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el ectronic systens. Dictation is a convenient and efficient nethod for
users to transfer data and conmands to conputer and el ectronic systens.
—Fhrs—rs TErrrC T Yt TS e s o S Pe AR T angrages S uCi as

. Mandarin Chinese and 30 Japanese. Unli ke Western | anguages, Mndarin -

Chi nesewd®ggs®®t use an al phabet Witten words of Wﬁl nese are
represented by pictographic characters. There are i fied :
Mandari n Chi nese characters and nor e than 10 000 trad|t|onal Mandarin
Chi nese char SYSTEM AN g A R Shi "

charact ers. ' S s 4 i ik Dl

several nonths, of operators For msmans, enterlng commands and dat a

t hrough a keyboard configured for Mandarin Chinese is slow and tedious. For
Mandard n Chi nese, the nost natural and nost efficient technique for

ent eri*ng data and commands i nto conputer and other electronic systens
is dictation. ' V\D 96/ 23298 PCT/ US96/ 01002 Speech
recogni ti on syst enscheice- e R asktl OFn i peech. These
systens are ugged for 1gle OrTput er _syst ens.
Such systens t\?ﬁe‘(ﬂ‘ha’“d'@g?ﬁ&%%?% g gsg mtléﬁﬁhﬁmsmde

I anguageNo&uO&/m,m |1994,aiﬁgmdsby EBROWueAJI6R) YéruSY St ens

5 Zﬁ%}f ﬁm var ncount er
uni que ogi ems “hot e’ncoun ere {Qﬂs e!e;‘ci%a?gﬁ %ﬁ"\fqg ens for

Ger mani ¢ B‘F(’Sm RSB one (Hassifier,’ whidheise speech are

{rade uraliﬂcofp&awd Qeﬁ)‘éﬂc%l bl'me ﬁ%ﬁéﬁ%ﬂd&@@%?kﬂdﬂg nese

i ca e

c)cl)lrorbl nat?ﬁogn(i:gl %% e?ﬁ%c ure ﬁgsggweiﬁqé%e ’ﬁ"?’gﬁgcal

t ones aney QTM%H%#Bh @drMséloslmecEetermmiﬁg Thél es havi ng

. the I8NETGROOFIA SyBableOf MandatindThihese speécawmdaaianéé k
meani ngﬁwg}g&m&o identify correctly a syll abl e, spee‘?h ‘?*géclé‘é’ﬁ?‘f‘. on
syst em nufs

1.  Field Of The Invention.

20 The present invention relates generally to speech recognition systems. In
particular, the present invention relates to a system and method for generating
context dependent sub-syllable models of a tonal language and for using context

dependent, sub-syllable models to recogmze a tonal language

25 In recent years, speech recogmtlon systems have been used with greater
frequency as input devices for inputting data and commands into computer and
electronic systems. Dictation is a convenient and efficient method for users to
transfer data and commands to computer and electronic systems. This is
particularly true for users who speak languages such as Mandarin Chinese and

30 Japanese. Unlike Western languages, Mandarin Chinese does not use an
alphabet. Written words of Mandarin are represented by pictographic
characters. There are 6,000 simplified Mandarin Chinese characters and more
than 10,000 traditional Mandarin Chinese characters. Keyboard systems for
inputting Mandarin Chinese characters are extremely sophisticated in order to.

35 input so many characters. Furthermore, keyboards require extensive training,
over several months, of operators. For most users, entering commands and data
through a keyboard configured for Mandarin Chinese is slow and tedious. For
Mandarin Chinese, the most natural and most efficient technique for entering
data and commands into computer and other electronic systems is dictation.



i dentify both the phonetic structure and tone of the syllable.
Each syl lable includes a final and may include an initial. (The phonetic 15
structure of a syllable is shown'in Figure 1.) Initial's are consonants and

finals begi nvid sdpsgegvoWel  or di phthong. In I\/ar;darl n Chi nese,
‘reipisipfod

21 initials and “38 final's: There are also certain syllables
finals wthout initials. Together, an initial and a final of a syllable
comprise the phonetic Speud riogaiionSystems Ravd Bhlredeviipal Rirreboj iy sch
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phonetic structurée o n entl y a 'nqwre argea s of tralnlng
data 35 and | arge anoula and mayuinsludesan initialot (The| pheretic
inter- sylisabls&uudﬁeual bms shown in Bi tmﬁmmﬂs&hﬁwm firkfls

dont 11 cati on oy EREREY E*E‘e*?wfﬁ dimHthong: ﬁ‘é‘ Enliiog, RSl AloRyigls and
tone of a syl abl 88 fizials: t Thererare olsgl cestain gyliables\that are finals suithout mmals
- 2- Together, an initial and a final of a syllable comprise the phonetic structure of the
syllable. There are potentially 3,990 syllables (possible combinations of initials
20 and finals) of Mandarin Chinese speech. Not all possible combinations of
- initials, finals, and tones, however, define valid syllables. There are
approximately 408 valid initial and final combmatnons, and approxunately 1,229
meaningful tonal syllables.
Prior art speech recogmhon systems for Mandarin Chmese generally
25 include a sub-system for 1dent1fymg the phonetic structure of a syllable and a
separate sub-system for identifying the tone of the syllable. Both sub-systems
suffer from deficiencies such that speech recogmhon systems for Mandarin
Chinese do not perform at an acceptable level. Mandarin Chinese speech
contains many sub-sets of syllables which are confusable. Conventional systems
30 ‘and methods for determining phonetic structure often confuse similar syllables.
Current systems'fondentifyilng the phonetic structure of syllables of Mandarin
Chinese speech mxs-ldentnfy the phonetic structure of syllables at such a rate as to
be intolerably inaccurate. Furthermore, conventional techniques of determining
the phonetic structure of an entire syllable require large amounts of training data
35 and large amounts of 'memory. These te_cl_miques also do not allow for inter-
syllable identification. ,
Systems for identifying the tone of syllables also do not perform
sufficiently well. Most tone ldenhﬁcahon systems use short-term tonal analysis

to determine the tone of a syllable Short-term tonal analys:s, however, does not
-2-
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| ong-termtonal analysis to identify a syllable's tone. Long-term

tonal awelogmszesi s conputationally expensive and, s@%ﬁfoﬁ sl ow.

Systems for receiving dictation nust recognize speech inrea % tine.

is difficult to achieve real time recognition when using |ong-termtonal

anal ysi sprmademsufﬁﬁmwwlmm ﬁmmfyamumhipthdméﬁm llablesMTows, prior
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f or - r ecagoognition sysidnis ass(ﬁnerlhaeﬂmefofa syllablﬂlk insleparidend oEHsageousl y
determ ﬁ%ﬂﬁ&ﬁ%ﬁfdc structure and tone of a ' syIIabIe

si mul t arfeous A speech recogni-ti.Qn -system conprises a pre- processor,

an HWM st or agetusacutrent-speegh secognition systems fortonal danguages arer .

The 3@ e dnldéqient fdr @irréntaieeds.s Thare curnitinkes to be @ ﬁedﬁﬁem&eadeatdc%hralcye| d for

an i it #ﬁﬂﬁs%%ﬁ%w&ﬁ#%?}#ﬁmwm Yl and o

final field stores a textual o representatlon of the final For syllables
that are lone finals, th : pcl udes a pseudo initial

field and a nal fireld.: TI M4 .. ARGy stores, a t ual
repr esent at i g"%‘e&"*&é‘ﬁs‘@ﬁ’% %io[vegﬁomeg %?e‘?ﬁﬁ?ﬂ‘ﬁ“fsi gmgf il‘% gt t al
25 1} oprigri arh wjthhasystem pmémthgdsfc)r respguizing)Mandacin Ghinese spéech. The

o gttty i U SR S
e St 0 so e initials, pseudo Initials, and
finals Fﬁg&lﬁ% “&ﬁ"?‘m?i TSR, PYSterp, fORLISes A-PYaPIOGRSFOFs of

initialan Hmmmwmhtlﬂmtﬁmyndmeeégdemﬂm dependent on the
finals with" whpGhead ldehsﬁepwased &1 iflal SLIN dripdebdo MRl bk N2l 5 mRY
be erégeernyt final rlclrlt I Ssyllables that have both an initial and a final, an initial field
stores a textual represetmtmn of the initial and a final ﬁeld stores a textual
representation of the final. For syllables that are lone finals, the speech identifier
includes a pseudo initial field and a final field. The pseudo initial field stores a
textual representahon ofa pseudo initial. A pseudo initial represents a glottal
25 stop which generally precedes syllables that are lone ﬁnals The pseudo initials
. greatly improve the recogmhon of lone finals.
The HMM storage for stormg models of the mitlals pseudo mmals and
finals that make up the syllables of Mandarin Clnnese speech. Models of initials
- and pseudo initials may advantageously be dependent on the finals with which
30 they may be joined. Snmlarly, models of finals may be dependent on initials
~ with which the finals may be joined. The models of initials, pseudo initials, and
finals may also depend on tones of Mandarm Chinese speech. The HMM storage
and speech identifier are coupled to the speech detenmnstor ‘The speech
detenmnator is also coupled to the pre-processor The speech identifier receives
35 a processed input from the pre-processor. The speech identifier also receives sub-
syllable models from the HMM storage and valid syllables from the speech
" identifier. The speech identifier arranges the sub-syllable models accordmg to the
valid syllables and compares the resultmg syllable models to the processed input.
From the comparison, the speech determinator recognizes the phonetic structure

-3-



with which the finals may be joined. The nodels of initials, pseudo
initials, and finals may al so depend on tones of Nhndarln Chi nese, ..
speech. The HWM st orage- 'and speech identifier ‘are coupled to the speech
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identifier. The speech | nt|f|er ar | |

according to the ‘?‘ﬁ t%&%&imggg?ﬁé ?@; 1 ggplsgg?lge, but
nodel s to the pr om@sb dntnmme the nerofithe syliable; i Hhwrpresent inyention, thus, does not
dgt ermnator r 600%5%8 8&19 ol hﬁal’ibi"sltﬁfd&éi'nune the tone of a syllable of a tonal

PCT/ U896/0100\2AO5 tone of t he |nput Usi ng cont ext dependent

nmodel s, the speech detéfhamadels require@alarga)amounglomglmgdataafaﬂt}len'egmemﬁm\

of the syllable.  THY ggese‘a‘%m 1B rovities for adbfiedhs Ui tE BLpIBAL OF the Rbdels

separ ate tonal anaﬂ l’ﬂ'l‘]#? Fﬂlé“?%ﬁét%qﬁée fe‘“btlag% &fg}als may be

I ﬁnguage. epentention ¢he corresporeling linihghoafmah(mbt dePemdentgndm drdy, or

their generati j

conpl exity of ?ﬁe I‘?ﬁ le accor gto t.he Aﬁ%%llg&ﬁ‘gldrl?& J&‘%mg

nodel s of initial §hﬁﬁﬂ° glp;, The °°mHEf§r‘Péb seemt@mcﬂasa%armo el

ITEI tial or final aqnodifiet.eThedDM Bmd:dupled)toﬁﬁmmestb Hﬁﬁeﬁm less
e present invent

soot her compr i sesd 3%%%{ eneﬁ@?‘é@%‘aﬁfﬂ% oShE Qtlaid modbl BOHHEE el the

LDM generator is LM gerergtosang the medels °mchF

nodel s from exist lsl’(ﬁ' deIfh& deimediﬁtoaiel atbdifielethendhdothes tRcmiodels 4de6rding to the
less detailed ”"d%‘ésss fe [ 2iad Bodeld) RS’B%SLP& ﬁi@ddétglfem%ﬁef :JJAIHLJ 3% oﬁWd to the
HMM storage. The smoothed models are transferred to the HMM storage to
replace the un-smoothed models. The resulting smoothed models allow the
present invention to recogmze syllables more accurately, especially when there is
20 limited training data.

The present invention includes a method for recognizing a tonal language
using context dependent, sub-syllable models. The method comprises the steps of
arranging models of initials, pseudo initials, and finals that are dependent on

~ associated initial, pseudo initial, or final and dependent on tone; comparing a
25 processed input to the arranged models; selecting the arranged models that best
match the input; and generating an output signal indicative of the initial, or
pseudo initial, final, and tone 6f the best matching arranged models.

' 'BRIEP DESCRIPTION OF THE DRAWINGS
30 - Figurelisa grapl'ncal representatxon of a syllable of Mandarin Chinese
speech; '
Figure 2 is a block diagram of a system for recogmzmg Mandann Chinese
speech constructed accordmg to the present invention;
* Figure 3 is a block dxagram of a speech identifier constructed according to
35 the present invention;
Figure 4 is a block dlagram of an HMM storage constructed according to the
present invention;
- Figure 5 is a block dlagram showing the flow of s1gna1s and data in the

system for recognizing Mandann Chinese speech;
S -



15 storage. The detailed nodel nodifier then snoothes the nodels according

to the | ess detailed nodels. An output of the detailed nodel nodifier
Fs—Toupre e e FVNVTSTOTage. . The SNDoLNed nodel s are wtransrerred to
the HW storage to repl ace the un-snoothed nodels. The resulting

snoot hewowaases al | ow t he present invention to rec%ﬂi abl es nore
accurately, especially when there is 20 limted training data :
The present invention includes .a nethod for recognizing a tonal |anguage
usi ng cont extanapeéAashbledbdngﬂm the flowhof deth laad sigmals irs tte t he -

st eps of {dr f| nal s t hat
are deper?gtel? on . assocwl rﬁ‘l aﬁﬁ.‘i&gﬁ?ﬁn |aF{ﬂﬁ$ and

dependenﬁOEBefone conparing a.25 processed input to the arranged nodel s;
sel ecting t heFigute6B xla blotk| diagran obttetdata swmsﬂeﬁbeacdwﬁn #thegener ati ng

an ougp ative of the initial, _ pseud0|n|t|al final,
and t§n M%%%‘{s@rﬁatchl ng. arranged m)del s

BRI EF DESCRI FHigure 0fs ablockdiagmmsshpwing the flow of signalsiand.dagadniei cal

repr eser&y%téﬂﬁoﬁ%nﬁ:ﬁhbb&hbdehfom%&t%m speech;

Figure 27is R.0f 2 t Ni.Zi.N rin Chinese
speech const?ﬁ]‘gl'gedg égﬁf? g 0 ﬁéi %ﬁﬁ%t%'ﬂmam age; gure 3
is a bl constiugtedaccordingsts ___'mmtmvmomonstruct ed according to 35 the
pr esqpt '“VefFlgﬂﬂwlsaﬂowcharF infetRod FSiClecogmsing Bylfabhia diffbhet Or age
construc accorﬁl n ﬁ%t he ent invention; Figure 5is a
bl ock dlél'baﬂﬁm" g° egﬁé Pal.s and data in the: systemfor
recogni zi ng lﬁgdmsdﬂﬁ(hdldﬁﬂaspﬂewmhaﬂs showing a method for recognizing
- 4- iﬁ%?@l
pCT/ UsodPOE 3{)?@1&% ese speech;
11A, 11B, and 11Careﬂowchartsshowmgamethodfor
15 recogmzing syllables and lone finals according to the present invention;
- Figure 12 is a flow chart showing a method for smoothing models
accordmg to the present invention; and
'Figures 13A and 13B are flow charts showmg a method for recognizing
syllables of Mandarin Chinese speech where models of initials are dependent on
20 the beginning vowels of finals.

_ Refemng now to Fxgure 1 a graphical representation ofa syllable 10 of
Mandarin Chinese speech is shown. The syllable 10 comprises.an initial 12 and a

25 final 14. The initial 12 is a consonant, and the final 14 commences with a vowel.
The initial 12 corresponds to an initial portion of a syllable and the final 14
corresponds to a final portion of a sy]lable

The present invention advantageously includes context dependencies
when determining the initial and final of a syllable to identify the phonetic-

30 structure of the syllable In identifying the initial and final, the present
invention more accurately determines the phonetic structure of the syllable and
advantageously identifies the tone of the syllable.

Referring now to Figure 2, a block diagram of a system 16 for recognizing
Mandarin Chinese speech, constructed in accordance_ with the present invention,

35 isshown. The system 16 preferably comprises a processor 18, an input device 20,
a display device 22, a data storage device 24, and a memory 26. The processor 18,
input device 20, display device 22, data storage device 24, and memory 26, are
coupled in a von Neuman arclutecture via a bus 28 such as in a personal

computer. The processor 18 is preferably a microprocessor such as a Motorola
-5-



Figure 6A is a block diagrmshowing the flow of data and signals in the
system of the present invention when training nodels stored in the HW. =

st or age; -~ - -Firgure 6B-is "a bl ock diagram of the data storage devi ce
iaccording to thewémﬁsent I nventi on; . Figure 7 is

di agram showi ng the flow of *8ignal s and data in a® system for SITDOtP‘II ng
nmodel s of the present invention; Figure 8 is a bl ock di agram of

a second enbodi menggoab; te dibplag devita20 xsprefeﬁwatﬁdaﬁmaﬁﬁefdhwawstb e device

pr esent i nvention;

ay de .
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Figures 11A 11B_and 11C
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Figure 12 is a fl offAZEY) commttarng'htbm%u atmnmnomlwfmvmfemng data and

according to the pissmBhd Foferded dimen Mh&uﬂlﬁﬁ:
flow charts showi n é%ga netﬁogﬁ@érﬁr ec e!z!}br? t' é 6]1?% n ar Chiadra
Chi nese speech wheF40AN, geamputer system g@‘éﬁgﬁﬁ%ﬁ et ﬁ 9‘3’53

vowel s of finals. Those skilled in thécdre willrgalizethat tie system116 em(ldalﬂubeiimplement

representation f I t?%l; ch is shown.

