wewenton 
	•

	another air assaulttodayand I used the VRTagain,and asbefore when there wasno 
	interpreter around it waswonderful.It helped meestablish control in an uncontrollable situation without it," according to a January2006reportfrom 101stAirborne Division Iraq operations. 
	TheCoastGuard,in law enforcementoperations supporting Operation Iraqi 
	Freedom,used the VRTon all cutters operating in Gulfsecurity duty.According to the 
	Executive-Officer ofthe USCGCutter Adak,"It has proved to bethe bestinterpreting 
	tool that wehave used to date.Others have been purchased for us,but yours is used 
	all ofthe time. It is simpleto program;easyto use and the voice that resultsfrom the 
	unit is clear and understandableto the end user-the Arabic vesselsthat weencounter 
	•each day." 
	Based on this successful operational use,the Defense Advanced Research Projects Agency hasfunded advanced developmentofthe VRT,centering on new configurations and limited two-waycapability. Lawenforcementtesting ofa limited two-Way version is scheduled for late 2006. 
	„ 
	Tal?lq•ofCOntents 
	Tal?lq•ofCOntents 
	•Project Goalsand ObjectivesSummary Accomplishments Against Goals Audiencefor Product ImpactofProducton UserGroups Reviewersand Testers Dissemination Avenues Background Appendix A:,CurrentLaw EnforcementDocumentation Appendix B:SeleCted Press Report§ , Appendix C:IWTTesting Paper 
	• 
	• Appendix D:Technical Approach Appendix E:System UnderDevelopment 
	• 
	ProjectGoalsand ObjectivesSummary 
	This proposal is to miniaturize and advanceto production-ready status the Voice ResponseTranslator developed and demonstrated byIntegrated WaveTechnologies, Inc.(IWT)with the Oakland Police Department under a previous NIJ Grant.Extensive evaluation byOPD personnel validated the requirementforthe device and the usefulness ofthe technical approach.Thisevaluation also revealed several deficienciesto becorrected before the device is putinto production for wide-scale use by police departments and other agencies.
	Moregenerally,this extended effort wasto produce a voice-to-voice language translation tool to meetastated law enforcementand corrections requirement. New features unanticipated in the original design have been added in responseto field use ofthe,VRI.. 
	The advancementofthe developmentofthis translation capability is designed support moreeffective community-oriented policing. Forthe original effort, program goals wereto: 
	• 
	• 
	• 
	Improvetheeffectiveness ofthe VRTby miniaturizing it and making it easier to"train" using the officer's voice;and 

	• 
	• 
	Assessthe effectiveness ofthe improved system using acriminologistto direct the evaluation. 

	• 
	• 
	Program objectives are to: 

	• 
	• 
	Deploy upto 12Voice ResponseTranslators with Department personnel; 

	• 
	• 
	Testthefunctionality,and reliability ofthe units; 

	• 
	• 
	• 
	Conductuser acceptance testing underfield conditions; 

	• 

	• 
	• 
	Integrate the expertise ofacriminologist into the program to develop effectiveness evaluation criteria and collect data;and 


	• Work with OPDcommunity Advisory Committeeson Crimeto continueto assessthe impactofthis device's use in the community. Proposed Research and Design Methodology 
	Thefirst-generation VRTprototypes were based on PC104boardsthatallow for relatively easydevelopmentand testing ofdesign concepts.IWTexpanded the work of the previous project to include new hardware design work after it unexpected problems with the PCMCIAsound card interfaces prevented use of palmtopcomputersas planned. 
	• The use ofmoreadvanced hardware allowed for substantial miniaturization of the VRT.Thisincludes aspecialized,ultra-low-power-consumption(500 milliaMps) 486PCMCIAform factor motherboard.Useofthis board will allow a device configuration that will fit in a shirt pocket. 
	,Thisand otherdevelopmentwork will allow for an overall effectiveness evaluation ofthe VRTonceit is deployed with 12 membersofthe Oakland Police Department.Acriminologist will work with the program to directthis effectiveness evaluation. 

	AccomplishmentsAgainstGoals 
	AccomplishmentsAgainstGoals 
	This proposed program wasdesigned to meetthe need oflaw enforcement 
	• 
	officers to have an effective audiotranslation capability.Theeffort successful National Institute ofJustice-funded program to develop Translator(VRT).TheVRTusesa unique voice recognition algorithm 
	built 
	upon 
	a 
	a belt
	-mounted 
	Voice 
	Response

	thatis ableto recognize an officer's voice with near 100 percentaccuracybackground noise environments.This proposal wasto advance the VRTdesign testing to the point where it would be miniaturized to fit in the shirt pocketofan officer. 
	even 
	in high 
	and 

	• Thisgoal wasto provide law enforcementofficers with a device capable ofhands-free, 
	playing of500pre-selected phrasesin at leastthree languages. . technical achievements with respectto the VRThavesignificantly exceeded these goals. Thecurrent VRTcan hold upto 125languages,with upto 1,000 phrases, record phrases directly on the unit,and understand limited foreign-language responses when programmed to doso. 
	• 
	eyes
	-free 
	command 
	The

	The VRT,originally required to last atleast'8 hours between 
	charges,
	will 
	go
	at 

	-
	least65hours between charges. 

	AudienceforProduct 
	AudienceforProduct 
	• 
	IWT hasfound the military marketto bean expanding areaforsales ofits products.Theearliest adopters have been special operationsforces: Marines, Rangers,SEALsand Green Berets.Forthe purposesofaccurate market 
	segmentation,IWTdefines its potential military market 
	narrowly 
	as
	front-line 
	combat, 

	medical andforce protection personnel.Theseare a minority ofthe armedforces,and total 282,487.1 
	Thevoice-to-voice translator marketis driven both bythe desire of police departmentto haveenhanced operational language capabilities and by significant public policy considerations. Forexample,in California,the Bilingual ServicesAct(32) requires all state public agenciesto provide bilingual public contact personneland 
	.written materials in any non-English language that is spoken byatleastfive percentof thoseserved atany particular office. Local agencies are undera similar requirement wherethey serve asubstantial numberoflanguage minorities.Thus,for example,if a Spanish speakeris unable tofile aclaim orcommunicate in Spanish ata public office, and atleastfive percentofthe clientele ofthatoffice are Spanish-speakers,that agencyis required to provide written and oral language assistance. 
	Non-English speakersare nothing newto America.Butasthe numberof foreign-born residents in the United States hassteadily risen in the pastdecade,so hasthenumberof people whoare notfluent in English.Censusdatafrom 2000 
	_showed that 1 in 5U.S.residentsspeakaforeign language athome.onlya little More than halfofthese people(55 percent)also reported speaking English"very well."2 AsofJune2000,there wereabout708,000sworn law enforcement personnel. 'Ofthose,425,000were uniformed officers whose regular dutiesincluded responding 
	Bureau of Labor Statistics, U.S. DepartmentofLabor,Occupational Outlook Handbook,2004-05Edition, Job Opportunities in the Armed Forces,on the Internet at . 2"Language Use and English-Speaking Ability," Census2000Brief, U.S. Census'Bureau,October 2003. 
	http;//www.b1s.gov/oCo/ocos249.htm

	Available online at . 
	http://www.census.goV/prod/2003pubs/c2kbr-29.pdf

	to callsfor Service.Thissubgroup of potential usersis used for the purpose of establishing the VRTmarket. 
	In addition,about11 perbent were either corrections or processservers.Asof June2002,Federal agenciesemployed morethan 93,000full-time personnel authorized to makearrests and carryfirearms in the50Statesand the District of Columbia,according to asurveyconducted bythe Bureau ofJustice Statistics(BJS). Compared With June2000,employmentofsuch personnelincreased byabout6%. 
	Thereare approXimately3,300jails in the United States.Correctional officers in the U.S.jail system admitand process morethan 11 million people a year,with about halfa Million offenders in jail atanygiven time.3Correctional officers held about 476,000jobs in 2002.About3ofevery5jobs werein State correctional institutions such as prisons, prison camps,and youth correctional facilities. Mostofthe remaining jObs were in city and countyjails or other institutions run bylocal governments.About 16,000jobsfor correc
	Thereare 1,18jail systemsin the United Statesthat house over 1,000inmates, all ofwhich are located in urban areas.Asignificant numberwork in Jails and other facilities located in law enforcementagenciesthroughoutthe country. However,Most correctional officers work in institutions located in rural areas with smallerinmate populationsthan those in urbanjails. 
	3Bureau ofLabor Statistics, U.S.DepartmentofLab*,Occupational Outlook Handbook,2004-05Edition, Correctional Officers, on the Internet at . 
	http://www.b1s.gov/oco/ocos156.htm

	One particular segmentofthe consumer marketforspeech recognition 
	•deservesspecific mention becauseofthe opportunitiesforthe Companythat it • 
	creates.The U.S.Governmentis placing increasing importance on the developmentof
	•_ assistive technologyfor disabled persons,both asa matter ofcivil rights for these persons and the desire to makethem more independentand productive membersof society.The passage ofthe Americanswith Disabilities Act,(ADA)requires that public and private entities makeall reasonable accommodationsfor disabled persons.Simply put,speech recognition that allows disabled personsto live moreindependenthome lives and more productive wock lives would befunded by manygovernment programs or required to be purchased 
	Assistive technologydevelopmentareasthat have lagged are Voice Recognition and SpeakerVerification. Useful and effective Voice Recognition(VR)and Speaker Verification(SV)technology would allow manydisabled personsto lead more independentand productive lives. Butthe voices ofsomedisabled persons are unrecognizable bycurrently and SV.systems.Thesesystems rely on the recbgnition ofseparate parts ofspeech---.phonerhes to determine --,
	available.VR

	— -the vi,tord spoken.Non-standard speech cannot be processed effectively bythese systems. 
	The General Accounting Office,in a1996report,"People with Disabilities: Federal ProgramsCould Work Together More Efficiently to Promote Employment," noted that Congress hasworked tofind meansofreducing the$60 billion spenteach yearon disability assistance payments.Oneofthe mosteffective wayof making 
	•disabled persons moreselfsufficient is to develop moreadvanced assistive 
	technologies,and the GAOspecifically cited voice recognition 
	for 
	computers

	asa promising technology. 
	Manypersons receiving disability payments have impaired speech.Thegroup of with diseasesor injuries involving impaired speech is large:Approximate. numbersforsomeare: 
	persons 

	• 
	• 
	• 
	700,000with cerebral palsy; 

	• 
	• 
	350,000with multiple sclerosis; 500,000with Parkinson:s Disease; 2million new casesannuallyofAcquired Brain Injury; 

	• 
	• 
	4million withAlzheimer's Disease; 

	• 
	• 
	4Million with epilepsy;and 


	• 
	• 
	• 
	• 
	4million stroke survivors. Otherimportantgroupsfor which numberswere notimmediately available are: 

	• Throatand mouth cancer;and 

	• 
	• 
	Other musculardiseases. Forsomegroups,onlysome personssufferfrom impaired 
	speech.For 
	others, 



	such ascerebral palsy and Parkinson's Disease,virtually all memberssufferfrom impaired speech. 
	Severallaws— notably the Americanswith Disabilities Actand relevantsections 
	ofthe Rehabilitation.Actand the TelecommunicationsAct--require governmentsand assistive devices whentheyareshown to beeffective in helping disabled persons have more productive work lives. 
	private employers
	to 
	purchase 

	IWTanticipatesthe marketfor services and high-technology hardwarefor• disabled personsto be asignificant business area.Some52million non-institutionalized Americansexperiencesomeform ofdisability that
	impairs 
	their 

	performance ofdaily activities. While manyofthese disabilities are relatively minor, approximately26million AmeriCansare"severely"disabled. 
	to marketing data takenfrom studies by FIND/SVR,a25-year-okt 
	According 

	worldwide research and consulting firm,this marketis now estimated to be$796billion and will top $1 trillion in the nextfive years.Functional limitations affect36 million . persons,and work'disabilities affect 17million. 
	Theadoption ofIWT's voice command capability asa reasonable workplace accommodation underthe Americanswith Disabilities Actwill add to this market
	size. 

	•The majority ofpeople with disabilities are ofworking age,butonlyone-third of 
	• disabled personsareemployed and mostofthese are in blue-collar occupations. 
	Employed people with disabilities earn lessthan their peers.Voicecommand will open new areasofemploymentin high-tech,computer-basedjobs:This offer new opportunitiesfor manylarge groups.Forexample,visual impairments
	will 
	affect 
	more
	than 

	10. million,and morethan two million have impaired speech. ImpactofProducton UserGroups 
	Capt.Ken Pence ofthe Nashville Police Departmentwrote: 
	The'Metropolitan Nashville Police Department usesthe AT&Tlanguage line.and it coststhe city thousandsofdollarsa year.When we(the 12 
	department)reviewed chargesthat wenoticed that mostcalls only lasted two(2)minutes.Officers in the field can perform better than preliminary questions and getreal information in atimelyfashion...often betterthan a language line.Thesedevicesare a wonderful public relations tool since governmentscanshowtheir concern by making them availablefor the languagesin their own community. 
	Thedevice respondswellSin high background noiewhere other speech-. recognition systems would not work at all, Thedevicefits vvell in a closed uniform shirt pocketand the level ofcooperation is amazing when your shirt starts talking like a native speaker.The device is highly adaptablefor paramedics,hospital triage,retail stocking orother situations andtrains well with speakers who mayhaveserious accentsorspeech impediments whereotherspeech recognition systems would not work atall. 
	Lt. Michael Blanton,Lexington(KY)Division ofPolice,Bureau ofTraining, 
	wrote aftertesting the VRTthat: The Emergency Response Unit used the VOice Translator with the megaphonesystem on one barricaded subjectincident.Thesystem worked asit wasdesigned to doand projected statementsforseveral hoursto thesubjectthat refused to respond to Police.Thesubject was eventuallyarrested withoutincident. 
	According to a NavyPakistan ReliefAfter-Action Report: 
	'The VRT'Sgavethe NavyCorpsman and Medical Doctorsa meansto communicate with patientsfrom aforeign cOuntry thatwas not previously available.' 
	TheS-2A,ofthe Marine 22nd MEU wrote after a Kosovo Deployment: • 
	'The Marines whoemployed the VRTgive it creditfor being a very rugged unitthat can stand the rigors ofbeing a permanent partof battle gear, getting bumped and dropped,and still function properly.' 'It wasexposed to extreme heatin excess of95degrees F.with greater than 80 percent humidity. It weathered rain and thunderstormsfor upto one hourin the open.It showed nosigns of problems.' 
	ACaptain with the 3/75 Rangerswrote after Iraq useofthe VRT,in February 
	2005 Voice Response Translators'contributed immeasurablyto thesuccessof morethan twenty direct action raids in Iraq in suppbrtof national level objectives.In addition to sparing precioustime on the objective,they reduced collateral damage by bridging a tremendouslanguage barrier therein resulting in the detention of morethan fifteen membersofthelocal insurgent network.' 'The VRT proved invaluable in multiple roles asnotonly a tactical questioning tool but also asaforce protection multiplier used both on obj
	-Otherfield feedback includes: 
	'Wewenton another air assaulttodayand I used the VRTagain,and as before when there was no interpreter around it waswonderful. It helped me'establish control in an uncontrollable.situation withoutit.' 
	Landing Zone RTO,101stAirborne Division., January2006 "In onecase,[Coalition Forces]approached the house and announced via the VRTthat wewerethere and conducting an operation.Several people cameoutoftheir housesand provided information on[Anti-Coalition Forces]forces in the area and led usto a weaponscache." 
	Ranger,Iraq,20MAR05 "It is awesome" Captain,USA,3/75TH Ranger BN,14JUL04 "Thetranslators havearrived,and let metell you,they worksuperbly!" 
	Marine,Bagrarn Air Base,Afghanistan,15MAY04 "It has proved to bethe bestinterpreting tool that wehave used to date. Others have been purchased for us,but yours is used all ofthetime. It is simpleto program,easyto use and the voice that resultsfrom the unit is clearand understandableto theend user-the Arabic vesselsthat we encountereach day." 
	XO,CGCAdak,11 SEP03 "TheIVVT device responds well in high background noise where other 
	. speech recognition systemswould not work at all ... Thedevice is highly 
	adaptablefor paramedics,hospital triage,retail Stocking or other situations and trains well with speakers who mayhaveserious accentsor speech impedimentswhereotherspeech recognitionsystemswould not work at all:" 
	Captain Kenneth Pence,Metro Nashville Police Department "The[IWT]device worksgreat this is a very nice and unexpected addition to[the ship's]force protection capability." 
	Weapons:Officer,aU.S.Navy Destroyer Purchased by Marine CorpsWarfighting Lab in 2000after competitive evaluation rated it "impressive." 
	"Good piece ofequipment." 
	Marine,H&SCOMMPLT,14JAN04 "In myopinion,this was myfavorite device.It wasthe easiestto use(2 button)there wasn'tafragile LEDscreen oroneofthose pen touch screen things to lose. It's handsfree and the commandsareshortand it understands your normaltalking.Plus it easily adaptsto a loudspeaker." 
	Marine,2nd Bn 1st MARWPNSCo.,14JAN04 "It is supereasyto use,small and handsfree.Thisis the bestofthe three [evaluated]forsquad-level missions." 
	Marine,Lima 3/1,14JAN04 
	16 
	"Results indicate thatthe VRTis the easiestofthethree to fastest responsetimes and the longest-lived battery,in addition to being the only onewith hands-free capability." 
	use.
	If
	has
	the 

	Justice DepartmentReportofComparative Testing ofthe Voice ResponseTranslator(VRT),the Phraselatorand the Ectaco UT103 Reviewersand Testers Testand evaluation ofthe VRTwasconducted bythe Naval Air Warfare Command'sTraining Systems Division(NAWC-TSD)forthe Justice Department. For military use,test and evaluation ofthe VRTand othertranslation devices is. conducted byScience Advisorsatthe Corpsand Division level. Forspecial operations 
	• units,evaluation is conducted bythe Special Operations Language Office in conjunction with individual units'language offices. TheG2(intelligence)officers atthe division and brigade level also conducttest and evaluation efforts. 
	All oftheseefforts include combatreports received by users involved in current operations. 

