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10  that certain utterance data represents particular phonemes. As used herein, the term
““utterance” refers to one or more sounds generated either by humans or by machines.
Examples of an utterance include, but are not limited to, a single sound, any two or more
sounds, a single word or two or more words. Utterance data is a data representation of an
utterance.
15 Many recognizers are either frame-based or segment-based. Frame-based recognizers
analyze portions of utterance data (“frames”) and determine the likelihood that a particular
frame of utterance data is part of a particular linguistic unit such as a phoneme. For example,
a frame-based recognizer may analyze a 10ms frame of utterance data and determine the
likelihood that the 10ms frame of utterance data is part of the phoneme “f”. Frames that are
20  determined to be part of the same phoneme are then grouped to gether.
In contrast to frame-based recognizers, segment-based recognizers, often referred to
as “segmenters,” analyze frames of utterance data to find logical segments that define
linguistic units contained in the utterance data. Each segment is defined by two boundaries

that define the beginning and end of a linguistic unit. Boundaries are typically characterized

25 by a sharp rise or fall in utterance data values. Segmenters analyze frame data looking for



t hat define the beginning and end of a linguistic unit. Boundaries are
typically characterized 25 by a sharp rise or fall in utterance data
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large numbers of segments can require significantly more computational resources than their

frame-based counterparts.

15 Finding the boundaries that correspond to linguistic units like phonemes, is
notoriously difficult. Given the sloppy nature of speech, sometimes there are no clear
acoustic cues for boundaries. The result is that boundaries may be missed which further
increases the likelihood that specific phonemes may not be recognized leading to reduced
accuracy. Another problem is that boundaries may be incorrectly found in the utterance data

20  where no linguistic units are present. This problem is common in silence regions where |
background noise is more easily misinterpreted as a linguistic unit. Finding too many
boundaries (and segments) adversely affects the performance of speech recognition systems
since their speed is highly dependent upon the number of segments processed. Processing
segments requires computational resources and it is very important to limit the number of

25  incorrect segment detections.

| Based on the foregoing, there is a need for a speech recognizer mechanism that avoids

the limitations in the prior approaches. Thereisa particular need for a speech recognizer



boundaries (and segnents) adversely affects the performance of speech
recognition systens since their speed is highly dependent upon the nunber
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resources and it is very inportant'%o limt the nunber of 25 incorrect
segnent detections. Based on the foregoing, there is a need for a speech
recogni zer nmechani smthat avoids ..the, |L.im tatj | i appr oaches.
Ther empehazisgeinel B HesABbEsPOe L pE Ak Bu U8 S DAL, °F

PCT/ US01/ 09422 chani t hat . or oy st response with a relatively

hi gh tcsvmng&fre%@@w“gﬁf ‘foénpu}%qogl}ﬁrr?%%nge@'r educed anpunt of conput ati onal
resources. WO 01/ 73754 -4- PCT/US01/ 09422 SUMVARY OF THE | NVENTI ON The

f oregoi ng needs, and other needs that will beconme apparent fromthe
foll ow ng 'description, are achieved by the present invention, a body of
received utterance data is processed to determne a set of candidate
phonetic unit boundaries that defines a set of 5 candidate phonetic units.
The set of candidate phonetic unit boundaries is determ ned based upon
changes in Cepstral coefficient values, changes in utterance energy,
changes in phonetic classification, broad category analysis (retroflex,
back vowels, front vowels) and sonorant onset detection. The set of

candi dat e phonetic unit boundaries is filtered by priority and proximty
to ot her candi date phonetic units and by silence regions. The set of

candi date 10 phonetic units is filtered using no-cross region analysis to
generate a set of filtered candidate phonetic units. No-cross region

anal ysis generally invol ves discardi ng candi date phonetic wunits that
conpl etely span an energy up, energy down, dip or broad category type
no-cross region. Finally, a set of phonetic units is selected fromthe set
of filtered candi date phonetic units based upon differences in utterance
energy.
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10  phonetic units is filtered using no-cross region analysis to generate a set of filtered candidate
phonetic units. No-cross region analysis generally involves discarding candidate phonetic
units that completely span an energy up, energy down, dip or broad category type no-cross

region. Finally, a set of phonetic units is selected from the set of filtered candidate phonetic

units based upon differences in utterance energy.



