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VO CE | NTERFACE FOR CONSUMER PRODUCTS FI ELD AND
BACKGROUND OF THE | NVENTI ON The present invention
WO edoatizg9l o consumer appliances and, nore partPCUI2n06/000603

to a voice interface to i nprove the human interaction

wi th consuner appliances. Mbdern man is inundated with

machi nes and appl i ances of hil kinds during daily

life. The user interface in nost a]fl i ances conmonly

i ncl udes YOI¢HBASTERFACE HBRK‘é%&Hbf RBRENIICTY

sinmpler, nore natural and oftentinmes nore conveni ent

i nterface between nman and machi ne i s human speech.

Thus there is a need for and it would be advant ageous
FIELD ANI2BA GK GROIAND RTHREISVENTION® appl i ances and

consuner el ectronic products. Speech recognition has

beRn peeyR BRERBbnOMEited e chRbinetl@ppliteteBAd, VidbieOp&ticularly, to a
nmet hodol ogi es have been introduced for automated

voice HREBRB 16 BERON tHe WA{aASREracliE Wil icBEsuBRA Sppldinted
grammar recognition and natural |anguage recognition.

SRRGEM h&s %%Hc}?% WRE g{aeié{ggim@a@gg&ieg OF ali RRRUMRRRe daily life.

appl 1 cations e trav I ng nf or mat | on,

The Jslap %‘t%ffgée "i'l‘fcrg{)'ﬁt %éﬂgifaf;&ga{:&rg@gﬂ%gﬂcggég ﬁﬁ{o\’xg,c Qi lol keypads.

routing, and re ry assi ng constrai ned
ranmmr_yecognition, suc licati c achiev
Howeil o Roplir e SRt ATy BaBRR B SO ofiRh it Ggoveen man
fqr. tel.ephone appljcations can, often.su
and mpching FRIERER REG0, TEVEDESHT P GeHLBTare i e P afygpiageous to have
.recognitjon, and_ jf the confidence is |low the system
a voicg mta%%ﬁesf% ﬂ%ﬂ%ﬁmlﬁae%&siaaﬁ CPRFURIH ﬁ%PtT%F pEicso confi rm
or repeat their request (for exanple "I heard you sa ‘
" BPgechngpcogigon nhas begthtdevslopingavivelr the rast sdegades and various
recogni tion constrains the possible recognized phrases
methodelogiesrhave byen ripdedueed ifor duiooratadl spacelinreqogpitiopog’siil éncluding
responses, which is typically defined using a granmar
constrained gfanmasgi recognitmgeag eatuTililangupgeresbgnmitiomgni t i on wor ks
best when the speaker is providing short responses to
s fpedchirecaguiivni tettmpldgiy K e uyeeisfon el epleat iapplicatiphckkagaah booking
and information, financial account information, customer service call routing, and directory
assistance. Using constrained grammar recognition, such applications can achieve high
accuracy. Speech recognition systems optimized for telephone applications can often supply
information about the confidence of a particular recognition, and if the confidence is low, the
system triggers the application to prompt callers to confirm or repeat their request (for
example "I heard you say 'billing), is that right?").
Grammar constrained recognition constrains the possible recognized phrases to a
small or medium-sized formal grammar of possible responses, which is typically defined
using a grammar specification language. This type of recognition works best when the

speaker is providing short responses to specific questions, like yes-no questions; picking an

option from a menu; selecting an item from a well-defined list, such as financial securities



10

1

8]
19, ]

5

option froma nmenu; selecting an itemfroma
wel | -defined list, such as financial securitieslike
waetmelssiand nut ual funds or names of airports;POFIL2006/000603

readi ng a sequence of nunbers or letters, like an
account nunber. The granmar specifies the nost |ikely
wor ds and phrases a person2mﬁll say in response to a

. pronpt and then maps those words and phrases to a

like staskegnd gputzals Bigh Or M2RI6H OE MIPORSr Oleseadinited sequgaes pnumbers or
grammar m ght map "yes", "yeah", "uh-huh", "sure", and

letters, bkegtl agapuptieumbgzen "yes" and "no", "nope", "nuh-uh",
and "no way dude!" to the token "no". A grammar for
efTther gragneer 1Pediifigs thacssudikelyunwbats wodilplirdsesve peson will say in
sl ots each of which contain one digit which could be

respoARr @ & praiphaml ken amsk thessordy and pheasey amaabkeM W th semantic
be the 10-digit nunber mat was spoken. |If the speaker

concepBYFor SXaBpIY, R0ydshat gideRsd thighBhelp 'BRs'enteah"i Pul-Reh", "sure", and
grammar, recognhition will fail. Typically, 1f

"okay" @6 BNbkéPR ekl S inol M opPP M GRER O Bn M hd WaEdRIOTRY the token "no".
users to reépeat what they said, and recognition wll

A grdfmbd e RGN A 1|Otd'gitta%’:&ﬂlt9%@9§x%ﬂ«lll NvS Y&t glmﬁédc %f which
grammar consttai ned recognition is well designed an
S re I r [ I

contalyEol ERETN AL PR R el RN 20 bR Eh g MR Would be

vi.ng a, t hi ck accent lin or speaki.ng..over a,

the 10086 p 20 SEp o E el Sivsr RERIHEY g SoeSitgatch an
t el ephone answering syst.em shoul d .be backed. . b o .

entry th’?%é?mﬁnﬂ-b ﬁ?coﬂtﬁgd"lﬁia‘iﬁéﬁgﬁa V. i ﬁ%cog,g‘tqongt%vgHleyapphcatlon will
operator. Callers who are asked to repeat thenselves

re-ProgiRl usgitdo geReet YliPCIrY sHd cHitere PaY TR Sﬁraeda@wlatlga.telephone
Nat ural | anguage recognition allows the speaker to

answesHg AySEMhating grammsa poasirendeggediitien isoticbdesigned padiis repeatedly
guestions. Natural |anguage recognition uses

unablg ttatundeistall the deers(tynibalygdvee tathepeatse duisendegstargling dreequestion,
a |l arge nunber of typical responses, with each

having esthokszcortt ohebling, dosrakiogewveos lagaaaptunt Edbadogerpl enoise or
for the concept "forward my call to the billing

interfetepee) the n¢léphone unywoeting swamein dloulEbobiikeé up dtabtes input method
like "I have a problemwth ny bill", "I was charged

or trah$Te0the @6l Y ‘an opélawr NOgkrd@hb ae\eskbditd rdPeht tRems@ s ovlel and over

is difficult to create
quickly become frustrated and agitated.