	Dissemination Avenues 
	Dissemination Avenues 
	•IWT plansto continue to work with NIJ,OLETC,the IACPand other 
	to provide information on the Voice ResponseTranslator. IWTis self-funding continued test and evaluation ofthe VRTwith an emphasison helping small departmentsthat do not haveanylanguage assets. While larger departmentsare easierto locate with respectto arranging testing activities,the vast majority ofUSlocal 
	organization 

	• 
	law enforcementdepartments are very small. IWT's,self-funded testing indicates that these departmentsare,in needed ofasystem such asthe VRT. 
	IWTplansto workover-Summer2006to documentthe use Ofthe VRTwith smalllaw enforcementand corrections departmentsin Virginia and providefeedback and contactinformation to NIJ for review. 

	Background 
	Background 
	Noformal studyoftranslation/interpreter problemsconfronting law enforcement 
	• is available. Butthere is substantial anecdotalevidence that both large and small law enforcementdepartmentsare having increasing difficulties dealing with communities of persons whodonotspeak English.Also,censusdata indicate thatthe problems is widespread:In 112American cities,oneofeveryfour residents isforeign-born, nationwide,31.8 million people overthe ageof5speak alanguage otherthan English 
	at home
	4 

	IWTidentified an application ofthis sound analysis technology thatwoOld meet a need identified by lawenforcementofficials. The National Institute ofJustice's Technology AssessmentProgram Advisory Council(TAPAC),at its December3, 1993,meeting heard from its Weaponsand Protective SystemsCommittee,which identified instantlanguagetranslation asone ofsix"immediate"law enforcement technology priorities.5 
	Lawenforcementofficers Often encountersituationS in.which suspects and other personsdo notspeak English.Departmentsspend considerable resourceson developing multilingual resources.Thelarge numberoflanguagesinvolved --often morethan 10and sometimes morethan 206--and the changing mix oflanguages 
	MiamiHerald,January2,1994,"Immigration Overload;United States haslostcontrol ofits borders." 'Minutesofthe December3-4,1993TAPACmeeting,.p.6. 6Conversations with police departments and databaseresearch. 
	frustrate attemptsto provide officers with the ability to give even simple directions to 
	personsspeaking other languages.' 
	4110 
	Integrated WaveTechnologies,Inc.,(IWT)workedfrom June 1,1996to March 30,1998undera National Institute ofJustice Science and Technologygrantto develop the VRT.The VRT,on voice command,produces pre-programMed phrasesin 
	various languages.This allows officers to identify the languagespoken bya person, commandsto the person and makeinquiries to which a person could with hand signals.Thissystem wasdesignedfor use in both hostile and non-hostile encounters with non-English-speaking persons. 
	issue 
	emergency
	respond 

	The Oakland Police Department provided extensive supportfor hardware/software design review,translated phrase selection and and operational testing. Both the hardware and software have evolved extensively in 
	translation 
	review, 

	responseto detailed feedbackfrom OPD personnel. IWTdesigned and built prototypes ofthefirst belt-mounted,voice command 
	translation unit.IWTworked to developthis design--based after evaluating all available palmtopcomputersand determining that none wassuitable.The highly compactnature oftheIWT'voice commandalgorithm allowed for the useofa386-class processor in the unit,which greatly reducessize and power consumption.Othervoice recognition software requires a microprocessor,consuming 10timesthe powerand requiring supporting hardware. 
	Upon 
	the‘PC104 
	board 
	format
	--
	Pentium
	-class 
	a
	large 
	amountof 

	ofthis unique device is IWT'swork With Soviet-conceived sound analysis technology.Scientists.and engineersatthese laboratories,in seeking to 
	IP 
	The 
	basis 

	developspeech identification and othersound analysis programs,took an approach 
	that isfundamentally differentfrom that used in voice recognition systemsdeveloped 
	in the United Statesand other Western countries. 
	Prototypesfor this program were approximatelyfive inches byfive inches-bytwo. 
	inches, much smallerthan any previous voice-command platform capable ofthis task. 
	Advanced prototypes and production units can beassmallasa hand-held calculator 
	when based upon custom-designed computer boardssuch ashas been developed for 'another IVV.Tapplication. 
	The VRTcompleted initial evaluation bythe Oakland Police Department(OPD). 
	OPDworked with the National Institute ofJustice and IWTto evaluate the phrases 
	being used,the translation ofthe phrasesand the configuration ofthe hardware ofthe 
	VRT.The Departmentworked closely With its Advisory Committeeson Crimeto gain 
	pertinentfeedbackfrom citizens on the impactand effectiveness ofthe VRTin 
	operational use. 
	TheVoiceResponseTranslator granteffort broke newground in sdveral areas. 
	First, it has.refined,to the greatest extentever,scripts neededforcommunitating with 
	foreign language speakers using acomputer-based translator.Second,it hasresulted 
	in thedesign ofcomputeroptimized for law enforcementusethatis both smallerand 
	lighter than any previous unitable to acceptvoice commands.Third,it has 
	demonstrated the highly developed capabilitiesofthe Soviet-based voice'recognition 
	system byoperating in a high noise environmentwith virtually noexternally induced 
	audio-recognition errors. 
	This work haslaid the groundworkfor atesting program that will help to provide a better understanding ofthe effectiveness ofthis device,in particular,and machine translation in general.Afollow-up report based upon*the results of planned testing should provide a wealth ofdata on communityacceptance ofthe device and its ability to communicate with non-English-speaking persons. 
	The program changeswere preliminary driven bythelfollowing threefactors: 1) the need to design and build a belt-mounted computerratherthan Using an off-the-Shelfunitas planned;2)the need to conductextensive communityevaluation/relations 
	f 
	work prior to field testing;-and 3)the need to include approximately 10timesthe numberoftranslated phrases as planned. IWT has been successful in responding to,and meeting,the refined 
	Ask requirementsofthis program.Thedesign work on the belt-mountcomputer has been completed and demonstrated to topofficials ofthe Oakland Police Department(OPD). The OPD hasdevoted considerable resourcesto making the communityevaluation a 
	• 
	success,and webelieVe thatthis unanticipated partofthe program Will be ofgreat benefitto this law enforcementtechnologydevelopmenteffort. IWT hasalsO completed the expanded translator work,in closecoordination with the OPD. 
	This program's goals were to improvetheeffectiveness ofthe VRTby miniaturizing it and making it easierto operate. 
	Even though the VRTdeveloped underthe preview NIJ effort wasthe smallest voice-command computerableto meetthis requirementeverdeveloped,further miniaturization is needed for it to becomeoptional equipmentfor lawenforcement officers. This miniaturization is acentral aspectofthis proposal. 
	Asignificantdrawbackofthe VRTasdeveloped wasthe needfor it to be partly 
	disassembled and connected to a video card, monitor and keyboard fOr officer voice 
	• 
	pattern training. A"training"is when a user makesa voice-command imprint cornputer 
	file used asatemplatefor the recognition algorithm. Becausean IWTor EMA 
	technician needed to be Presentfor all training sessions,officers were unable to create 
	the Voicesamplecollections attheir convenience.This approach wastaken to 
	minimize the initial developmentneeded to field the VRT,butgreatly increased the 
	training neededfor useofthe.device. 
	Effectiveness ofthe training wasalso hampered because ofthe lack ofa voice-
	prompting training system.While the pattern recognition algorithm will correctfor a 
	wide range of variancessuch asthe speed with which a word is said,the best 
	voiceprints arethose said in the situation in which the device will be used.Agood 
	analogy is fingerprinting,as both are waverepresentations uniqueto individual8. Law 
	enforcementexperts can matchfingerprintsfrom evena partial sample.Butwhen 
	taking the sample upon which to basethese matches,a Clear,completefingerprint is 
	taken.Clear voicesamples,said naturally with no background noise, provide the most 
	flexible and accurate basisfor use ofthe IWTalgorithm. Using this sample,the 
	algorithm can match thesameword or phraseeven if it is said slower,faster, under 
	stress or with background noise. 
	All persons working initially with voice recognition systemsexperience a high degree ofselfconsciousness,astalking to a machine is an unusual act.This , disappears quickly,butthe awkward training structure ofthe VRThardware made repeattrainings difficult. An initial design decision to makethe units assmall as 
	possible meantthatthe video card wasnotincluded.Though this helped to Meetthe operational requirements,asoftware architecture redesign needsto be madeto allow for audio promptsthatwill makethe VRT,a self-training device.IWT hasdeveloped 
	this design architecture for use with another application and can use it in future work with the VRT., 
	APPENDIXA:Current Law EnforcementDocumentation 
	PRIMARY(1 of3) PRIMARY(2of3) •
	• 

	. 
	"I'll try" "I willoy" . "I Thank you"'"Thankyou"' "Isay yes""Affirmative" 
	. "Isay no""No!" "Family name?""Whichnameisyourfamilyname?: "Groupleader?""Whois theleaderofyourgroup?" "TurnOffEngine" -Turn offtheengine"Mynameis ...""Hello.IumOfficer..." "Myreason""Thereason!stoppedyouis..." • "Gotoo fast""Yourvehicle wasexceedingthespeedlimit" "Red light" "Yourvehicle wentthrough a redlight" • "Ran stopsign" -Yourvehicle wentthrough ci stopsign withoutstopping" "Illegal turn""Yourvehicle madeanillegalturn"', . "PlatesOutOfDate""YoUrlicenseplate hasexpired" "Driver'slicense?" WayIseeyou
	-

	.. • 
	"CourtDate""Courtdateis here-(pointtodate/time)"oryou maymail in thefine"Pull Back" "Pleasebecarefulasyoupullbackontothe road" • "Tow Vehicle" "Yourvehicle will betoived"(officer will writedown 
	-

	• address) • . • "Otherdriver?" Willyouallowsomeoneelse here with plicensetodriVe yourvehicle?" . . 
	• 
	"Openthe door"-Police.Openthedoor!" . "Warrantfor Your Arrest"'Wehaveanarrest warrantforyou" "WarrantforSearch" -Wehaveasearch warrantforyou" "Face Away"."Faceawayfrom meslowlyandputyou handshere(touch 
	where)"onyou?Pointto where theyqre.". "Takehands""Takeyourhandsslowlyoutso!can-see them" 
	PRIMARY(3of3)-
	. 
	. 
	. 
	"Don'tbeafraid""Don'tbeafraid.I'mapolice officerandI'm here to helpyou , . 
	. 
	"Are you lost?" "Areyoulost?.Canyoushowme,writedownorsaythe address?" 
	•
	"Tow truck?"'Doyou needmetocalla wrecker(atow.truneck)foryou?"• "Needtelephone?""Doyouneepa telephone?" "Needa rest room" 'DoYobneedarestroom?" "Areyou thirsty?""Areyouthirsry?" "Areyou cold?""Areyoucold?" .. "Draw you a map""Iwilldrawyouamap." "I'll you""IWillleadyouthere...follow me."• "Need a Doctor?""Doyou needadoctor?Shakeyourheadupanddown foryes'side tosideforno.". -. . . . "I understand""/think!understand.,"• "Idon't know""Idon't!mow." "Drawit here"'Draworwrite here." "Are you in pain?"'"Doyou havepa
	-

	'"Trouble breathing?""Areyouhavingdifficult breathing?" "Diabetic?"-"Areyoudiabetic?" "Pregnant?""Areyoupregnant?" "Caused injury""Showmewhatcarriedthe injury" "Pleasesit" "Pleasesitdown" "You lie down""/needforyoutolie down now" . "Doctors numbers?""Writethe names/phone numbersofyourdoctors" "Any medical?" Writedownanymedicalconditionsyouhave"-. 
	.
	"Ambulance""Theambulanceiscoming" . • , "Straightline" "Standhere with yourhandstoyourside.PlaceYourleft footonthe line. Take ninesteps, heeltotoe,down this line. Turnaround. Takenine steps back,heelto toe."'Youlie down""Ineedforyoutolie ' down noir', . 
	."Any Weapons?""Doyou haveanyweaponsordrugsonYou?• 
	Point.to 

	wheretheyare "Spreadfeet" "Spreadyourfees. Turnyourtoesoutwore!.Feel wide apart" . 
	-

	. "Place hands back""HandSbehindyourback.Palmsout. 
	-
	"Lieface down""Liedownfacedown.Don'tmove."Stop Resisting!""Stopresisting! You won'tbehurt" "Miranda""Youhave the right to remainsilent. Anythingyou saycanand 
	"Seejudge" lamtakingyoutoseeajudge
	7 
	-

	willbe usedagainstyouin acourtoflaw. You havethe right tobespeak toan attorney,andtohaveanattorneypresentduring anyquestioning. If--:. 
	youcannotaffordalaver,.one willbeprovidedforyouatgovernment expense. "What's your age?"''Howoldareyou? . "Write your phone number?""Please writeyourtelephonenumber?" 
	-

	"Homeaddress?""Doyouknowyourhomeaddress? Writeit here." . "Parentswork?""Wheredoyourparentswork?"Work number?""Doyoularow their worktelephonenumber?" "Probation?""Areyou on probation orParole?"-
	-

	. "Dateofbirth?" "Writedownyourdateofbirth. Month,dayandyear." 
	"Card number?":Writedownyoursocialsecuritynumberifyouknow 
	"Come bycar?""Didyoucomehere bycar?" 
	walk?" .. -• — . 
	"Did you 
	walk?"Didyou 

	"Wereyou drinking'?" -Haveyou been drinking?Shakeyour.head up • anddownforyes." 
	-"How many drinks?""Howmanydrinks?Holdupas marryfingersas youhavehaddrinks" "Doeye test""Standhere withyourhand)toYOurside.Followthe motion ofmypen orfinger withyoureyes.Donotmoveyourhead" 
	-

	. "Dobalance test""Standhere withyourhosiditoyourside.Donotstart . • until!tellyoutostart. Raise eitherfootaboutsixincites(ahand width)off 
	. 
	the ground Pointyourtoe likethisandlook atyourfoot.Stancountingin. 
	yourlanguage until!tellyou tostop. You maybegin" • "Gangmember?""Haveyou.everbeen amemberofagang?Shakeyour head upanddownforyes.Side tosideforno . 
	"Anytattoos?" "Doyouhaveanytattoos? Where?Pointtothem." "Cooltattoo"?Thatisacooltattoo.May!see it"• 
	AlwaysActive Commands • 
	"Mygreetings" "Hello" . 
	. .
	"Begin directing""I'm speaking toyou throughadevicethat[translates selectphrasesintoyourlanguage. Pleasenodyourheadforyes,shake yourheadforno,or write downshortanswers." "Goodbyeto you""Goodbye" "Under arrest" Youare underarrest" 
	•"Don't move""Don'tMove" . ' "Showeye-dee""Show meyouridentification" , "you halt now".:Stoiinow" 
	DentgetHI."Idon.'tgetit" "What's your name?"'"What'syourname?" "Speak American?""DoyouspeakEnglish?" "Calm down""Calmdown" • 
	.• 
	"Useteargas""Failure toleave immediately willresultin our use oftear gas 
	. "Illegal" "Whatyouaredoingisagainstthelaw" "Keep moving""Keepmoving "Breakupnow""Failuretodisperse will resultin yourarrest" "Behind barricades""Staybehindthe barricades" . ."Writename""Please writeyourname" • • • . . 
	"Phrase-Alpha" 
	l4 

	' 
	n
	"Phrase Bravo" . 
	. "Phrase Charlie"
	. 
	' "PhraseDelta" 
	t4 

	, • 
	at ,f
	"PhraseEcho" 
	-. 
	Copyright2006IWT,inc. 
	• 
	PEOPLE(1012) 
	PEOPLE(1012) 
	PEOPLE(1012) 

	"File Charges?""Doyou wanttofile charges?!' 
	"File Charges?""Doyou wanttofile charges?!' 
	t 

	"Whocalled?" "Whocalledthepolice?" 
	"Whocalled?" "Whocalledthepolice?" 