The syl | abl e 1 co%p?%(slgs gﬁ | nl?&’q‘q gﬁﬁé{' H&?%X he initial 12

i s a consonant, and t hdihe Rgmory ma reggpition systepn 30; 3 traingr 40pand
corresponds to an ambbﬂ{ermr tWhlle(the eechl rebognition syktenfm)&i-axﬁérm smoother 42,

corresponds to a f ]
i nventi on advant aggéaﬂh nclu es cont extpgt?g en"a’%jmll ggﬁ € el?erllo‘r‘ﬁansg
the initial and fuacaarasedsvpm thoseskilled ip em;t m&atdhssommperts
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1O & el W Lo bbhgE b doh U it e Mol o
Referring now to Mrgeessop18 aperate rs aispeechiwesegnition system @ trainey, andgmempather.
The speech recognition system 30 comprises a pre-processor 32, an HMM
storage 34, a speech identifier 36, and a speech determinator 38. The pre-processor

20 32 receives an input signal of a digitized syllable from the input device 20 and
processes the digitized syllable for recognition. The pre-processor 32 uses
conventional methods of processing the input. The pre-processor 32 preferably
performs a fast fourier transform ("FFT") on the dxgmzed signal, which
represents a syllable, received from the input device 20. The pre-processor 32

25 may alternately determine a linear predictive coding ("LPC") of the digitized
signal. In yet another alternative, the pre-processor 32 may generate a vector
quantization of either the FFT or LPC. There are ‘many other methods of pre-
processing a digitized syllable; those skilled in the art will recognize these
methods and that these methods may be use in the pre-processor 32. The pre-

30 processor 32 has an mput coupled to the mput device 20, so as to receive the
digitized signal, by the bus 28. The pre-processor 32 also has an output coupled to
the speech determinator 38 by the bus 28, and the pre-processor 32 transfers the
processed, digitized signals to the speech determinator 38 over the bus 28.

The HMM storage 34 holds hidden Markov models of initials and finals

35 that make up the possible syllables of Mandarin Chinese speech. Hidden Markov
models are used to model speech handwntmg, and other signals. Those skilled
in the art will recognize hldden Markov models. The HMM storage 34 will be
discussed below in greater detall w1th reference to Figure 4. The HMM storage 34



Mandarin Chi nese speech, constructed in accordance with the present
I nvention, 35 is shown. The system 16 preferably conprises a processor 18,
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architecture via a bus 28 such as in a personal conp processor
18 is preferably a m croprocessor such as a Mtorola
[3 EC):T / U895/ s&maoaou ledtothe eechdehemunatgr%bytl#ebusb?Smordeé
%’Qggld. is preferably a video
noni t or; a stora eQ‘aew %#ﬁorl $es random access nenory
("RAM') and r l&%‘f{ﬂ fePﬁSMQﬁﬂhgaudtmmblnahm of
preferablmihalmh:ﬁi(fiﬂals\&atdiﬁl Qﬁcﬁimir&ﬁ%rfﬂﬁnese for
storl S tyl i nput ce S '
conpri seg@%ﬁ%%gpé g%%l{;’%g W% meeeg
anal og- t identifier 36 MEMQMMQM &elieme(torﬁtgm.?onal bus
for traggh&mpe&%ﬁﬁw%mm 4 e bermﬁtsws% ‘? | the
system is 0 c pl e
Conput er, Inc%qwﬁﬁéﬁ%& c‘%%‘ ﬁlﬁﬁﬁ e art wll

real i ze stozed !lhﬂl%mhﬁdmﬂﬁﬂﬂ% m@ﬂletmwdplmrednnlﬁe HMM storijié Eetcsonal
conpuger defer@ineé theoploneti ‘Ehd tone of a. llab B&f r&:‘&g%ﬁ'
speech r@}?ogg_tl on S Wﬁ%ﬁ a}esrmoj“;r | I e
the spee egeivesher e
constit u@':im smmrmmlthe ammgan&lborzfsanﬁlbahdi\fi{%ﬂs t
separ at ehéldVinCihe s fi i ?Fes@ﬁtt &omponen
Fﬁ{at;réf ng%vocc %gﬁnu ﬁ awnze;ﬁégb#eﬂ? e rren%ry sp € and | n
when 16x etoua atbde)rof heﬁnal to ﬁomesmodelhf oeomplete esdlablspeech r ecognl t i on
system a tr Epecei Uelerniing pﬁmgs P n system
o ot 0wt T o gy it WEERD i =
gement of
models that best matches the processed input. The speech determinator 38 uses
conventional techniques, such ag a viterbi search, or dynamic programming, to
20 compare the arrangements of models to the processed input. The speech
determinator 38 includes memory for holding data so that it may hold models of
syllables, created by appending sub-syllable model_s_ of initials and finals,
internally when determining the identity of a syllable. The speech determinator
38 is coupled to the pre-processor 32, HMM storage 34,-speech.identiﬁer 36, and
25 processor 18 by thebus28.
| The trainer 40 generates the models of the uutlals and finals of Mandarin
Chinese speech. The trainer 40 uses utterances stored in the data storage device
24asmputstogeneratethemodels 'l'hetramer-i()andutterances,storedmthe
data storage device 24, willbedescribedmdetadbelow with reference to Figures
30 6A and 6B. Aftergmeratmgthemodels,thetramer&ﬂtrmsfersthem to the
HMM storage 34. The trainer 40 is coupled to the data storage device 24, and the
HMM storage 34 by the bus 28
' The smoother 42 modifies the hidden Markov models in the HMM
storage 34 so0 the speech determinator 38 can better use them to identify syllables.
.35 The smoother 42 receives the models stored in the HMM storage 34 and modifies
the models to describe better the mitia!s and finals of Mandarin Chinese  speech.
Alternately, the smoother 42 may receive the models directly f from the trainer 40
and, after smoothing, may transfer the models to the HMM storage 34. The
smoother 42 comprises a group storage 44, an LDM generator 46, and a detailed



storage 34, a speech identifier 36, and a speech determ nator 38. The
pr e-processor 20 32 recei ves an i nput signal of a digitized syllable from.

the input device 20 and  *processes the digitized syllable for

recogni tion. The vy ggabggcessor. 32 uses conventjonal nethods

processing the |nput The pre-processor 32 prefera‘bly perfo‘r%"gs’f'gyf’z
fourier transform (" FFT" ) on the di gltlzed signal, which represents a

SY\ L0l oCe vednbaul ik ) TR sitagd U, FODERiRifi 0, s BB ol

r y r r edi. |

signal. In yet an&‘ﬂ&ﬁ ﬁb&’%&!‘%ﬁ t‘ﬁ@“ 6’?@%‘?0%%mgﬁelfﬁesmp
vect or guant i Mmgeu,fLEM generam 45Fﬂhdadehil€d an!dElmedﬁelm&wlﬂtHeailscussed in

met hods of pre- d léﬁ&
art will recognj ziﬁ ai.gods al g:é?m tg rret S° may{‘ﬁ e In r18,
t he pre-proces *an |nput coupled to the

i nput device 20, so asRefemagenomtoﬁgure3 dlhjod:kdmgrang)fdneﬁemplhq embodiinent

The pre-processor | t
det er ngtor 38 bﬁ@@k@ﬁegﬂ‘}geﬁﬁﬁ e Mrgglessésigtr’ %’5‘ ran s géeec}l;ndenhﬁer%

processed, digiti 2®Pranexemplagy m&d@?@iﬁﬁ\%m mlelangmgq;lﬁherz@rw
The HWM st orage 34nitials;d firials)amd\2: tormss. 'This tonad larighiage 4 as&d to HeMdnstrafe more

Mrkov o ods s %é@useaﬁﬁ&%égﬁ%g?ﬂ%%ﬁ" ki neﬂﬁéﬁﬁs‘f% & A7 apesch
Those skilled = identifiez 3§ (Those skilledogthe how they HMM storageriiand
storage 34 wi |l bgpeech ﬂeaﬁﬁe:swaﬁeécawﬁpwemaaaaﬂﬁt@hhew SiariyPbie? 36R1al O

!:'GEJW e 4. The HMV&‘W%S@%’S many more initials, finals, and tones as-well-as.particular valid

has an out put t hacombinatignscthereof; he speech determinator 38 by the bus 28
in order 15 0 provTHe sf:EétHHél@ﬁhﬁei 96 bttftes AR, OFdlicdH EsrAbiRatidhs 'of :iﬁmals and finals,

with tones, for the language of the speech to be recognized. The speech identifier
36 comprises a plurality of syllable fields Each syllable field comprises an initial
field, a final field, and a tone field. The uutlal ﬁeld and fmal field of a syllable _
field together define a valid syllable of the tonal language The tone field stores a
20 representation of the tones which the syllable may have. Not all valid syllables
may have all tones of the tonal language. Thus, a syllable field 51 has an initial
field 50 that identifies initial i}, and has a final field 52 that identifies final f;.
Syllable field 51 also has a tone field 114 that identifies the tones that the syllable
/iy f/ may have. For the 2 tone example language, a tone field comprises 2 bits
25 with 01 representing T1 only, 10 representing T> only, and 11 representing T; and
T2. Initial field 50 and final field 52 are paired together to describe syllable /i; f;/.
For example, i; may be /b/ and f; rna'y be /at/. Thus, the initial of field 50 with
final field 52 describes the syllable /bat/. Tone field 114 indicates that the syllable
/bat/ may have T; or Tz as a tone. The syllable fields are coupled to the bus 28.
30 As has been stated, the speech identifier 36 describes all valid syllables of
the exemplary language. Another syllable is described by a syllable field 53
syllable field 53 has an initial field 54 and a final field 56. Initial field 54 contains
a reference to i;, and final field 56 contains a reference to final f;. Contmumg the
example above, i) is /b/, and f; may be /it/. 'I_'he_ pairing of initial field 54 and
35 final field 56 describes the syllable /bit/. Syllable field 53 also has tone field 55.
Tone field 55 contains an mdlcator that the syllable /i1 £ / may have either tone

Tq or tone Ta,
Figure 3 shows the preferred embodxment of syllable fields for syllables

that do not have an mmal The present mventron advantageously utilizes a
: v a8



The speech identifier 36 holds represtations of all valid conbinations of
initials and finals of a tonal |anguage such as Mandarin Chinese. The

speech :
The speech identifier 36 will be discussed in greater detail bel ow
wi th rewerssnsmsto Figure 3. The speech identifie%@ﬁypl ed to
the speech determ nator 38 by the bus 28. e spe -
determ nator 38 is a device that uses the initials and finals stored

in the speeado ikl ifér syllablesahiat Hbetomeé%nﬁhﬁiﬂduid‘ %fl\ﬁéﬂgorage 34 to

10 deter ne . hon ti ryuct ure-.and t one of at has been -
pr. ocesse(gfrI ho%al? %ﬁgﬂﬁ%%g‘ g Mﬁeﬁ

@§theg arranges
t he nodelappropm exretgismftapablerhm

arrangerrgﬁtﬁoqghmrsi %farmmrjrmﬁes 'Maﬁ"{ﬁ"%ﬁﬁwgé ?ﬁ#;ler 36.
i r;rsegmrmwemm “'u%%iﬂm : %@ismmer

of a fi ndifficultymecognizing-loneffinals: 0¥he gireseny Iiiwa'lﬁm advantageously liges speech

determ n?@,ﬁ GRIEBA" VxR %E’ﬁk ,
pre-proc ssg‘éﬁg%‘&ﬁ - -ggﬁﬁﬂ mﬁ:&%%grm nlgq)l{ F’&%Erkﬁ%t of
nodel s t AR ‘ @@M?Mmm)or 38
uses ﬁetd)ﬁ&ﬁmhcldhigtpséudmhﬁal Hudhdasﬁﬁayﬁéldrw Syfablefield 57dynani c

Lo e Gl wew&r@%ﬁr@ﬂ%@ﬁ% faara o
that it Tz il em{uy Dhasd psend o initials,
“sub- syl |m|mdrmelsmomnaam tmventibﬁhﬁ&ﬁ'% déu%%nals

determn f 38 is
coupl ed Fﬂgﬂ%gﬁf)llreeﬁ- roc%fsg1 ﬁﬁ&%& Eﬂbgh 'Eﬁ(g B’é’n ‘?thiéF 36, and
25 proc ingtials are match reamepomhngeﬁmiat es the
nodel1s Okcbhmngrud 'vWel; oﬁihé\/ﬁﬂdlarrdtex Su&PﬁﬁBHI The

trai ner erances or dat-a 4 as

i nput s té%?&!‘te‘&ﬁi“'ﬂﬁ‘o‘éﬂ“‘%‘? ﬂéﬁq} B"%hg‘% %%tgﬁ‘eﬁ din the
dat a st oideptifige 36 advantagepusly provides aipriring of aotinitial field with afinad fieidnce t o
Fi gures mesﬁﬁbeagﬁﬁd gﬁhgr&generatr ng the nodels, the trainer 40

transfers the@ﬁo the HNMf,t Obl e ,34. Thqi&begmsm |sa§oupl ed to the

data storage

The Qﬁocﬂmmdrmrdmg tprtbe Mhmn iscaeiven.i The FEMMN/storage 34t or age

34 _so_t 'olae mwmmz&e@nMeﬁnwgzaWas Mﬁi'fthéty syl | abl es.
i

rrggr f;l'g Otﬁé 42 éqé %écm%MOre storage 34 and

iCAMBTEeS ﬁﬂuw R&l s of
Mandar i rmodelses éirstgroup. 62 stores models of initials, a second group 64 stores models

of finals, and a third group 66 stores models of pseudo initials and lone finals.

25 The present invention is advantageously flexible in the detail of the models.
Fxgure 4 shows the most detailed models of the present invention. The HMM
storage 36, may be configured, however, to hold less detailed models. The level
of detail of the models depends on the amount of training data available.

Prior art speech recogmtlon systems provxded single models for each

30 initial and final. In contrast, the present invention provides context dependent,
sub-syllable models for idenhfymg Mandarin Chinese speech. The models are
depmdentontheirassocxatedimhalorfinalandonthetoneofthesyllable
Thus, when 1dent1fy|ng an initial, the speech determinator 38 includes the final,
mﬁtwhichthemitialxspalred andthetoneofthesyllableasfactorsmthe

35 making the idenhfymg determination. Where the prior art had 1 model of i1 of
the exemplary language, the present invention has 6 models of i3, The present
mventxon preferably makes many more comparisons in order to include context
dependencies in the determination. Each model held in the HMM storage 34 is

preferably a hidden Markov model of an initial, final, or pseudo initial. Those
-9-




Alternately, the snoother 42 may receive the nodels directly fromthe

trainer 40 and, after snoothing, may transfer the nodels to the HW.
storage 34. The - “snoot her 42 tonprises a group storage 44, an LDM
generator 46, angydodhe Ied

2 7- VO 96/ 23298 $CT/ Us9s/ 0100 2FCTUSIEN1002

nodel nodifier 48. The group storage 44, LDM generator 46, and detail ed
model modi f | erskﬂiédeﬁmewqum&m@m HM]W& eﬁgecmtmhﬂn%o%de)rmr& d@rﬁg of

28. The group age .44, . L enenat or 46 ail ed
48 will be di scus% ]ﬁ%‘? %%ﬂ psspdp o Figure 7. The snoot her
42 is coupled to the p%&dp&&hd@em&ﬁmﬁ&m the poasitile syllables fadmtthe tspeech

bus 28. msg&,lﬁ di Fﬁarp
exenpl ary enbo mag o?gd e é‘%ﬁgﬁh |de‘ﬂ{l| gﬁlg ﬂﬁovyn ﬂ; determinator
enbodi ment of the Jhen arrangs the speech

| anguage. In this 1demiﬁerza6y Rowreukmpha@uagnstrﬂdﬁ&hes;dlﬂlédescnbedbytsyﬁhble fleld 51,
finals, and 2 tongg lbs&?,d

easily and clearl ﬁ% stru oéfg gf 3 ‘;lon i e s ora El‘éntlgnfland
speech i dent i fﬂé’l‘ OEIs M Flb ?P%“ﬁ?f‘ ippnd Tpedy FPéeth fe

HWM st orage 34 andependexmeﬁl'andﬂﬂﬁs flield 113 theeHIMMIstbragie 34, dred a Maodiel80rof £,

finals, and t okbs epefiifin i and THIp 1RAF va#“?m%%{ THESES 1

The speech identi rlre@qméea@réseass%msma ¢lg of she sylahlehaving differeat tongad Towards

lehnaI s, ) dWEhﬂqufEﬂ.tﬁe) éehndeeaﬂuﬁmrosjbmasmaehmefn d f 2 #2%,; and
e speec i denti e el ds
Each syllable fi elfrla’ r| segg g%@h(?géeﬁd&{t%ﬁlg%é ﬂa ﬁ/ ?haft the mash dgtailed
tone field. The i 6ase sach pairing:@tifields in the speechridentifjen 3§bteeultsmmulepte models,
toget her defi s aoualforlesd tone!of tné wﬁgamrgenauotbamaﬂeg&mm:{ ﬂﬁesﬁeeehd
Zf or \e/ZI ?dzgyl {gglr ggFent it 'tor 3§f)o rd%penwru;en(i Helsswall%glyse ]omgl mod/e?s havmg the

same tone dependency. The model stored in field 70, i dependent on f; and T;,
is never paired with the model stored in field 80; f; dependent on ij and T;.
Finally, note that the combmahon of an initial,  dependent on a final, when
20 paired with a final, dependent on the initial, is a syllable dependency. In other
- words, equivalent to the initial, dependent on the syllable, and the final,
dependent on the syllable |
The speech determmator 38 generates models of the valid syllables of the
tonal language by joining together models of initials and finals or pseudo initials
25 and finals.' The present invention advantageously uses hidden Markov models
of initials, pseudo initials, and finals since hidden Markov models may be
appended together to form models of larger structures such as syllables. Those
skilled in the art will realize how to append hidden Markov models of finals to
hidden Markov models of initials or pseudo initials to form hidden Markov
30 models of syllables. | |
| As has been stated, the models stored in this embodiment of the HMM
storage 34 shown in Figure 4 are the most detailed sub-syllable models. The
present invention, however, may be used with less detailed sub-syllable models.
For example, the models need not be dependent on the associated initial or final.
.35 In this case, each model would be dependent only on the tone of the syllable.
Alternately, the models may be tone independent and dependent on the
associated initial or final. Finally, some of the models may be context
independent, that 1s'deper'1de'nt on neither associated initial, associated final, or