Natural language recognition allows the speaker to provide natural, sentence-length
responses to specific questions. Natural language recognition uses statistical models. The
general procedure is to store a large number of typical responses, with each response
matched up to a token or concept. For example for the concept "forward my call to the billing
department”, you would want to recognize sentences like "I have a problem with my bill", "I
was charged incorrectly”, "How much do I owe this month", etc. It is difficult to create
large, rich grammars that consider the context in which the words are said. In addition, as a

grammar gets very large, the chances of having similar sounding words in the grammar

greatly increases.
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| arge, rich grammars that consider the context in
which the words are said. In addition, as a granmar
w@ews/1uwavy | arge, the chances of having si m | aPCT/IL2006/000603

soundi ng words in the granmar greatly increases. Sone
systens use a hybrid of constrai ned granmar and
nat ural | anguage recogniti%n that permts
sent ence-1 ength responses to specific gquestions, but
i §oive e¥stetheuse @ byl@vgnﬁ copairainest grapanas i em@aldsmg\@gglecocmtlon
nat ural |anguage "garbage nodel". Conbining this

that papits cantbnast lehgth respphees it steciivopigstags, bitaghorangwernsleean part of
be effective at maxi m zing the accuracy and

the sep@nceaisingss rafurbie tamgoadel dparbdgeemobicll e Cogibiting rthissapproach with
performed by inputting a speech signal, typically

prompi$ g ehcHiras® RAGH enewersdiagi bd 2ffB@iveha ﬁllagi’hﬁlzm Tihe accuracy and
speech signal is input into a circuit |nclud|ng a

conmﬂﬁ@§@ﬁ§&&@ﬁmﬁﬁlperforns a Fast Fourier transform
(FFT) usi ng any of the known FFT al gorithns.

PS%EHQ@%MHU&F g‘ﬁ'?éél' g:;,t RenY A GRACK! Sl #Emta using a

omaih 1S n an | put dat'a buffer

rj.th t [
nnulogllx&?odrntrdred&b H]tg t!ﬂ? éan%geﬁ'lr% %)geélf lgirllﬂghtlﬁ uLtteth Sf? ClI’CLIllt including a
distin omth 3 Xa
proceSp TR PER s B P Bl e, B e By e dgun FFT
o YRS B SO 20 BB L SE 0
it gy Sufig iherih b aer i b ateaoBe et S Gied el
input dsg Oyffghr iherih 118 aud e miateasipa s gpnlidied ihe rfcmaﬁfl out-of-
data _and the output (frequency domain) data. Aty
place’st-¢.df a@yPufry bufiat | B caéténct Ogb et IRt Wtisrotier Wﬂl‘%e{h@/ Qlockham
storage and w thout separate digit-reversal passes
auto-sorhadgoyislmd frepickhavet ¥96%) partonap sxeryistags of wiei IHH ewiagf-place, typically
i ndi vidual pairs of digits) at internedi ate stages,
writingthach agd forlebetoebi e amhysh trahsposiadione Bdigit rof Ithemdiass with each
reduce the nunber of passes over the data (Johnson &
stage.Burrus, 1984; Tenperton, 1991; Qan et al., 1994,
Hegl and, 1994). After perform ng FFT, the frequency
domptif-pladed HRY gigoahal hyesf the tsemhediaé Buffédefor the input data and the

output (frequency domain) data. A typical strategy for “in-place” algorithms without
auxiliary storage and without separate digit-reversal passes involves small matrix
transpositions (which swap individual pairs of digits) at intermediate stages, which can be
combined with the radix butterflies to reduce the number of passes over the data (Johnson &
Burrus, 1984; Temperton, 1991; Qian et al., 1994; Hegland, 1994).

After performing FFT, the frequency domain data is generally filtered e.g. Mel
filtering to correspond to the way human speech is perceived. A sequence of coefficients are
used to generate voice prints of words or phonemes based on Hidden Markov Models
(HMMs). A hidden Markov model (HMM) is a statistical model where the system being
modeled is assumed to be a Markov process with unknown parameters, and the challenge is

to determine the hidden parameters, from the observable parameters, based on this
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filtering to correspond to the way human speech is
percei ved. A sequence of coefficients are used to
w@emenatig2 voi ce prints of words or phonenes baRB&HII®006/000603

H dden Markov Mbdels (FfJVIMs). A hidden Markov node

(HW is a statistical nodel where the system being

nodel ed is assumed to be & Markov process wth unknown

paraneters, and the challenge is to determ ne the .
assumpticid dhe petrasiast mpds] phyasietarh earothse be aptdetopgriara sagesh recognition.

based on thisassunption. The extracted nodel )
Havingamnawiet whish gaves theegrobabilityed an @bpavédbsequepeedacoustic data given a

recogni tion. Having a nodel which gives the
word pfhibakabot wosd efjuarne ehadesecrkirome teemost lkehustridsegenee.

given a word phonene or word sequence enabl es wor ki ng

out the nost |ikely word sequence. 5 References

Rabi ner, Law ence, Bng- Hvang Juang Fundanent al s of
RefereR@€ch Recognition, Prentice-Hall Janmes W Cooley and

John W Tukey, "An algorithmfor the machine

cal cul ation of conplex Fourier series," Math. Conput.

19, 297-301 (1965). O T. G Stockham "Hi gh speed

in&O | 8n 250" | PBmentaRd | B0 SBBH  BEntice-Hall
Rabingi) L et BTGP AR RS g BRI 39 oo SR Mentice e
. hasqn and. G S, ~Burrug,  An.d I L= :
temes G538y EfatingF, Lo upld SRl 1R B FoblaE S gf comples
.C. Te rto "Self-sorting.o-place fast Fourier
FOMEF%{%@?@\‘Z#'-EWRM Elg’ %?Fgms‘tqu?)@nput 12 (4), 808-823
(1991). 20 Qan, C Lu, M An, and R Tolimeri,
"Self-sorting in-place FFT algorithmw th m ni nrum
wor ki ng space, " | EEE Trans. ASSP 52 (105 2835-2836
T. Gy fwlglgmmg'%| weed convelatipn sy icﬁﬂellg‘ﬂm?bl’ ae¥ g ot Computer
Fourier transform al gori t hm suitable for vector and
Confepraca|Rred. AJIIBE @833y 233 N®€).i sche Mat hemati k 68 (4),
507-547 (1994). 5Matteo Frigo and Steven G Johnson
FFTW http://wvWfftw org/. Afree (GPL) Clibrary
H. W. Johnson and C. S. Burrus, "An in-place in-order radix-2 FFT," Proc. ICASSP,

28A.2.1-28A.2.4 (1984).