	"Livehere?""Doyou live here?". 
	"Livehere?""Doyou live here?". 

	"Another moth""Let'stalk in anotherroom" 
	"Another moth""Let'stalk in anotherroom" 

	"Yourhusband?" -Is thispersonyourhusband?"' 
	"Yourhusband?" -Is thispersonyourhusband?"' 

	"Gotojail""!amtakings/usperson tojail"'. 
	"Gotojail""!amtakings/usperson tojail"'. 

	"Youngsters?""Doyou hasechildren?" 
	"Youngsters?""Doyou hasechildren?" 
	, 

	"Kidsin danger?""Are thechildren indanger?" 
	"Kidsin danger?""Are thechildren indanger?" 
	, 


	"Temporary place?""Doyou wish tostaytemporarilyin ashelterfor Women?" . 
	,"Restrainingorder?"Istherearestraining order!onthatperson?" "Whohas custody?""Whohascustodyofthe children?" "View'order?""CanIseeacopyofthe restraining orderorcustody . order?" "Livetogether?""Doyoulive together?." ' . "What's your age?""Howoldareyou? "Writephone number"-Please writeyourtelephonenumber"Homeaddress?""Doyouloi.owyourhomeaddress?"Show me?"-.4reyouhurt?Show me!' "Stranger bring?"Didastrangerbringyou here?" . "Parents work?""Wheredoyourparents work?: "Parentstelephone?""Doyouknowtheir work tele
	-
	-
	-

	. , "Mom'sname?""Whatisyour mother'sname?" "The victim?" -Whois the victim?" • "Whendid it happen?""Whendidit happen?" • "Write all" -Writeyour'unite,addressandphonenumber." "Know wheresuspectlives?""Doyouknow the suspectorwherehe 
	-lives?': . _ • ' "Gowhere?""Which waydidthesuspectflee?" _ "Manorwoman?""Is thesuspectamanorwoman?"Show how tall" "UseyourhandtoshoW mehow tallthe suspectis-. "Latinosuspect'""Is thesuspectLatino?" "Caucasian suspect?" "Is the*spec:White?" -' 
	-

	' "Blacksuspect?"''Is thesuspectBlock?" • "Asiaticsuspect?""Is thesuspectAsian?" • . "Colorshirt?""Whatcolorshirt wasthesuspectwearing?" 
	Copyright20061$1,7",,Ine.. ' . 
	, 
	'LEARNINGTOUSETHETRANSLATOR
	-

	I. Thisis a Voice ResponseTranslator Voice-To-Voice English-to
	-

	--Foreigntanguage'SYstem.'TheVRTrespondsto specific,short'' command phrasesyou sayinto the headset microphone. For example;yoo would say,"UnderArrest"and the VRTwould play 
	. in chosen foreign.language,"Hello,Iwoa USSoktier2" .. 
	2. Read all theinstructionson this card beforestarting.Noteeach _ Usermustrecord hisvoicesotheTranslatorrecognizes his Voice Commands. Thefirst time you use theTranslator,it will ask you to dothis. Follow theTranslator's audioinstructions,repeating each phraseasrequested.TheTranslator willonlyrecognize. 
	. 
	-commandsyou have-trained.'". ,:' ' , 
	3. 
	3. 
	3. 
	Thereareabout350phrasesin the application,separated into ninegroups.Rememberthe namesofthegroups,because you will use voice commandstoswitch amongthem.Theyare named: . Always Active,Primary,BaseDuty,local Aid,Medical, Pharmacy,Training,Devices,and BoardingCommands. 

	4. 
	4. 
	Thereare also voice commandsused to operatethe unit,called . "ControlCommands,"and the namesofthelanguages. You'll' train the Control Commands,the Groupnamesand the Language Namesduring initial training. You can train anyofthegroups immediately after that,orlater ifyou like. 

	5. 
	5. 
	Read the VoiceCommandson thecardsoutloud atleast once before starting,usingastrongcommand voice. Speakclearly And naturally-saythephrases withoutpauses between words,e.g., "Stand'n'line",not"Stand-In-Line," • , 


	6.'Puton the headsetsothe mikeis in frontofthe left side your mouth,about 1/3"inyourlowerlip,with the hoops '. curved overyourearland the band around the backofyourhead behind.yotirears. After practicing the Voice'Commands,turnOR the Translator. Listen to thecommandsand watchthelightson. top ofthe translatorforguidance. . 
	front.of

	.. 
	7. 
	7. 
	7. 
	Turnon theTranslator. TheTranslator willsay"Please Input YourID."Pressthe button-oncefor UserOne,etc., upto User Eight. You mayalsosaya numberfrom Onethrough Eightto . select aUserNumber,YOUMUSTALWAYSUSETHESAME NUMBER;AND,NOONEMAYUSEYOURNUMBER' 

	8. 
	8. 
	Waituntilthered light goesoffbefore repeatingthe phrase-if you start too quickly,it willcutoffthe beginning. You mustalso speak loudly enoughforthe light toflickergreen. 


	PEOPLE(2Of2) 
	, •. "Colorjacket?" -Whatcolorjacketwasthesuspectwearing?" 
	. 
	"Morethan one?"-Wasthere morethan Onesuspect?" "Goonfoot?""Didthesuspectleave onfootorin avehicle?" .,
	. .. "Vehicle's color?" -Whotcolori's the vehicle?" "Plate number?""Doyou knowthelicense number?Ifs',, write it here." "Any weapons?""DidthesuspecthaveaWeapon?". 
	.
	-

	"Child's name?""Whati'S the child's name?"•'4''''''"----' "Boychild?" "Is the chi/do boy?Shakeyourhead upanddownforyes. side-to-'sideforno"Child's age?""Howoldis thechild?" • ' "When•lastseen?""When wastheperson lastseen?" "Seen last where?""Where wastheperson lastseen?" "Childcome home?""Diddlechildcomehomefromschool?" "School'on foot?""Doesthechild walktoschool?" "Child's height?""Showmehowtallthechildis" "Got photo?""Doyrnt haveaphoto?" "Search house?" -CanIsearchyourhouseforthe child?" 
	-

	• "Medical problem?""Doesthelostperson hcive amedicalproblem? 
	,"Checked with relatives?" -Haveyouchecked with relatives?" "You Epileptic?""Epilepsy?" 
	. "Alzheimer's?""Alzheimer'sDisease?" "Childlastseen by?"-WhosawthechildIan?" "Whosaw person last?"."Whosawtheperson lost?" 
	C'npy ighr2066IWT.Inc 
	.
	• . ' Changingfrom"Primary"to"People" 
	, 
	• 
	Ifthese groupsare trained with yourvoice,you can switch from having Always Active+'Primary to AlwaysActive+People by using the voice command
	-

	• 
	"ChooseDifferentGroup"while the VRTis in active mode. Whenasked which group,say"People"or "Primary."SeeInstructionsand Defaultcardsfor moreinformation on Groups. 
	. . 
	8.• After you train the Initial Commands,you maytrain the other .. groups ofcommands, described on the phrase cards.Totrain i 
	.._ _groupofphrases,soy"Begin Training"after putting the translator"OnStandby."andsaythenameofthe group when — prompted bytheVRT. Trainingwillthen begin. 
	9. 
	9. 
	9. 
	Toswitchfrom"Use VRT".(Translate)modeto"OnStandby,' press the button forfive secondsorsay"GoOnStandby", 

	10. 
	10. 
	Retraining the Translator after you'velearned to useit will greatly increaseeffectiveness. Ifyou've trained the Translatorin anon-operational environment-a classroomforexample7you should retrain the unitin the setting Where you'll be usingit, usingthecommand-voice you will useoperationally. 

	11. 
	11. 
	Ifthe Translator keepsasking you to iipeal.a Phase-itsays,'• "Training mustberepeated .„."-then say the phrase faster,in a 


	• deepervoice and loudly enoughforthe green.light toflicker,. 
	12. 
	12. 
	12. 
	After you turn on thetranslatorandinputyouruserED,the' "AlWaysActive",commandsandthe DefaultGroupcommands , are available to useifyou've trained them. Sayanyofthese commandsand theselected foreign languageoutput_ phrasewill comeout. Othergroupsare available after yOu'vitrained them, Use the command"Choose new group"to switch groups. 

	13. 
	13. 
	Agreenlight will blinkifthe battery needslobecharged,


	S 
	_ 
	. 
	S.„ 
	-
	. . . PhraseGroup Names:"Primary,""People" 
	. ControlCommandsAre: • 
	1. "MyLocation" • ''Police • 2._ "Find Language" 
	Version 260
	3.-"Choose Different Group" 
	4. "GoonStandby" • • 
	Integrated Wave 
	5. "Begin Training" 
	Technologies,Inc.
	6.-"Use VRT" 
	7. "TurnVolumeDown" Fremont,CA 
	-8. "RepeatPhraseLoop" supnortQi-w-tcom 
	9. "Start Recording" • . 
	. Copyrigh;2006IWT.Inc. 
	26 
	. 
	Playing EmergencyPhrase 
	. 
	. 
	TheVoice ResponseTranslator is equipped with an EmergencyPhrase thatcan beactivated and played continuously by any person without issuing a voicecommand. . . 
	' Tostart the EmergencyPhrase,turn the translator onand afterit asks fora User Number, but before entering it, hold the Button down for at least five seconds. Let goofthe Button and the EmergencyPhrase .• 
	will play continuously until you pressthe Button again orturn the•unii off. Youstill must press the megaphone button. 
	TheEmergencyPhrase,played continuously in available languages is: 
	“
	“
	Youareunderarrest.
	93' 

	Sound Amplifier Attachments 
	• .
	TheVoice Response Translatoris equipped to play through auxiliary amplification devices. . 
	..To use the Megaphone attachment,attach the Translatorto the Megaphone using the matching Velcro surfaces. Unclip the short connection cablefrom the Megaphonering andinsert thesmall plug 
	intothetranslator andthelarger plug into thejack on top ofthe • .Megaphone microphone. ' 
	. 
	Please note you must pressthe Megaphonetriggerfor Translator to Playthrough it. Whenthe Translatoris notplugged into the Megaphone,you mayusethe Megaphone normally. , 
	TURNOFFVRTBEFOREATTACHING AMPLIFYINGDEVICE.TURNONVRTONLY.. AFTER MAKINGCABLECONNECTION. 
	. 
	Copyright2006IWT.lova 
	User USER 1: USER2: USER3: USER4: USER5: USER6: USER7: USER8: 
	. 
	• 
	• Numbers . 
	• 
	. Choosing'User NNumbers 
	'
	-

	Whenthe VRTisturned on,it will ask you to,input auser number. Press and release theButtonfromomlo eighttimes tocorrespond to the userIDthat you wantto enter,orsay 
	a mimberfrom Oneto Eight The unit then will entereither "Initial Training"ifthis is thefirst time you've used theunit, or play,the nameofalanguageif you'vedone Initial , ; Training.Ifyou'vetrained the main command group,it will say the nameofthat as'well when turned on: 
	• Recoraing over UserNunibers 
	If you areanew userand choose anumber,and the translator starts up'naminga languageand a groin,of commands,that usernumber wait used already.Either. choose an unused number,orresetthatnumberasfollows. 
	Doinga"Hard Reset"ofa User Number: Toerase all templatesin aUserNumber,hold the button down white 
	... turningon theunit. Thetranslator will then askfor aUser Number. Afteryou input a'User Number,the previous trainings areerased andtheunit starts"Initial Training." 
	.Copyright2006114,7;1ric 
	. 
	• 
	• Changing DefaultLanguages& 
	. 
	.
	Phrase Groups 
	TheVRThasa defaultlanguageand default group ofcommands that start when you turn it on and entera usernumber. While . using the VRT,you can temporarily Switch toother languagesor 
	• groupsofcommands byusing the voicecommands"Find Language"and"ChooseDifferent Group." Please note that these groups are only available after you've trained them,as described on thecard,"First Stepsto Using This Translator." Please also note that the VRTwill•rettern to the defaultlanguageand group . after youturn it offand back on again. . . . 
	, ' TheVRTlets you know which defaultsareselected when you turn it on..Foreiample,it will say,"Iraqi,Primary" when you turn it 
	. . 
	. on(after you've trained both theInitial andPrimarycommands.) 
	, Ifthe phrases and/orlanguage you plan to useon your next mission are not the default ones,it onlytakesafew secondsto Changethe VRTsuit will boot upin thelanguageand phrase group needed for your mission. . 
	.. ' . . 
	.
	.Tochangethedefaultlanguageand/or phrasegroup,duthe 
	. following.Puton the headset with the microphonenextto your mouth.•Turnon the VRTand enterYour user number. When the unit boots up,it will saythe defaultlanguageand group. Say"Go 
	on standby"or press the button for five secondsto putthe VRT 
	On standby. While VRTis in"Standby" mode,say"Choose . DifferentGroup."Afterthe VRTasks which group,saythe name ofthe group you wish to select. Oncethis is recognized,the 
	defaultgroup has been changed. Tochange the default language, follow this procedureand say,."Find Language"andthe nameof the new defaultlanguage when asked. 
	.. .. Turn the VRToffand backon again,select your usernumber,. and when it boots upit will saythe namesofthe newlanguage
	. 
	and group.. . 
	Copyright2006147,Inc 
	. FunctionsControlled ByITTButton 
	-

	. 
	. 
	. 
	ToeraseALLofa*user'strainings:Hold thebutton downwhile . -turning-on the unit(a"Hard Reset").Thenselecting-a User Number will erase all-ofthat-user'strainings. 
	Tostop an output phrase while it-is playing: Pressandrelease 
	the button. 
	. ., . Toplaythe EmergencyPhrase: After the VRTispowered upand asksfor a user number,but before selectingaUserNumber,hold the button downforfive seconds;TheTranslatorthen playsthe Emergency Phrasecontinuously until you turn itoffor pressthe button 
	. . . . 
	logoto"OnStandby?: After powering upand selecting aUser 
	Number,then hold the button downforfive seconds;The ' 
	• Translator will then go"on standby". 
	. . . . 
	Toretrain JUSTthe"Initial Training": Whilein"OnStandby". 
	mode,hold the button downfor5seconds; TheTranslator will then begin initial trainingforthe User Numberselected whenit was turned on. Ifphrases in the Group(s)weretrained,theseremain ' 
	trained. .. 
	.
	. 
	. Tohearwhich language/phrase groupisactive:Pressand release the button quickly,and the VRTwill play thenameofthe 
	languageand phrasegroupselected. 
	. . 
	•Low Battery Warning-.
	' 

	Whenthe battery is getting low,alight ontop-ofthetranslator will blink steadily during use. Whencharging,the light will be red. Whencharged,it will turn greenandeventuallythe greenlight will 
	off.. 
	go