‘tone. The vanous possible combmahons lead to a hierarchy of models. The
- -10-



may have all tones of the tonal |anguage. Thus, a syllable field 51 has an

initial field 50 that identifies initial i[err], and has a final field
=Sz rTnat raentiries o narerrr SYTrapte 11erd ol af 50 nas_ a rone
field 114 that identifies the tones that the syllable. - liferr] flerr]/

nmay havavopeasaethe 2 tone exanpl e | anguage, a tone fiel dpep W"&’iﬁ 2 bits 25
with 01 representing T[err] only, 10 representing T2 onry an
representing T[err] and T2 Initial field. 50 and final field 52 are

pai r ed tcpﬁelhlemod iseas context indeperdent /mpdelr ]Infthisrca]se/an lmtxal oofinakhap! €,

5] TV e e S U b e

|nd| cat edn “.'PI?FM of theis a t one.
The syl ayllableiis ot modeledhuThe dontext irdlependét model may reﬁnéd:hﬁﬁhb@en

Zigtrgld%r% %m%%lmw%e |sg?eswlﬁe§%$‘3§?§’ﬂ eld 5;he

syl | abl e depen the tone of palys 4A seepnd setof|conext dependent; ¢ i al
field 54 modélsisnd dmﬁm&fuemw&mwoﬂfmﬂr&ﬂ | 'RHesé itWbGeRPofcont ai ns a

f o) b
7 b/ " ang ool Qﬁ%ﬁ%ﬁ% _6%%@?&%%%@&3%&*5%? {5 nal
field 56@9@%@0ddemﬂ$mmdwdmmmmmwas t one
fiel m@Sdepmdaﬁrmwo&Eteaqmmr&mmlml : _aeahaﬁth@eoﬁybta@ e liferr]

f [ By T Fi 3
Shows. « nETIRRIE. et Kb Ve mopt'y texl dependent bet ofmodels. ¢ hat do
not have an i Fach more detailedset of 1 i d\aﬁtlagemmirdoﬁttrdnmlgsd

pseudo | g e HEEd ‘3-.33“8““"“*""“°‘“‘°"°‘ﬁ§3 a%“.*‘n'.“}‘* modele! WhER P one
Faini &?%/ ﬁ%’l h‘eﬁ QY s o use g Jess; ﬂ‘;‘il model | one

: l: 22:1% amadels. 'Illecontpptdepetdeacyloﬁﬂleamdehn ) tilvilhfrver i ﬁ
A n T
B R el B e ien.

only on associated initial. In general the most detailed models are preferred.
When there is lmuted trammg data, however, the imtlals of the first group 62,

20 dependent on final only, and the finals of group 64, dependent on tone only, is
preferred.

The third group 66 compnses data fields that store models of the pseudo -
initials and finals assocxated with the pseudo i xmtlals ‘The present invention
treats the pseudo nutials as it treats the initials. For example, to form the syllable

25 * described by syllable field 57 of the speech identifier 36, the Speech determinator
38 ]oms the model pseudo initial model 88, PI4 (fs, T1) and final model 90, f; (P,
Ty from the HMM storage 34 and j ]oms pseudo initial model 92, PI4 (fy, T2), and

final model 94, £, (PLg, Tz),from the HMMstorage34 The same hlerarchy of
.context mdependent and context dependent models apply to pseudo initials and
30 associated finals as apply to initials and finals. That is, models of pseudo initials
may be context mdependent dependent on the assoaated final only, dependent
on the tone of the sy]lable only, or dependent on the assocxated final and tone of

the syllable

Figure 4 also 111ustrates how the present :nventxon deterxmnes the tone of

35 a syllable without using tonal analysm So long as a tone dependent model is
used for either the initial or final, the speech detennmator 38 determines the
tone of the syllable from the comparison of the processed input to the models.
Thus, the present mventxon advantageously determines both the phonetic

structure of a syllable and the torie of the syllable sunultaneously
-11-




5 stop that precedes the lone final. Conventional speech recognition
systens have dIffICU|ty recogni zing lone finals. The present invention
advant ageously uses - - pseudo-initials in the speech identifier 36 to

identify glottal wHepsseg seudo initials are treated as init
exanple, a syllable field 57 conprises a pseudo initi al fle@@?‘ﬁg@z
hol ding a pseudo-initi al PI[err] and a final field 60. Syllable field 57

Iflerr)) 'y onl e ' Refeirihg Row ﬁ'“#‘“ ’?ﬁ A o She DG ShoA Al e
Figure 3 has 2 pscRR9Sess %?‘S“gs gﬂ&ﬂ‘e & gga#dglrgqgvedby

Chi nese, the presehhesyamﬂﬁﬂmnghsthslppmﬂewmmm Ihemputdeﬁbezﬁ)umludesed

form of the pseud ahh Peidny e‘l'hE'
Appendi x A. The p%‘éﬁéﬁ t|a S aég mat che g ﬂﬁié%m:i i}?on e g lo audm

15 according to°t ntgan, analeg,
initial AH A reeceives tl'twd\alog,reledthcalmlgna‘l |andl mmrhzts itvingo a dijgithl, bleetrmlvsignal

;A\nl lrihgl SPiegICg wth 'n{éjg nawuégtﬂgﬂ escrl ﬁ%ﬁdﬁﬁﬂ {&gﬁhgfsp%&h

Referring now to Megesmdtion system,3Q. g agram of the HIVM storage 34, 20

gznstruche?dacco(rjdl ng (Withire the speech f recognitioro systemn 30, eher pre- mddwdrs‘dmfeames the
“itial that i dﬁ@*‘%ﬂl‘e‘*&' gﬁﬁéls%‘éee?ﬁ&wn ?Zﬁ‘%%aﬁm% 8 the,,
conpri ises 3 groupst égﬁmﬁweﬂﬁf@%@ﬁggax the FFT
initials, a seconcigral ProcessoP al e addi of 2l OUp
nventi on V‘édihiaﬁirséisﬁlg %y“ﬂlééf%\% digfat %@%ﬂ?’% Zﬁwﬁ%ﬁéﬁcéfs%r 32 then
Figure 4 shows thdransmitsithesp signal &9 the,speech seterminaton 380 Thempeeehv

-

istori'ige 36, ][rags P%&&&ftﬁﬁl twreaarebeweyd | thie sxgﬁnlb@hd éeﬂ&ﬁaté@%%i !itcmiﬁl Hhe
eve (0} e a (S} epe un (0]

avai | abl e. "é?'%&l‘tow W i‘?’? m@é i g@F??

nodel s for each BGece:msttlmlslgmlﬂnmuve of thnmsaﬁxle syllablgarﬁganthespneohn tlﬁer
oo 1 Chf nese Soamer gelerates a sigtll 18 thé FINIMI Si0¢ ?ﬂ‘%&*ﬁ*‘“ﬁ‘;‘fl‘w‘“‘é‘s&fé’““‘s
initial or final @W‘thﬁ{‘%gﬁ%F ﬁ@%@%&ﬂ?ﬁ’ Eh 0¥ the ibctels
i dentifying an20 m&omlthetHMMptmaQE%Ié\madbde&mmona&pmﬂ&émuﬂels together
W th which the i niebgidid t@ﬁ&ésyhabw rEéHiﬁacPfrohl" ele&bldlexﬁﬁiel'%t

in the 35 making thel ?gge al. ?n ﬂ% eq%xor ar% 3@(]3‘““1

model of i[err] offPeech
nmodel s of iferr]. talthepndsafrthe nutmiln\'lhatspeeclpdetbmmhltqr 38 similarhnjoinopseudo

gorrparl sons in Or‘lﬁi M\ﬁm@ﬁmw%ﬁ&bﬁa ofthé Bﬁeudo initial. The
stermnation. ,fac eg&dsl rnunator een comsgr%; e prtf'cessed signal from the pre-
' processor 32 to the joined models of initials and finals. The speech determinator
38 uses a viterbi search, or dynamic programming, to determine the appended
model that best matches the speech signal. In this way, the speech determinator
38 compares the input signal to all valid syllable models of Mandarin Chinese.

30 The speech determinator 38 then generates and outputs a sngnal indicating the
initial, final, and tone of the joined model that it dete:mmed best matched the
signal received from the pre-processor 32. The speech determinator 38 may
transmit the output signal to a look-up table or memory device. The memory
device may store the signal as in a conventional word processor. The look-up

35 table may determine the appropriate character that represents the syllable and
may transmit a signal to the display device 22 to dlsplay the selected character.

The present invention, as described above, is configured to recognize
syllables of Mandarin Chinese speech. Syllables are the fundamental unit of

. Mandarin Chmese speech and recogmhon of syllables is the most general form of
: -12--
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preferably a hidden Markov model of an initial, final, or pseudo initial.

Those -O- WO
-—gum i, . .

realize that the HW storage 34 may hold other forns of- nodel s -of

i niti al modersmwes, and pseudo initials. ' The %ﬁ’fﬂﬁ% erm nat or

38 receives the possible syllables fromthe speech er 36 and

t he m)del S fromthe HM\/I storage 34. The speech det erm nator 5 38 then
ar r ange sspeb¢h mtﬁjﬂ mab! hg speech
/11 a Ie desc

el E%ﬁﬁ“%&%@eﬁeﬁ%%@ o sia

ePrﬁPyl [err],
whi ch i sl“ﬂb%"e%n ]Wmmska]Mmmnmdﬂte speetherr],

whi ch usdemmwmb&emsgw%arﬁdmsem&e%s} ‘342
h . e an(f a nodel

depenge an r 14S : t HVW stor a
80 of® 1 (B chie%a&*ca At e poelts dplerninglon B8 reqelvescthe
st or age St sﬂlémmm'&k wmmmsm@f the
Zglt e?lr)nl ?en&mé 0 d f en er egﬁg

| |
T2, vmtl’%%?"af h‘&eﬁ%éﬁmﬂ%&‘ﬁf c}?:@qef{' Note that in
t he nostdetmmnamd 38 thenqm themdqhtogeﬂ;awccbrdahgstolthersmteaaaec'nhe
i de f Eq‘qg‘!, ret:ﬁl&éd t he
Iang%})agIs NQte FU‘H g“é\é% peecf| %e‘&eﬁ%ﬁf@%ﬁ I'ns tone
depende maiches
dependethqmﬂteﬁm@eeshdeﬁmmtbrs&geﬁémteimdb a(iﬁgial(iﬂdfchﬁﬁg] and
g[e”] the sen ?ri fn'?:st_ ety Hin %ttse?.k%xc% flerr]
ependent on_i | err ) , onbi nati on of
an initial, @8’% H\o“bﬁ’- PP, aﬂﬁeﬁﬁ 25‘8“%64\(48 ahloek diagram| showdpgndent
on t1%e theﬂowlofdataandxdiglﬁls tieensysean 4. when mamermw\géﬁ&anﬁ gheal ent

L0 (e Ul helaSRAR S0 Hbrkie 52 Th Ualner it rdebfved b Blusalty of OSPENIeNt 01
utterances, each utterance having the initial, pseudo uut:al, or final for which the
trainer 40 is generating a model, from the data storage device 24. The trainer 40
may altemately receive sxgmls of the utterances from another section of the

20 memory 26. Alltheutterancesthetramermreceweshave the desired -
linguistical structure for which the trainer 40 it is generating a model. - For
example, if the tramer 40i ls generatmg a model of i;, dependent on f; and Ty,
then the tramer 40 receives signals of utterances of syllables having i, f), and T;.
The trainer 40 uses conventional techmques, such as Baum-Welch training, to

25 generate a hidden Markov model. The trainer 40 receives at:least 20 utterances to
generate an adequate model. Preferably, the trainer 40 receives several hundred
utterances to generate a model. Once the trainer 40 has generated a model, it
generatesasrgnaltotransferthemodeltotheI-MMstorageM .

Figure 6B is a block dlagram showing the data storage device 24 in greater

30 detail. The data storage devrce 24 comprises a plurallty of cells that store
utterances having a common uutlal final, or pseudo uut:al and common

'depmdencres. Cell 96 stores utterances having i), fy, and T;. The cells store the
utterances that the trainer 40 will use to generate models For example, the
trainer 40 uses the utterances stored in cell 96 to generate the model] of ij,

35 dependent on f; and Ts. The tramer 40, after generating the model, transfers the

" model to the HMM storage 34. The HMM storage 34 holds the model, generated
in the :mmedrately above example, in field 68. The speech deterrmnator 38 uses
'the model 68 held in the HMM storage 34 to model the syllable identified by

syllable field 51 of the speech identiﬁer 36. Each cell holds at least 20 utterances
-13-




AP ey BT

The speech determ nator 38 generates nodels of the valid syllables of the
tonal | anguage by j oi ni ng t oget her. ;nmodel s of initials and fi nal s or pseudo .
initials 25 and finals. The pr esént i nvention advant ageously uses hi dden

Mar kov nodel s wosgistegi tial s, pseudo initials, and finals si ng&ag#sqg&%z

Mar kov nodel s may be. appended together to form nodel s of
structures such as syl |l abl es. Those skilled in the art will realize

how to append hi 7 hoids hundreds ofatterafice 36
o ok i ke 5 A e e i

syl Fabl es.
enmbodi ment of t héhaldgmt least Eodm@'en@ andopwefemblyl @ldetmmnds of uttesinces. To

det ai | ed sub-syl | bﬁm &&V%e dﬂﬁy

used with | ess.detail sub-syl,l abl e e Frexa Ie,
need not be depe eg% %M@'ﬁqseﬂp ?“S‘tq"ah‘°18r eranages naying ﬂ‘ﬁ‘%mé%\se
each nodel woul dmmmnﬁnﬂ}d slottﬂlotmeéashcelléthgatlleastZOutterances and

Al ternately, the alize
associated initi or ‘ﬂﬂ’ﬁé He ?}B( be cont exfe

I ndependent, tha eﬂl‘e evice & soci at ed
final, or tone Reﬁemglmm too Bigire 7e Fimiuﬂktabheklwahoslm‘hk@rthém of

of nodels. T
WO 96/ 23208 hfp dataandsxgnalswhenthesysbem16isusmgthesmootheri9tomodlfythe

PCT/ US96/ 01002  models heldsiry thedMM storage 3f deicanrheseendeom Figiars: 6B andt hi s
case, an initial aocorh paext, the moat detafled sepof:models) dﬂpﬁﬁdﬂ@‘b‘i\ itial or final

occurrences of t e d

rmldlel . dependetncy assoér&iw{fsl nl ?ndih or eijﬁ'%lit &%améfwmtﬁiggxt
syllable is no H@B@ genera

5 sets of caf exfe dmdﬁdétamelﬁhe& fslﬁdtsu!iﬁ&et&ft aita%pﬁi@&ainer 40 to :

cont ext Zependenﬁmm"%"? éhfbs"% °%&&n9‘?eos br's%%%?# degpaifly et wie
final only. Thesinitials, faals, and pseudo mmals of the language In this case, the smoother 42
may improve the models by smootlung them with less detailed models.
* A less detailed model has fewer context dependencles For example,

20 models dependent on tone only or models dependent on initial or final only are
‘less detdiled than models that are dependent on tone and initial or final. Context
_independent models are the least dependent models. |

More detailed models may be smoothed by any less detailed model. Thus,
the most detailed models, dependent on initial or final and tone, may bé

25 smoothed with models, dependent on initial or final only, dependent on tone

only, or context independent. Similarly, thé less detailed models may be
smoothed with even less detailed models. For example, the model dependent on
initial or final only may be smoothed with the context independent model, and
the model dependent on tone only 'niay be smoothed with the context

30 independent model. As is shown in Figure 7, the smoother 42 receives the
models from the HMM storage 34. The LDM generator 46 sends a signal to the
HMM storage 34 to generate a signal of the model to be smoothed and to transmit
the signal to the smoother 42. The smoother 42 preferably receives the models in
each group together. That is, the smoother 42 receives the initials of the first

35 group 62, then receives the ﬁnals of the second group 64, and then receives the
pseudo initials with assouated finals of the third group 66. The smoother 42
determines the less detailed models and smoothes the models with the less
detailed models. The smoother 42 then returns the smoothed models to the
HMM storage 4.