C. Temperton, "Self-sorting in-place fast Fourier transform," SIAM J. Sci. Stat. Comput. 12
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Qian, C. Lu, M. An, and R. Tolimieri, "Self-sorting in-place FFT algorithm with minimum
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for conputing discrete Fourier transforns in one or
nore di nensions, of arbitrary size, using the
w@ewbay1Tukey al gorithm Also M Frigo and S. BCT/IL2006/000603

Johnson, " 5 All references are hereby incorporated as
if entirely set forth heresi n. Background benefits
from

http://en.w ki pedi a. org/ wi ki // Speech _recognition, )
Matted Frigo /ahé ritenvieki(pelghnsont Fmvkilit‘@o)oéww~fﬁw-org . A free (GPL) C library
TukeyJFFT_al gorithm |1 O SUMVARY OF THE | NVENTI ON The
for comepting' gisogtedioeibt tardfrinsett oas cused: diereasinng, of ertstrary size, using
m croprocessor or a dedi cated devi ce manufactured
the CoaddyrDulas ldogichin oA g W Stride and SASL. ColufsBA or CPLD. The
ternms "m croprocessor” and "programmabl e device" are
used herein interchangeably. The term "open words" as
used herein refers to a set of words recogni zabl e

All refirc89a18 hdRb$ BRIk fe Shagenthidly O fRISIR@GEN recogni tion
scenario. The term"in-place FFT algorithni as used

Kk Gl ek to any m xed radix or real mxed radix
Bac gzlg\ gorﬁlgtnﬁm e%’ﬁg term"generic" as used herein neans

i RO L UL RESLARR! o2t B P8R ML ERELh 4 ol

_typically.by integrating 20 appropriate |ibraries
Tukeya%ﬁ?%%%?%ﬂm% t he application devel opnment kit of the

present invention. The ternms "manufacturer" and
"devel oper"” are used herein interchangeably and refers
to the entity that devel ops an appliance for

SUMMARY &8t THE Vﬁl}@“l@b\ﬂ i ance. The term "manufacturer

i ndependent” refers to a property of the application
kilhe derm farograsyashle deyisat iarised Higiciy dplses [heepicaRaocessor or a
_applications may be devel oped for nultiple t%/ﬁés or 25
dedicagpeder sunafadiuod vring pmi &chaclogncedr ex 4SHE, AsenfePLD. The
type of appliance. According to the present invention
terms t‘imégrepriosespord \and Eprogrametdidel déace  pam esedtliengn udérchangeably.
interface for appliances which may be perforned by a
mahe taat tpen wardd e wBppheeinceferd bea set of words recognizable during a
specific stage during a speech recognition scenario.

The term “in-place FFT algorithm” as used herein refers to any mixed radix or real
mixed radix algorithm.

The term “generic” as used herein means that any voice interface application can be
applied to multiple programmable devices (or device family) typically by integrating
appropriate libraries available in the application development kit of the present invention.

The terms “manufacturer” and “developer” are used herein interchangeably and refers
to the entity that develops an appliance for manufacturing the appliance.

The term “manufacturer independent” refers to a property of the application kit of the

present invention, that voice interface applications may be developed for multiple types or

appliances and/or multiple manufacturers of the same type of appliance.
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manufacturer is provided with a programmabl e device

for controlling the appliance, the progranmabl e device
whawongpivesour ces of |ess than 9 kil obytes of PERT@N6/000603

access nenory and capable of less than 4 1 mllion

i nstructions per second. The manufacturer is further

provi ded with an applicati®n devel opment kit for

bui l di ng an application for the voice interface ) )

i Actoudingdo ahes presarth inentignitharens pdided.a migthod for generating voice
manuf act urer prograns the programuable device with the
interfaag fori aaliances Wilieln ntalyebeappfarsatityna msnnfanturgudithasppljange. The

user of the appliance, the application operates the
manufadiplel 4§ @eovilideidthad Ipyogruvhiablepdodecafon captratithgr therdppijance, the
the application, the application includes nmultiple
prografid@2s davide heving asdhuftea @€ 1&s dhdif onglobywebf edndopesiccess memory
wor ds are recogni zabl e by the speech recognition

and cAPREN 6F 15 @Bl #DIMIlichRsPRIDNIPeSe@ne, TRE AHHUERArBYis further
the speech recognition nodule, 'solely in response to a

i PR YoptieAd dMHES IR 180$6bhibdiRg YRChnrcatidif for the voi

prowdggg\ﬁﬂgnceé.(pp%r gﬁ@r a%ﬁ?/(?ﬁ t‘ﬁg speech 1r ecogni tl?p(glnanoduolre © Vo

: es. . rvised . necagni b it : I

mterfa\%gi & ur?rﬁwi %g%%ﬁgl a%g%%%(?? olﬁ,wlgg's pt}gﬁ hmér?glg%g&r{?fi %rﬁgr ams  the
Jcal cul ati.on begins on-the- S.S e f

proaEh BEE0 BB PR ER) b pR3ER00S; ABEERA s usror
pr.ogr anmabl e, devi ce include less tha kil ohytes of .

the arpliRiismiie SRUE Oy 2 eprt GBS PRErSbetfY pRoerfming and

.recognition nodul e includes an in-place algorithmfor..

runningqh a@nlwatl%p,fﬂaes%ppﬁﬁ%mnépaﬁ Sargpla St%eéﬁ@r %W@?h stage a different
programm ng i s perfornmed using assenbly code optim ze

set of fopen syeedsdare peesreaizableyby tha ePgrcBdeeramiiiiemadyls cirefegably, the open
sel ected by the manufacturer fromnultiple different i

wordspare gecagmiabd by dissy brsech sgrohidien npdaersalshyyin weprase 4o a previously
portabl e between a plurality of progranmabl e device

storedf estidreposedde erudemaf the appléange eBrefarabinvibe tsperch tréemgaition module
provi ded a voice interface application devel opnent kit

uses spp@visee dedognidiomaigstidlahsrirefeadbly whilesumeingahp lapplivagof,or speech
integrating a voice interface for the consuner

recogi@fiph cabgletion herinbeyethe i as sddnl asi speddhd s 186r B@pleced! Pasferably,
generator which receives as inputs fromthe

resour@BNYE aht WrSEraftabiePlsvisd 3aeedcOfiesd MO e kilhyeds’ 8 @andom access
memory. Preferably, the speech recognition module includes an in-place algorithm for
computing a fast Fourier transform. Preferably, programming is performed using assembly
code optimized for speed. Preferably, the programmable device is selected by the
manufacturer from multiple different programmable device families. Preferably, code is
portable between a plurality of programmable device families.

According to the present invention there is provided a voice interface application
development kit provided to a manufacturer of a consumer appliance for integrating a voice
interface for the consumer appliance. The development kit includes an application generator
which receives as inputs from the manufacturer multiple stages of a voice interface

application, and for each stage a question is posed to a user of the appliance and a limited
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application, and for each stage a question is posed to
a user of the appliance and a |imtednunber of open
wowrnda2@se recogni zable in response to said qUBSI/AIAN06/000603
The kit further includes a data base of words from
whi ch the open words are sel ected by the manufacturer,
the data base further inclldes nodels for recogni zi ng
the words. The manufacturer selects a programabl e
numbefenfiapen Ho5ds HE sepoghiralle én treponse 1§ sal lavesioanfhaokit furthenincludes
voice interface circuit included in the appliance by
a dataphasg pAmerdsgireihevipeio greamenbladslend sséectridt by the deanmifdctirer, the data
i npl enments an application generated with the
base &pfiler catludes gesteisatfar recBprizmpalkiiey wdrke Mherbesnufdctwoperselects a
words is less than twenty, limted by resources of the
progryfigblantmileefraiavi peogrin@beleaddvice Rnfilied hah bofldd hevoted@terface
is generic and supported by all the progranmabl e

circuiti@¥iuaed frafielabgBancd B¢ prddrathiiid'@le froGhmableedei@ieGeith code which
out put nodul e whi ch poses questions to the user by