	• 
	27 
	.
	. •
	• 
	•., Field phrase recording capability 
	. -AdjustingVRTSpeakerOutput-Volume ' eachlanguagedirectly ontothe VRT.,The VRTcontainsfive , 
	, Userscanrecord uptofive foreign-languageoutput phrases in 
	. 
	"genericcommands"=thecommands,"Phrase Alpha"through 
	, . 
	. • ."PhraseEcho." Torecord anoutput phraseattached to one The VRTstarts at maximum volume. To thesecommands,first turn onthe VRT,select your user 
	lower the Volumeby half, use the voice standbyby 
	number
	and when
	the 
	unit boots 
	up 
	putit on
	either 

	voice command,"Go.OnStandby,"orby pressing the button'
	command"Turn VolumeDown."'This 
	-

	for five seconds. commandreduces the output volumeofthe When imifis"OnStandby,"sayingthecommanddevice,asmanytimes the user says Recording,"gets the response,"WhichLanguage."The user 
	-
	"Start 
	as
	it. 
	To 

	saysa language(for example"train")and getsthe response,
	reset to maxinium volume,press and release 
	"WhichPhrase:,Theusersaysoneofthe generic phrases,the button. "Phrase Alpha"through"PhraseEcho." The VRTsays"Press . and release thebutton to begin recording;Press and release the button toend recording.' Handthe headsetto-the interpreter;
	AutomaticPhrase RepeatFunction 
	whoPuistheheadset On and then presses thebutton once immediately beforesaying the translated phrase. Immediately'
	The VRTcan becommandedto repeatthe • 
	after sayingthe phrasePressthebutton again to end the . 
	•sameforeign-language output phrase overand . recording., Thenew outputphrase will besaved automatically. over(until the button is.pushed)by.using the -•
	• English Remindersofthe.Phrases:-, • ,
	' 
	comrnand,"RepeatPhrase Loop."The VRT. Phrase Alpha: .
	. willthen ask"Which phrase,"and the user says.,the commandforthe'phrase to be 
	-Phrase Brivo: 
	, ,
	repeated. Thephrase will repeatcontinuously . 
	.Phrase Charlie:
	'until the button is pushed orthe unit-is turned . 
	.
	off. Phrase Delta: -
	Phrase Echo: 
	Copyright20061147,1nc 
	-

	Copyright2006JET,loc 
	, 
	. 
	.
	•GettingStarted . 
	. 
	, 


	CorrectPosition for 
	CorrectPosition for 
	-

	1. Readthe card titled,"LEARNINGTOUSETHETR . -• 

	theANSLATOR." 
	theANSLATOR." 
	Donotturn oil thedeviceuntil Step4,below. • . , , ,. • 
	2. Putontheheadsetasshownon the othersideofthis card. . 

	VRTHeadset.
	VRTHeadset.
	3. Readoutloudthe following wordsin acommand voice. Whenyou turn onthetranslator„ity.fillask you-to repeatthese wordsagain. 
	-

	„ Practicingthern allOws you to spealctherninananiralcouimandvoice • : Place the headseton your,head,as 
	• whentraining the translator., • ' 
	. shown. Pullthe boom around sothe 
	"MyLocation","Find Language","ChooseDifferent • ' 
	. end is almosttouching your mouth.
	Groun","Goon Standby","Begin Training","Use • • 
	• .
	VRT",Turn VolumeDown","RepeatPhrase Loop", • Place this in the same place each "Start-Recording","Begin DailFarsi","Begin Lao", 
	• time you.usethe,translator.. 
	-

	"Begin Vier,"Begin Serbian","Begin.Kurd","Begin Russian","Begin Swahili","Begin Korean","Begin SpaIn","Begin ArabiC","Begin Greek","Begin Italian", . 
	... "Begin American" "Begin Mandarin","Begin .! 
	Cantonese","Begin Tagalog","Begin Creole", "Begin . 
	..
	Japanese","Primary","People","MyGreetings","Begin 
	..• 
	,
	Directing",'"Goodbyeto you","UnderArrest","Don't 
	Move","Show Eye Dee"'YouHalt Now","Don'tGet •.:>•• • It","What'S your nanie?","Speak Ameiicao?","Calm ., down","UseTearGas","Illegal","KeepMoving", . "Break UpNow","BehindBarricades","WriteName", . "PhraseAlpha","Phrase Bravo","Phrase Charlie", . 
	"PhraseDelta","PhraseEcho" • .. 
	• 
	'4. Withtheheadseton,turntin thetranslator and select your user . numberasdescribed in theLEARNINGTOUSETHE ' TRANSLATORcard. RepeatthePhrases,takingcare notto speak A until the red light goesout. Reviewthe instruction Unitand begin use.. 
	%..-,:r•
	'The /13.Tis readyto usethosecommandsjust trained,butyou must . train anyothers that You wanttousein thesamemanner. 
	,
	fA .. 
	. 
	Copyright20061W7',II.C. 
	APPENDIX B:SELECTEDPRESSREPORTS 
	0EFEN
	SIE-U-C-QM.oRG 

	'theft:turn ofthetreitely kseeriftscement.andnationalsecurity, 
	.ENGLISHTOHANDS-FREE 
	ARABIC,

	-
	, Four-and-a-half years after9/11,onlya
	.: 
	. teeny-tiny percentage ofourtroopsspeak
	.,, .. Arabic.And despiteadvertised plansfor -increased languagetraining,that's not
	-
	., 
	going to changeanytimesoon.In the meantime,the military isturning to technologicalfixes--translatorgadgets 
	, • that letsoldiers conveysimplecommands:. 
	The bestknownoftheseis probablythe ., ,-,• . PDA-like Phraselator.Makeacouple Of 
	...fcle 
	stylustaps,orsayafew wordi.in English,
	....,. 
	,
	,.. 
	and outcomesan Arabic phrase."It gets ' reallyfunnylooksfroth the Iraqis,butthey ,.. 
	, think it's cool,."onecompanycommander 
	, 
	tells me. 
	ButthePhraselatorcan beabit ofa pain, toO.Because you haveto hold thething in your handsin orderfor itto Work.Andthat makesit alot harderto hold an M-10atthesametime. 
	SoIntegrated WaveTechnologies hascomeupwith a.translatorthat" doesn't require a handto work.Talk English into 4headsetand aammo OP-Sized speaker broadcastsoutthe Arabic equivalent,Checkoutthis videoforan example. you'll see,thetranslators aren'tforcarrying on conversation;they Only interpretafew wordsatatime:Buttheyseemto work well,when you're yelling atSomeoneto getonthe ground while your 
	.
	gunis pointed athis head.About600ofthethingsare nowintheater, 
	according tothe coMpany.' 
	.The nextstep,ofcourse,isto makethetranslatorstWo-way;soIraqis Can 
	• 
	talk backto_the soldiers.Integrated WaveTechnologieshas,a Darpa contracttodojustthat --One&severaltranslation projectsthe pentagon's way-outresearch arm isfunding. 
	., 
	• "larch 10,200610:03AM. •
	-

	• 
	fiftpliwww:deferisdtecti6ii4/archii/es/002186 htinl 
	Copyright:TheYearin Computing2001 TheBabelDilemma: 
	29 
	TheComingofthe Portable Universal Translator 
	•ByJohn D.Gresham 
	Thereis,story from-the Old TestamentbookofGenesis,aboutapagan king named Nimrod whowanted totouch the heavens.Toachieve this goal,Nimrod putthe peo-ple*ofhis kingdom, knownasBabel,to work and began to build atemplesotall thatit would allow Nimrodto reachthe sun.Seeing theirlack offaithand Nimrod's ambition,God madethe workersbegin to speakin differenttongues,sothatthey would be unable to continue coordinating theirefforts. Thusis explained the beginnings ofmodern language diversity,andthe heartofa problem_t
	This question is multiplied manytimes Whenoneconsidersjusthow difficult itisfor military_ 
	'forcestorecniitor train even ahandfulofpersonnel able to speakalimited tali& offoreigfi languages.Muchofthis problem stemsfromthedecline offoreign languageinstruction being presented in American schools and colleges.In addition;people with foreign linguistic skills havecommanded excellentsalaries in the boominginternational economyofthe past decade, and are still very much in demand.Anotherproblem is thatfew ofthe significant contingencies ofthe pastdecadesincethe endofthe Cold Warhave Occurred in places w
	Languageskills can makeorbreak the successofan overseas military operation,and 
	. translatorsquicklybecomeattached at the hip to on-the-ground commanders„asthey deal with local leaders andindigenouspersonnel.Whileone mightthink thatthe mostcritical parts ofthe languageproblem forsoldiers would bein areaslike riot control and hostagerescue,in factthe reverse is true.The mostcritical needforqualified translators hasprovento bein day-to-day life and operations.Things assimple as publicannouncementsofschedulingfor waterand food distribution,arrival ofmedical personnel,oreventhe messagesofp
	The magnitudeofthe militarylanguage problem mightbestbe gauged byconsidering the needs ofaforce whichrequires every memberto have foreign dialect skills:the U.S.ArmySpecial Forces(SF),better knownasthe"Green Berets."Composedoflessthan 10,000 highlytrained and motivated soldiers,the Special Forces are the onlycommunityin the U.S.military,which requires each serving soldier mustspeak atleast oneforeignlanguagefluently.Organized into 
	regionallysevenfocused groups(five active and two National Guard),the SFsoldiers are America's mostculturally adept warriors.Each undergoes years ofintense selection and rigoroustraining before theyeverare dispatched overseas.Thisincludestrainingin oneor morelanguages(outofa total ofseventeen),and can take upto several years in the case of Moredifficult dialects like Chineseor Arabic Thatis uptoJO%ofan entire-20-year-careerfor someSFsoldiers,something thatis unacceptable for normal Military personnel.Unfort
	Technologyhastried for centuries to providesome meansofuniversal translation forsoldiers. and statesmen,with poorto miserable'results. Thefirst efforts probablyinitiated with the . 
	.Egyptians,whoseinvention ofpapyrus scrolls provided a medium for hieroglyphic depictions ofcommonlyunderstood tasks,goods,and actions. Sirice thattime,the invention ofalphabets, wood=based paperand plastics,'high=reSbliiiidriprifitifiglethnology has proVided same improvementsontheidea ofbook-based translation systems.Unfortunately,these are at best slow and cumbersome,hardly whatis needed in afast-breaking military situation.The developmentofmicro-electronics.and digital computersfollowing World WarII prov
	, . 
	gestate. Nevertheless,there hasbeen progress'. 
	Thebeginnings ofthe drive to the universal translator really began in the 1950's,with the early work at.BellLaboratoriesonidentifying vowelsoundsin single digit numbers.Commercial workonthis technologycontinued at RCAand in Japan in the 1960's,withlimited success. Mostofthe early problemshadto do with thelimited capacityofearlycomputersto dobasic signal processing,and storage technologyto provide the library ofsoftware and data to accomplish simplespeech recognition tasks.Thefirst electronicspeed synthesize
	-

	instrumentindustryin thelate 1960s.Perhapsthe mostpromising worklookplace in the formerSovietUnion during the 1960's,whenT.K.VintSYuk,N.G.Zagoruyko,and other researchers began to actually produce usable algorithmsfor matching speech inputpatterns stored in electronic data banks.Whatmadetheirworksoimportant wasthatit involved useof the minimalcOmputingand storage resources available in the USSRduring thatperiod.It was consideration that would later produce major dividendsin the 1990s. 
	In 1971,the Advanced Research Projects Agency(ARPA-nowthe Defense Advanced 
	• Research Projects Agency(DARPA))issued contracts to companiesand universities to prototype aspeech recognition system with a 1,000word English vocabulary.Oneofthe keys 
	wasthatthesystem onlyneeded to operate in alow-noise environment,something that would 
	prove to bea majorimpedimenttofuture systems development.Threeseparate contractors 
	producedsix differentsystems,though onlyone,the Harpyprototype from Carnegie Mellon 
	University,metall the goals oftheARPAeffort.Fromthesesystems 
	came 
	most
	of
	the 

	commercialsystemsthat would'evolve overthe nexttwodecades,
	leaning 
	heavily on
	the 

	explosive growth6fthe Microprocessor and Storage technologiesofthe 1980sand 
	1990s. 

	Unfortunately,nocommercially viable productsemergedfrom the 
	huge
	investment
	in 
	voice 

	recognition.The majorproblems werethings that had notbeen anticipated 
	when
	the 
	original 

	concepts had been defined. 
	Theseincluded: 
	Background Noise — Oneofthe worstproblems ofmaking voice recognition viable in a real-world/field environmentis isolating thespeech being processedand conversation.This has provento be a majorimpediment,sincethegradually been overcome,though a combination ofhardware(microphone-xlesign.and masking), and software(active noise cancellation,system "training," etc.):Muchofthe best workthis area was
	frombackground 
	noise 
	solutions 
	have
	only 
	on

	classified,as it wasbeing applied to electronic warfare and anti-submarine during the Cold War.Thus,muchofwhathasbeensuccessfully applied only becameavailable in the last decade. 
	highly
	technology 

	• Miniaturization —Despiterapid advancesin microprocessorthe actual packaging ofsuch aspeech recognition unitinto a portable unithasbeen difficult. A goodexampleofthe difficulties can beseen in the developmentofearlyPersonal Digital Assistant(PDAs),whiCh began with the less-than-successful-Apple NewtonTm,and has: 
	and 
	electronics 
	technology, 

	evolved intothe present-day P?ImTMand WindowsTMCEoperating systems.Thistechnology 
	. 
	sells overtwomillion unitsa year presentlyinto'the commercial and military markets,and still considered-immature.This hastaken overadecadein anenvironmentwith almost capitol and personnel resources,which providesomeperspective ontheissues ofa which mightbecarried byasoldier,sailor,airman,or Marineinto,combat 
	must
	be 
	unlimited 
	universal 
	translator,

	• Accuracy/Approach —One majorimpedimentto automated ofthe systemsdevised thus far. Muchofthe difficulty hasbeencaused by 
	speech 
	recognition 
	has
	been 
	the 
	overall 
	accuracy

	the basic approach taken in thesystems development.Mostcommercialspeech recognition systems are based upon*phoneine interpretation, which often has problemswith regional accents and dialects,along with requiring ever-greater processing and storage capacityto 
	operate in:This has meantthat mostsuch systems haverequired high-end desktoporlaptop 
	computerstorun something unlikelyto belugged onto abattlefield orpeacekeeping environment.Atthe sametime,the problemsofgrammarandjargon uponthe final translation cansometime be maddening,especially whenin 
	into 
	a
	semi
	-hostile 
	more
	complex 
	languages
	like 

	Chinese,Arabic,and English. 
	ofthese factors have coinbinecl to makespeech recognition aless-than-profitable 
	All 

	technology,in spite ofits tantalizing possibilities. However,recent developmentsseem
	to 
	be 

	changing thattrend. 
	Thepassage in the 1990softhe Americans with Disabilities Act(ADA)has provided new 
	funding and priority to the development.Designed to provide disabled citizens 
	with 
	greater 

	professional and quality-of-life opportunities,-ADAhas proven'aboon to many -• 
	access
	to 

	different technologies,from robotic wheelchairs to machinesto 
	carve
	ramps
	into 
	existing 

	curbs.Overfifteen million Americanssufferfrom disabilities, which mightbe at least 
	concrete 

	partially overcomebythe implementation ofa successful speech recognition technology,
	which 

	small,PDA-sized unit. Thatthis,need overlapsthelong-standing 
	could 
	be 
	packaged 
	into 
	a

	militaryrequirementfor translation equipmenthas provided additional 
	funding 
	and
	interest, 

	with priority in both commercial and military marketplaces. 
	along 

	Whatmaybethe breakoutdevelopmentforboth requirements hasrecently appeared in the 
	form ofa new systemfrom Integrated WaveTechnologies,Inc.(IWT).John H.Hall,a pioneer 
	fields,ofintegrated circuits,microprocessors,andlow-powermicroelectronics,heads. 
	in 
	the 

	IWT.Farfrom merely being atechnology"guru,"Hall's real-world 
	inventions 
	range 
	the 
	first 

	practical digital watchesto thefirst computerized/programmable pacemakers.Based in 
	Fremont,CA,IWT'sefforts since 1992have focused 
	on 

	the problemsofspeech recognition and translation,and bringing apractical package to market.has been aimed using actual word/pattern recognition instead ofthe phonemespreviously utilized byexisting*systems.In this goal,IWThastaken advantage ofseveral innovativeideas to create the first really useful translation appliancein history. 
	In 
	particular,
	Hall's 
	work
	of
	late 
	pursuit.of

	Asapointofdeparture,John Hall acquired the existing andfunded several several generations ofimprovementsfor integration into anextremelysmall Asmentioned earlier,oneofthe really attractive qualities ofthe Vintsyuk and 
	algorithms 
	of
	Vintsyuk 
	and
	Zagoruyko, 
	package.