-14-



cont ext dependent nodels converge to forma yet nore detail ed context

dependent nodel. In this nost context dependent nodel, the nodels are 10

€
t he syllable. Figure 4 shows this nost detail ed context dependent set
of nodewo.9623298 Each nore detailed set of nodel Wﬁ& a greater
anount of training data than the preceding | ess detal set of nodel-s

to generate the nodels. Were . trai:ning data. is: Ilmted it nay be
advant ageous Asocandoe seehand*xguteﬂ Ithel smebther n&omptlkeba

depende ggeergﬁ,q ::g@h fe groups 62,
64, and&g%” % n |aI S ﬁﬁ’dgl rst group © gﬁogpﬁ dependent

only on‘l‘@ﬂﬂs ETORD 8tOTRER
only onumm}a&ed.mm d 46.gE'he ﬁetaﬁ storageldevice for

pref einitials
of the ?Sr s‘f‘ggrom&%? R t&%&en@ﬁ%{&?l ng%&%ﬁg&fﬁé %{iﬂl s of group
64, depanerdsal Wg‘b‘ﬁ@ﬁlﬂaﬁﬂq dsmodel lfylngmdm dpad medels) group
66 corrpbfsm p fields that store rmdel s of the pseudo ~initials and

roats ?EZ"SQ‘%W r 58 fekalel e e aetifec SRS g S bl (1
t he syI mﬂémedxﬁseg&mue@ewmpdifx emormdetehdonmdnb sthebPMdentifier

5o, 1q'rgenae r“%@??'?“‘“““‘*‘“@" 5 ledf Butilled bel Wodel
T[err])&‘?%’#’?h@'m bﬁ&sﬁg%ﬁg ﬁ%ﬁ‘{fﬁf‘fﬁtwe"gyﬂb[err]

(f [ er r ] moijels dependend on meratp:em Beneratesthe less{detailed from
the H'V‘thiﬁl@gﬁo&és of Ifiti et of firidl only, frém th@shitidlé 8P s and

conte gg ﬁsegﬁlo i ni esq)a%zg di'alq soc| at&ed fi naI s

I.
~as appl $9 n egﬂe%w s it
be -c5nt the arithinetic tean, ofcltqeemddeh Iuvmglslmhpdepmdtnueaachocdmnutependent
on the, W@ﬁn‘pﬂeh il waRld be QincBBRRNSF 8'mAdel dis; ¥ @pesladdinal and
present on fy, oﬁmtﬁ‘hg?%gfﬂ e%tsong @Vt @Mgﬁ%ﬂ?‘%‘* g tonal

anal ysi deteﬁmﬁesrlhemthntetmmdupoﬁﬂmtmbliés and the morbchOf. oThemddels t he
initial

syl | abl 69?“0 t he corrpa son roce npu | one of the
Thu0 t dep ﬁlﬁt"'ﬁ’aﬁ'& @gi&ﬁ% FF“{%SS ﬁionet i c
st ruct uand 70 masudaddhife. thad is &qaemteaton fi hhmw:tdaislindependmmm y.
-11 " Similarly, to generate a model of iy that is dependextt on fg alone, the LDM
generator 46 determines the arithmetic mean. of the model 76.and the model 78.
The result is a model of iy that is dependent on fybut is mdependent of Ty or Ta.
25 In the same way the LDM generator 46 determines models dependent on tone
only and independent of mmal or final. To deterrmne a model of i that is
dependent on Tj only, the LDM generator 46 determines the arithmetic mean of
the models 68, 72, and 76 The resultmg model of iy is dependent on T; only.
The LDM generator 46 uses this same method to determme the parent, context
30 mdependent, model. To generate a context mdependent model of ij, the LDM
generator 46 detenmnes_ the anthmetxc mean of th_e mode_l_s_ 68, 70 72, 74,76, and
78.
o The LDMgmerator%determmesmanﬂmneﬁcmeanofmodelsona _
point by point basis. 'The LDM generator 46 determines the arithmetic mean of
35 corresponding pomts in each model the resulting series of mean pomts is the
arithmetic mean model and isa less detailed model. _
Once the LDM generator 46 has generated the less detailed model the LDM
generator 46 generates a signal indicative of the less detalled model and transmits

the signal to the detailed model modifier 48. The detailed model modifier 48 also
-15-
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PCT/ US96/ 01002 Referrl ng now to Figure 5 a bl ock di .agram. of
the fl ow of data and the- processing of” signal’s in the system 16 is

shown. An audio W?@bﬁﬁ recel ved by the system 16 thr ougth&
devi ce 20. The input devices2® includes a m e#ophone and an ;

converter. The m crophone recei ves the analog, audio 5 signal and converts
it into an anal og,ree¢i®es sighals iatitative of ke AddelsotoVise §1ﬁbothed frofC e, %Q@u Q@orage

anal og, electrical,si c I elec IyCa
Signal.  The @%%‘95%?%9 PARIEY Pty B A SHsh et BRGIE Fepeived from
signal to the spechm group SMSQMIWMI the dessdetailed models usmg\mnnemm
speech recogniti org Mﬁ th@h%%?%te?ﬁol&ﬁéﬁ'dt%eléﬂé& ihterpolation.
Sl ins% rF

digital, el ectr an ocessor é’ﬁ*&?gﬁ rates %Fggtpﬁ{e&nalde?f

t he digita
coefficients of t hnoﬁiérmmmlgnmma@ameMDmmoaﬂ\edlmoddattelthe HMM

Ol ectri cal i gnal o e'““q"f%mpe somr S i lals Bl i idbother 12 and
signal to the speéﬁﬂgﬂﬁ{)gﬁ‘rs gﬂ%?&‘ﬁ M@E@i ﬁ‘
recei ves the si gnasimoather @n&'hau'e&ul |sgmdthed)mddelssmde$s detallediehan before 36

:ﬁet;?gﬁgle; fggfi’ c%?#e%bl e séﬁ?gﬁ?ree?%%ro the speelcrﬁ1 |3éﬁﬁ§ff'vgx§d

36 and generates P5EPYRINMAB-t he HW storage 34 to transfer the nodels of
initials + and final $n alfedterhitte entbodiment,! thesmmither £3 does aby irkchidea group

signals of the no iﬁﬁs‘)i"sqg?el r or
38 joins the rmde%gatgget'her @r&ﬂgo rdi to ﬁé‘dsipﬁegﬁﬁg%%gﬁogge%g ved
fromthe speech i deansferred tasthe detaile ‘!iffi medifier 48
initial and fitgl rémdlh@nhudaﬁmﬂ grddiQhél—MMstora @34he end Of the

AT speech SO g L PO 4Bt SOTAY gl 67
speech det er ni nat setaitedimedel; bmnd:mmmsmf eascdetailed gmslelss anébyrdifferent
processor 32 to t eombaatishsodedssdethilédiiddelss Prderbbly? hwetes, e Rsdbls of a group
det ermi nat or 62, 64, or 66 are smoothed similarly within each group. For example, the initials
20 of the first group 62 may be smoothed with models dependent on tone only, the
- finals of the second group 64 may be smoothed with models dependent on initial
only, and the pseudo initials and assocxated finals of the third group 66 may be
smoothed with models dependent on tone only and with the context
- independent models. Any other combination of less detailed models is possible.
25 The group storage 44 has an input coupled to the bus 28 to receive signals
from the HMM storage 34 and has an output coupled to the detailed model
' modifier 48 through the bus 28. The LDM generator 46 has an input coupled to
the HMM storage 34 and an output coupled to the detailed model modifier 48 by
the bus 28. The detailed model 'modifier 48 has a first input coupled to the group
30 storage 44, a second input coupled to the LDM generator 46, and an output
coupled to the HMM storage 34 by the bus 28.
Referring now to Figure 8, a block diagram of a second embodiment of the
HMM storage 34 is shown. The most detailed set of models, shown in Figure 4,
include a large number of models. Figure 8 shows an embodiment of the HMM
35 storage 34 where the number of models, in the most detailed case, are reduced as
compared to the number of models shown in Figure 4.
In the most detailed set of models, initials are dependent on final and tone.
The final dependency, however, can be substantially captured by a dependency on
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38 uses a viterbi search, or dynam c progranm ng, to determ ne the appended
nodel that best matches the speech signal. In this way, the speech

et erm nator CO Tes tne 1nputsrgnar—t
of Mandarin Chinese. 30 The speech determ nator 38 then generates and

out put s W%ﬁgm i ndi cating the initial, final, and of the joined
nodel that it determ ned best natched the si gnal rec%wmn t he )
pre-processor 32 The speech determnator 38-nmay transm't t he out put

si gnal toﬂlﬁbe&mmtmlmfdhetﬁmhrﬂhdewmel w Sgyjice may store
The k up 35 -

tabl e may

the sign epeé,d gk néﬁﬂﬂg

det er Imgnzdit heﬁ%&ee l: r-act er E{{) rep sﬁ.rg -syl1abl e and

may transmt cempcrtseela hgrddpeQ&ﬁirect ed

ggé; ?S;re;méma oo “m h é | n peec S | I abl es
are the fu mentaﬁa%éulﬂd %n%grgm% Z:K E"@BB&& Pron of
syl | abl esml??? @fﬁ' first group 62. Expandmgupon the

-12- i exemphz‘pdhﬂgtiéﬁe?&&cﬁbedabovemthrefeteme ; z%ﬁ Jist, 4
speech r i na e C e o]
rgcognl Z?Q &%ﬁ E?W J???EB Wé Eﬂgr

any WM“G@QWS u@edlwtthe

sent etmemmliardfmodéls H’E}dﬁf W‘?&?pr?tgl el ds )
_Ijgt lap%l fi?’t eﬁ%@ recel gay#(}amt a?ﬂlﬁ'}’?:ﬁg . enceli dependent on >pese
pre- proc begacwithithe sowel 78/1 @lms)’ﬁ'ihitﬁld ené&{htyence

signal s ihamﬁmwcéﬁgmuf ITHe &'Bﬁ% f | s f t he
|n|t|als nitials ségha 9 The speech
determ naf%‘} 3 Y%@ﬁij{&s qﬂ%‘ % ,tlomaie sentgnces
The Cﬁ@’eﬁzrﬂmhﬁcmajsbecombmabsm&ebomalé Beginwethf fipm t he

pr epr oc emelﬁﬁ)ééhd 108 are models of i1 dependent on /i/ and tone. The third group
100 also uses beg:inmng vowel dependency mstead of full final dependency.
Model 110 is a model of Pl;, dependent on /i/ and Ty, instead of a model of PI;,
| dependent on f; and Ty, as was model 88.
| 20 By using vowel dependency the present. inventlon reduces the number of
models and the number of « comparisons made by the speech determinator 38.
Since these are more finals than initials in Mandarin Chinese, this reduces the
size of the HMM storage 34 agniﬁcantly and increases the robustness of the
_ resulting models.
25 Referring now to Flgure 9,a method for recogmzing a syllable of Mandarin
Chinese speech that comprises a lone final, using the present invention, will be
~ described. The method begins in step 200 where the system 16 receives an input
audio signal of a syllable of Mandarin Clunese speech. The micro-phone of the
input device 20 converts the audio mgnal into an analog, electrical signal. The
30 A/D converter of the input devme 20 then converts the analog, electrical signal
into a digital, electrical signal. In step 202, the pre-processor 32 of the speech
recogmtlon system 30 receives the digital, electrical signal for pre-processing. The
pre-processor 32 determines a FFI‘ of the digital, electrical sxgnal and then
determines a vector quant:zahon of the FFT. The pre-proeessor 32 may
35 alternately determme an LPC instead of the FFT. Next, in step 204, the speech
determinator 38 receives models of pseudo initials and finals from the HMM
storage 34; the speech detemunator 38 arranges and j joins the models together
according to syllables received from the speech identifier 36. The speech

determinator 38 compares the processed input signal to the arranged models in
-17-




the joined nodel s and selects the set of joined nodels that nost closely

mat ches the input. The speech determ nator 38 generates and outputs a
signal -indicating - - -the sentence that it deteériined nost closely rratched
the input sentengfg 9ga3zes Referring now to Figures 6A and ﬁc{/ﬁ%’%lﬁz

6A is a block diagram show gg:15 the flow of dataand signals i

system 16 when the trainer 40 I's generating the nodel s held in the HW

storage 34. The b 06 2 Waitlomﬁds that bébt RARAES the prclssed
utterance having | |n|t a d 1.t al f or Ich the

trainer 40 i s genJBY a;'ﬁ‘rﬁtfgﬂ%% ﬁﬁﬁﬁl‘%’ﬂ:ﬁ‘é@% %#\Qé’ eterminator 38
trainer 40 rregmparesrtheunpl;t mgndlnnt mﬂgtmhmodeltdfehelmﬁmidmtfaimno a
anot her section. o ?Jgf g‘é@m l;ygga ,ﬁﬁﬂ

recei ves have fn of &t‘ Ewg ure ? h{ﬂﬁﬁée‘{égalenéorne
40 it is gener f&ﬁmm# f Weﬁtﬁ?moﬂ?‘!@aﬂ@a
generating a nodeindmdahr{pﬁle]ﬁnalapdrtdnetofﬂm &ftangémelwofﬁ[nedens selected inhstep 208,

trainer 40 receiv the fidthodents.t €r ances of syI | abl es having i[err],

flerr], and T[err e trainer 40 uses nvent i-onal techni ques, such
as Baum Vel ch tra| ni ngRefFB“%mﬂemg‘Msr}oﬁr AORflow chazts of a myethod;ofi ner

40 receives at guiing & syHable of MandarirgChiriesé spesthais sHowne THéfilethod begins

Preferably, t t I

generate a no eI ﬁ%ﬁ% E?Q%l{e?g%& aa.'gsr%eelﬁ% ﬁﬂmat a%d%%w&efs)td?able of
generates a si gnavangdarip e sprechy Jdve mistotphongmaf he input device 20 converts the
Figure 6B is a blaudiodigmlamosimma Iéle:tﬁailaslgﬁﬂrmﬁffméiﬁw@ﬁefafm@

g?orget il ut ;rngances avmea comm%nglgﬂlgﬁ%gﬁéﬁcﬁgfw%l t@?ﬂ}%‘?ﬁ?ﬁ%ﬁr

common dependarfter 30! Pye-psecesear 3% ofcthespeechrecognition system 30 aeqeives the
and T[err]. The Cdikit&l eleetrical bignal foryh rbqfraa@sem gl MPHe ﬁiéepleédsBF B2 ﬁ@téﬁxhheélém

to generate m)del rai.ner 40 uses e ytte

stored in cell ﬁﬁﬁ‘a?@‘ﬁf@im d(#“ﬂ'ﬂ?sr {)ﬁ‘efﬁ[e"g\"
and T[err]. The tprarprocessor SAmWrdm&btﬂctgrmmmBBC mtplmssfethem-‘ﬂ'e Instep
model to the HVM3pigOfielsp Rarih ChlinesdARG! Al

uses The roa taégﬁéée%%ﬁ% Pl e' : S@mgﬁﬁﬁwﬂ@ o “e";‘én‘%eni@f step
identified by20 304yis Bm.lﬁemmmm@ﬁmaymkdwﬁﬂﬂoﬁhhdaﬁhl
holds at |east 2QChihkf. 20AFature executions, the speech determinator 38 selects a final hhf it
has not yet selected. In the same way, the speech determinator 38 selects a tone of
Mandarin Chinese in step 306 and selects an initial in step 308. In step 310 the
speech’ determinator 38 determines if the selected initial, final, and tone are a
25 valid syllable of Mandarin Chinese speech. The speech determinator 38
determines the validity of the combination by comparing the combination to the
syllables of Mandarin Chinese spéech that it received from the speech identifier
36. If the combination is a valid syllable, the speech determinator 38, in step 312,
‘selects the model of the initial, dependent on the final and tone, and selects the
30 model of the final, dependent on the initial and tone, and joins the two models
together. The speech determinator 38 receives the models from the HMM
storage 34. The speech determinator 38 then stores the joined models within
jtself. From step 312 the method proceeds to step 314. The method also proceeds
to step 314 from step 310 if the combination is not a valid syllable. In alternate
35 methods, the speech determinator 38 may join models that are dependent on
tone only, dependent on assoaated fmal or initial only, or context mdependent
In step 314, the speech determmator 38 determines if there is another
initial that has not been matched thh the currently selected final and tone. If

there is such an initial, the method returns to step 308 to select another initial
-18-
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PCT/ US96/ 01002 and preferably holds hundreds of utterances. The
goTTes—36 eSS T e data st or age uevice 24,
This means that the data storage device 24 hol ds at | east 720

utt er anwoosands pr ef erabl y hol ds t housands of utterance;tg.j@ generate
the nodel s necessary to recogni ze Mandarin Chinese he a slt or age .

device 24 requires hundreds of cells to hold utterances having the varlous

initial u:atmamyetbeasmmcigwmmh chirently selected fihal 41l thrieg HMihéreast 20

SLT?[ZS&GE fﬁg’%*’“&\r?“reiﬁ%e ol 316 phes e SBeedl 02 e e

24 for Wm bhas pot-bgen matched gure 7 i s
a bl ockwdﬂﬁﬂ{ Me&b&ﬁ\hnmeﬂeois siicha ﬁﬁé dieameliod heiinid® Syst em 16

8 e e e i R e el
det ai | ethatchedowithothe ou fimal. ,
r equi r egelasts ANPHETN ve-3818 hé iritials’ st thapdlldaitials Arechatchel withahe chfrent

S Akt drE b e S o i shof e bt R0 S i i e oS!
(rjrgéa f opraceeds mmpﬁlawhete ﬂwspmmmra&determhmsuf Thr»lie:hméI t qudo

the nodded
det ai | espemlidetemnnitewss sehnlsa(ﬁnddhehhmmoteysetb'eenm dtome nmodel s

fggg“gegnﬂ% t‘%ﬁﬁn rm%nﬁs Q%ﬂ%ﬁe ende agb Qngeae% ér%lgg o)r/ ?r ﬁal '