1mplefh@f1‘& g dp:pﬁgat%réen&fateﬁr\@ltw @Heczﬁ)p'll@étﬁfnf G Rrefdr PHa'férably, the number
Preferab the kit further i1'ncludes a speech

of Op'E:Ig oGRS bk qgssn?‘QHl e Cﬁ}nﬁ&P 'bé)er%séalﬂcés. of”tﬁ@% rd@Shmable device.

urler transtorma 6r|t vol ce | nput

P1efer5§l§/ \rfia%?udn of {llxg ci%BQ |1§ g{h%%c dy by 'ép the B%%gﬁnnable device

I on NO g eshsu e |sed recogn K
i e A A L ) e
contr e Iaglglﬂf éla%gll){%%éntgf) odylécn o%ﬁ%{ﬂl‘rag[ymr?éeokjét %ltberr?lgitzlluges a speech

buil ding a vojce interface circuit mhlch control s an
recogigpn madele Whish appliescd inwlase s Frperdyang %rﬁbg%m}rt% proice input
of the appliance. The nethod includes progranm ng
data resedipd dnntieeorneligees delernblthy sHeectsregp@ution n@dw@ua@phes supervised
interface application. For each stage a question is
recogmitisrdlgoothansiser of the appliance and a |limited nunber
of open words are recogni zable in response to the
guesotidorg tolhkee preasgntamvehiien devre de proveided ed pragrarhestorage device
voice interface circuit, is selected froma plurality
readalfit 1pr @ ghamimd tengitdy i cpgboligingl 4 @soand & petitdtions @keduigble by the
progranmng is generic to all progranmabl e device

machind ol p&@foraNd RePoh tfofHudblinche WiQgLasMAdRIcikditS RERh Edhtrols an
to the famly of the progrannable
appliance. The method is performed by a manufacturer of the appliance. The method
includes programming a programmable device in multiple stages of a voice interface
application. For each stage a question is posed to a user of the appliance and a limited
number of open words are recognizable in response to the question. The programmable
device included in the voice interface circuit, is selected from a plurality of programmable
device families and a portion of the programming is generic to all programmable device
families and a portion of the programming is specific to the family of the programmable

device. Preferably, the programmable device includes resources of less than 9 kilobytes of

random access memory and capable of less than 41 million instructions per second. wherein
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device. Preferably, the programmabl e device includes
resources of |less than 9 kil obytes of random access
woreswonge1and capable of less than 4 1 mllion PCT/IL2006/000603
i nstructions per second whereinsaid progranmabl e
devi ce includes resources of less than 5 kil obytes of
random access nenory and c%pable of less than 2 1
~mllion instructions per second. BRI EF_DESCRI PTI ON OF
said  [rIErDRAWIAGCSYIFR dnflidemidsericess ofh iaseithpnd @ deloppies of bgndgay access
of exanple only, wth reference to the acconpanyi ng
memol @i cagable whieseithan H Gillidn instractpms per wconddr awi ng of a
system and nmethod for providing a voice interface in a
consuner appliance, according to an enbodi nent of the
present invention; FIG 2 is a drawng of the software
BRIEFDASICRIPTTONORPHE DRAWING® Vel opment kit, according
to an enbodi nent of the present invention; and FIG 3
| $hétideamodiankRh §8RVILED BT R8L Df AkaRple0bl, withakfeddiRe to the
application, according to an enbodi nent of the present

accond gly}ggg H&l{]\,ln@g%@}eﬁﬁ' | ON OF THE PREFERRED EMBODI MENTS
Phe present_invention is of a system and nethod of

g?ﬁ?tli 99 oY Qllt (a‘?a\iéig% oF g gfs‘%%lﬁ ahd %d%péliogpfgﬁgﬁa \ gle igﬁé’rface in

I nt roducti on, SI € ubl quil tou -ra
' :ng. Th
o con DI L BT P RSUREAL, AP RALRe, T

buttons, Typically, both tinme and alarm are set b .
Bl "R entBUGRE & gt OBy MsuRRRG: hamorHior & b efppment kit
uttons. T rocess is repeated to set hours and
accordiy i oer et BRG 104 PipRent GRERBAT: 00 y set. Those who do
not have a regul.ar schedule, for instance, are . .
r 8Hdi ¥ 8@ B degpang shayang siggessef dofoi¢cinisatacs Applicatomn jagearling to
time several times during the week The standard
an empp@alentefi the presenfimeeatips not general |y convenient for
i ndi vi dual s who share bedroons when each indivi dua
has a different schedule. Inproved cl ock/radio/al arm
i nt'erfaces can be purchased, however, given a plethora
DESCRIPHLON @5 THEBRIIERREDENMPODIMENT e nost basic
functions.

The present invention is of a system and method of creating a voice interface for
home appliances. By way of introduction, consider the ubiquitous clock-radio or alarm clock
used to arouse us in the morning. The standard interface to the clock-radio includes several
buttons. Typically, both time and alarm are set by cycling through digits by pushing one or
more of the buttons. This process is repeated to set hours and minutes. The alarm time is
similarly set. Those who do not have a regular schedule, for instance, are required to repeat
the process of re-setting the alarm time several times during the week The standard clock-
radio interface is not generally convenient for individuals who share bedrooms when each
individual has a different schedule. Improved clock/radio/alarm interfaces can be purchased,
however, given a plethora of buttons many people only learn the most basic functions.

As a consumer appliance, the clock/radio/alarm is very cost sensitive. Each additional

feature requires an additional button adding cost and size to the unit. Alternatively, the



As a consuner appliance, the clock/radio/alarmis very
cost sensitive. Each additional feature requires an
w@dawstizasml button addi ng cost and size to thePCmii2006/000603
Alternatively, thefeature may be nmultiplexed with
exi sting buttons addi ng additional conplexity to the
human interface. A princi pqal intention of the present
invention is to provide a voice interface to hone
featureappy bamedisplexadohitiasxisting betkons adding atgisiondicemplexity to the human
interface, according to an enbodi nent of the present
interfaceivention is inplenented with mnimal additional cost,
on the order of a few dollars by requiring m ninal
cAppiutipaignentonlaf the ptaragaveeioniy wasosde h vase iiigerface to
avai | abl e using a small 16 bit m croprocessor, (for
home hppHaads sublyas AQUbck4Qdid. Wht Roide Khte Ay, ascopding andwvmbodiment of
access nenory and 40Mhz (Texas Instrunments Inc., 12500