	Zagoruyko-based translation routines is thattheyto run,meaningthat.afinished device can run on aless powerful,-lower
	require 
	very
	little 
	computational 
	horsepower 
	power
	consumption

	-
	microprocessorthan existingsystems.This allowed
	IWT
	to build 
	their 
	first 
	device 
	into 
	aPDA-

	onPC-104Processor(an 80286-Class microprocessor)clocked at only5 
	sized 
	board,
	running 

	MHz.Thisis aboutthe samelevel oftechnology astheIBMPC/AT,which firstappeared Combinedwith newfront-end noise reduction technology,IWThasproduced severalPDA-sized devices capable ofsomeimpressive tricks. 
	in 
	the 
	mid
	-1980s!

	under Marine Corpsand DepartmentofJustice(DOJ)contracts,IWThas built a modified bullhorn,with aPDA-sizedtranslation appliance installed in frontofthe output speaker.Theidea wasto have a numberofpre-arranged 
	Working
	key
	phrases
	that
	the 
	appliance 
	would 

	in oneofanumberofdesired foreign languages.Asmightbeimagined, such'asystem would behighly useful tolaw enforcementofficersin the field,ordeployed military personnel.The25initial DOJunits have been issued to police in California and Tennessee(WestPalm Beach will betesting soon 
	recognize 
	then 
	output

	also),along with twosystemsfor Marines deployed to the Balkans. • • 
	Composed ofa single board Motorola HC16computerrunning at only4.7 MHz,the device 
	takesits inputfrom a special microphone,which is designed to minimize the picktip ofbackground noise and conversation.TheHC16then runs the speech recognition algorithms, generating audio outputforthe bullhorn speaker.It can also produceadigital output,such as 
	•

	that required to send commandsto acomputerofPDAlike aPalmTm.The_large,flash memory.. 
	COntie-etedlo-the-HCI6litoVideSPIentkOffoomforthe various words Becauseofthe needforabsolute certainty in the accuracyofthe'translation,the system is programmed to only acceptaselectlibrary ofkeyphrases.Thesearedesigned to provide 
	the 

	user with an absolutely perfect translation,which is critical in cases wheredeadlyforce maybe used or lives at stake.TheseMightinclude things-like: 
	"Doyourequire medical attention?" 
	"Please'drop the weaponandlay downon the ground." 
	;N.iltak&I"Will you:please:take metothelocal police station?" 
	Amazingly,whilethesystem can store up to 500phrases in each of40separate dialects,
	the 

	version used bythe Marine(which outputsin Serbian,only uses around 195.Sofar,ten languageshave been programmedfor the police version,with English asthe primaryinput dialect. Whilethe data stream from the translator couldhefed into a voice synthesizer,the currentsystem producestheoutputaudiostreamfrom a digitally recorded library ofwords,which maximizes clarity to the listeners.In fact,the entire system is designed to beas much like a normalbullhorn as possible,whichis familiarto a widerange ofmilitary and l
	•

	The potential ofIWT'sspeech recognition technologyis both impressive anclgroundbreaking. Afterseveral decadesofrelatively slow progress,there now appearsto bean openroad to effective implementation ofspeechrecognition notonlyfor Military applications,civiliari.marketplace:In particular,the possible applications within the disabled 
	butalso
	the 
	community 

	. maynotonly meananimproved quality oflife,butalso anewand emerging pool oftalentin America'stight employmentpool.Clearly,the timeis rightforthis technology. 
	IWT,with the assistance ofEagan,McAllister Associates,Inc.ofLexington Park,MD,is planning to begin developmentofaPDAtranslation appliance,which would have both commercialand military applications.Bytaking advantage ofthe greaterprocessing power 
	with theorCEoperating systemsand emerging microprocessors, 
	available 
	Pa1mTM
	WindowsTM

	IWTshould becapable ofbringing an importantnew productto market.Whatthat product mightcontrol,aspartofan emerging new userinterface,mightwell belimited only bythe imagination itself.In doing so,perhapsGOd's curse'ofBabel will finally belifted from the 
	earth,and mankind will finally speak with one voice. 
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	HOWDOYOUSAY'DILITHIUM CRYSTALS'IN KOREAN? This is notthe final frontier. Since atleastthe 1950's,researchersin artificial intelligence have 
	•
	been trying to developareal-time personalinterpreterlike the Universal Translator in the"Star Trek"shows.In January,PresidentClinton promised that"soon,researchers will bring us devices thatcantranslate-foreign languages asfastas you can talk.." TheGermanResearch Centerfor Artificial Intelligence in Saarbrckeri,Germany,hasdemonstrated a prototypesystem 
	forlaptopcomputersthat will instantlyinterpret whattwospeakersare saying in Japanese and German,as tongasthe conversation is limited to travel arrangements.Integrated Wave Technologies ofFremont,Calif.,has developed a prototype ofalanguage box for police officers. Theywill eventuallycarrythe device in their shirt pockets and barkcommandsinto a lapel microphone.Thedevice doesn'treally translate,bututters prerecorded phrases like"Stop --police --orI'lLshoot!"in such languagesas Swahili and Vietnarnese.--Cate 
	GRAPHIC:Photo(Kevin R.Morris/Corbis) 
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	HEADLINE:Kapow!Zap!Gizmos Give SuperheroPowers 
	BYLINE:Carol Vinzant 
	BODY: 
	inetheIkene:-A-tight,fist-sized ball ofyellow string gets shOt30feetat a suspect acrime.Asit closes in on him,theball opensinto a that ensnares the bad guy.This is noSpidermancartoon;police are nowusing CaptureNet--just oneofthe devices on display at a Denverconvention touting technologyforcops,paramedics,and firefighters. Like the Capture Net,alotofthe products Werebacked bythe National Institute ofJustice,an obscure. federal agencycharged with boostingresearch into public safety. 
	16-foot.net

	NIJ exists becausecrimefighting doesn't pay.Local police departments-90%ofwhich have fewerthan 30officers--don't havethe budgetto develop their ownnewproducts.SoNIJ pays forresearch thatturns private or military technologyintci preducts copscan use.The agency givesoutresearch,grants,,then serves as,aclearinghouse tonlake sure-the findings are available to other companies.(Research thatthegovernmentfundsisn't proprietary.)Recentgrant recipients inelude large public companieslike Raytheon,whichis developing t
	,WaveTechnologies,which has built a Mini-translator to spit outphraseslike"You have the righttoremain:Silent" in threelanguages. • ' 
	SomeOfthe gadgetryrises to JamesBondlevels. Atthe Denverconvention,NIJ demonstrated a prototype radar flashlight designed to detectsubtle movement--even quiet breathing—onthe otherside ofa wall.Theagencyis also sponsoring research to develop ahandheld device that can detect,from seven feetaway,whetherasuspectis carrying a weapon.It uses audible sound wavesthat bounceoffmetal ori5lastic. 
	In addition,NIJ hasbecome akind ofConsumerReportsforcops;testing products thatare already onthe market.OnegoaliS tocutdownonsham companiesselling bogus devices tothe police.Forexample,it rates bullet-resistant vests and tested an$8,000devicecalled the QuadroTracker,which,when powered bythe static electricity ofa user's breath,purportedly
	could detectdrugs with an oscillator.Thatsounded too good to betrue,and it was.TheQuadro 
	10 

	Tracker didn't work,leading the agencytoissue a warning to police departments acrossthe 
	country. 
	Also nixed byNU—StickyFoam,the much hyped goothat can behosed onto fleeing suspects sto immobilizethem."Itturned outto work alittle too well,"says David Boyd,director.ofNIJ's, OfficeofScience and Technology.Boyd'sresearchersfound that it took aboutten minutesper 
	squareinch toremovethe foamfrom a person's skin,makingit too muchofahassle'for the 
	police.(Themilitary didn'tthink so--it has authorized the use ofStickyFoam.) 
	-

	SomeNIJ-funded research goestoward computerapplications.Theagencygave$3million to 
	Anser,anot-for-profitresearch group,to developsoftwarethat recognizes peopleby35 orso 
	keypoints ontheirface. Anserfound the facial points work as well asfingerprints in 
	identifying people and originally,planned to useit searching the Internetforphotosofmissing 
	kids.Butnow Miamidrug copsare testing Anser's system to match suspects to a database of 
	mugshots.It's also testing acamerathat"learns"the peopleit watches and alerts a guard if, 
	say,'the wrong person takes abike underits surVeillance. 
	Oneofthe mostpowerful cop gadgetsnowin testing is an electromagnetic Auto Arrester that the police can shoot undercars during high-speedchases.Getit close enough,and the Auto Arrestor's magnetsshutdownthe getawaycar's engine.That's bad newsfor would-be escapees, but good newsfor everyone else onthe road.Now ifNUcould onlyfind something to clear up trafficjams. 
	GRAPHIC:TWOCOLORPHOTOS:JEFFREYLOWE,These gadgetsresemble hair dryers, 
	buttheydetect motion and weapons.;COLORPHOTO:JEFFREYLOWE,This virtual-reality 
	simulatorshoots back.(Don't worry:It fires only pellets.); COLORILLUSTRATION: 
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	BODY: 
	Hopingto geta Spanish-speakerbehind the doorto open up,the English-speaking police 
	officer makeshisrequestto alittle hand-held box.. 
	In aflat torie,reminiscentofthespaceship computerHalin Stanley Kubrick's"2001,"the box 
	repeats back the message. 
	Then:"Policia! Abrala puerta en esta momento!"the machinesays,in the voice of.a Spanish-
	speaking cop with considerably moreemotion. 
	Thescenario mayone daybecomea reality.Big city police officersroutinelyencounter 
	speakers ofmanydifferentlanguages,and often have trouble communicatingeffectively. 
	.So police in Oakland have begun testing abattery-powered language interpreter,the Voice ResponseTranslator,whichrespondsto as manyas 125 vocalcommands,spitting out statements andquestionsin Spanish,Cantonese or Vietnamesethatdemand yes-or-noanswers. 
	During ademonstration last week,Everett James,apolice departmentcommunityliaison officer,showed offthe machine.Saying"Miranda"into the translator's microphone,for "eXaiiiPle;produces-fife havetherightto reinain a-fOreiinlariguage: 
	Sofar,Jameshasonly been abletotry it outon police station walk-ins,whohave hadfew complaints."They're obviously pretty perplexed when.I pull this out,"hesaid."Nooneknows whatit is." 
	' TheNational Insfitute ofJustice began developing the device after a 1.994 task force noted that officers in placeslike Oakland'sChinatown,where70percentofpeople are olderthan65and notproficient in English,are increasingly unabletocommunicateeffectively. 
	-* Jamesis helping scientists enhancethe tool,which at aboxy4inches by6.-inches can'teasily be carried byfootpatrols.Anupgraded version smallerthan a pack ofcigarettes is in the works, and Fremont-based Integrated WaveTechnologies hopesto begin marketing it next yearat a retail price of$900. 
	"Thisis abig focusofcommunitypolicing,"said Tim McCune,an analyst with Eagan 
	McAllister Associates,aWashington area.defense consulting firm workingonthe device. "Being abletosay hello,thank you,good byeofficers say it really helps because they wantto be viewed'as accessible tothe community." 
	00 

	Aninfinite numberofphrases and languagescan be programmedinto the device,,James,as 
	well as officers in Nashville,Tenn.,are working outthe kinks and deciding what 
	machine's

	phrases theyneed. 
	"It would beagood tool foranyofficer,"said Oakland police OfficerBarryKo,whooften speaksCantonese during his patrols."It's morepersonal.'I'm outthere,I wantto help youeven thoughI can't understand you." 
	ButNelleke Van DeUsen,aBerkeleysociOlinguist.whoworks with Medical providersto improvetheir communication with membersofLaotian mountain tribe's living in the United 
	-

	States,said the device has"serious shortcomings"amongthem the machine'sinability to understand anything Otherthan its lexicon ofEnglish commands-wokenbyan Officer. 
	"In atensesituation with.a police officer,anonnativespeaker mightgetsuspicious about 
	questions that are asked and mightnotbegiven the chance"to respond appropriatelygiven they 
	onlyhavea yes.:or-no question to answer,"shesaid. • 
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	NOAHADAMS,host: 
	• In Nashville,Tennessee,police are testing an electronic language device that could help in dealing with people whodon'tspeak English.It's called aVoiceResponseTranslator.The• 
	I

	officer speaksa,key phrase,and the machine responds.Thefirst modelshave been in usein 
	Oakland,California,and now the testing will include San Diego and Nashville.Captain Ken 
	Penceis with the NashvillePolice Department.Hesaysthetranslator is necessarybecauseso 'manydifferent groups ofpeople havecometo Nashville to findjobs. 
	Captain KENPENCE(NashvillePolice Department):We're'going tO try it with Hispanicand Vietnamese,generally. WehaveaLaotian population,89when wegetthe new units,which are smaller,we'll be programmingthem with Laotian,too. 
	ADAMS:Howmanydifferentlanguages are your officers dealing with on aregular dayin 
	Nashville? 
	Capt.PENCE:Oh,Probably20languages.Andto changelanguages,you can have—There's'a 
	little disk inside that--youjustsimplyreplace this.disk and youhavethree morelanguages. 
	ADAMS:Tell us whattheinstrumentlookslike,actually. 
	Capt.PENCE:Rightnow,the prototypeis aboutthe size ofasmall AM-FMradio.Fits in a shirt pocket,orclips to the belt,andthe microphoneis alittle tube.Lookslike aBic pen,about twoincheslong.Thisone doesVietnamese,Spanish and Cantonese. • • 
	ADAMS:All in the sameunit? 
	...r ;7. 
	Capt.PENCE:Yes. 
	ADAMS:Right.So you have to switch between those languages? 
	Capt.PENCE:No,youjust say,'Changelanguage.' 
	Voicefrom Translator Machine:Whichlanguage? 
	Capt.PENCE:Start Spanish. 
	•
	Voicefrom Translator Machine:Start Spanish. 
	Capt.PENCE:See,that's whatyou do,and you're goodto go. 
	ADAMS:Whatifyou wanted tosayto a person that an officer hasstopped--whatifthat officer 
	wanted tosay you weredriving too fast? 
	• 
	Capt.PENCE:Toofast. 
	Voicefrom Translator Machine:Toofast.(Spanishspoken) 
	Capt.PENCE:Andit's madefor police.This isn't your generic conversational.Thisis madefor police,sothe phrasesare very,very useful and veryspecific to domestic disputes,lost children, medical problems;dotheyneed help,orjust conversational greetings. 
	ADAMS:Can you switch to Vietnamese for us,please? 
	Capt.PENCE:Sure.Changelanguage. 
	Voicefrom Translator Machine:Whichlanguage? 
	Capt.PENCE:Start Viet. 
	Voicefrom Translator Machine:Start Viet. 
	Capt.PENCE:OK.NowI'll give you the samething.HowaboutI ask permission to search their car? 
	ADAMS:OK. 
	Capt.PENCE:Vehiclesearch. 
	Voicefrom Translator Machine:Vehicle search.(Vietnamese spoken). 
	ADAMS:So it is notrecognizing—it's notreally speechrecognition;it's recognizing certain 
	code words? 
	Capt.PENCE:Whatit does,it doesRussian phraserecognition.Soit's taking a phrase,instead ofphonemesin the Speech,and it recognizes a pattern.Soit onlyrecognizesthe officer that trains with it. Butyoucan gooutin pretty muchaloud-noise environmentand it'll pick up your speechpretty well.Andit's loud enoughthatthe other person can hear,it. ' 
	ADAMS:So you would have one,and I would haveone,and wecouldn'tuseeach other's? 
	Capt.PENCE:Right.Well,I mean,youcould spend 30minutestraining it, andthen youcould. 
	ADAMS:Whataboutin areallytense situation?Ifsomebody wererunning awayfrom an 
	officer--this has happenedin manycities--and they would say,'Stop,orI'll shoot,'andthe 
	person running wouldn'tknowthat language,could it be useful at all in thatsituation? 
	Capt.PENCE:I'm notsure it could.Somepeople havesaid,'Halt,police,'and,ofcourse,you 
	mightknow stop in Spanish,but you mightnotknow halt,or--especially in Vietnamese.You know,you wouldn't--or Hmong. 
	•