cross region according to an enbodinent. 25 FIG 9 is a flow diagramt hat
illustrates an approach for identifying a dip type no- cross region

accor di ngvo o1/za15€nbodi ment. WO 01/ 73754 PCT/ US01/ 09422 FpCa/Uus@/i9s22a
diagramillustrating an approach for selecting the final segnents

according to an enbodinent. FIG 11 is a bl ock diagram of a conputer system
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t hese sgem ?I c det alll)s. I'n sonme 5 instances, well-known structures and

devi cegleifeRts38RNE WhEkh: N bl ock diagramformin order to avoid unnecessarily
obscuring the invention. Various aspects and features of exanple

enbodi ment SERG.El Bessloilbdidgiam ofer egoientar forinmodeling spesch dwa seesleacogmition (1)

i ntroduction; (2) systemoverview, (3) functional overview, (4)

det er mysitdig acnding & en babodimenes; (5) filtering candi date boundaries by
priority and 10 proximty to reduce the nunber of candidate segnents; (6)
filtering cEHAi Hwtaefldwdingeam efan anpioaghfaumpdeldg wied 1cegfidgido@B reduce t he
nunber of candi date segnents; (7) filtering candidate segnments using

no- cr osmbedigiesh anal ysis; (8) selecting final segnents from candidate

segnents; (9) pipelining consideratjans:; and, (10) i nt gt QN
nmechani sms. F}Ci3 15&#@!0?3?&@% € ?lé)é eélp? Pﬁ%ﬁg‘%ﬁéﬁ@g‘?ﬁ%@n}%&fi on
ap% oach f O%Ig.o ZP 1es|aI S %Pa%%ﬁrrl] offh gppsr&%%%r using Cepstral coefficients to identify a

boundary in a frame according to an embodiment.
FIG. 5 is a flow diagram of an approach for using phonetic differences to identify
boundary in a frame according to an embodiment.
FIG. 6A is a diagram illustrating an utterance waveform, a spectragram and
15  probabilities of three types of broad phonetic categories used to detect boundaries according
to an embodiment.
FIG. 6B is a flow diagram illustrating an approach for handling sonorant onset
detection according to an embodiment.
FIG. 7Ais a ﬂow diagram illustrating an approach for filtering candidate boundaries
20 by priority and proximity according to an embodiment.
FIG. 7B is a flow diagram 750 illustrating an approach for filtering candidate
boundaries contained in silence regions according to an embodiment.
FIG. 8 is a flow diagram illustrating an approach for identifying an energy up type no-
cross region according to an embodiment.
25 FIG. 9 is a flow diagram that illustrates an approach for identifying a dip type no-

cross region according to an embodiment.



recognition systemis described. In general, various techniques are used to
eval uate utterance data and to determ ne a set of candi date boundaries

t hat def iweon7wegnent |attice. The egnent lattice is thearesalmatzed to
determne a final set of segments that accurately nodel the utterance
data. 20 2. SYSTEM OVERVIEWFIG 1 illustrates a segnenter 100 for nodeling

speech according.to the variou i | i Segnent er
100 may be Flpll ﬁ%ﬁ@@@r%%usg‘?@r}ﬁjﬁg%g)géeﬁﬁisﬁe%ﬁﬁ ﬁ%tﬁgglag% aégﬁés of a

recogni zer..in a speech recognition system (not illustrated), depending
upon t%€°?¥ﬁﬁﬁ%%%#§%qgg89%a particul ar application. Segnenter 100 receives
and 25 proc Ut s8R b adhicH @nbdudsients rgryteech

descri bed hgﬁgﬁﬁlﬁﬁyﬁggngéggﬁkgg%%%pg%#%bso1/09422 -B used with utterance
dat a o{ any.iupe or form For purposes of explanation only, utterance data
102 i s"YEEEF i Bed herein in the form of contiguous frames of fixed |ength.
Segnenter 100 generates boundary data 104 that specifies candi date
boundaries that define a segnent lattice. Segnmenter 100 al so generates
segnent definition data 106 and 5 segnent neasurenent data 108. Segnent
definition data 106 defines the set of segnments selected by segnenter 100
fromthe candi date boundaries specified by boundary data 104. Segnent
measur enent data 108 includes acoustic features for each segnment. Boundary
data 104, segnent definition data 106 and segnment neasurenent data 108 are
typically provided as inputs to a nodel conputation stage in a speech
recognition system Boundary data 104 is 10 al so provided as a feedback