5 the p1J§entBﬁl%1?cY(ﬁl1r 4 indpdhéfed Wih RiniRdUhI@tiend d@étO@ﬁ&ﬁ@ lorder of a few
i.e. ASIC capable of 20 million instructions per

dOllarSSl%p&agllﬁlMl’F §}n&allcto 'g)lﬁ %gn@ 8atd @fo?% el B&urdeldQuch as is avallable using

progra evi c I n enbodi nents of the present

a smafl rl%ecﬁ{ 1980 §es'§35lrc é&)r Giﬁﬁar{cgsﬁﬁﬁe(ﬁﬁﬂ@?A%% e%%?te%'%?Qm1dom

prior-a recognltlon sys
hone n. of
accessplpsgﬁm an%@ﬁ“%ﬁ”&g ; rg%ngmsﬁfﬂ E?E%?%%{%ﬂﬁ%? DAHE, T30 or
. nuf acturers pl.i far lding a vo
cquivlg drpeesirs bf- SR SOBTTaREcD EabRn st P RgpRd (Fups). 1
consu pl i ances bulld .voi ce .interface . .
0 shouldSERFFY g DR PAREIAE gAe Grd i @mBUEEHE ot ATCAERON invention
according to his own requirenments. Another intention
has mypeh lege respusen thannRrepessers used iy PHPLA JBCSSB FERSREifReSYStems, e.g.
typically speed and recognition accuracy sufficient
telephpigaansiveng eystend. nt er f ace i s conveni ent to use,
Performance is nmeasured both by speed and by accuracy
oAnstheedhtentierogoll ttho npreSmeethversean riedtof growide osofiere tools to
recognition of a response is on the order of 1-2 sees,
manufacttiti a0y hofer apdignidsi fon buidipeed evmbliyteghentfar tlkmppliance. Each

95% Preferably, the performance is sufficient so that
15 manuRcRN\GEBbARARY applimcéamey beildatvoice dutkerfad wish asdahe ppplication

reduci ng the overall cost of the consuner appliance.
kit, of the present invention, according to his own requirements.
Another intention of the present invention is to provide performance, typically speed
and recognition accuracy sufficient that the voice interface is convenient to use, Performance
is measured both by speed and by accuracy of speech recognition. Speed required for a
20 correct recognition of a response is on the order of 1-2 secs, accuracy of recognition is
preferably greater than 95%. Preferably, the performance is sufficient so that a conventional
interface is not required as a backup, reducing the overall cost of the consumer appliance.
The principles and operation of a system and method of creating a voice interface for

consumer appliances, according to the present invention, may be better understood with

25 reference to the drawings and the accompanying description.
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The principles and operation of a system and nethod of
creating a voice interface for consuner appliances,
wa@ewonzgiimy to the present invention, may be bePCBIL2006/000603
understood with reference to the drawi ngs and the
acconpanyi ng descri pti on. Bef ore expl ai ni ng enbodi nent s
of the invention in detaill®it is to be understood
that the invention is not limted in its application
t Beforeeexpdaining sndfoditeeity af thednvdsionrin daginiéing tobe ppderstood that
conponents set forth in the follow ng description or
the inveintios iy setdunited inhes ahplivativgsto thd detaiby ehddsign sl thapabhgement of
of other enbodi ments or of being practiced or carried
the comipfonents \sair faaths irb theafodlowihgs descriptioms ot ollimerateddiar ieodrdwings. The
that the phraseol ogy and term nol ogy enpl oyed herein
inventich fsQdapitie of WilRe sentaldirt@gs b P ibemgandctilaWrdanddd bt in various
regarded as limting. It should be noted that while

ways. 16, i BGHTI1PAeRBIEI thatl the Phfa8€d16E, 4l RFBINolENEMITBYed herein is
appl i ances, the principles of the present invention

for thé‘}ﬁ))f‘p«ps% C@Q@&}i%QOIfI Qhd LRAEn &Rt S s 18nifing aut omobi | es
or use in non-consumer applications as well. [0

Fi['l ré B 6 ﬁot%@ BRAIWREE AN i(ﬁskl%gioﬁl':lgé?éiﬁlt QMireatd@Ntodsndil Gonsumer
a ast Fou

gorithmftor performng a t rier transform may
. be ch;al Lth M), RL
aopliafies TR S W PR B b PEp Shdep S Ll Bt e
thod for providing a yoice interface in a consuner
automgg{lﬁsi Ay 1.‘°°?§W%faﬁﬂp;yffaté° énlfact ur er / devel oper of
appliance 101 builds a voi.ce interface circuit 103 as
pRPHOG NG srE O BHHPT 2lF0H DD SOk A e pieqrEl flabﬁ%r qrigpe a fast
.an emulation circuit (not shown), which enul ates the
Fourier grapsipn msy besns sHer algpmbmlostin the@tng devel oped.
Voice interface circuit_ includes a programmble -
dRefesiing rovgto e drapines Signe | ilwtiates i systemisnd mabod r groviding
personal conputer 111 which prograns the
a voiee orerfrcecimss oronsmér applishee 10ht dypisaléy.ap phanpdactyer/developer of
M croprocessor 115 has a connection 105 through
appliaappl@pbuiidsea voice witkrtycet drcaitri08rsplaone anduracisgedieace 101 under
cable 107 to a speaker (not 20 shown) for voice output
develdpngyiit ap ph iegiitRiohCdrcultr(agy showal) evidgeetalies ahe urgtioDROMhsumer

113 is used to |load a voice interface application

appliafl€y e ORIRH HekdldpedNt/Bice ehe ARG cifRiltéideslalgrob@imrhdlRe device, e.g.
microprocessor 115 with a cable 109 to a personal computer 111 which programs the
microprocessor with a voice interface application. Microprocessor 115 has a connection 105
through appropriate circuitry to a microphone and a speaker cable 107 to a speaker (not
shown) for voice output from appliance 101. Program storage device, e.g. CDROM 113 is
used to load a voice interface application development kit into personal computer 111 for the
purpose of building the voice interface for appliance 101.

Figure 2 illustrates a block diagram of software modules included in voice interface
application development kit 20, according to the present invention.

Application development kit 20 includes an application generator or scenario creator

201. Application generator 201 is used to generate a series of questions which will be posed
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pur pose of building the voice interface for appliance
101. Figure 2 illustrates a bl ock diagram of software
wore@eh a9 ncl uded in voice interface appli catiPEI/IL2006/000603
devel opnent kit 20, according to the present
i nvention. 25 Application devel opment kit 20 includes
an application generator orl scenario creator 201.
Application %gneratop 201 is used to generate a series
to usersf ofanpienesnt) nhApplicatipn gseerpios 28tis usesbiosdefineap pti of ippgn words
101. Application generator 20 is used to define a set
which cdfre ojpbd Worr tspeises Ito dhe quedtiods peead. Ebgb e ¥oice inthrace is run,
guestions posed. Wien the voice interface is run,
modelsrofitlesopeh vitonds arp storedbindandume astess sdmiony attavtiodrtaecpastaged with
menory attached to or packaged with m croprocessor
micropfrdfessdhEl 30 (b etuntier 0P @penvdrodds isslirhited toeabdud taboriR0,t when using
or 20, when using small programrmabl e device 115,

small gRReAHABle ARvicRel 15p @%n@[nga@r@ icagpeell @6 Wict @t edquipe &6 speech
recognition. Preferably, an attenpt to use too nmany

recogrRRED WRLASb AU Lh Bt 16 18Y P mah®peRRldreatLefy k8BS Wes of the
I n application genefator 201 to generate a warni ng or

applic%tg%rpzret'sﬂ%siﬁ %g@]iéaﬂoﬁ REnAEVELOPIENREE £ %%rrﬁﬂ@ l@i“«fzﬁ&t ﬁaléﬁﬁée to the

rating application generato? 201. Conmonly use
desel TP o805 R GRLaPERARE Dt LRl 901 2oy

dat abase, 205, Al ternatively. or in ,t10 oAy i
wordsy B8Ry opouied RUIENGIE Huclonk prplBlion Byl Bfperg 20 i o
and byild his recorded wor at apase 2Q5. .
recordR BT g A SR8 P GRRrEr Aty W TR of the appliance

generi.c | anguage, typically ANSI o thal nan .
may 1RFGRJHP GEERIGFIY A PHL ?%swarr@%rﬁﬁ%mrécffat&laﬁéey 205. Application

manuf act ur er / devel oper may choose m croprocessor 115
genergtgio 2B h|is preferably pEidEy ausererisylapgiagaaRpieetly upBISI §r so that many