	ADAMS:Captain Pence,Whatdo you have--ifyou don't havethis, whatdo you have?Whatis . your alternative? 
	Capt:PENCE:Alotofgrinning,waving hands,shuffling offeet and drawing pictures on little scraps Ofpaper: 
	ADAMS:Youcould,I suppose,bring somebodybackto the station house and getatranslator, 
	or dointerpretation bytelephone? 
	Capt.PENCE:Right.Weuseoneofthe language lines,butthatcostsfrom$2to$5aminute. 
	Andthen in the middle ofthenightifyou needsomebodythatspeaksHmong,it's very-you 
	know,it mightbe anhour.Andif-you're onthe Interstate,that's—whensomebodyninsupto 
	you,this gives youa first line ofdefense to servethe public,and ourchiefs very 
	technologically minded.And we wantto providesomeservice to the public,andthe wayto do 
	that is you need to provide that service notjustin English. 
	ADAMS:Captain Pence,thank you for yourtime. 
	Capt.PENCE:Thank you: 
	ADAMS:KenPenceofthe Nashville Police Department. 
	You'relistening to NPIEt's ALLTHINGSCONSIDERED. 
	(Soundbiteofmusic) 
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	Overview and Introduction 
	Developmentofspeech-to-speech language translation devices wasspawned to a
	• 
	large extent bythe 1990-1991.GulfWarand accelerated significantly after the Sept.1 
	• 2001 attacks.Systemsweredeployed in small numbersafter 1997and in the thousandssince 2001,butdeveloprnentand procurement have outpaced developmentaland operational testing. 
	Testing to date with speech-to-Speech languagetranslation devices hasconsisted mostly ofcharacterization,experimentation and demonstration ratherthan true testing and evaluation,something one USArmyobserver called "drive-byfieldings." This has hurtthe voice-to-voice translation field by allowing unproductive programsto continue while missing the opportunity tojustify expenditures by documenting actual and potential operational contributionsfrom systemsthat have performed well. 
	Testing allowsevaluatorsto determine.whetherspeech-to:speech language_ :translation devices haveor can makecontributions to operational activities byfocusing on tasks where users have identified languagecommunication issues. 
	Toconducta usefultesting program,personnel with operational experience should diagram tasks wherelanguagecommunicationsdifficulties exist and describe the problemsthat cause eitherfriction orfail points. Using atask documentation/segmentation/analysis approach,evaluators can measure improvementsin users'ability to accomplish tasks when they have voice-to-voice deyicesto assistthem. 
	Potential benefits:e.g.-,reduced-search time per vehicle because ofincreaSed occupantUnderstanding/cooperation and moreeffective handling of persons during housesearches—can be documented effectively based ontest and evaluation. Alternativesfor reducing or eliminating•fail/friction points such aslive translators, graphical aides and differing kinds of voice-to-voice translators should be identified andthe relative costs/benefits ofeach examined. 
	• 
	Discussion 
	Pastassessmentefforts havefallen shortof being realistic operational testing and evaluation reviews. Usersweretrained in a classroom setting to use voice-to-voice devices and then encouraged to demonstrate and usethe devices in their missions. 
	Thedatathatemergedfrom these assessmentsconsisted mainly ofdescriptions of simple demonstrationsforsenior personnel.Also included are operatorimpressions of howthe systems mightcontribute in future missions.Actual integration into the repetitive tasks such as housesearches,vehicle searches,entry control points and 
	force protection wasnotdone.Reasonsgiven by usersforfailure to usethe voice-to
	-

	voice devices(iffeedback is received atall)are that using them would be disruptive in 
	the field exercise,or thatthere wassomedifficulty in using the device thatthey hoped 
	wOuld besolved by moretraining time. 
	The basic problem is that voice-to-voicetranslators are a newclass ofequipmentand gaining useracceptance and device integration into operations has proven to be more difficult than anyone'anticipated. Userscannotenvision howthe devices would work operationally and don't like to bethe high-viSibility guinea pigsfor initial use atthe unit level: 
	Useracceptance and device integration is the essential componentto testing and evaluation.Onesuccessful tool for gaining initial userconfidence is to show videotapesoffield exercises wherethe devices are employed.Another is tofocus user training on working with the deviceto accomplish specifictasks,in role-playing 
	'situations. Testing can then proceed with early adopters willing to employthe systems 
	• in operational or realistic settings. , 
	-Developing Testing Criteria 
	Operational and Developmental'Testing criteria fall into twoareas: 
	1) Functionality related to the basictask the device mustdo:and 
	2)Environmental Suitability/Survivability Criteria related to the devices suitability/survivability,in the user's operational environment. 
	Functionality criteria need to bedeveloped byfirst selecting critical usertasks being 
	• frustrated bylanguage-based communication problems.These rangefrom simple taskssuch as'warning personsawayfrom secure locationsto complexonessuch-as interrogations of hostile individuals. 
	Usertasksthen need to be broken down into task elementssofailure points without the system can be identified.Though there are different correct waysofconducting taskssuch as house and vehicle searches,thefailure points will often bethe same even if a user doesnotconductthe task in thesameway.Taskcriferia mustfocuson whether the system enablesthe user to overcomea validated task fail point. 
	Taskexample: 
	1) HouseSearch 
	Developmentaltesting involves determining the extentto whicha system/device meets performance parametersset during aformalrequirements process.System performance levels are characterized either as"threshold':or"objective", with the latter being scheduled for later in a system's.development.These are often linear measurements—e.g.,asystem will 
	have to demonstratethe ability to workin XXdBofnoise,earlyin its development,but(XX+35)dBbefore entering • advanced testing and/or production.Operationaltesting involves putting a'system into a realistic(or real)environmentand' 
	to
	madeto perform the tasks for which it was&Signed:"Acontinuing processofevaluation that maybeapplied to either operational personnel orsituations to determine their validity orreliability." 
	• 
	a. 
	a. 
	a. 
	a. 
	Occupants mustbeinformed that personscoming to search the house are U.S military personnel 

	i. Fail Point without device:Occupants might notknow initially that persons are authOrities and resist entry. 

	b. 
	b. 
	b. 
	Occupants mustbe divided into twogroups7-women/children and men 
	Occupants mustbe divided into twogroups7-women/children and men 
	r. 


	—and directed to goto separate areas.---Fail Point without device:Operatoris unableto direct persons effectively by voicecommandand Mustphysically movethem. 
	-


	c. 
	c. 
	c. 
	Occupantsaretold they are going to be blindfolded. After being blindfolded,theyare told that if theycan provide information about weaponscachesor anti-coalition individuals,they should indicate this by putting their chin on their chest. 

	•i. 
	•i. 
	•i. 
	Fail Point without device:Operatorscannotask this question 

	• 
	• 
	and mustbring forward a human interpreter br"bring house occupants back to asecure area. 




	'd. Individuals areseparated sothe identities ofthose providing s information are not known to the others in the group. 
	i. Notapplicable if questions cannot be asked. 
	SurvivabilityTesting 
	• 
	Environmental suitability/survivability criteria need to be generated from actual data. Testing for ambienttemperature survivability is simple,butoften notdone.Testing for 
	problemsresulting from otherfactors such as high levels ofsand/dustclogging equipmentcooling systemsis more difficult and needsto be donein the operational environment. 
	Alternatives to electronic language translation systemsinclude on-the-spot human translators,translators connected telephonically,and othertranslation devicessuch as• simple graphical cards. 
	Conducting Tests 
	Environmental Suitability/survivability criteria testing should be addressed first by independentlaboratories,i.e.,"shakeand bake"testing. Much ofthe relevant work will be relatively low cost.Simple oven tests,wheredevices are operated attemperatures representative ofsomecurrentoperational environments(140degrees F)and drop• tests can reveal the limitations ofequipmentbefore significant numbersare procured and deployed.Othertests,such-as battery life/power consumption,can validate or refute vendors'statemen
	Please note there is atendencyto believe that performance in areassuch as power consumption and ruggednesscan beadded onto asystem after taskfunctionality 
	problemsaresolved.Such improvementefforts are usually only,marginally successful, 
	and involve tradeciffs such asadditional weightand/or size.Therefore performance areascritical to system deploymentshould betested asthreshold requirements prior to significant investmentin developmentand/or acquisition ofsystems. 
	Conclusion 
	Voice-to-voice language translation devices aretools developed in response to specific operational shortfalls cited by users.System development/deployment/testing mustbetied back to specific operational problems.Systems/devices mustaddress specific tasksand provide solutions to problemsin completing thosetaskssothatthe 
	benefits ofsystem use are documented. 
	Detailed testing plans mustbe prepared before expenqing resources on field activities. These plans should include: 
	1) Adescription oftasksfor which users have provided'languagecommunication-related fail pointfeedback; 
	-

	2)Adescription oftranslated phrasesthat would addressthese language-related fail points; 
	3)Adescription ofsystem/device operation in the task setting discussing how the device would be integrated by the user; 
	4)Adescription ofthe expected successful outcomeofsystem/device insertion into thetask;and 
	5)The method ofdocumentation/quantification of benefitsfrom useofthe . system/device. 
	APPENDIXD:TECHNICALAPPROACH
	S
	Introduction: 
	Integrated WaveTechnologies,Inc., has madesignificant hardware and software advances related to speech recognition. 
	IWTvoice recognition technology performs in a robust manner using novel 
	signal processing methods.Theaccuracy ofthe system exceeds99%in adverse 
	conditions using differentcommunication channelsand in the presence of background 
	noise.Thecore technology is very efficient and inexpensiveto implement:Astandard 
	8-bit audio/digital converter and a5MHzcontroller chip is sufficientto run the program. 
	IWTbegan ten years agoon an R&Dtrack radically differentfrom that ofother speech recognition companies.Companiessuch as Dragon Systems,Inc., were' founded by highly talented linguists whoattempted to mechanizetheir knowledgeof how humansprocessspeech into computersystems.Theirsystemstry to recognize phonemes— parcels ofspeech such asconsonants and vowels peculiar to each language —and then assemblethem into wordsand wordsinto sentences using contextual analysis,much like humansdo.Phonemesare extremelysubtle
	on top-line personalcomputersand allow personsto convertconversationalspeech into text. Their hopewasthat documentssuch asletters, memosand reports might bedone with little or no use ofakeyboard. 
	• This phoneme-based R&D— now dating back over30years — has not been technically or commerciallysuccessful.Thesespeech recognition companies have been able to ekeoutincremental improvements in the products,increasing vocabularies and accuracyin somesituations, but noise immunityand overall accuracy have notincreased to the point wherethese systemsare usefulfor real
	-

	'world operation.Thesecompanieshave placed their technical hopesin the developmentof moreeffective noise-canceling microphones,•noise cancellation from digital signal processors(DSPs),and advanced software dependenton more powerful PCprpcessors. 
	IWTis a companywith acoreexpertise in miniaturized electronics and pursueda different path than thatofthese linguists. Ratherthan emulating humanspeech recognition,the Companyapproached this problem asitsfounderapproached the challengesof producing thefirst electronic watch,the first computerized heart pacemakerand manyothertechnological firsts. Thisapproach wasto analyze preciselythe delicate audio signals produced by humanspeech and develop 
	innovative waysofextracting this soundfrom background noise and recognizing it 
	with high accuracy.While perhapsinsurmountable roadblocks wereencountered in 
	pursuing the linguistic approach,the Companywasable to reach its technological goals. 
	Keyto this approach and its success are thetalents ofa team ofscientists and engineers who have been employed byIWTfor the pastten years.Algorithms that, aspure Calculus equations,Would take literally asupercomputerto execute have been refined sothat they are performed on a5MHzcontroller chip in milliseconds. These individuals,working asaclosely knitteam,have been able to produce complementaryadvancementsin pattern-matching mathematics,signal analysis and software/hardware implementation. 
	Akeyto the Company'scurrent productdevelopment position wasits strategic decision in 1991 to develop recognition systemsfor miniaturized applications such as cellular phonesand personal digital assistants rather than for personalcomputers. This decision resulted from IWT'sanalysis thatthe greatest value-added forspeech recognition is for devicesthat, unlike desktop units,do not have useful keyboards. This decision hasallowed thb Companyto create acapability thatconverges with the emergence ofweb-capable per
	• 
	• 
	• 
	IWTdecided'also to‘work closely with high-end law enforcementand other governmentusers during its development process ratherthan marketits technology 

	• 
	• 
	in its incrementally capable stages.TheCompanybelieves thatspeech recognition technology mustcross performance thresholdsto be useful and commercially viable, and that othercompanies havedamagedthe marketfor speech recognition by trying to sell productsthat do not live upto promised minimum performance levels. 


	Hall also provided servicesto the U.S.Government'for important new military technologies,including:a combination linear/digital low-costsonobuoyIC;the phased array radar moduleforthe B-1B bomber;thefirst radiation-hardened computerfor a classified program;and a high-speed data acquisition system.fOralong-range infrared missile detection system. 
	Each ofthese commercial and military programsinvolved Hall personally in inventing newsolutionsfor electronics problemsthat had eluded other developers. Manyofthese solutions included makingfundamental advancesin semiconductor technology. Forexample,Hall invented the low-powerCMOStechnology that now formsthe basisfor virtually all ofthe consumerelectronics products being produced today.Acompany hefounded and led, Micro PowerSystems,Inc., produced devices based on.thistechnologyfor 10years before it wasadopt
	,included below. 
	This40-yeartechnical resumeindicates whythe Companyhas been able to makegroundbreaking advancesin speech recognition where otherfirms — including large onessuch asIntel and Microsoft — havefailed. His unique perceptions and 
	insights_ related to analog/digital signal processing —technologyatthe center ofthe 
	speech recognition challenge have led to the significant advancementsdescribed in this plan.
	• 
	•
	, 

	The Company'sfounder has40years experience in electronics manufacturing start up and continued growth operations,having design-6d and:builtfactories in _ Ireland,Japan,Finland and the US.Forthe products described in this plan,the Companywill outsourcethe manufacturing to entities with which Hall haslongstanding relationships.IWTdoesnotforesee needing to build any manufacturing facilities. 
	-

	Technology's Background 
	Speech recognition developmentbegan in the 1950s.In 1952,Bell Laboratories built asystem based on measuring spectral resonance to identify the vowelsoundsof single digits. A program at RCAin.1,956 also used this vowelsound approach,and other work wasbegun in Japan in the 1960s.
	-