Cont ext3 fones are

Mor e5de¢mbnddrmihlthe tmwl}bselected'ﬁaﬂahd cempah'ﬁto dfé syllabdbsmedaivedThUS
pendent on initial or fi naI and tone, nay be 25

the no
zﬁgt h?ré co . .ent on Mltgl or fi naI on % degggldgntmgnbgone |
snoot hephired  theemodelsctogethet 8o Fortn alldalid blamrMhﬂdmﬁllﬂﬂﬂnékel gepenggm
(r)rgdel égr%&l"a&'h? &hﬁg ‘iogghpg?s{aﬁon tone éh\p i’ g%t%% agvmeltoﬁnt he
con®@xtcompares the processed input signal to the joined models The speech
determinator 38 viterbi search, or dymumc programming to compare the
processed input signal to the joined models. There are many other techniques
for making this comparison; those skilled i in the art will recognize these
techniques. Context dependency yields a comparison that compares the whole
25 input signal to the whole joined model, that uses detailed context dependent
models for nut:als and finals that are co-articulated by different contexts (initial,
final, and tones). By using models that are dependent on tone, the method
includes an additional dimension i in the comparison, the comparison of the
whole to a model co-athculated by dtfferent tones, Thus, with the most detailed
30 models, the present invention adds three dm\enslom to the comparison of step
320, makmg the determmatxon of step 322 more accurate The use of less detailed
models, such as models dependent on tone only correspondmgly reduces the
dimensionality of the eompanson of step 320. This makes the determination of
 step 322 less accurate but still more accurate than when using context
35 mdependent models. In step 322, the speech determmator 38 selects the
arrangement of models that best matches the procesmd mput and in step 324, the
speech determinator 38 generates and outputs a signal that md:cates the initial,
final, and tone of the joined model selected in step 322. The method then ends.
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30 independent nodel. As is shown in Figure 7, the snoother 42 receives

t he model s fromthe HW storage 34. The LDM generator 46 sends .a signal.
to the HW st or age 34 to 'generaté a signal of the nodel to be snoot hed
and to transnt woes28®ssi gnal to the snmoother 42., The snoot her Fearo 1002
preferably receives the -nodéls in each group t:ogether. That s, €
snmoot her 42 receives the initials of the first 35 group 62, then receives
the finals of the secRefestirg fowio HeA, 1EB,eindeHC, fiow chaits 6fl Gnethod for

initial ith a ' i Of e Di I gL o, he S 4 .
Lielt-eL mi ?le\ém t he FZ@%M%?@F% __anéﬂgl;r%c‘)'g egﬁﬁ%g"n%%ﬁsgﬁg%%ﬁ%gﬁm
detai | ed nodel s. fongeengnizingsyliablep dhatrare lone:finals, issbowme dThe metkod begins with
\';'\%'V'gg } g;gg g 34.  the same steps as shown in Figure 10A. For convenience;litlentical method steps
PCT/ Us96/ 010025 have identical numerals, e fizst pmique method step igstep, 820 pihich follows
conprises a groupstep 81&gin dep 420, thespeediieterminaton 3&iwlecisal leneifinali dnet]
T2 the gr oup i%'%%??‘é“'gffﬁggf"r‘*ﬁ? thatE BhsPnotyeh SERLEY 1bten 22 TP il
generat or 46. Thé i g‘?’ aiféecﬁga ?g‘?eaaﬂgli@%ﬂﬂtéﬁé sé@%aéghl?‘s(i@‘?%ﬁr rryext,
t hg Im)deljsv\lh\/\/.ni I etinrsaep_m,ghespembrdeten?@agmﬂ&dgfemmﬂié&m stlected kuhe final and
nmodel an i : : i

8, e el il Yol s ol

nodel s of the,group. . n . S
| ess detail ed rmtfge%ﬁﬁ‘;l%*rfg“’a@ﬂgi*w 3%?%@“’4’ rom the speech

modify the nore ddemfifiexBértuimake thiscddt@ihin@tiorn & theseletted ket fitkd a1l selected

5141 ST A A e ol il
model s dependent forai 3PP tbmg@ﬁﬁpﬁﬁﬁgﬁgabﬁgﬁmt%ﬂ\e
det ai | ed 15r0delegted finall indoéelected itone; tol ehendelel ob the firidl] depéndent 'oanthehe
initials of the -fﬂsEﬁ&o initial and selected tone. The models are received from the HMM storage
34. From step 426 the method proceeds to step 428; also, if in step 424 the selected
lone final and selected tone were not'a 'yé_lid syllable, the method proceeds to step
428. In step 428 the speech determiinator 38 detérmines if there is another tone
20 that has not yet been combined with the current lone final. If there is such a
tone, the method returns to step 422 to select a tone that has not yet been
combined with the lone final. If in step 428 there is no such tone, the method
continues in step 430 where the speech determinator 38 determines if there is
another lone final to be analyzed. If there is such a lone final, the method
25 returns to step 420 where the speech determinator 38 selects a lone final that has
not yet been analyzed. If, in step 430, there is no such lone final, the speech
determinator 38 compares the processed input signal to the arranged models of
initials and finals and of pseudo initials and lone finals in step 432. The speech
determinator 38 uses the same techniques, such as a viterbi search, as were used
30 in step 320 to make the comparison. In step 434, the speech determinator 38
selects the arranged models that best match the processed input. Finally, the
speech determinator 38 generates and outputs, in step 434, a signal indicating the
initial, or pseudo initial, final, and tone of the selected arranged models. The
method then ends. S |
35 Referring now to Figure 12, a flow chart of a method for smoothing
models of initials, finals, and pseudo initials, according to the present invention,
is shown. The method begins in step 500 where the smoother 42 receives the
models from the HMM storage 34. The smoother 42 smoothes the models

according to groups, that is the first group 62, the second group 64, and the third
-20-




group 62. The LDM generator 46 generates a | ess detail ed nodel by
determning 15 the arithnetic nean of the nodels having simlar

. 'O COTItrriue LTre EXdllpi e, LtfIe 1mnmoacr
by a nodel of i[err] that is dependent on flerr] only. To generate a
nodel oWoO%63298 dependent on f[err] only, the LDM generﬁéﬁb?ég
determ nes the arithnmetic nean of the nodel 68 and the node WThe nodel s
68 and 70 are both of i[err], are both.dependent on f[err], and differ only

in thei rgroQp Gﬁep’ﬂﬂdm&mnantyeﬁh&f&dhbﬂtbaﬁoddsbhé p arattmeGan of

;Pgngogﬁ%ﬁ?'s | ncfegigfnt O#é?éntg&méhén!\ﬁ:‘ﬂi m%ﬁ%at %f [ of r]

i[err] tgeRerater 46 atorgiérgenerates 46

1 et e e e st e e onte
U | U I

of T[%rr‘fﬁém%?gr IHWJF@O;M%ﬁQQfm ' SgpeR ‘il

nodel s degeneate admt d modeh| Forexampleethe geuemturt4sadetmmeaa| To

det er i @ drifi@stic Meah lof the midt! of §;, d md&&%ﬁiﬁnin@*r T&H&ﬁ%& he LDM

%”e%ﬁé%fég%eﬂ%&ﬁ?o%sfl%iﬁ‘* L&f“m'c R aBAtel e g The LE

The LDM
gener at dndependent of tone. sThe tmmu“mmpmhmﬂmmmﬁ 30

'”de‘m”mm’?ﬂ?“zﬁierm tafief THerLOM Beriaehs 38'sviiiyies sibagt o111
72, 74, "gﬁ“géﬁ Cof eﬁia‘%‘@# mppdels an

NETNOre
arit hneﬂahxermﬂte(ﬁormpendmpmnt ofﬂ]n)lealdbmlpdlml:déia5| S. The LDM gener at or

46 determ ”eé)nEB%@ Uh? é@ﬂg&@ﬁg@&g ﬂ each nodel ,
th K 8 dels el and
h e Hanaters e loae detmiled models fo e detpiled model e hep Whner ot od

t hg 15ets&uejdean|edmowehodm 4BOkbeives themioné deta!ﬁdgﬁcaﬂatfﬁﬁn&hé lgi&ﬂ% .
:jgt iaucﬁeh f gs%i?rtﬂ% 1?3 det al f&gﬁjoa%gl lleseardél%ﬁﬁélngn&éls e
etail mo el m uses conventiona smoo techniques to
smooth the more detailed models. The smoother 42. then, in step 506, transfers
~ the smoothed models to the HMM storage 34 where they replace the un-
20 smoothed models, and the method ends.

Referring now to Figures 13A and 13B, ﬂow charts ofa method for
recogmzmg a syllable ¢ of Mandarin Chinese speech, accordmg to the present
invention, is shown. The method is substanhally similar to that shown in
Figures 10A and 10B, and for convenience identical numerals are used to identify

25 identical steps. The first step, not 1dent1cal to the corresponding step in Figures
10A and 10B, is step 600 which follows step 310 and precedes step 314. In step 600,
the speech identifier 38 joins a model of an initial, which depends on the tone of
the syllable and on the beginnmg vowel of the associated final, with a model of a
final that depends on the tone of the syllable and on the initial. The other

30 method step, which differs from the cormspondmg step in Figures 10A and 10B,
is step 602 where the speech determinator 38 ‘compares the processed input to the
. arranged models. In step 602, the speech determinator 38 compares the processed
input to models where the initials that depend only on the tone of the syllable
and on the beginning vowel of the final with which the model of the initial is
35 ]omed
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WO 96/ 23298 PCT/ US96/ 01002 " receives signals indicative of
the nodels to be snoothed fromthe group storage 44. The detailed
model nodifier 48 then snoothes these nodels, received ffom™ the group
storage 44, wth g, det ai | ed nodel s using conventi onal i 0g
t echni ques such é‘gb I near interpolation or deleted.interpolati onﬁ’gpﬁh@é’g
skilled in the art will recggni ze these techni ques;. The detail ed nodel

nmodi fier 48 then generates 4 signal to traﬁm[m%Asm)ot hed nodels to the
HW storage 34. The HW storage 34 recelves the signals fromthe

snoot her 42 and repl aces the original nodel with the snoothed nodel
received fromthe snoot her 42. The resulting snoot hed nodels are |ess

detail ed than befwmt hi Hnaly €t th better and nore robustly
nodel the initials, trnals, and pseugjo-lnltials. In an

al ternate enbo@i ment, the snoother 42 does not include a group storage
44. The group of AdfleAs is receiAed by t hAILDM generator 46 and

4615 recel ves tHAHiEAel s di rectl T rrom tha H storage 34 o The
nodel s stored in g%— VM st'oragé\-’sﬁl may bégsrmot hed by any | ess

detail ed nodel, bXH.QAbi nations Af4|ess dAdai |l ed nodel s, and by different
conbi nati ons I etailed S. Prejerably, however, the nodels of a.
group 62,qg4,i§;§6 are snnn%?ﬁsd Si mjﬁ\grly Wi t hin each group. For
exanple, the init 20 of the#f¥fst gr 62 may be snpot hed wi th nodel s
dependent on toneA®Dl A, the Al _gal s of Alhe second group 64 may be

snoot hed with m)dﬁgf gependent A} isni tial only, and the pseudo initials
and associ ated fi'nals of the third group %g’ may be snoot hed wi th nodel s
dependent on toneABh4 and wi t hAlké cont eAl4 i ndependent nodel s. Any

o% her cozijfl Ra’qsonAH_A;ass de]t a:jutgd_mﬁdelt)sAm pt(:)SSI ble. 25 I The ]gr oup
st or age as an pyut coupl e e bu 0 receive signals rom
t he HWM st or age ﬁﬁ has an oi‘(ﬂﬁuﬁ cougﬁggto t he detail ed nodel

nodifier 48 thro dime bus 28. e%. DM ator 46 has an input coupl ed
101 Sy * AT 3,0 “BNGAL NGRS 1 Ll e o
nmodi fi er y us : ai el nodifier as a firs

i nput coupled to %‘F{%—‘Sr oup 30 s%gdgg 44,K§1§€cond i nput. coupled to the LDM
gener ator 46, 28ndAEh &ut put ANGpded tANGA HW storage 34 by the bus

28. . Reng_iAQ now to Iﬂ(g_L_lIe 8, AQ1l ock di agram of a second
enbodi nent of theAH_A AO.2 AO2
AH_A AO_3 AO3
AH_A AO_4 AO4
25 EHE E_1 El
EH_E E_2 E2
EH_E E_3 E3
EH_E E_4 E4
EH_E EN_1 EN1
30 EH_E EN_4 EN4
EH_E ER_2 ER2
EH_E ER_3 ER3
EH_E ER_4 ER4
OH_O Oou_1 ou1l
35 OH_O ou_3 Ou3
OH_O ou_4 ous
WH_U UA_1 WAl
WH_U UA_2 WA2
WH_U UA_3 WA3



HW storage 34 is shown. The nost detailed set of nodels, shown in Figure

4, include a large nunber of nodels. Figure 8 shows an enbodi ment of

PR B L O A I SISO
case, are reduced as corrpared to the nurrber of nodels shown in Figure
4. wo9sn3azbg) the nost detailed set of nodels, initi endent on
final and tone. The final dependency, hovvever can%’@é@%‘?@gti ally -
captured by a dependency on - - : VO 96/ 23298
PCT/ USO&784.002 Ut et begi I‘Wlmg vowel of the final. Thus, vowel

dependeg&a&gpl aces flml _mgﬁ'[ilendency for initials. This reduces the

nunber el s. MM st orage 34 shown in Figure 8

conpri s Wirst groudAdg3for WAI3 jnitials, a second group 64 for

s T Tot o that et yn Frg e d. The first oroup 98 for - o o ¢
is i i i u

i nitival g’%}‘ﬂrl ses feigﬂ\mrzl ds ‘&mlt he first group 62. Expandi ng upon the
exenpl aWH.engage desdAiNed abWANRth reference to Figure 3, flerr] will
be /is/w 'f f[emq]NV\BII lwp[ngl By basing the initial dependency on
t he vo t he final han the full final, the second

enbodi ﬁo-f}ll t he ngﬁggage SZWIA% ces the 10 nunber of nodel s
necessaWH_Mdescri be WANGalls. WANGddel 68 and the nodel 70, i
depq@dew}pmf[err] NBANG_gONWRANGY th the nodels 72 and 74, i[err]

depende Fina r] and flerr] both begin with the
vowel wﬂo%ﬂus for fﬁ%ﬁhﬁl— deﬁﬁ&&lé these finals may be conbi ned.
The resWH_1J model s JJANGL 4] , WANGdent on begi nning vowel /a/ and
tone, a el s 102 a@fi 1104. Slw. grly, initial 15 dependency on f[err]
and f[err rﬁy be CO"B.IJ d sinc th finals begin with /i/. Model s
106 andW: re nodel i[err?v endent on /i/ and tone. The third group
100 15l sWHsA&% begi nni r’[gl_\a)wel d¥BIXency i nstead of full final dependency.

Model 1?@,51 a nodel I[err]wgﬁpendent on /i/ and T[err], instead of a
nodel Fﬁerr] UN 1 ende%BNn flerr] and T[ err], as was nodel .88.

WH_U UN_2 WBN_Z
WH_U UN_3 = WEN3

20 WH_U UN_4 WEN4
WH_U UENG_1 WENG1
WH_U | UENG_3 WENG3
WH_U UENG_4 WENG4
WH_U Uuo_1 WO1 -

25 WH_U "UQ_ 3 WO3
WH_U UO_4 WO4
WH_U U_1 WU1
WH_U U_2 wu2
WH_U U_3 WUu3

30 WH_U . U_4 WU4
YH_I IA_1 YAl
YH_1 IA_2 YA2
YH_1 IA_3 YA3
YH_1 IA_4 YA4

35 YH_I IAN_1 YAN1
YH_1 IAN_2 YAN2
YH_I IAN_3 YAN3
YH_I IAN_4 YAN4

YH_I IANG_1 YANGI1
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20 By using vowel dependency, the present invention reduces the
nunber of nodel s and the number of .conparisons nmade by the speech
det er mi nat or 38. Since these-are norefinals than initials in Mandarin
Chi nese, this recws 9é2nér size of the HW storage 34 Slgnlftéﬁ@&k%

i ncreases the robustness of the resul ting nodels. H@g
now to Figure 9, a nethod for recognizing a syllable of Nhndarln

Ch: Ine;e speecg thxff)qgnprlhses allm{,& _Ri nalyANG2ng tzgg \%esent hl nventi on, A
W e eSCLAP§ The rreta cr?l nsglﬁaTI ep ere the system1
receives an input audi o si | e of Mandarin Chi nese
speech. The microYphdne of the IANGiLAput Y&NGEe 20 converts the audio
signal into an anyipg, electricgg@ignal. Yﬂm 30 A/ D converter of the
i nput device 2 converts t | og, trical signal . into a
digital, elect SI nglsll gnal In s[ig;ga% N@%e processor 32 of the speech
r ecogni tion syst e¥HR3 recei ves TAO.A gi taT{AQa ectrical signal for
pre-processing. TR I pre- pr Qaey P’ 32ydeyer mnes a FFT of the di g| tal,
el ectrical signal t hen Eeiler m ne vector quantization of the
FFT. The pre-proc r 32 may 34 | ternat®ty determ ne an LPC instead of
the FFT. Next, inYHi #p 204, thelEpZech YER2eterm nator 38 receives nodels
of pseudo init lgalﬂ.p@d finals fygnathe H storage 34; the speech