_ already integrated into appliance 101. Speech
microprocesgoi tfhwdiespdild earg08inpered The wenwfactirr/dergieper may choose

perforns fast Fourier transforns with a . .
micropretéssof 114 typicaily atd aready aseblsy tednaofqeareson deadyiintegrated into

data, e.g. Mel Frequency Cepstrum coefficients, to the
appliafddeds of open words stored in RAM menory. Since RAM

menory is limted, e.g. to 2K words (or 4K bytes),

f 8péechorebd@fitidd dshuly 193 (hds) the voice data and performs fast Fourier
transforms with a butterfly/permutation process and compares the output data, e.g. Mel
Frequency Cepstrum coefficients, to the models of open words stored in RAM memory.
Since RAM memory is limited, e.g. to 2K words (or 4K bytes), fast Fourier transforms (FFT)
(and inverse) transforms are preferably performed using an in-place algorithm, storing for
instance time domain input voice data and the output frequency domain data in the same
array. Since only a real FFT is required, a 256 word data buffer is sufficient if an in-place
algorithm is used. The use of an in-place algorithm in includes a penalty in calculation time.
In order to increase calculation speed, speech recognition module 203 is written in assembler

code optimized for speed. Since assembler code is not typically generic and each

programmable device 115 family has its own instruction set, assembler code libraries 207 are
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(and inverse) transforns are preferably perforned
using an in-place algorithm storing for instance tine
walorvailzs1dput voi ce data and the out put frequePCHIL2006/000603

domain data in the sane array. Since only a real FFT
is required, a 256 word data buffer is sufficient if
an in-place algorithmis dded. The use of an i n-pl ace
algorithmin includes a penalty in calculation tine.

includ¢dhirp ppfdication denalenamant kil 2@1 tatshRRPrs padidnle Jeraiien of programmable
recognition nodule 203 is witten in assenbl er code

devicep pi5.ninzederfto furgpe dutreast npeedafsaimulasioncepged iresognition calculations
typically generic and each programmabl e device 115

are peiffamiddy“dnathe-flys toggerédnisy thecdiisenofSetice @se@ivinl aad dvahe wait for the
l'ibraries 207 areincluded in application devel opnent

word thibk 2 §pkeporeteivad.ti ple fam lies of programmabl e
devices 115. In order to further increase speed of

cabicl| iafek e a§?ﬁ@ﬁoﬁ egRgiphieah 16a R0 Uthuathbohscl@ded a voice output
performed "on-the-fly" triggered by the onset of voice

modulé Qﬂ‘EH{ 'ré%@ac@ﬂﬁe dQedtRhs Wahdrak@rbyt A1MRHSh EéhebRor 21 ¥nd plays the
spoken and recei ved. Voi ce i'nterface application
. dev . . ) .
avst 815 BRTERACK L b DTk O WGt Sty P i e
appl i cation [ I . td
ceve B ERR BFNEEEH Plpf BB BB AN LPOR Bluticurer
Jorionnee ion 107. . Voi ce interface devel opnent Kit
and/orga HSer ek aPPHAIG I an option to record documentation 211
for the manufacturer, and/or a us of iance 101. O
gico! SRS A Ak BdnEripes STrR o) B TODR AR 3675 control
. .a DVD recorder renote control upjt. Voice interfac .
unit. Lol it PEACSOORRYIOOE GENdRABEIASH BY MR HEtthRE P degeloping o
_ developing a voice interface for the DVD recorder )
voice dnseufres| fourthe DVl piceendesy confead nant. ol ypirabegpesaanp 139 Begins with a
listening step 301 as a background process. A person
listening sppodflt exla thackgrewid prosessr Ampersomasrpsompia® tosped one or more
refer to the control unit, for instance to wake-up DVD
namesf iianm whiek pefaptbethe contrid wsyte fkesnsthrecertameake OHARY Pyffom sleep mode.
Speech recognition nodul e 203 builds a nodel of the

He spe£gehy edmsaitd ARHARE ESpecah de@gnitishamedula 208 delildandnodel of the
pl aces the nodel of "CHARLEY" in FLASH nenory,

receivad haeh e HARIDE VY b o@bhigted @4h6&] had plaodb RAHEd ] loy “COIMRLEY”
power up the

in FLASH memory, attached to programmable device 115. Subsequently, on power up the

model of “CHARLEY” is loaded in RAM. As scenario 30 proceeds, the person is prompted

to enter an opening question and/or response by the control unit. The person chooses the

word “HELLO” from recorded words database 205.

Scenario 30 continues with listening step 301b, and enters two open words
{RECORD, SET} from recorded words database 205. The word “RECORD” if received is
used to initiate a recording, the word “SET” is used to set a parameter in the control unit or
DVD recorder. In response to “RECORD?, the control unit is programmed to respond (step

303b) “WHICH DAY?". In listening step 301c, open words which are valid spoken

responses are:
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nodel of "CHARLEY" is |loaded in RAM As scenario 30
proceeds, the person is pronpted to enter an opening
w@estizam and/ or response by the control unit.PdnE.2006/000603
person chooses the >0 word "HELLO' from recorded words
dat abase 205. Scenario 30 ntinues wth |istening
step 301b, and enters t wo en mords {RECORD SET}
m recqor ded words dat abase 205