	Anapproach importantto this proposal wasbegun in the 1960sin theformer Soviet Union.During thattime,research byT.K.Vintsyuk and others produced work related to matching speech inputs to patterns stored in adatabank.TheCompany's recognition algorithm is a unique and highly'refined example ofthis basic approach. 
	• In 1971,the Advanced Research Projects Agency(ARPA),nowcalled the Defense Advanced Research Projects Agency,challenged'American.Companiesand universities to developaspeech-understanding system with avocabularyofatleast 1,000wordscapable of processing connected speech with an error rate of underten percent in alow-noiseenvironmentfor use by manycooperative speakers. Most speech recognition systems— otherthan the Company's—descendfrom these ARPA efforts, backed by private investmentin addition to somecontin
	High-technology leaders have madeinvestments in thesefirms to promote product developmentand to secure accessto this work.Forexample,Lernout& Hauspie.Speech Products announced last yearthat Intel Corporation hassigned a binding letter ofintentto invest$30 million in L&H.L&H also announced last yearthat Microsoftelected to exercise its warrantsto purchasean additional 857,142shares of L&H CommonStock at an exercise price of$17.50 pershare,for atotal exercise price ofapproximately$15 million.This purchase inc
	Despite this impressive dedication of resources,nocompany has been able to 
	market.a commercially successfulspeech recognition-based desktopproductor been able to produce significant revenue.L&H-the parentofDragon,Kurzweil and 
	•
	Dictaphone-is currently attempting to reorganize in bankruptcycourtsin the U.S.and 
	Belgium. 
	Developmentofsuccessfulspeech recognition devices has been hampered in general by problems of background noise,miniaturization and accuracy.Phoneme based systemssuch asthose produced by L&H,Dragon,Philips and IBM havethe further problem of being language and accent-specific,sothat new versions haveto be developed atgreatcostto serve desired markets. 
	Until recently,speech recognition developmentfocused on software dedicated to the task-oflarge vocabulary,speech-to-text dictation on desktopcomputers.The technically poor performance ofthis software,combined with theadventofwidespread Internet and wireless phone service, haveled speech recognition companiesto look toward the developmentoflarge-scale recognition centers on one hand and to miniaturized speech recognition for cellular phonesand personal digital assistants on the other. 
	Somesuccess,under carefully controlled conditions,has been achieved by Nuanceand others in thefield oflarge-scale recognition centers,generally described as having Interactive Voice Response(IVR)capability. Instead of using touch-tone responses,the IVR uses key wordsand phrasesto directtheflow ofthe call. If callerSclearly understandswhatphrasesand wordsto use,they will find the applications easierto usethan touch-tone systems.The performance ofthesesystems has been limited and this market has not proven to
	-

	Voice Information Associates,Inc. has recently released astudy,Automatic Speech Recognition for TelephonyApplications: The World-Wide Market:19952003,which predicts the growth in end-userrevenue obtained from automaticspeech recognition products in telephone applications.The unified messaging subsegmentwill showthe strongestgrowth with an cumulative annual growth rate(CAGR)in excessof 80%,.while operatorservices is projected to have a more modestCAGRof27.5%.The service revenue obtained bythe carriersfor ASR
	-

	While this segmentoftheSpeech recognition market mighteventually prove to betechnically and commercially viable,its limitations are apparent.These devices are susceptible to background noise interference,and usersovercomethis bycalling from relatively quietareas.Asimportant,thesesystems require large-scale hardware resourcesforimplementation,limiting them to well-funded applications. 
	Background: 
	The Company'soriginal core software technology wasdeveloped in theformer Soviet Union,in an atmosphere whereexpensive and complicated resources were 
	•limited. Russian scientists wereforced to useinferior(byWestern standards) computing machinery.Toget results,they had to rely on elegant,yet parsimonious, algorithms to achieve comparable results being accomplished in the Westwith more. powerful computers.IWT's currentgeneration ofsoftware is an entirely newcreation, developed bythe Company'semployeesand ageneration ahead ofthe already-impressive work acquired eight years ago. 
	In the 1960s,Vintsyuk first proposed the useofdynamic programming methods for time-aligning a pair ofspeech utterances.8Although the,essence ofthe conceptsdf dynamictime warping,aswell asrudimentary versions ofthe algorithmsforconned-word recognition,wereembodied in Vintsyuk's work,it waslargely Unknown in the Westand did notcometo light until the early 1-980s long after moreformal methods were proposed and implemented byothers. 
	, Asignificant Milestone in Voice recognition work wasathievedin the 1970S by . Velichko and Zagoruyko.9Theycreated perhapsthe first viable and useful voice recognition system.These Russian studies helped advancethe use of pattern-, recognition ideas in speech recognition. It should be ndted that thesestudies predated those bySakoeand Chiba in Japan19and Itakura in the U.S.11 
	The work in the Soviet Union continued on with an emphasisin robust vOice recognition and voice identification for use in military and covertoperations.Awealth ofCommercially available potential research sbon becameavailable after the fall ofthe Sovietsystem.IWTsecured the commercial rights to the mostsignificant and applicable research.Thetechnical details have not been published soas.to protect.these rights. 
	-

	The Company hasachieved its significanttechnical breakthroughs partly dueto its aggressive development-deployment-evaluation-redesign-redeploymentreevaluation program.IWT hascreated new generations ofits devicesin aslittle asSix months,incorporating newscientific insights by Dr. Hall and otherstaff members. IWT's practice is tofield newtechnology quickly in demanding situations and draw lessonsfrom it ratherthan attempting to provide it to consumers prematurely.IWT's productsenjoy a vasttechnological lead o
	-
	-

	8T.K Vintsyuk,"Speech Discrirnination by DynamicProgramming,"Kibernetika,4(2):81-88,Jan./Feb. 1968. 9V.M Velichkoand N.G.2agoruyko,"Automatic Recognition of200Words,"InternationalJournalofMan-Machine Studies,2:223,June 1970. I°H.Sakoe and S.Chiba,"Dynamic.Programming Algorithm Optimization for Spoken Word Recognition,"IEEETans. 
	'Acoustics,Speech,SignalProc.,ASSP-26(1):43-49,February 1978. • "F.Itakura,."Minimum Prediction Residual Applied to Speech Recognition,"IEEETans. Acoustics,Speech,Signal'Proc., ASSP-23(1):67-12,February 1975. 
	-The Company'stechnological breakthroughs also have come because it has taken an approach fundamentally differentfrom developerssuch asLernout& Hauspie(L&H),Dragon Systems(now part ofL&H)and IBM.Thesecompanies,or 
	'their speech recognition divisions,werefounded by highly talented linguists who attempted to mechanizetheir knowledge of how hurnans processspeech into coMputersystems.Theirsystemstry to recognize phonemes—parcelsofspeech such 
	•as consonantsand vowels peculiarto each language — and then assemblethem into wordsand wordsinto sentences using contextual analysis, much like humansdo. 
	Phonornesare subtle variations in speech peculiar notonlyto each language, buteach accentand/or dialect within thatlanguage.Each phonemeis perhapsonly a hundred milliseconds long,and recognition software based onthem mustseparate themfrom background noise and each otherto identify them continuously.These recognized phonemesarethen assembled into a word,and then words into sentences. 
	This recognition approach is dependenton a continuous String.oftasks being done correCtly. If a"v"sound is misrecognized asan"f", then the entire word will be wrong even if the phonemesthatfollow are recognized correctly. 
	This problem hasdriven the complexity ofphoneme-based speech recognition software.Tocompensatefor phoneme misrecognition,thissoftware usesa probability analysis to attemptto identify wordsfrom phonemes,and contextual analysisto assist in selecting words.Forexample,if thesystem recognizes"the dog"asthe beginning of a sentence,it will concludelhe next word is"barked"rather than"borrowed",though the recognition partofthe software might not be able to discriminate between those words.This method ofimproving acc
	Figure 1:PhonemeChart 
	CONSONANTS01.044110, 
	IWT'sanalysis,reached initially eight yearsago,has been that this approach is fundamentally'flawed.Otherresearch supportsthis analysis. Dr.Steven Pinker,a noted language expertand director ofthe Centerfor Cognitive Neuroscience atthe Massachusetts Institute ofTechnology,described thefundamental problems with the phoneme/linguistic approach in his book TheLanguageInstinct. Hewrote that,"no human-madesystem can match,a human in decoding speech."Heelaborated,adding: 
	Sentencesand phrasesare built outof words,words are built outof morphemes,and morphemes,in turn are built outof phonemes.Unlike wordsand morphemes,though,phonemesdo notcontribute bits of meaning to the whole.The meaning of dogis not predictablefrom the meaning ofd,the meaning ofo,the meaning ofg,and their order. 
	• Phonemesare a different kind linguistic object.Theyconnectoutward to speech,notinward to mentalese:a phonemecorrespondsto an act of making a
	sound.12 

	IWTidentified in its early analysis ofspeech recognition technology that phoneme-based systemsare also highly susceptible to background noise and require large computer processing resourcesto operate.Akeyflaw in the phonemeapproach is thatthe processors needed to implementit create system noisethat interferes with speech recognition. Each generation of phoneme-based software hasrequired ' increasingly powerful processors,which in turn interfere with thesystem's ability to recognizespeech,evolution thatis pa
	Similarly,.Pinker describesthefutility oftrying to guesswordsfrom the sentence context becauseofthe"sheer vastness"oflanguage. Hewrote: 
	Gointo the Library ofCongressand pick asentence atrandomfrom any volume,and chancesare you would fail tofind an exactrepetition no matter howlong you continueto search.Estimates ofthe numberiof sentencesthat an ordinary person is capable of producing are breathtaking. If aspeaker is interrupted ata random point in asentence, there are on averageaboutten different wordsthat could beinserted at that pointto continue the sentence in a grammatical and meaningful way. 
	(Atsomepoints in asentence,only oneword can be inserted,and at others,there isachoicefrom among thousands;ten is the average).Let's assumethata person is capable of producing sentences upto twenty wordslong.Therefore the numberofsentencesthat a speakercan deal with in principle is at least10(a onewith twentyzeros after it, ora hundred million trillion.) Ata rate offive secondsasentence,a person would need achildhood ofabouta hundred trillion years(with notimefor eating orsleeping)to memorizethem al1.13 
	20

	Ratherthan emulating human speech.recognition,the Companyapproached this problem asits founderapproached the challenges of producing thefirst electronic watch and thefirst computerized heart pacemaker.Thisapproach wasto analyze preciselythe delicate audio signals produced by humanspeech and develop innovative waysofextracting this soundfrom background noise and recognizing it with high accuracy.While perhapsinsurmountable roadblocks wereencountered in 
	12Pinker,Steven,"TheLanguageInstinct: Howthe Mind CreatesLanguage,"William Morrow and Company,New York, 1994,pp. 162-163. 13Pinker,op.cit.,p.87. 
	pursuing the linguistic approach,the Companywasable to achievethe specific results described below. 
	• IWT'stechnologies are not merely superior tothose ofOther companies.They 
	cross performance threshOldsthat will allow them to bethe basis ofnew productsand neriV Markets.In addition-to securing ownership ofthe algorithms,IWT has pursued an aggressivestrategy-of developing essential implementation technologies.The Companyis in the processofcompleting patent application documentationforthese 
	technologies and believes thatthe resulting patents will preventcompetitorsfrom developing similarly capable products. 
	Thesetechnologies also can becombined with existing innovationssuch asthe Universal Serial Bus-standard and emerging onessuch asthe Bluetooth radio frequency interface standard to becomeimportantintegrated parts ofthe next generation ofcomputing systems. 
	Background noise,is simplytheeveryday noise that surrounds us.The noise level exceeds40-decibels often even within the perceived quiet ofan office because of ventilation systems,equipmentand other people.City street noise is generally around 80decibels,while the noise within Moving vehicles rises to about100decibels at • highwayspeeds.The military and police applications in which the Company's products are being demonstrated routinely experience background noise over 100decibels. 
	TheCompany hasdeveloped systems based on its unique intellectual property that have unprecedented capabilities in background noise situations over 100 decibels.This capability,described below in detail, is keyto IWT'scompetitive advantage.Otherspeech recognition systems being marketed ceaseto recognize generally at about30to40decibels ofextraneous noise.Thesesystems"lock,up" underthe pressure of noise abovethat level, making them useless. 
	TheCompany has madesimilar Strides ahead in miniaturization ofspeech recognition:Systemssuch asthose Madeby Lernout&Hauspie,-the largestspeech„ recognition software manufacturer,require a Pentium III coMputerwith 128 megabytes of memory.IWT hasreduced thesize ofits completespeech recognition system to a two-inch bythree-ingftboard that weighslessthan an ounce.In addition to being a highly capabledevice capable ofintegrating the Company'sadvanced speech recognition into many products,this board also demonstr
	IWThasalso produced systemsthatapproach 100percentin recognition accuracy,even when using shortcommandssuch as numbers. 
	The problemsof background noise susceptibility,large system size and poor accuracy have prevented the emergenceofsuccessful desktop,laptop and handheld speech recognition products,despite intensive marketing efforts by L&H,Dragon 
	Systems,Inc.(purchased by L&H)and-others. Reviewsofthese products are critical of poor accuracy rates,long times neededfor setup/training,and the high level of computing resources'needed for basic operation. 
	Ahardward-based competitor ofIWTis Sensory,Inc.,founded by well-regarded innovators who produced successfulspeech synthesizer integrated circuits.Thework , done by Sensory has been impressive,butsuffersfrom thelimitations ofsystemssuch asL&Hand Dragon.TheCompanycan demonstrate also that its products have significantly higher performancethatis at least ageneration ahead ofsystems using Sensory's chips. 
	Sensoryand others attempting to produce useful handheld speech recognition are trying to augmentthe performance oftheir technology by using digital signal processors(DSPs)to reduce background noise.Thesecompanies hopethat using the DSPsto remove noise will allow them to achieve breakthroughsin performance.IWT's analysis is thatthis approach will allowfor noise rejection ofonly 30dB,far lessthat the Companycan dowith its technology. Further,DSPswork bestreducing repetitive noise,while the noise encounteredin
	Aspeech recognition application area involves the area oftelephonicspeech recognition.This application area,developed by Nuanceand other companies, involves recognizing wordsand phrasesspokenovertelephonesto computer-based systems.Thesesystems base their successon being able..to devote high-level • computing resourcesto the recognition ofa limited numberofWordsand phrases, generallyspoken in relatively low-noise environments.Even using these constraints to increase performance,call centersystems have not me
	Call centers are attractive to manydevelopers becausethey appearto allow mobile devicesto be used with phoneme-based speech recognition systems that require large-scale processors.Developersstate correctly thatthey can usethe most advanced phonemesystemsand software-based noise reduction.Deeper consideration reveals significant problems with this approach.First,.the commercial . requirements arefor these systemsto handle manythousandsofrecognition tasks simultaneously.Thus,what might be madeto workfor a sin
	-

	Forthese reasons,IWThasno plansto invest resources in the call center marketarea. 
	•:71 • 
	The Companybelieves the best marketing opportunitiesfor speech recognition existin the area of handheld devices ofvarioustypes.The,miniaturization of 
	computing and telephonic resources have created agreatly increased need for speech recognition command/controland information entry. Unlike desktop and laptop computers,PDAsand mobile phones havetiny,awkward keyboardsand no 
	•

	_ 
	-complementary mouse.' 
	Several new marketopportunities are based upon IWT'sability to build very compact,low-costdevices that recognize all languages,dialects and impairmentsin speech in environments with loud and unpredictable background noise.Thecore technology wasdeveloped in theformer Soviet Union in aatmosphere where expensive and complicated resources were limited. Russian scientists wereforced to use inferior(byWestern standards)computing machinery.Togetresults,they had to rely On elegant,yet parsimonious,algorithmsto achi
	IWT'ssystem analyzesthefrequency and energycharacteristics ofthe sounds ratherthan the phonemes.This allows IWTto match sounds directly and precisely to templates Ofvoicecommandsand also to distinguish the voice commandsoundsfrom all types ofbackground noise,even other human speech. 
	• 
	Thesecond characteristic is the highly efficient architecture ofthe Soviet algorithm.Software,based on this algorithm can run on relatively modest hardware — a 286 processor equivalentcompared with Pentiums require,for Western voice
	, recognition systems— which meansthat IWT has been ableto create systemsthat are vastlysmaller, more powerefficient and cheaperthan systems relying on Western systems.Thealgorithm can beembedded in asingle chip,which can then be integrated directly into devices wherevoice command is desired.Western systems wereforcesto rely on large,costly laptop Pentium computersthat use asignificant • amountof powerto integrate voice command into othersystems. 
	Based upon these twocharacteristics,IWThas been able to create new market opportunities by meeting the stringent requirements ofcarefullyselected applications. Currently available voice recognition systemsare unableto meetthe demandsof these applications,and IWT'stechnicalsuccesscan create a monopolyin these specific areas.IWT hasworked closely with federal governmenttechnology managers, federal laboratory engineers,universitytechnology application specialists,industry experts and non-profit organization ex
	IWTadopted this strategyof pursuing high-end,demanding requirements unmet bycurrent voice recognition systemsafter determining thatthe poor performance of devices puton the market byothercompanies had created a negative image ofall 
	fra 

	voice recognition systemsin the mindsof manycomputer users.These projects both 
	create important productsand benchmarkthis technology as being clearly superiorto all other voice recognition.IWT believesthat after it demonstrates its capabilities 
	•