3

det er m nat or ges and j ol s t he nodel s toget her according to
syl | abl es recei vmom t he spe Hi denUYB‘ér 36. The speech

det erm nat or 38 cYHpdres the préckssed i n¥Iit signal to the arranged nodel s

in YH_ I cIi‘ ﬂ% - 17- WD 96/ 23298
PCT/ US96/ 01002 Step 206 ang-sel ects e arrangenment of nodel s that
best matches the YHskessed Laput signBB in step 208. In this way, in
step 206, thelsSpey¥Hnhldeterm nat dr4 38 YHdnpares the input signal not only
Eip?eg‘éﬂ?'ed‘iytPﬁ:(ég‘sgiuéz”?'n. o INRS, pr@é&es”‘?ﬁ?@%et ne grottal stop
YH_I IN_3 YIN3
YH_I IN_4 YIN4
20 YH_I ING_1 YING1
YH_I ING_2 YING2
YH_I ING_3 YING3
YH_I ING_4 YING4
YH_I IONG_1 YONGI1
25 YH_I IONG_2 YONG2
" YH_I IONG_3 YONG3
YH_I IONG_4 YONG4
YH_I 1IU_1 YOU1
YH_I 1U_2 YOU2
30 YH_I IU_3 YOU3
YH_I IU_4 YOU4
VH_V VV_1 YU1
VH_V Vv_2 YU2
VH_V vv_.3 YU3
35 VH_V VV_4 YU4
VH_V VVAN_1 YUAN1
VH_V VVAN_2 YUAN2
VH_V VVAN_3 YUANS3
VH_V VVAN_4 YUAN4



5 final. In step 210, the speech determ nator 38 generates and outputs a

si?nal i ndicating the final and tone of the arrangenent of nbdels
selected In step 3, and—the. necnoa enos: Reterrtre—trow—
to Figures 10A and 10B, flow charts of a method of recogni zing a-

syl | abl &V@p6RAgIari n Chi nese speech is shown. The nethqugﬁg' 10 in step
300 where the system 16 receives an input audio signal 0 é@ﬁpgble of
Mandari n Chi nese speech. The m cro-phone of #4he input device 20 converts

t he VElddVo signal iWMEgin analUB1 el ectrical signal. The A/ D converter
of the i gyt v devi cgg2Q thenyqepyerts the anal og, electrical signal :
into a dbﬁ&?g}, electrigalr signal. > In step 302, the preprocessor 32 of
t he speecht*+&cognition ¥§@iek1soYﬂ88éives the 15 digital, electrical signa
for prepNde¥sing. The YNNp2oce¥{IN232 determines a FFT ~of the
digita, egirical si ‘slet exA3eSs a vector quantization of the FFT.
The s vq#é?ﬁrocessorgggbﬁgg alpgpﬂgtely determ ne an LPC in place of the
FFT. In Y&'&p 304, V¥ sheec¥UN4erninator 38 selects a final of
Mandari n Chinese that it has not yet selected. Step 304 is executed
multiple tines by the method; the first tinme step 20 304 is executed, the
speech determ nator 38 nmay sel ect any final of Mandarin Chi nese. On
future executions, the speech determ nator 38 -selects a final that it

has not yet selected. In the sane way, the speech determ nator 38 selects a
tone of Mandarin Chinese in step 306 and selects an initial in step
.308. In step 310 the speech determ nator 38 deternmines if the selected
initial, final, and tone are a 25 valid syllable of Mandari n Chi nese
speech. The speech determ nator 38 determ nes the validity of the
conbi nati on by conparing the conbination to the syl | abl es of Mandarin
Chi nese speech that it received fromthe speech identifier :36. If the
conbination is a valid syllable, the speech determ nator 38, in step 312,
sel ects the nodel of the initial, dependent on the final and tone, and
selects the 30 nodel of the final, dependent on the initial and tone, and

joins the tw nodel s together. The speech determ nator 38 receives the
nmodel s from.the HW storage 34. The speech determ nator 38 then stores
the joined nodels within itself. Fromstep 312 the nmet hod proceeds to
step 314. The nethod al so proceeds to step 314 fromstep 310 if the
conbination is not a valid syllable. In alternate 35 nethods, the speech
determ nator 38 nmay join nodels that are dependent on .tone only,

dependent on associated final or initial only, or context independent.
In step 314, the speech determ nator 38 determnes if there is another
initial that has not been matched with the currently selected final and
tone. If .
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h h o 1 Descriniion : °"T 4 8?%98 CT/ US96/ 01002
t at as not yet vﬁ?ﬂbsﬁtc ed w ’E/%te current"" Lgel ected qn ﬁﬂg‘g
If there i s not anot her sucPHiWFR¥RAl, @ tHe- t*’nd)‘ctF“E)’:i‘*tgceectd to step @R’G

where the speech det er ni nat pid Bg~ de‘b)ermﬁes .i.f. 16 paged .i.s..dnot her tone
t hat has not beewmwt@hwcur{%@ly___s_%ggge@q._f.l__ral. If there
is such a tone, the nethod returfs_to 5 -step 306 where the dgpeech

determ nator 38 selects a tone that has not yet been mat ched with the

current I y selected final. \speechaecsqgnition aystemfion secognidéng syllables ofca language,
tone, it re-sets gag 8f thelanklidde r&ﬂnse@frsnnatﬁtiadl $ib-Bylldbte and a
current f| na':?'I Xgﬂkl# Sst, S #flhtone in step.316 there are no
such tones, rﬁ‘!ﬁié&b‘syﬁaué E}E"eﬁi@d{‘ m@“t Beech

det er mi nat or 38 det er ra speech ideritifier, baving @Gn dutput,éot generating arvalidosyllable signal

conpared to the syl abl'es r f8itdn of an indGallsub-§/l1aBfe and
there are such finals, the iﬁ&?ﬂt&@}aﬁ%@&'?«aﬁ& ep 213104 where the 3 siaoeegh

determ nator 38 selects a %s not yet been conpared to the

syl I abl es received fr anstblagedevice) havingtar input 2fid dtheutpub,cfos ptoring a plurahty of

det er m nat or sel ects nﬁ@e‘fs

that all ini ttl%I s and tonegmglrlde]%ﬂ r‘r;bfne wr%%u3 ne of ﬁﬂ leéc‘?;le |naI
and conpared to the syl | abmedeisand \fgﬁgeneraﬁ;lg ‘dé@aﬁ |rBB’fﬁsF‘M@‘re‘§H‘a
If in step 318 there are ngubg¢llables\ahd thé aﬁmm nator 38 has

P eech. | The method. oo Tirech detétiihdlo %&%hﬁ‘%hﬁ%@%ﬁ&gﬂmﬂ@?
20 conpares the processedsignshto be gerognized; asecand inpuisaupled toireceipe theymodel
determ nator 3§ viterbi Sesrgetalsﬁémdmmﬁgérdwceﬂmd\ﬁ third inpuPaswEplediao receive

processed inpul i gnal 104l L g B6fTRUGlis AR e e TBUnHA e speech
' determinator processing the valid syllable signal to identify the
valid combination of initial sub-syllable and final sub-syllable,
retrieving the model signals corresponding to the identified initial
20 sub-syllable and identified final sub-syllable, comparing the model

signals to the input signal, and generatmg a signal identifying a
syllable of the language

2. The system of claim 1, wherein:
25 the speech identifier generates a valid syllable signal that indicates a valid
combination of a pseudo initial sub-syllable and a final sub-syllable;
the storage device stores a plurality of pseudo initial sub-syllable models;
and
The speech determinator processes the valid syllable signal to identify the
30 valid combination of pseudo initial sub-syllable and final sub-
syllable, retrieves the model signals corresponding to the identified
pseudo initial sub-syllable and identified final sub-syllable, compares
the model signals to the input signal, and generates a signal
identifying a syllable of the language.
25 ) o
3. The system of claim 1, wherein:
the speech identifier generates a valid syllable signal for each valid
combination of an initial sub-syllable and a final sub-syllable;
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for making this -comparison; those sKi IIed inithe art will recognize these
t echni ques.  Cont ext dependency y| elds a corrparl son that conpares the whole

Z> rnpur"'g'lﬁg'hdl Tto the whol e joihed nodefS—THar USEs vetared CONtext

ai Tror cwosaammext s (i PINHIN IIIIﬂlIlMiII] and tones) - By g MT =i

are dependent on tone, the néthéd = *incl udes an addItIO nsion in -
the conparison, the conparison of . the whgle to a nodel co-articul ated

by different thelspeechTMrmimhbr : baﬂe’vslideyﬂlﬁle si@@]ﬁetné% present

i nvention adds th Lot meki ng -
t he determ nation ﬁ%%ra@@ @@&'?%@Pgel ed
nmodel s, .such as nﬂﬂél‘é "&1’3{ d@hﬂéé' bliﬂal\ql:reduces t he

di nensi onal ity of coimparepgnchiretrievetl model sighal SignlE amdl er m nation
of 5 step 322 Ig@@ea an V\,hen usi ng

cont ext 35 indepén enfé %ﬁﬂl}ab&% @g&l?tc?g% aﬁﬁ‘t erm nator 38
sel ects the arrangenent of nodels that best rratches the processed

i nput, and i@, st en‘haaﬂstehhefdaimsapeﬂiéieﬂe&er dete?infiBP gRhEate ¢!

ol ﬁéfﬁ%ﬁﬁﬂmwﬂﬁﬁﬁﬁﬁmmmﬁawﬂ Selcting' "°

-19 - the model signal disattwsd satches the input signal.

PCT/ 4¢596/ 01002 Referring now to Figur es 11A, 11B, and |1C,
flow charts t ho r-eco z SYy. | es of Ivandarl n Chi nese
speech, usi ng the%E? Qﬁﬁ{h &“‘*M 1g syl lables that are
| one finals, the;stomgerdeﬁtestomsmmddeboﬁmmmm sub-syllzthiethtas prdertt shown
in Figure 1CA Fobnﬁ ! dr6es gplgﬂh %a bgs, denti cal
nuneral s. The fir uni gmdg 5!5%555 Zi r\égt% if' g&gfe step
318. In step 420, ésg a lone final and

cor rEspondi ng'tq)spmdh detemnahtdrtmhiemshhsmmid)smemés;dmdmg%ﬂ@e 422, the
speech . identified initial sub-syllable and identified final sub-syllable by

se_lechng and retrieving from the storage device a model signal for
an initial sub-syllable that matches the identified initial sub-syllable
and that is dependent on the identified final sub-syllable, and by
20 selecting and retrieving a model signal for a final sub-syllable that
| matches the identified final sub-syllable and that is dependent on
the identified initial sub-syllable.

6. The speech recognition system of claim. 5 wherem. :
25 the storage device stores a model of an initial sub-syllable that is dependent
' on a final sub-syllable; and
the speech determinator retrieves the model signals corresponding to the
identified initial sub-syllable and retrieves the model signals
__ corresponding to the identified final sub-syllable by selecting and
30 retrieving from the storage device a model signal for an initial sub-
' syllable that matches the identified initial sub-syllable and that is
dependent on the 1dent1fied final sub-syl]able, and by selecting and
retrieving a model signal for a final sub-syllable that matches the

identified final sub-syllable.
35
7. The speech recognition system of claun 5 wherein
the storage device stores a model of a final sub-syllable that is dependent
on an initial sub-syllable; and
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T

determ nator 38 selects a tone t.h |t has nh\sel ect ed for this | one

final. Next, In step 424, th m ator 38 determnes if the .
selected I one finall and 10 " sel ec ”lfm&l id syilable. The speech
determ nator 38 spoPgsnees t he sel ect'ed” ome 1T nal and sel ect Iﬁ%lﬁ?
the syllables received from:the speech I denti-fier 36 to nmake 'S

determination. If the sel ectieéd | one final and sel ected tone are a
valid syllable, the nediegpeschadatekiminatorirefriciids thé aicdél igrtale e6tespon ;Eto the

determ nat or 38 appends the

15 selected final and sel ecg‘{%‘qﬁo @%{1&%@%@1{3 JH‘# i‘{ihev% nalnlﬂggél EﬁElaent

on the pseudo initi al mewné&& lﬂ"&f@ﬂ%bﬁﬁ@’@ﬂ@&éﬂd
the HW storage 34. Fr patiebing ﬂaﬁﬁﬁem @@vﬁk@ﬂ@d&l& Ri? aiihitial sub-

ot valid sy abl o, t?ﬁesﬁ%x% dméwaﬁé‘f%e ?%bﬂfi“eéj Sﬁ%‘%%h Bl 355 e

speech determ ni ator 38 det seledtingsand rettieving amodel signak fora figal subssyllable that is

not yet been conbined wth § %tthbqa@m}ﬁémhﬁh“fsdﬂ:@ﬂﬁmé such a

tone, the nethod returns to step 422 to select a tone that has not yet been
conbined with the lone final. If in step 428 there is no such tone, the

met hod conti nues i8 ste'ﬁhdspeadlaeeogmaonpyetem of:claimi5; avlereizthe input signal
determnes if jgehis aStone BRfind one final to be analyzed. If there is
such a lone final, the rreahlod 2

returns to ep 42Q ere t e
deterninator 38 sel ectg‘eaStPfﬁgz? gvice stpreg.a WQQJ ‘;@i %@Qﬂ%ﬁﬁ}qﬁg_ependent
If, in step 430, there is nmaltohethntméyﬂablenmyd\asrpﬁatd] det er m nat or

38 conpares the proces rﬁﬁﬂl: ied @ﬁiss
initials and finals an pseuéo 1,N] Itogf}e I one %es’goEgbng ti(hthe
speech det er mi nat or 38 ﬁ@é‘g re%efesatbeanm cignals
search, as wer}s used 30 i ncorresponidihg to mudezttlfﬁed:ﬁmauubssynablerb bélpcting!

e speech det erminatr niﬁmfﬁﬁh%ﬁ *Qgtﬁﬁééﬁgﬁ‘éeq‘*ﬂm’z%@ﬁ%‘n@ %* f%§ub-

outputs, in step 434, a Si gﬁﬂh mﬂtﬁkfstthél entifigq ubrsyllabletha

initial, final, and tone ofdépendent 6facttnethdt Bl!dmh ha%eandb eab and

t hen ends. 35 Referri f a met ho

f or snoot hi ng nodel s of‘tégn taomlé gwlgls“,ﬁ%m a?\g'é}ﬁl;?ﬁs'flgal S,

according to t28e present |nvent|on I s shown. The met hod begins in step

500 where the snootherg42 rm@s &&htx’é&) gnitiof Bt off clfink 50 wikhéiatihe Béhgnal

The snoot her 42 s OtBE’S t accordl ng to groups, that is

first group 62, t a"§ gh and the third

- 20- the storage device stores a model of a final sub-syllable that is dependent
on a tone that a syllable may have; and

25 the speech determinator retrieves the model signals corresponding to the
- - identified initial sub-syllable and retrieves the model signals
corresponding to the identified final sub-syllable by selecting and
retrieving from the storage device a model signal for an initial sub-
syllable that matches the identified initial sub-syllable, and by
30 selecting and retrieving a model signal for a final sub-syllable that is
* dependent on a tone that a syllable may have.

10.  The speech recognition system of claim 5, wherein:
the storage device stores a model of an initial sub-syllable that is dependent
35 on the beginning vowel of a final sub-syllable; and
the speech determinator retrieves the model signals corresponding to the
identified initial sub-syllable and retrieves the model signals
corresponding to the identified final sub-syllable by selecting and
- retrieving from the storage device a model signal for an initial sub-

-28-
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WD 96/ 23298 -
PCT/ US96/ 01002 group 66. The snoother 42 may either receive the

—roteTTEy T atra ll!wl\ er gCETve al . NOUel S at _once out
snoot h t hem by groups nmmm l l generator 46 generates

| ess dai@bdrpdegrodel s. The LDV generat or 46 gener at es aW&g detail ed
nodel fromthe nore detail ed nodels. The LDM generat or eterm nes-
an arithnetic nean of simlar nodels having commn dependenci es -to

generate a | ess deyliabheithue dedtchésotheddantified &ia&r 46
det erm nes an arl d dent, on
flerr] and T[err], d%ﬁ'wg’ﬂ%‘%w&ootﬁg? Oﬁ ’f’{r@rr] and
T[err], to gener atky selacting and retrieving a owdehsignal afﬁmlrspbeewlable

mdependent of tone. The LDM generator. 46 deternines an arithmetic nean of

#gdfalhg nodel Z}ﬁesagggl né Squﬂl Nt ba I S., IE? épﬁ ner ator 4 ver:lggsto

find t heMarkeV modelsval ue of the correspo__ndl ng poi nt of the | ess detail ed
nodel . Once the LDM generator 46 has generated the | ess detailed

nodel s, it trgnsfers e.l.es ai nodel s, ,t 0.1.he, detail ed nodel
modi fier 48. ¥ st fgdﬁlﬂbg Sﬁﬁ"é&gﬁm IsAmMERAYes t he
nor e detdeheeltlmt(uoresfpa!:mdflimtglwlps llablessanﬂﬁgal%-ayllhldmtléaﬁthe nor e
det a Qaﬁﬁﬁfgedet ai | ed nodel s. - The detail ed nodel
rmdlflb ggéj%es conventlo al” snoot hi ng t echni ques to snooth the nore
detail ed nodels. The snoot her 42 then, irn step 506, transfers the '

smoot hed nodel3s tomdnsystmﬂoftctdmga, ﬁﬂ'ﬂtﬁi&fompfwgl’a%m& \m;

t hed, Fi
T5A and Y epiple s tcbGviimddel Spikle from the storagd ogn. ¢ phll Hilthe 8, 9
Mandar i nowiput soupledctocthe !emé'm f-the storage idevicecfrsmodifying; ,mede mnaltﬂ shown.

. The st ergteSd ' Bivré Abhuhie)modél ofdn iratialsiib-sllable avd for moli £ 10A and

| dont | cAmodPLABRAR SR ?%eﬁé%&g%@ A e’é%ﬁ?sﬂ% $pf eﬁf. g step in

Fi gur es generatmgamodxfiedm el signal

14. 'I'he system of claim 5, wherein the storage device stores a plurality
20 of models of pseudo initial sub-syllables.