{SUNII%Aeb MDA Y, sEHESBA i IWEWNESDASG oTIﬁURéDAﬂﬂ:eFVvHPGY Hopay,

"SET" is used to set a paraneter in the control unit
TOMQRROU®} r ecorder. In response to "RECORD', the control

unit is programred to respond (step 25 303b) “WHI CH

DAY?4ch btagd & seening 381 the G@hoyordpesicvant s thehitade aedoaded from

val i d spoken responses are:{SUNDAY, MONDAY, TUESDAY,
ROMMARONEBDASH mttRSDAR A MRIobAXGte MORAYerAiAIRRAIA ickt1 16ach

stage of scenario 30, the open words relevant to the

Scenagib 30 offituck eraightforand ROMtahehalin FlghH fraisyarice thAMntrol unit
connected to programmabl e device 115. Scenario 30

asks W&glﬁgjgﬁm@lﬁﬁé ghtbkgt wardly (not shown in Figure 3),
or

i nstance the control unit asks by playing through

the speaker: "WHARywHiNG THoBEG BRGINYpi cal ly, for this

guestion there are many possi bl e responses. For hours,

Typlcgffl)}[e.r}mm%bd g%ﬁu{g%{ Jﬁ@ﬁ{aﬁg(ﬁ%sm%@ sphfleQUEH} | OE}QEBX& words are for

ecoghi‘zi ng m AUt 3 |nc udés

1nstan%g dtélggggﬁa&ﬂ}:ﬁj%;%&tﬁ O‘[AM’E%%(%"I%% ﬁeﬁ&%ﬁﬁg iﬁpﬂl‘.seg includes
additig RO TSR T ‘f&?ﬁ%é&;f 86é§e%afs”eri,§%h2r%?@%ﬁl HQB PR TY" or
AR RS LI oMot P ng'r esour ces. According Lo an -

enbodi nent of the present invention, since the

mavi RgR stieeof dSEWFl@p;& ac bimitPd (e mbRE O GRFY BREISOIS Wed dh@rder to

can predict the type and order of
speed up and facilitate the speech recognition performance without requiring excessive

computing resources. According to an embodiment of the present invention, since the
manufacturer/developer controls the application he/she can predict the type and order of
words the user is expected to say. Alternatively, application generator 201 includes a
dedicated module for handling time of day response. For example in scenario 30 when
asking: "WHAT TIME TO BEGIN"” the the user response is predicted based on the following
assumptions:

The first word is usually a number, so open words including models of “one” to
“twelve” are placed in memory. The second word (if there is one) can be “fifteen”, “thirty”,
“forty- five”, “AM”, “PM?”, “O'clock”. The third word can be AM, PM.

If a number is not, recognized and the user response is perceived as “garbage” and the
program loads the word “half” as an open word. If the first word is “Half” then the second

word must be “past”, Third word again must be a number from “one” to “twelve™,
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words the user is expected to say. Alternatively,
application generator 201 includes a dedicated nodul e

wo otochzmegl i ng tine of day response. For exanplBCT/IL2006/000603
scenari o 30 when asking: "WHAT TIME TO BEG N' the the
user response is predicted, based on the follow ng
assunptions: The first word’is usuaIIy a nunber, so

o en mords | ncl udij del s of "one"
cupplye flaﬁ*‘%éen&@&@ﬁeermﬁuar{ 0 *PFFW\QSF X%h%)ﬁlo controls

can be ' flfteen irt forty- five" " PM

the applicaiogesn alwaie ditife @Wﬁ\cam Bt wesgepwm‘bpr %.f FiegRsemaintaining
is not, recognized and the user response is perceived

a smalalsmtrgnar Hegsahamied ar heenty bof eranl werds  Binee Wisy munbeglof passibilities is
an open word. If the first word is "Half then the

very swatlmddedvattdnessgnigor glastithm Teng. radsuperdseag¥iterbivakgorithen)amay be
nunber from "one" to "twelve".By supplying the

used gimeuhartogetidnlalgetitpers datdichtedno theppedifid agplickiidn adiedcshaio.
who controls the application can always divide the
app! ligaideothel Aibé SROHET WIS ey Stad@est, the speech recognition
mai ntai ning a small nunber (less than ten or twenty)

scenafb, tﬁ@%n%’éﬂﬁm/cﬁ'v@l%ﬁeﬂ&ﬁ &W&FWltﬁfan%PﬁbQio'n' dehBBitdriccording to
very small, a dedicated recognition a gorlthn1 (e.g. a

the ?éé&ﬁfﬁﬁ'vaﬁ% ctaﬁrlmeo tdY '\/51{3@71nf5?f¥c@%sﬁﬁgﬁ9 p?b%ﬁ{rﬁe!%?e device of

recogn|t|on algorithmis dedicated to e specific

mininff qu%?Jeé Oa!ﬁd alﬂglnﬁi?l? Qaliok&p co J?)Bﬂil R ntlétgl‘i’al%I h&: ﬁllén&q{suﬁgr appliance.
open Wo

scenario VeL ac urer/ ev ower ot
Since \ﬁ) Fm%gliedlg& r\bee%eélp 1pe Sl Ctgrgr g] % rs{) R% Ofc},lg lé%lé dbetween one” and

« nye tion, n_in [,ce i terface sin

ey T R G AN R BRI e iR ol Rrinfian sleorithm
a |OM/COSt bil | of eri,al s _for_ the consuner

(e.g %werva:}?@erec&\gnﬁggl @léoréfgﬂl) At deflieated h’é this sirasiaes type. The supervised
structure, the first word is a nunber between "

recogpifign algesitha- allpys donnsidpgibe wmaer of pm*&ktwwd ét/dhat achieve
then a special recognition algorithm(e.g. a

greateg avennacselh rédivgni buibdinglagewrier visgd r@;oa@ap@ algithey creates more
this structure type. The supervised recognition

accuralygothe fenogifi@wsrodesansi zi ng t he number of
possibilities and by that achieve greater accuracy. In
addhild el ihwenkidh nigasabsdnpeesaribed wele ogspect an allgoitéd mmmber of
creates nore

embodiments, it will be appreciated that many variations, modifications and other

applications of the invention may be made.



accuracy to the recognition process. Wile the
i nvention has been described with respect to alimted
woeosbeeelaf enbodi ments, it will be appreci at edP€TIHL2006/000603
many vari ations, nodifications and other applications
of the invention may be made. WHAT IS CLAIMED IS 1. A
nmet hod for providing a voit® interface for an
appl i ance to a manufacturer of the appliance, the
WHAMESICIdAMVBPrissi ng the steps of: (a) providing a
programmabl e device for controlling the appliance,
sai d progranmabl e devi ce having resources of |ess than
9 kilobytes of random access nenory and capabl e of

1. | eSmelRatof n%rvmﬂvL 'a%ldenﬁﬁerlfé@& fONS RSH1iaR&C NE mdnBlacturer of the
provi di ng an applTcation devel oprment kit to the

applidiBY Y AHEHLE o {nggsﬂultﬂedétﬂg N application for the voice

|nterface I nc I ng a speech recogni tion nodul e; (c)

FS%?[ ? ﬁllg Saah;gropxraggﬁﬁqyagéﬁced ef’o'rC %omr&ﬂn§ a ftl‘fie rré)a)hgnce said

n said
progrzirﬂléllal%lsﬁg%gﬁ%?f{n;rgfef%ggegé ) egn 18n @gkl?c%;(gesa (goarh adless memory
wh d d
and oAt o £ Pl i Bty P?raq%bcrn%lé? Q'ggg herein at

each stage a different_set of ope ds are L
- Qoo g an ppplictionsisaelonmeat Bript Me AnsrdAtEer for hilding an

met hod, according to claim 2, mhereln sai d open words
applicgpien f@é@mlﬁ@@t%gacgmcalch%@&we%te@ggmt%mm bl e,
solely in response to a previously stored question
p&Seprogrnamingesaidfprogremambld sacies wWith Fawl applivedon, wherein said
according to claim 2, wherein said speech recognition
progravouhingss pefernatd Hyeast memeagtuperandsed recogni ti on
algorithm5. The nethod, according to claiml 5 while

s@d)dunningisaid applicatiapphéredy bpsratirg thpepsiiuncecogni tion
cal cul ation begins on-the-fly, as soon as speech of a
user i s detected.