i nput to segnenter 100, as indicated by link 110. 3. FUNCTI ONAL OVERVI EW
The segnentati on approach for nodeling speech according to one enbodi nent
is



illustrated in a flow diagram 200 of FIG 2. After starting in step 202, in
step 204, utterance data 102 is received by segnenter 100. As descri bed
herein, woeratse data 102 is in the form 15 of conti guouBCTama®42f a
fixed size, e.g., 10 mlliseconds (N8). The franes of utterance data nay
represent an entire utterance, or a portion of an utterance. Enbodi nents
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spectral co ..S,,,). For exanple, fourteen (14) Cepstral
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coef fi At ar e coeffiCients of the Fourier transformrepresentation

of the ' Glaf W@ prictiRed wikoar thyseapeafit detils.om ime r equency.
The usaeépg%n@%gith%a gﬁgﬁspgct rpal coefficients in the context of speech

I €PNk iaAEksSY el RiBwh Stril@aes abé devives'drel defzioted imblock fliagpae EMMRBQEII® i on" by
Lawr ence Rabil ner and Biing-Hwang Juang, Prentice Hall, 1993. FIG 3 is a
25 bl ogdoiduaHcastadl®bshaing the istentioms a portion of utterance data 102 in
the formof ten (10) frames of utterance data 302, in ivi.duallétigenntified
as F, throuyhriGhsespsts @ featmses afexpmptsienppgsments aredesgibsgdn more fetailf
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hereinafter. Candi date bounday | may onil e e ' . he
boundadétesniningfaandidate bopndarige; Sb ﬁztemﬂ%ﬁﬂgié‘ilaité;gou&? gﬁgslaﬂrfeéﬁ cg_btgtag‘trle t he
smal | est granularity_ avail|able tq. segnenter. i dat e
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represented in .FIG 3.by, se n ; nen Firing N step 208,
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procesg, ! D§as ge[k%e‘?@st, )i Sconsiderations; and (10) implementation mechanisms.

1. INTRODUCTION
15 A computer-implemented segmentation approach for modeling speech in a speech
recognition system is described. In general, various techniques are used to evaluate utterance
data and to determine a set of candidate boundaries that define a segment lattice. The

segment lattice is then evaluated to determine a final set of segments that accurately model

the utterance data.

20 2. SYSTEM OVERVIEW

FIG. 1 illustrates a segmenter 100 for modeling speech according to the various
embodiments described herein. Segmenter 100 may be implemented as a stand alone
element or as a stage of a recognizer in a speech recognition system (not illustrated),
depending upon the requirements of a particular application. Segmenter 100 receives and

25  processes utterance data 102. The approach for modeling speech described herein may be



10 and select the set of final segments. In step 210, the set of candidate
segnents is filtered using no-cross region analysis to generate a set of
filteredwandrdat e segments, as described in nore detail peresmaiduier. |n
step 212, a set of final segments i s8sel ected fromthe set of filteréd
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3. FUNCTIONAL OVERVIEW

The segmentation approach for modeling speech according to one embodiment is
illustrated in a flow diagram 200 of FIG. 2. After starting in step 202, in step 204, utterance
data 102 is received by segmenter 100. As described herein, utterance data 102 is in the form

15  of contiguous frames of a fixed size, €.g., 10 milliseconds (ms). The frames of utterance data
may represent an entire utterance, or a portion of an utterance. Embodiments are not limited
to utterance data 102 being in a particular format or size. According to an embodiment, each
frame of utterance data 102 includes N number of Cepstral coefficients (C,, C,,..-,Co) and M
number of spectral coefficients (S, Sy,-- .S,). For example, fourteen (14) Cepstral

20 coefficients may be used. Asis well known in the art, Cepstral coefficients are the
coefficients of the Fourier transform representation of the log magnitude spectrum, i.e.,
energy as a function of frequency. The use of Cepstral and spectral coefficients in the
context of speech recognition systems is described in “Fundamentals of Speech
Recognition” by Lawrence Rabiner and Biing-Hwang Juang, Prentice Hall, 1993. FIG.31sa

25  block diagram 300 that illustrates a portion of utterance data 102 in the form of ten (10)

frames of utterance data 302, individually identified as F), through F,.



particular frane are averaged together. The difference between these two
averages is used as 10 the difference value for the particular frane. Once
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PCT/ USOL/ 09422 frames F2, F3 and F4 is determ ned. The average of Cepstral
c O f | aridenatost thip setnfdighsegd®niSor franmes F5, F6 and F, is al so deternined.