15. A system for generating models that bether 1dent1fy an input signal,
the system comprising:
an LDM generator, having an input coupled to receive model signals and
25 ~ an output, for comparing the received model sxgnals and generating
' ~ a less detailed model signal; and
a detailed model modifier, having a first input coupled to receive model
signals, a second input coupled to receive a less detailed model
signal from the LDM generator, and an output, for modifying the
30 model signals according to the less detailed model signal.

16. The system of claim 15 wherein the detailed model modifier
modifies a model signal by smoothmg the model slgnal according to a less
‘detailed model sxgnal '

17. The system of claim 15, wherein the LDM generator determines a
less detailed model by determining a mean of model signals.

_ _
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10A and 10B, is step 600 whi ch™fortows step—3i6—and precedes step 314. In
step 600, t he speech identi nodel of an initial, which
depends on the tone of - ‘the ME'”ﬁ ’"ﬁ'ﬁiﬂ“t he beginning vowel of the
associ ated fi nal : nodel hat depends on t
the syllable and“én the i ni t' izal . The other 30 methbdd st ep, Wwhi CH%W@;
fromthe corresponding step in Figures 10A and 10B, | S st ep 602 where
t he speech det er ni nat org38 qRERYS t@ﬁlb{ngagﬁqgeml ora edﬂv’i&ngﬁdmg
nodels. In step 602, the S h det er m nat are g
i nput to nodel s Wr?é‘r’é‘ﬂ'ﬁ‘iyﬁﬂf j 1) Receiye A @%ﬂ‘?ﬂgp model
syl | abl e and anodifier andiamoutput corpleditotthe ifiputof ﬂ\etIDM’gerteraﬂoe, thedtorage
?let he initial i Wﬁa plurality of models of initial sub-syllables and a plurality of
PCT/ US96/ 01002 5 models o sub-sylhhm\m@(f% recewmm%at?w % fgdified rﬂrlwé?l
Syllable 5 AHstgnals. Al
AH A A 3 A3
19.  The system of claim 18, whereir} the storage device is coupled to the

detailed model modifier to receive signals instructing the storage device to

10 replace models of initial sub-syllables and final sub-syllables with modified

- models of initial sub-syllables and final sub-syllables according to the modified
model sxgnal '
20.  The system of claim 15, wherem the system modlﬁes models of

15 pseudo initials.

21. A method for recognizing an input signal of a syllable, having at
least a final sub-syllable, of a language, the method comprising the steps of:
receiving the input signal;

20 joining models of initial sub-syllables and final sub-syllables according to

valid syllables of the language;

comparing the joined models to the input signal;

determining the joined model that most closely matches the input signal;
and - '

25 generating a signal indicating the valid syllable whose model most closely

matches the input signal.
22.  The method of claim 21, further comprising the step of joining
models of pseudo initial sub-syllable to models of final sub-syllables.

30 - o

23.  The method of claim 21, wherein the models of the final sub-
syllables are joined to models of initial sub-syllables that are dependent on final
sub-syllables.

35 24.  The method of claim 21, wherein the models of the initial sub-
syllables are joined to models of final sub-syllables that are dependent on initial
sub-syllables. | |

I
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E2 25. EiTHe method of clird 21, wherdid the ﬁbﬂﬂs of nuual suﬁsﬁllables E4
m&@eﬁu@% a tohd'bf %Eﬁsﬁﬂsﬁ - EH E ER_4 ER4
QUL 35 OH O . oua3 o3 OHO
WA2

Ouzns Whelh\eﬂlod of claish 21, whereiN\ifie mod@lauf final sub-s§ﬂiﬁalgs

5 aredepeHéei;’tonamX@%fﬂte language

27.  The method of claim 24, further comprising the steps of:

comparing an uutml sub-syllable of the input slgml to models of initial
sub-syllablesthataredependentonatoneofﬂ\ehnguage,

companng the final sub-syllable of the input signal to models of final sub-
syllables that are dependent on a tone of the language;

comparing the final sub-syllable of the input signal to models of final sub-
syllables that are dependent on an initial sub-syllable; and

generating a signal indicating the tone of the joined models that most
closely matches the input signal.

28. A method for modifying a model of a sub—syllable so that the

' mod:fied model better models the sub-syllable, the method comprising the steps

of:
' rece:vmg a sxgna] of a first model to be modlfied, _

receiving a plurality of signals of having a common dependency with the

| first model models;
deternumng a mean of the plurahty of model s;gnals
smoothing the first model signal according to the mean of the plurality of

model signals; and

generating a signal indicative of the smoothed first model signal.

29.  Asystem for recogmzmg an mput sxgnal of a syllable, having at least

a final sub-syllable, of a language, the system comprising:

means for receiving the input signal;

means for joining models of initial sub-syllables and final sub-syllables
according to valid syllables of the language; |

means for comparing the joined models to the input sxgnal

means for determining the joined model that most closely matches the
input slgnal and N

means for generating a signal indicating the valid syllable whose model
most closely matches the input signal.

'\
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31.  The system of claim 29, wherein the models of the final sub-syllables

(bto mode

5 are joined to models of initial sub-syllables that are dependent on final sub-
syllables. :

10

15

20°

30

35

32.  The system of claim 29, wherein the models of the initial sub-

syllables are joined to models of final sub-syllables that are dependent on initial
sub-syllables.

33.  The system of claim 29, wherein the models of initial sub-syllables

are dependent on a tone of the language.

34. The system of claim 29, wherein the models of finai sub-syllables are

dependent on a tone of the language.

35.  The system of claim 32, further comprising:

means for comparing an initial sub-syllable of the input s1gnal to models
of initial sub-syllables that are dependent on a tone of the language;

means for comparing the final sub-syllable of the input signal to models of
final sub-syllables that are dependent on a tone of the language;

means for comparing the final sub-syllable of the input signal to models of
final sub-syllables that are dependent on an initial sub-syllable; and

means for generating a signal indicating the tone of the joined models that
most closely matches the input signal.

36. A system for modifying a model of a sub-syllable so that the

modified model better models the sub-syllable, the system comprising:

means for receiving a signal of a first model to be modified;

means for receiving a plurality of signals of having a common dependency
with the first model models;

means for determining a mean of the plurality of model signais;

means for smoothing the first model signal according to the mean of the
plurality of model signals; and '

means for generating a signal indicative of the smoothed, first model

signal.
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1. A speech recognition systemfor recognizing syllables of a Ianguage,

I w2 o O A Y

sub-syl | abl e and a final sub-syl |l able, the speech recognition system
conpri si ng: ,Enﬁ,§peech i ndentifier for storing a plurali | jd
conbinationgwg iInrtial sub-syllables and final .sub-syb%ﬂ@%@é@dn a

t he $

'storage device for storing a plurality of initial sub- syl | abl e nodel s
and final sub-syllable nodels; and a speech determ nator for
receiving: an i nput signal téiﬁfeiecognized via a first input;
the plurality of valid conmbinati oM fry speech i dentifier
via a second input; and he plurality of nodels fromthe storage
device Via e eececececcacccnnenacennan
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recei ves the
e

o

after the speech determ nator

wher ei n,

J

o

a third input;

I nput
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2.

val d
initial

devi ce stor
t he speech

final sub-

syl | abl e si

Fosn

‘identify the valid conbination of pseudd?/16
syJ.Lahle...LafLiaves.
identified p"ﬁTH??""""""
.sub- syIIabPé
‘gener at es a'l
syst em of qP

- The system of claim1, wherein:

t he speech identifier stores a

Reettes—& vallu bUHUIHaIIUH Ul

sub- syIIabIe and a final
hdg al ity of pseudo initial
ern1nator processes the valid syllable

sub-syl | abl e;

initial

sub- syl |

t he

sub- syl |

2 pPSeulo
st or age

abl e and

-d-be..ondel.sighals.carn Le.s.pondl.ng to the
T&%"éh‘b"s’jl rapre and - rdentifTred 11 mal s

ar es e nodel signals to the input S|gnah and
g‘h(i'r";? de | fy| ng a syllable of the | anguag : 3. The
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each vaI I d conbinati on of an initial sub-syllable and a final

L L At -

Sub le | aAoT T L IIC QHCC\.’II et e ||u.L Ul MTOULVTOOTO C(IL,TT VG.I I u oyl 1 ab: C
signal, retrieves nodel signals corresponding to each i dentified :
initial sub-edsateg and identified final sub- syl | abl ew vaI id
syl | abl e signal, conpares each retrieved nodel signal t

‘signal, and generates a signal identifying a syIIabIe of the

‘| anguage. - 28- . The system of
‘claim 3, wherein the speech determinato erates a SI gnal identifying
the nodel signal that best Q/f%]

200

Receive Input Signal

202

Pre-Process Input Signal

, ' ' 204
Arrange Models Of Pseudo Initials, And Finals

According To Syllables In Spesch Identifier

206

Compare Procesed Input Signal To Arranged
Models

Select Arrangement Of Models That Best 208

Matches Procesed Input Signal

Generate And Output A Signal Indicating The
Final And Tone Of The Selected Matching
Models

210

End

FIG. 9



mat ches the input si gnal by sel ecti ng the nodel signal that best natches

t N i Grt e S-Sy temot—ctar nriwirerer M. —Ltne storage
device stores a model of an initial sub-syllable that is dependent on
a final su )bhwe and stores a nodel of the final

that is wd ependent on the initig §ub syl | abl e; and ﬂ;hs%e' peech
determ nator retrieves the nodel sign corresponding to the
identified initial sub-syllable and |dent|f|ed final sub-syllable by
selecting and retrieving fromfhe s ge dyvice a nodel signal for
an.initial sub-syl | abl e that gntified initial

sub-syl |l able and that is dependent o

sub-syl | abl e, and py—sete atTTo "
final sub-syllablefthat nmatches theReoeivelnmtrﬁlgmaled
and that is depens .

Pre-Process input Signal

Select A Final Of The Language

' . 306
| Select A Tone Of The Language
' v ' 308

Select An Initial Of The Language

~ Is The Selected Initial
With The Selected Final
And Selected Tone In

The Speech ldentifier?

310

312

Append The Model Of The Selected Initial, Dependent On The
. Selected Final And Selected Tone, To The Model Of The Selected
Final, Dependent On The Selected Initial And Selected Tone

Is There
Another Initial?

Yes 316

is There |
Another Tone?

318

Yes

is There
Another Final?

FIG. 10A



on the identified initial sub-syll abl e. 6. The systemof claimb5,

whereall. e el OB B V| CC SR et—O0Ff At~
syllable that is dependent on a final sub-syllable; and t he speech
det er m nat or l.eves the nodel signals correspondi ng _t h

i dentified iWF’M’S%ub- syl I abl e and Fchdsséiorons

- 29- retrieves the nodel signals corresponding to the

identified final sub-syllable by selecting and retrieving fromthe
storage device a nodel signal for an initial sub-syl | abl e t hat

mat.ches the identified initial sub- S abl e and that is dependent on
the identified final 10/9

320

Compare Processed Input Signal To
. Arranged Models

Select Arranged Models That Best Match-
Processed Input Signal

Generate Signal Indicating Initial, Final,
And Tone Of Selected Arranged Models

End

FIG. 10B



sub-syl |l able, and by selecting and retrieving a nodel signal for a

fi Nal—Siilegidmgldm@emt-Rat—a e S0 | depiiftgtftmat—strir—sy-tabte— ——
7. The systemof claimb5, wherein: t he storage device stores a nodel

of a final sybs |l e that is dependent on anlnltla|ré_ijB IIabIe

and t he speech determ nator retrieves the nodel signals

corresponding to the identified initialqg ﬂgb syl | abl e and retrieves the
nodel signals corresponding to the entified final sub-syllable by
selecting and retrieving fromthe 3 e a nodel signal for an
initial sub-syl | abl e that matches{the |g§nt|f|e initial sub-

syl lable, and by sel ecting and retri evNQQage gnal for a fina
sub-syll able that is dependent on the L O ntlfled initial sub-syllable.

Receive Input Signal I/ 300
Pre-Process Input Signal s02
_— ' 304

Select A Final Of The Language

Select A Tone Of The Language

: 308
Select An Initial Of The Language

3810 s The Selected Initiz
With The Selected Final
And Selected Tone In

_The Speech Identifier?

Append The Model Of The Selected Initial, Dependsnt On The
Selected Final And Selected Tone, To A Model Of The Selected Final,
Dependent On The Selected Initial And Selected Tone

314

Yes Is There

Another Initial?

Yes 316

" Is There
Another Tone?

318

Is There Yes

Another Final?

FIG. 11A



8. The systemof claim5, wherein t he i nput signal has a tone and

whereln. il g 8— LV —S =Bt (] € -—of—grrTTrt T

sub-syllable that is dependent on a tone that a syllable may have; and
- 30- ech determ nator retrieves the nodel signals '
correspondi nv&}’w identified initial sub-syllable and gﬂmﬁ%‘(‘!‘?@ves
the nodel signals corresponding to thegazqg i dentified final sub-syllable
by selecting and retrieving fromthe storage device a nodel signal

for an initial
° "

420
— L
Select A Lone Final Of The Language And Corresponding Pseudo Initial
' ' 422

Select A Tone Of The Language

Is The Selected Pseudo
Initial With The Selected Final
And Selected Tone In

The Speech ldentifier?

426

Append The Model Of The Selected Pseudo Initial, Dependent On The
Selected Final And Selected Tone, To A Model Of The Selected Final,
Dependent On The Selected Pseudo Initial And Selected Tone

<

~428

Another Lone Yes

Final?

FIG. 11B



sub-syl | abl e t hat natches'the identified initial

dep
retrieving a nodel signa

sub-syllable that is

Aey—atrre ey SE'I'E‘CTi Ty and

for a flnal sub-syl | abl e.

The system

of claimb5, .o, the input signal has a tone and wherei - e
st orage devi%%s a nodel of a final sub-syllable ?ﬂfus?‘g"w

dependent on a tone that a syllable *ypave and t he speech
determ nator retrieves the nodel signa

corresponding to the

identified initial sub-syllable and retrieves the nodel signals
identified final sub-syllable by selecting and

cor.responding to the

retrieving fromthe storage device a
sub-syl |l able that matches the identified
selecting and retrieving a nodel sid

I s dependent on a

Compare Processed Input Signal To
Arranged Models

Select Arranged Models That Best Match
Processed Input Signal

Generate Signal Indicating Initial Or
Pseudo Initial, Final, And Tone Of
Selected Arranged Models

. Enq

FIG. 11C

ppdel signal for an initial
| al sub-syl | abl e, and by
or a final sub-syllable that



tone that a syllable may have. ; - 31-

10. LRSSm0 8 i +he

of an initial sub-syll able that is dependent on the begi nning vowel
of a final -syllable; and t he speech determn [ retrijeves
t he nodel sibﬂ§¥§§HP corresponding to the identified imiﬁ%ﬁh 1002
sub-syl | abl e and retrieves the nodel signals corresponding to the
identified final sub-syllable by selecting-and retrieving fromthe
storage device a nodel signal for an initial sub- syl | abl e that
matiches the identified initial sub-syllable that is dependent on the

first vowel of the

14/16

- — 500
Receive Models

. = 502
Determine Less Detailed Models

Smooth Models

' ~ 506
Transfer Smoothed Models To HMM Storage

End

FiG. 12



v
i dentified final sub-syllable, and by selecting and retrleV|ng a

nodel—signal _for a.fingl-—sub.syll gldm@e oGt e & TIT 5,

wherein the storage device stores hidden l\/ar kov nodel s. 12. The system
of claimb5, .o the speech identifier is a nenory devi @?%ﬂ ores
pairs of i ni%%-syl | abl es and final sub-syllables tha?&

syl | abl es of the | anguage. 13. The ¥HB/86em of claim5, further corrprl si ng

a snmoot her coupled to said storage device to receive said nodels stored
in said storage device and to transm : qodel for storage in
said storage device to replace said ecelvsuﬂhndel said nodi fied node
nore cl osely matchi ng said syllables 8 --'.age than said received

nodel . 300
Recelve input Signal
K 302
Pre-Process Input Signal
K 304
Select A Final Of The Language ‘
—_—T—_—_I . — 206

Select A Tone Of The Language

308

Select An I_riitial Of The Language

s The Selected Initia
With The Selected Final
And Selected Tone In

The Speech Identifier?

310

600

Append The Model Of The Selected Initial, Dependent On Vowel Of
Selected Final And Selected Tone, To The Model Of The Selected Final,
Dependent On The Selected Initial And Selected Tone

314

- Is There
Another Initial?

Yes

316

Yes Is There

Another Tone?

318

Is There Yes

Another Final?