2. The method, according to claim 1, wherein said running said application includes a
plurality of stages, wherein at each stage a different set of open words are recognizable by

said speech recognition module.

3. The method, according to claim 2, wherein said open words are recognized by said
speech recognition module, solely in response to a previously stored question posed to a user

of the appliance.

4, The method, according to claim 2, wherein said speech recognition module uses at

least one supervised recognition algorithm.



6. The nmethod, according to claiml| wherein said
resources include less than 5 kil obytes of random
w@ewesssigenory. 7. The nethod, according to cleCmin208/000603
wherei n said speech recognition nodul e includes an
i n-place algorithmfor conputing a fast Fourier
transform 8. The nethod, Bccording to claiml,
wherein at |east a portion of said progranmng is
5. Pehé AR, WstdigingSeelny 1¢adalcopid Fuass fsaid @gﬁfi@&ion?-a speech
The nethod, according to claim1, whereln sa
recogiRfi&Y LALNSiR REAERANIBIE 1 dQWH GS sh R8T & QiTBdddwctani d
manuf act urer, wherein Said progranmbl e device is
selected froma plurality of different programmble
device famlies. 10. The nethod, according to claim1,
ej a 0h1:.0
6 ot et PR BRIGHED, Hchd1f GREFeioRfeS Fpltude tess than 5
Kilob roq&annabl% device famlies. 11. A voice interface
P RSP CHE PRI BPYent kit provided to a manufact urer
of a consuner appliance for integrating a voice
interface for the consuner appliance, the devel opnent
kit conprising; (a) an application generator which
r ébemeEvdaacoorfng &0 Flamls Rbersinh trid ePereR repgpitionanequle includes
. of stages of a voice interface application, wherein
an in-plae dgerithey fageompyjinest fasiFqusiepausd®ra user of the
appliance and a |imted nunber of open words are
recogni zabl e in response to said question; and (b) a
data base of words from which said open words are
8. s@&heatedohdbyccohdingremn clfbg tlyumbereirs g ldas atperiasef faid ptogramming is
i ncluding nodels for recognizing said words; wherein
perforiied wigukaaitly esdesitietival fr ppeedr anmabl e device from a
plurality of programmble device famlies and builds a
voice interface circuit included in the appliance by
progranmm ng sai d programuabl e device with code which

9. | TRL BIRINYIS 8RBk ERIh ANWHERE! &€ ProvidiRg 83)rforammable device is
appli'cati on generator.

performed by said manufacturer, wherein said programmable device is selected from a

7.

plurality of different programmable device families.

10. The method, according to claim 1, wherein at least a portion of the code for said

programming is portable between a plurality of programmable device families.

11. A voice interface application development kit provided to a manufacturer of a
consumer appliance for integrating a voice interface for the consumer appliance, the
development kit comprising:

(a) an application generator which receives as inputs from the manufacturer a

plurality of stages of a voice interface application, wherein for each stage a question is posed



12. The kit, according to claim1l, wherein said
nunber of open words is less than twenty limted by
wo e®onzqaes of said programmabl e device. 13. TheCKi2006/000603
according to claim 11, wherein at |east a portion of
said code is generic and supported by all said
progranmabl e device famli 3. 14. The kit, according
to claim1l1l, further conprising: (d) a voice output
to a userdifltle: aypiialicepodeslim¢dnghies if 0pert wosigiatk 86Eniyble in response to
controlling a portion of said voice interface circuit.
smdcgégkﬁb@m$it, according to claim 11, further
conprising: (d) a speech recognition nodul e which
aRP) i28Ya@NbhyR- BF aG6rds AfbmFAEdHE sail" BPST QVRi@! SO ddid¥Rd by the
to 'voice input data received in the appliance.16. The
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speech recognition nodul'e which appli t Teast one

Superah S%lg ﬁl%ﬁl?ﬁ%“ .rg Peé@%% oa; ip%lpﬁé}ale? d%%g Ir @cr)?n a plurality of

st or age evli ce reada _ ( angi
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interface circuit whjch controls an appli.ance, the .
by PRGN b TEBY B et iy e o e hel s i g8, application
th thod conprising the step of: progranm ng a
generﬁﬁegg‘j‘\‘r@rﬁ%@@ IGRANCEPA- plurality of stages of a
voi ce interface application, wherein for each stage a
question is posed to a user of the appliance and a
limted nunber of open words are recogni zable in
12. r ddpdriteaccordsng & glaast 1lonyhantiarseichngmber pf ogerammadd & less than
device, included in the voice interface circuit, is
twenty dingttdehy rBscmmeea of kaid akagrymmbblerdegicammabl e devi ce
famlies and at |least a portion of said programmng is
generic to all said programabl e device famlies and
at | east a portion of the programmng is specific to

13. t Reflafratdordihg 38 cAiANQYHaBRRBPAE A Y ipeftion of said code is generic and

supported by all said programmable device families.

14.  Thekit, according to claim 11, further comprising:
(d) a voice output module which poses said question to said user by controiling a

portion of said voice interface circuit.

15. The kit, according to claim 11, further comprising:

(d) a speech recognition module which applies an in-place fast Fourier transform

algorithm to voice input data received in the appliance.



18. The program st orage device, according to claim17,
wherein said programmabl e devi ce incl udes resources of
wo ews/12419n 9 Ki |l obytes of random access nenor yPENT.2006/000603

capable of less than 4 1 mllion instructions per
second. 19. The program storage device, according to
claim 17, wherein said proydammabl e devi ce incl udes

' resources of less than 5 kil obytes of random access

16. mEhekit, sodrdtep@bdldnof ], fedwr thapridngd: m 1 1ion
i nstructions per second.

(d) a speech recognition module which applies at least one supervised recognition

algorithm.

17. A program storage device readable by a machine, tangibly embodying a program of
instructions executable by the machine to perform a method for building a voice interface
circuit which controls an appliance, the method performed by a manufacturer of the
appliance, the method comprising the step of:

programming a programmable device in a plurality of stages of a voice interface
application, wherein for each stage a question is posed to a user of the appliance and a
limited number of open words are recognizable in response to said question;

wherein said programmable device, included in the voice interface circuit, is selected
from a plurality of programmable device families and at least a portion of said programming
is generic to all said programmable device families and at least a portion of the programming

is specific to the family of said programmable device.

1§.  The program storage device, according to claim 17, wherein said programmable
device includes resources of less than 9 kilobytes of random access memory and capable of

less than 41 million instructions per second.

19. The program storage device, according to claim 17, wherein said programmable
device includes resources of less than 5 kilobytes of random access memory and capable of

less than 21 million instructions per second.