In step 406, the averaged. Cepstral coefficients. T Eh slafRigk@4 are
nor mal | zed Tisstony? ltomg}ersek?%‘??ﬂgﬁﬁte&m%{ﬁ lgnfﬁ fefean IZS. ré%gﬂg@%g'?ﬁ%&ave?}gbsed and
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In step 212, a set of final segments is selected from the set of filtered candidate

segments based upon boundary probabilities determined when the candidate boundaries were

15 identified. The process is complete in step 214.

4. DETERMINING CANDIDATE BOUNDARIES
Candidate boundaries define a segment lattice that models utterance data 102 and

from which the final segments are selected. The number of candidate boundaries selected
depends upon a desired accuracy and the chputational resources that are available to

20  process the candidate boundaries. A larger number of candidate boundaries generally
requires more computational resources. According to an embodiment, several techniques are
employed to determine the set of candidate boundaries. These techniques include: (a)
Cepstral difference; (b) energy difference; (c) phonetic difference; (d) broad category

analysis; and (e) sonorant onset detection.



5 conpared (the difference neasure is Euclidean distance)ln step 410, the
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| arger than the nearby local mninma by nore that a threshold anount. The
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in the curr@gt f{:ﬁ??i{aFRgéf?rgn%ll understood by one of skill in the art,
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I ndi cates e presence of a boundary, i.e., the start of a different
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neur al fREWOR: dxamply testdih papattionlar franfe; ek apsiraligos fisients or NyMEARSRES. "The
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sonorant regions. For exa can be particularly difficult to detect

) mpl.e, i
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compensate for differences in Cepstal coefficient ranges. For example, one Cepstral
coefficient might have a range of (0.0) to (1 .0) while another Cepstral coefficient might have
a range of (0.0) to (100,000.00). According to one embodiment, the Cepstral coefficients in
15  each frame are normalized by their standard deviation.
After the Cepstral coefficients have been scaled, the Cepstral coefficients are analyzed
to identify boundaries in the frames. Analyzing the frames generally involves comparing N. .
number of frames to the left and right of each possible boundary (a boundary separates two
frames) to determine whether the current frame (by convention, the frame right of the
20  boundary being considered) contains a peak in some difference measure. As used herein,. a
peak is defined as a local maximum that exceeds a specified threshold with a sufficiently
large drop on either side.
FIG. 4 is a flow diagram 400 illustrating the approach for using Cepstral coefficients
for detecting boundaries in frames according to an embodiment. After starting in step 402, in
25  step 404, the frame data is smoothed over several frames. Referring to FIG. 3, for purposes of
this example, the current frame is frame F, N is three and each frame is defined by fourteen

(14) Cepstral coefficients. First, the average of Cepstral coefficients C, through C,; for
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energy is represented in Cepstral coefficient C,. Therefore, according to this embodiment,

the steps used to compute Cepstral difference peaks are repeated using only C,.

(c) Phonetic Difference ,
15 According to an embodiment, phonetic difference is used to identify boundaries. A
significant change in phonetic classification generally indicates the presence of a boundary,
i.e., the start of a different phoneme. According to one émbodiment, the phonetic
classification of a particular frame is determined by processing the particular frame using a
neural network to score the particular frame for M number of phonemes. The result of this
20  analysis is a vector of phoneme probabilities at each frame. This vector is then be treated just
like the Cepstral vector to find peaks in a difference function at which to hypothesis

boundaries.