	VV 
	through demanding,high-profile applications, it will be able to.sell applicationsfor general use,either through computer manufacturersor asdiscrete itemsthrough softWare and hardware retailers: 
	The Companyhasdeveloped increasingly cost and performance effective mechanizations ofits speech recognition technology.Stand-alone sound/data processing boardsimplementing the technology atasize oftwo-inch bythree-inch havea base production costof$30each.Thistechnology is being transferred to a chip-on-board packagethat reducessize to one-inch square and costto $15while increasing performance.These boardsand chipscan be used asadd-on speech recognition modulesOr integrated into various hand-held devices by 
	TheCompany'stechnology is capable ofrecognizing impaired speech with an effectivenessthat is unmatched byanyother speech recognition technology.IWTis testing new prototypes with the'Cerebral Palsy Association of Greater St. Louis.The national United Cerebral Palsy Association hasevaluated this technology also and has promised to marketdevices produced through the 160 memberassociations and also through its Internet catalog ofassistive devices:IWTis confidentthatonce produced, this technology will becomeasta
	The Company'sdevelopmenttimeline below underscoresthe advancements it has madein speech recognition. 
	Figure 2:IWTR&D Timeline 
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	1992: IWT,Inc,isformed to produce miniaturized SR for high noise environments. 
	1997: First Generation 
	•VRTis tested in police use. Second Generation begun. 
	2001: USCGselects VRT after competitive evaluation, deploysfor Gulfoperations. 
	• 
	2003/4: VRTdeployed 
	successfully with USMC, 
	SOF,USN,USAforces. 
	" 
	1994: IWTpresents V2V tactical translator concept to Justice Department 
	1998: 2d Generation VRTis funded by DOJ,tested bypolice forces,demonstrates hands-free capability,3d Generation begun. 
	2001: 4th Generation o• VRTis developed using newIWTalgorithm and noise filtering techniques." 
	2004: DOJtests conclude 
	p.VRTis only hands-free V2V translatorin existence. 
	1996: Justice Department completes peer review, competitiveevaluation and selectsIWTto produce tactical translator 
	2000: 3d Generation VRT funded byDOJ,is used successfully by police,USMC forcesin Bosnian combat,and USNforforteTrotectioii.:, 
	2002: USCGequips all combatcutters with VRTs,reportssuccessful combat usein maritime force protection role. 
	2005:.VRTused successfully in Iraq combattolocate enemy weapons,personnel. Advanced VRTfunded byDARPA. 
	• IWTApproach to Voice Recognition 
	Broadly speaking,there are three approachesto speech recognition: 
	• 
	• 
	• 
	• 
	Theacoustic-phonetic approach. 

	• 
	• 
	Theartificial intelligence approach. 

	• 
	• 
	The pattern recognition approach,which is used by IWT. 


	The acoustic-phoneticapproach is straightforward.The machineattemptsto decodethespeech signal in asequential manner based on the observed acoustic. features ofthesignal and the known relations between acousticfeatures ofthe signal and the known relations between acousticfeaturesand phoneticsymbols.It is a viable approach and has been studied in greatdepth for morethan40years. 
	'In 1971,the Advanced Research Projects Agency(ARPA),now called the Defense Advanced Research Projects Agency,challenged American companies and Universities to develop aspeech-understanding system with a vocabulary ofat least • 1,000wordscapable of processing connected speech with an error rate of underten percentin a low-noise environmentfor use by manycooperative speakers.The systems were allowed to have an artificial syntax and a highly constrained contextand were notrequired to operate in real time.ARPA
	Atthe end ofthe project in late 1976,three contractors,Carnegie Mellon University. 
	(CMU),Bolt Beranekand Newman(BBN),and System DevelopmentCorporation 
	(SDC)-Stanford Research Institute(SRI),had produced six systems.Thethree most 
	viable werethe Harpy and Hearsay ll systemsofCMU'and the HVVIM("Hear what I 
	mean")system ofBBN.Ofthese only Harpyfully metthefive-year goals ofARPA.The 
	ARPA project piOneered the use oflinguistic knowledge.Hearsay II borrowed the _ 
	"blackboard"notion from the artificial intelligence field. Blackboard is jargon for a 
	databaseofinformation madeavailable to the diverse prooesses ofasoftware system. 
	Hearsay ll had varioussubpartsthatchecked on whethera potential sound sequence 
	wasconsistentwith syllable structure,whethera potential syllable combination wasa 
	legitimate word,whethera potential word combination wasalegitimate phrase,and so 
	on. 
	Through the blackboard,information from these variouslevels ofknowledge sourcescould beexchanged.Thus,if a potential word wasfound in Hearsay II's dictionary ofallowable words,thesystem could back upand substitute a different, sound orsyllable,forming adifferent word,which it could then try out. HWIM employed 
	• 
	a syntactic analyzercalled an"augmented transition network"thateliminated phonetic 
	choices that led to Ungrammaticalsentences.Harpyachieved a similar 
	end 
	by 

	means ofa"finite state grammar."In both systems,if the recognizer's best guess was W
	-

	green its dog,the syntactic componentwould askthe recognizerfor 
	O 
	formed,
	say,
	John 

	its next bestguessand continue to doso until agrammatically aceeptablesequence occurred.If nawell-formed sentence could befound,the system unrecognizable.All large speech-recognition systemsdeveloped 
	rejected 
	the 
	input 
	as 
	after
	ARPA
	had 
	ways'

	-to restrict recognition choices based onthe syntactic constraints ofthe
	language. 

	TheARPA projects wereconcerned chiefly with the kinds offundamental problemsof 
	-recognition and understanding,but none Worried about noiSe.Experimentstook in quiet environments using high-quality electronics.Thequestfor practical, usable systemsled to an investigation ofthe effects of noise,which can be devastating. Systemswith five Percenterror rates in quietenvironmentsfound themselves with 35 percent error rates when background wasintroduded.Channel noise plays havoc with 
	place 

	the recognition processasdoesnoise introduced bythespeakerclearing,snuffling,snorting,sputtering,spluttering-stuttering-stammering lip smacking,and nbnlinguistic vocalizations such as hemming, 
	such 
	as
	coughing, 
	throat
	slurring,lisping,

	hawing,uh-ing,and er-ing.Thesedifficulties wereaddressed throughoutthe 1980s through the useofnoise canceling mibrophonesand internal noise reduction systems basedfor the mostparton digital signal processors(DSPs). 
	However,for a variety ofreasons,the acoustic-phonetic approach has not achieved thesamesuccess in-practical systems.Thecentral problem is the extreme 
	•difficulty in getting a reliable definitions of phonemes,i.e., segmenting the speech into regions wherethe acoustic properties ofthe signal are representative ofone possibly several)phonetic units(or classes)and then attaching oneor more 
	discrete 
	(or 

	-
	-to-each segmented--region according to acoustic properties.--
	.phonetic
	labels
	-

	second problem is that,oncethe labels have been defined,a valid word must be determined from the sequenceof phonetic labels(Usually in lattice)thatcan have manypermutationsfor agiven Word or phase.' 7' Theartificial intelligence(Al)approach attemptsto combinethe above 
	A
	the
	form 
	of
	a phoneme 
	-
	phonetic 

	approach with the powerofan expertsystem thatintegrates phonemic,lexical, and pragmaticknowledge.Although someofthe limitations ofthe -phonemeapproach can beovercome using Al,thecomplexity ofthe task makesit unsuitable forsmall,portable applications,or in applications wherecosts mustbe keptlow. 
	syntactic,
	semantic
	acoustic

	• The pattern-recognition approach is the basisforthe IWTspeech recognizer. hasthree qualities thatlead to superior performance-in applications: 
	It 

	1.of use.The method is easyto understand,rich in mathematicaland communication theory,and is widely used and understood. 
	Simplicity 

	14 L.Rabinerand B.Juang,"FundamentalsofSpeech Recognition,"Prentice Hall Signal processing Series, 1993. 
	• 
	2. It is robustand invariantto differentspeech vocabularies,users,languages, word vocabularies,talker populations,background environments,and transmission conditions. 
	3.Proven high performance.The pattern-recognition approach to speech recognition consistently provides high performance on anytask that is within its technological parameters and provides aclear path for,extending the technology in a wide range ofdirections. 
	, The pattern-recognition approach is better suited forthe conditions to which hand-held devices will besubjected for thefollowing reasons: 
	1.Thesignal processing frontend providesasetofuniquefilter bank parametersthatare consistentovera wide range ofspeakersand communication channels. 
	2=The Filter Bank parameters"are transformed into asetofPrincipal Features. (F'F)thatis statistically determined to remove redundantdata acrossthe vocabulary. 
	3.ThePFis transformed intoframe pairs that modelthe statistical correlation between nearbyspeechframes. 
	4.Thesystem employsa modified dynamic-time-warping(DTV1f)process in which all templatesare scanned continuously.Thesystem then relaxes endpointconstraints ofthe input utterance and updatesallowable paths ofthe utterance. 
	-

	5.Thealgorithm worksforspeaker-dependentand gpeaker-independent recognition. 
	6.Thesystem worksin afastand efficient manner. 
	Acoustic wavesare converted with an8-bit analog-digital converter(ADC)ata sample rate of12.8 K/sec.ThePCMdata is placed into acircular bufferthat is continuously updated.Theinputdata is converted into astream of parametersin the preprocessor.Thissecondarystream ofdata is converted into8-dimension(8-D) feature vectorsevery20ms. 
	Aword to be recognized is recognized againsta"template"thatis initially recorded during the"training" process.These arestored in external memory.A residentsetoftemplates in memorydefinesthe vocabulary., 
	Considerthe input"utterance"asasetoffeature parametersthatstream in continuously.To.considerthis utterance asacandidate for recognition,afront-end processoris needed to"grab"the utterance. 
	Oncethe utterance is captured,it is compared againstthetemplates in memory using a comparison technique known asadynamictime warping(DTW)algorithm. TheDTWprovidesthe besttime alignmentoftwo utterances(unknown and
	. 
	template).15 
	-

	However,instead'ofthecommon DTWalgorithm,the Comparison is performed continuously.This meansthatthe input is estimated everytime afeature vectorcomes from the preprocessor,i.e., every20ms. 
	Accurate end-point detection is crucial for accurate voice recognition.Tests haveshown thatsmall variations in end-point detection,such as+1-40ms,can reduce accuracy by 3%.16The method used in this algorithm reducesthese end-pointerrors, quickly sorts out unlikely templates,and shows promiseforcontinuousspeech recognition. 
	Inside the Pre-Processor 
	The pre-processor part ofthe speech recognition algorithm convertsthe input signal waveform into astream offeature.there aretwostagesto this:the primary transformation from the timeto the spectral domain;and the statistically based method to obtain a morecompressed and reliablefeature vector.Thefirst is realized by means ofa quasi-synchronized(With FO,thefundamental or glottal frequency)17-band filter 
	•

	bank.Thesecond is aframe-pairconversion using a Karhunen-Loeve transformation 
	(KLTor principalfeature 
	method).17 

	Conclusion 
	Thespeech recognition algorithm used byIWTis veryaccurate andfast. It 
	encompasses Manyofthe"prOVen"techniqUes used in commercialspeech 
	recognizers,along with many novel techniquesthat have been added to improve 
	system performance.It useslow cost hardware(8-bit analog-digital converter)and low 
	computationaloverhead,typically Well under5%total on a486-33PC. 
	It Should be noted that other methods,such as using Linear Predictive Coding 
	forthe preprocessor,have been investigated thoroughly,butshownto havelower 
	performance dueto added Complexity.In addition,the use Of"hidden Markov models" (HMM)hasalso been investigated. HMMsare widely used for large vocabulary 
	systemsandforsomespeaker-independentsystems.However,the reliability of using 
	15L.Rabinerand B.Juang,"FundamentalsofSpeech Recognition,"Prentice Hall Signal Processing Series, 1993. 
	16J.G.Wilpoh,L.R.Rabiner,and T.B.Martin,"Animproved word-detection algorithmfor telephone-quality speech 
	incorporating both syntactic and semantic constraints,"AT&TTech.J.,63(3):479-498,March 1984. 
	17E.L.Bocchierrand G.R.Doddington,"Frame-Specific statistical features forspeakerindependentspeech recognition," . IEEETrans.onAcoustics,Speech&Signal Processing,34(4),August 1986. 
	HMMsfor reliable and robustcommand-and-control voice recognition does not perform aswell astemplate-based approaches. 
	Appendix E:System UnderDevelopment 
	Thecapability being developed here would provide effective combatvoice-to-voice 
	•

	interactionsforcombatoperators whomustmaintain weapon readiness and visual situational awareness.Users would be able to issue a varietyofinstructions,statements and questions. Non-English-speakinginterview subjects would-be able to provide answersin theira limited-but-useful domain ofwordsand phrases.Theeffort builds onIWT'ssuccess in producing combat-proven one-waytactical translators. 
	language.in. 

	This projectis to develop a voice-to-voice translation system,enclosed in modified Modular Integrated CommunicationsHeadset(MICH)-typecombathear-through18 headsets.TheSystem will recognize aus_er's voicecommandsto issue anynecessary numberofforeign-language outputphrases.Thesystem would also receive a limited numberOfforeign-language responses (about50in the initial version)to questionsin one or moreforeign languages.Theheadsets 
	,willincludespeakersto playthe foreign-language output phrases and microphcinesto proyide, 
	sound pickup offoreign languagespeakers..• 
	Thetranslation system will beintegrated seamlessly into the MICHand notinterfere with the 
	headset'scommunicationsor hear-through functions. 
	• TheDARPApayofffrom asuccessful program developmenteffort would besignificantly advancedcombatvoice-to-voice translation capability with eyes-free,hands-free operation. 
	•

	Combatoperators wouldbe'able toissue instructions moreeffectively,potentially lessening dangerforboth USmilitary personnel and foreign national civilians. Combatpersonnel would also be ableto ask questionssuch asthose regarding wanted personnel and weapons cachesin tactical situations. Majorprogram elementsare: 1)the design ofanew circuit board miniaturized furtherto fit in .the headset;2)incorporation offurthersound analysis featuressuch as phased array processing; 
	.3)furtherdevelopmentofthe recognition and-application software;and4)designand-:-• _ 
	production ofthe'headsetform factor.This,form factor will bebasedOnthe chassis ofan existing MICHheadset,with the outerbodyand electronics modified toinclude the translation capability.' 
	Primaryprogram risk centers onthe ability torecognize foreign-language utterances in operational environments.Secondaryprogram risk centerson miniaturization and headset integration ofthe recognition hardware.Neither capability hasbeen developed previously by anyothereffort. 
	18The hear-through function meansthat headset microphonespick upsound around the userand process it. Loud soundsare reduced in volume,while quietonesare amplified. 
	•
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	This program will develop 15test articles —to bebased on oneor moretypes ofMICHheadset framescurrentlyin use — during.the first 270days ofthis effort. Refinementofthe systems based on test and evaluation will bedoneduring the second 180daysofthe program. 
	Headset ntegrated Translator 
	Ambient Sound 
	Current Mission: 
	Sensors. 
	•Tactical(One-Way+Limited Response),eyes-free, • hands-free voice-to-voice translation.-Applications 
	include providing instructions and receiving limited 
	-

	responses during house/vehicle searches, patrol,civil aid missions,entry control duty 
	•Target User:Soldiers whohave repetitive.interactions with local population and need to maintain eyecontact 1 and weapon readiness. System Features: 
	-Minimalincrease,in AOIWMICHheadsetsize in final • system packageand ultra-lowpowerusage.. -Onlyhandsfree &eyesfree technologyin existence' 
	-Highly accuratespeechrecognition thatworksin 
	Speakeri. 
	operationalenvironments 
	Background Program 
	•Developmentof integrated Healiset Hardware and
	Basetechnology has received strong • Software(9months)
	positivefeedbackfrom Rangers,Green 
	Berets, Marines,USCG personnel,other 
	•Development/Field Testing of initial OneWay+ users after deployment. • 
	Limited Responseforeign languagesystem(3 Developmentteam hasworked togetherfor months) 12years,team leaderis Silicon Valley 
	•ROM:$550k
	pioneer with 45Yearsexperience related to 
	current project. 