FIG. 13A



14. The systemof claim5, wherein the stérage device stores a plurality

Of NG GGl nErisheh @i Sl S H— G-l SRSy St O gener at 1 g

nodel s that better identify an input signal, the system conpri sing:

an LDM gener gfdX¥ensit@vi NJ an input coupled to receive ’TEFH‘IUM bs and
na g

an output, for conparing the received nodel signals a enerating a

| ess detail ed nodel signal ; and a detail ed nodel nodifier, having
a first input coupled to receive nodel signals, a second input coupled
to | receive a |l ess deEaiLed nodel signal fromthe LDM

16/16

Compare Processed Input Signal To
Arranged Models

Select Arranged Models That Best Match
Processed input Sig_nal ~

Generate Signal indicating Inltial, Final,
And Tone Of Selected Arrariged Models

End

FIG. 13B



and an

genef at or, utput . for-podi-fyi ng the nodel {5 ' Aot
the | ess detail ed %E eACEMEN&‘I SHEETfi6. The syste fat %Nﬁ}? sfﬁ t hiC
bet ai | ed nodel  mpdr+rer~modrfres) aj nodel si gnal gf(s oﬁg gg?gi %Ipz;d P}
signal according es el nodel signal$= The P&g 1%

claim 15, wherein tieq{L i ﬂgﬁ t pr deté# ines ﬁ%ggaWEﬁﬁﬂléﬁ&ﬁbdeﬂ’&%&duﬁ
determining a nea rmdpl si gohl 18. The sy éAdsirast c|:prgadl5,. to paged ..
further conprising a storage devi ¢ , having an i|nput coupled to recglsleDEEE 1997
nmodi fi ed nc%lﬁi il ed nodel diDATE @R RECEIRIt DUL............
coupled to e Tnput of the LDM generator, the sTOrage device STOrTNg

1. A speech recognition system for recognizing syllables of

a language, the syllables of the language each being formed
from an initial sub-syllable and a final sub-syllable, the
speech recognition system comprising:
a speech indentifier for storing a plurality of wvalid
combinations of initial sub-syllables and final
sub-syllables;
a storage device for storing a plurality of initial
sub-syllable models and final sub-syllable models; and
a speech determinator for receiving:
an input signal to be recognized via a first input;
the plurality of valid combinations from the speech
identifier via a second input; and
the plurality of models from the storage device via
g a third input;
wherein, after the speech determinator receives the input
signal, the plurality of valid combinations and the
plurality of models, the speech determinator creates
appended models from the received plurality of models
according to the received plurality of wvalid
combinations, each appended model comprising a final
sub-syllable model appended to the end of an initial
sub-syllable model, compares the input signal to
each appended model, and then generates and outputs
‘a signal indicating one of_ the appendéd models that

most closely matches the input signal.

Hllllll )




a pIUraFity of
of final sub-sy
si gnal . 19.

sub-syllables and a plurality of nodels
eceiving and storing a nodified nodel

ifm 18, wherein the storage device is
coupled to the O fier to receive signals instructing the
storage device fo T v §eavac of inittal- sub- syl | ables and fina

sub- syl | abl es ,th_nndlfled nDdeLs of initial sub-syllables and fi nal
sub-syl | abl es according to tne —nodified nodel signal. 20. The system of

cl aim 15, w@grel éhgyégg& n%ngfé{ﬁef ¥ ggéanf pseudo initials.

the speech identifier stores a valid syllable signal that

SR

indicates a valid combination of a pseudo initial
sub-syllable and a final sub-syllable;

the storage device stores a plurality of pseudo initial
sub-syllable models; and

the speech determinator processes the valid syllable
signal to identify the valid combination of pseudo
initial sub-syllable and final sub-syllable, retrieves
the model signals corresponding to the identified pseudo
initial sub-syllable and identified final sub-syllable,
compares the model signals to the input signal, and
generates a signal identifying a syllable of the

language.

3. The system of claim 1, wherein:
the speech identifier stores a valid syllable signal for
each valid combination of an initial sub-syllable and a
final sub-syllable;
the speech determinator processes each valid syllable
signal, retrieves model signals corresponding to each
identified initial sub-syllable and identified final
sub-gyllable for each valid syllable signal, compares
each retrieved model signal to the input signal, and
generates a signal identifying a syllable of the

language.

—_—
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21. A net hod of REBz%ga!
| anguage, the abl e
sub-syl | abl e,
i nput signal ;

nput signal including a syllable of a
initial sub- syllable and a final

j ng the steps of: recei ving the
pIuralltyzgf val i d conbinations of initial

sub-syl | abl es = rrer—=—StHs abl es; receiving a plurality of
initial sub-sy Iable nDdeIs and final sub-syllable nodels;
creating appenﬁ'ﬁ"HﬁHeT§ Tromtne received plurality of nodel s

according tp therpecgiuednPldt atjdimO8, Vit 3]

appended nodel conpr?g%ng dﬁrﬁ& éﬁb- el %f gﬁn% P appen e t%9¥he

end of an igéhbahtadh-a s1gnaSYHd£ﬁ@1EPQﬁb?the model signal that best
matches the input signal by selecting the model signal that

best matches the input signal.

5. The system of claim 1, wherein:

the storage device stores a model of an initial
sub-syllable that is dependent on a final sub-syllable
and stores a model of the final sub-syllable that is
dependent on the initial sub-syllable; and

the speech determinator retrieves the model signals
corresponding to the identified initial sub-syllable and
identified final sub-syllable by selecting and retrieving
from the storage device a model signal for an initial
sub-syllable that matches the identified initial
sub-syllable and that is dependent on the identified
final sub-syllable, and by selecting and retrieving a
model signal for a final sub-syllable that matches the
identified final sub-syllable and that is dependent

on the identified initial sub-syllable.

6. The system of claim 5, wherein:
the storage device stores a model of an initial sub-
syllable that is dependent on a final sub-syllable; and
the speech determinator retrieves the model signals

corresponding to the identified initial sub-syllable and

-
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-34-°

generating a
tl osely match
conprising th
nodel s of fi
nodel s of the

sub-syl | abl es

N %xéﬁg&%ﬁmhbiﬁ t{ signal to each appended nodel; and
I ndl cat 1 rd jgne of the appended nodel s t hat nost
VTN 7gqnal}. 22. The method of claim 21, further
[ ep Of ~ ] oini nodel s of _pseudo initial sub-syllable to
S5y abtes. 23. The?Tret hod of claim 21, wherein the
inal _sub-syllalllps are joined to nodels of initia
ttrat—are dependent on final sub-syll ables. 24. The net hod

of claim 21, mhgég%gg%%gag?gglﬁ%géltgfgﬁgiéigérrgégsﬁaiﬁgbégstﬁée joined to

nodel s of fina

tone

identified final sub-syllable by selecting and retrieving

from the storage device a model signal for an initial

sub-syllable that wmatches the identified initial sub-

syllable and that is dependent on the identified £final
sub-syllable, and by selecting and retrieving a model
signal for a final sub-syllable that matches the

identified final sub-syllable.

The system of claim 5, wherein:

the storage device stofes a model of a final sub-syllable
that is dependent on an initial sub-syllable; and

the speech determinator retrieves the model signals
corresponding to the identified initial sub-syllable

and retrieves the model signals corresponding to the
identified final sub-syllable by selecting andzretrieving
from the storage device a model signal for an initial
sub-syllable that matches the identified initial sub-
syllable, and by selecting and retrieving a model signal
for a final éub—syllable that is dependent on the

identified initial sub-syllable.

The system of claim 5, wherein the input signal has a
and wherein:
initial

the storage device stores a model of an

sub-gyllable that is dependent on a tone that a syllable

may have; and

* [ L N S *



3 _
are ‘dependent on initial _sub-syllables. 25. The nethod of claim 21,

wherein t RE e § Eil sub-syl | abl es are dependent on a tone of the
| anguage. of claim 21, wherein the nodels of final sub-
syl | abl es Jarle dependent_ o tone of the | anguage. 27. The net hod of

cl ai m 24, fLrtQéiDEGHﬂQZS|n$'the steps of: conmparing an initial
sub-syll aljl ¢ of the inputijsifgnal to del s of initial sub-syllables
that are dependent on a . tone of the Tanguage;

- 35-

tone

the speech'determinator retrieves the model signals
corresponding to the identified initial sub-syllable and
retrieves the model signals corresponding to the
identified final sub-syllable by selecting and retrieving
from the storage device a model signal for an initial
sub-syllable that matches the identified initial
sub-syllable that is dependent on a tone that a syllable
may have, and by selecting and retrieving a model signal

for a final sub-syllable.

The system of claim 5, wherein the input signal has a
and wherein:

the storage device stores a model of a final sub-syllable
that is dependent on a tone that a syllable may have; and
the speech determinator retrieves the model signals
corresponding to the identified initial sub-syllable and
retrieves the model signals corresponding to the
identified final sub-syl;able by selecting and retrieving
from the storage device a model signal for an initial
sub-syllable that matches the identified initial
sub-syllable, and by selecting and retrieving a model
signal for a final sub-syllable that is dependent on a

tone that a syllable may have.

* ' C L M S *



el sl @k e F S
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=

conpari nj i ’WHW il abl e of the input signal to nodel s of
final su -’ e dependent on a tone of the |anguage;
conparin | abl e of the input signal to nodel s of
final su -f + df e dependent on_an initial sub-syllable;
and generating a sighal indicating-3ke tone of the joined

nodel s thal _AOSC _crosety=mat ches the i nput signal. 28. A net hod of

nodi fyi ng

a nodel of a sub syIIabIe so that. the nodified nodel better

nodel s the b-syl | abl e hod _co r|51n the steps of:
i vi éagigﬁg? ?Y%¢?$r%F ﬁ%ﬁﬁm To ?I receiving a

recei ving
plurality

nodel nDdeFL ol e S %%?%?%lﬂgdgvﬁggggg r?%e gﬁ%&gpq$§ d*ﬁthdﬁ¥85|g;ZTs

sub-syllable that is dependent on the beginning vowel of
a final sub-syllable; and

the speech determinator retrieves the model signals
corresponding to the identified initial suB-syllable and
retrieves the model signals corresponding to the
identified final sub-syllable by selecting and retrieving
from the storage device a model signal for an initial
sub-syllable that matches the identified initial
sub-syllable that is dependent on the first vowel of the
identified final sub-syllable, and by selecting and

retrieving a model signal for a final sub-syllable.

11. The system of claim 5, wherein the storage device stores

hidden Markov models.

12. The system of claim 5, wherein the speech identifier is a
memory device that stores pairs of initial sub-syllables and

final sub-syllables that form wvalid syllables of the language.

13. The system of claim 5, further comprising a smoother
coupled to said storage device to receive said models stored
in said storage device and to transmit a modified model for
storage in said storage device to replace said received model,
said modified model more closely matching said syllables of

said language than said received model.

TN



snoot hi n isi gnal according to the nmean of t he
pluralit ! ; and generating a signal indicative of the
snoot hed, Ifirs ‘ si gnal . 29. A systemfor recognizing an
nput S|gralg@hpfgq%?@ syIIabIe of a | anguage, the syllable having an
initial qb ¥ a final sub-syBRable, the system conpri sing:
nmeans fqr ..i put signal; nmeans for receiving a plurality
of vali d ations of initial sub-syllables and final
sub- syl I"abl €s; — - 36-

14. The system of claim 5, wherein the storage device stores

a plurality of models of pseudo initial sub-syllables.

15. A system for generating models that better identify an
input signal, the system comprising:
an LDM generator, having an input coupled to receive
model signals and an output, for comparing the received
model signals and generating a less detailed model
signal; and
a detailed model modifier, having a first input coupled
to receive model signals, a second input coupled to
receive a less detailed model signal from the LDM
generator, and an output, for modifying the model signals

according to the less detailed model signal.

16. The system of claim 15, wherein the detailed model
modifier modifies a model signal by smoothing the model signal

according to a less detailed model signal.

17. The system of claim 15, wherein the LDM generator
determines a less detailed model by determining a mean of

model signals.

18. The system of claim 15, further comprising a storage
device, having an input coupled to receive a modified model
signal from the detailed model modifier and an output coupled

to the input of the LDM generator, the storage device storing

AR



mean's fﬁﬁP

=i dhinnd _r:??T rallty of initial sub-syllable nmodel s and
final ut-ﬁxllable nodé¢ means for creating appended nodels fromthe
recei ved S DEQARI t f nodel's accor di ng to the received plurality

of val ijd]conbi nati ons, |efich appended nndel conprising a final

sub- syl | abl' e model appenfled to the end of3an initial sub-syllable

nodel ; | neans for copparing the input signal to each appended

nodel ; and means for generating a signal indicating one of the

appended, Mgk RLIRL oSk FhASELYFT IR NSh IR en e ek e 801 T
initial subsgyhbadl g &f f?ﬂgissﬁﬁ—s§if§£1é§baﬁalfé@lféceiving and storing

a modified model signal.

19. The system of claim 18, wherein the storage device is
coupled to the detailed model modifier to receive signals
instructing the storage device to replace models of initial
sub-syllables and final sub-syllables with modified models of
initial sub-syllables and final sub-syllables according to the

modified model signal.

20. The system of claim 15, wherein the system modifies

models of pseudo initials.

21. A method of recognizing an input signal including a
syllable of a language, the syllable having an initial sub-
syllable and a final sub-syllable, the method comprising the
steps of:
receiving the input signal;
receiving a plurality of valid combinations of initial
sub-syllables and final sub-syllables;
receiving a plurality of initial sub-syllable models and
final sub-syllable models;
creating appended models from the received plurality of
models according to the received plurality of valid
combinations, each appended model comprising a final sub-

syllable model appended to the end of an initial sub-

syllable model; —_—
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31. The s

sub-syl | g

blfesO 5 pEGI997Th

ENBSM wherein the nodels of the final sub-syllables

byst em of claim 29, wherein the nodels of the

are joingdijto nodel s o '[ iftial sub-syllables that are dependent on final

initial $ub-syllables ar

dependen

oined to nDdeIs of final sub-syllables that are

t he npde

on rnrtrars syl | abl es. 3334The system of claim 29, wherein

af initial subf syl | abl es are dependent on a tone of the

| anguage.

e system of claim 29, wherein the nodels of fina

sub- syl 'l abl es argmﬂgggfgg”{hgnlﬁpﬁgnglgnaihgolSQQHaQSPended model; and

generating a signal indicating one of the appended models

that most closely matches the input signal.

22. The method of claim 21, further comprising the step of
joining models of pseudo initial sub-syllable to models of

final sub-syllables.

23. The method of claim 21, wherein the models of the final
sub-syllables are joined to models of initial sub-syllables

that are dependent on final sub-syllables.

24. The method of claim 21, wherein the models of the initial
sub-syllables are joined to models of final sub-syllables that

are dependent on initial sub-syllables.

25. The method of claim 21, wherein the models of initial

sub-syllables are dependent on a tone of the language.

26. The method of claim 21, wherein the models of final sub-

syllables are dependent on a tone of the language.

27. The method of claim 24, further comprising the steps of:
comparing an initial sub-syllable of the input signal to
models of initial sub-syllables that are dependent on a

tone of the language;
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35. ° R ENH%W‘SHEE 32, further conprising:  neans for conpari ng

an ingt y | ¢ of the input signal to nodels of initia
sub-s Ilablys,;q-h@Ware dependent on a tone of the |anguage;

angl fior conpari'ng tihg final sub-syllable of the input signal to
nodel s ‘of~frmat—su ylfl abl es that are dependent on a tone of the
I angyage; means flor conparing the f3hal sub-syllable of the input
signal to noders of—f+hal sub-syllables that are dependent on an
initial sub-syllable; and means for generating a signal indicating

e Lo1e Of L1e commack Ry EHTROEL? LI clRSLnPLOSP ISl L0 LU
(he 01120 Tolabed ek ghey By =4D1bL) Erol S BbSRASREP b 78
tone of the language;
comparing the final sub-syllable of the input signal to
models of final sub-syllables that are dependent on an
initial sub-syllable; and

generating a signal indicating the tone of the Jjoined

models that most closely matches the input signal.

28. A method of modifying a model of a sub-syllable so that -

the modified model better models the sub-syllable, the method
comprising the steps of:
receiving a signal of a first model to be modified;
receiving a plurality of signals of having a common
dependency with the first model models;
determining a mean of the plurality of model signals;
smoothing the first model signal according to the mean of
the plurality of model signals; and
generating a signal indicative of the smoothed, first

model signal.

29. A system for recognizing an input signal including a
syllable of a language, the syllable having an initial sub-
syllable and a final sub-syllable, the system comprising:
means for receiving the input signal;
means for receiving a plurality of valid combinations of

initial sub-syllables and final sub-syllables;
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Qapged; receiving a plurality of signals having a
t‘the first nodel nodels; nmeans for determning a
1g;‘;m)del si gnal s; means for snoothing the
gdcEbl Hing to the pean of the plurality of node
1§ of generating a égghal i ndi cative of the snoot hed,

means for receiving a plurality of initial sub-syllable
models and final sub-syllable models;

means for creating appended models from the received
plurality ‘of models according to the received plurality
of wvalid combinations, each appended model comprising a
final sub-syllable model appended to the end of an
initial sub-syllable model;

means for comparing the input signal to éach appended
model; and

means for generating a signal indicating one of the
appended models that most closely matches the input

signal.

30. The system of claim 29, further comprising means for
joining models of pseudo initial sub-syllable to models of

final sub-syllables.

31. The system of claim 29, wherein the models of the final
sub-syllables are joined to models of initial sub-syllables

that are dependent on final sub-syllables.

32. The system of claim 29, wherein the models of the
initial sub-syllables are joined to models of final

sub-syllables that are dependent on initial sub-syllables.

33. The system of claim 29, wherein the models of initial

sub-syllables are dependent on a tone of the language.
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———3g——Pre—system of claim 29, wherein the models of final

sub-syllables are dependent on a tone of the language.

35. The system of claim 32, further comprising:
means for comparing an initial sub-syllable of the input
signal to models of initial sub-syllables that are
dependent on a tone of the language;
means for comparing the final sub-syllable of the input
signal to models of final sub-syllables that are
dependent on a tone of the language;
means for comparing the final sub-syllable of the input
signal to models of final sub-syllables that are
dependent on an initial sub-syllable; and
means for generating a sigmal indicating the tone of the

joined models that most closely matches the input signal.

36. A system for modifying a model of a sub-syllable so that
the modified model better models the sub-syllable, the system
comprising:
means for receiving a signal of a first model to be
modified;
means for receiving a plurality of signals having a
common dependency with the first model models;
means for determining a mean of the plurality of model
signals;
means for smoothing the first model signal according to
the mean of the plurality of model signals; and
means of generating a signal indicative of the smoothed,

first model signal.
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