(d) Broad Category Analysis
According to one embodiment, broad category analysis is used to identify boundaries
25  that might not ordinarily be detected by evaluating waveform energy patterns, especially

inside sonorant regions. For example, it can be particularly difficult to detect boundaries



portion 604 contains an "r". WD 01/ 73754 -13- PCT/US01/ 09422 As anot her
exanple, in portion 606 of utterance waveform 602, it can be difficult to
detect tiweod®’3760 "r" boundary in "zgro" by relying upon RCTAasug®4i2n

wavef orm energy because of the subtl €& transition between these two phonenes
can be difficult to detect in waveform 602. However, portion 610b of

retrof Ib?ﬁ”(f% ﬁqh/@% ﬁﬁf/ ﬂfg&hf bloy b-le%\le'éﬁ iHAAA2nd /&h/ et 8hd Vedcyudel fisubtdd 1 of | ex

score, i Kel'Thood that the mddle section of portion

606 cont,aliNSndl} ~ surrinf® bledolp iesd Sibndihct NEREpiaber¥aTE Aurthkeexatibeted
i nfor 1'on can e very userul for identifying the presence of "r"

boundan &gy to one enbodiment, two types of retroflex
) k%%&rﬁi & . ! 1 yp .
char actbg%?lgt CS are1 used to identify retrofl ex boundaries based upon

retrofl ex SqRbgBcAEPHP LR, involkes dntegingfcerteinspeah components thet have  Fir st ,
retrofl ex boundaries are identified at |ocations where retrofl ex sc%es

ri s¢ oreh@vdly hinigue Spebtralcharabteristids, Suchens badks yowelanentgiowelssand refgeidsyy ]
retrofl ex boundaries are identified at |ocations where retroflex scores
rise orgeherhl, sitmitams6urlis arocodntingdrinta breaq eategqriasead frames 9§ uitqrarce Ak
situation allows retroflex boundaries tqQ be det ec?tl\}ed for Huch we%ker "r"
phonenesalubted ngainstibebived eategasiest ¢ Thaahshange peartaglosaiof wherg abrogd g o
Vowel s and Rel ated Sounds Accordi ng to.one enbodi nent, back vowel s and

r el at ectategonycsepreftailseff insticates thgpigs eoﬁégﬁf‘? ¥bundaries in utterance data

wh ti | . hni Back
Vovel s and o Bads s dinseam SR FOPEpT EGR Bl drs GOERT e RqtincePalk
the h th d i 4 oot : hac
L S S e eSS e o, e

rel yi ng upon ange, i ki illaQraevat endrpeoer gy in the
first ?RBE?‘H} gqua f)cf 9‘%819 ?%@/egggéﬁmsn @egle(gi&%/gvrg ;ékggynlst aat . I—bmg\%gr, portion
nga gr aphi call v 4.1l &ob LAl ful fleghdiciase!Atchidutl Rashe evbsdimanothece typrsi cat i ng

of broad categories are used to detect boundaries: (i) retroflex; (ii) back vowels and related

sounds; and (iii) front vowels and related sounds.

15 i. Retroflex

The retroflex category refers to the “r” family of sounds that have unique spectral
characteristics. Diagram 600 includes a retroflex graph 610 that illustrates a scoring of
utterance waveform 602 for retroflex, i.e., the presence of “r”’s, where darker shading
indicates a higher score and a higher probability that an “r” (or similar sound) is contained in

20 utterance waveform 602.

For example, as illustrated by utterance waveform 602, there is relatively little change
in the waveform energy at the right side of portion 604, at the épproximate location of the “r”
in “four.” Thus, it may be difficult to identify the “r” in “four” by relying upon detecting a
change in waveform energy alone. However, portion 610a of retroflex graph 610 graphically

25 illustrates a relatively high retroflex score, indicating the high likelihood that the end of

€6,

portion 604 contains an “r”.
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at locations where retroflex scores rise or fall from 0.01 to 0.2 in five (5) frames or less. The

(13 ”

second situation allows retroflex boundaries to be detected for much weaker phonemes

that change more rapidly from a very low point.

15 (i) Back Vowels and Related Sounds
According to one embodiment, back vowels and related sound information 1s used to
detect boundaries in utterance data where conventional energy change techniques are often
less useful. Back vowels and related sounds are characterized by being formed in the back of
the human mouth and have unique spectral characteristics. In FIG. 6, the “a0” and “r”

20 phonemes in portion 604 can be difficult to detect by relying upon a change in waveform'
energy, since the waveform energy in the first two thirds of portion 604 is relatively constant.
However, portion 612a graphically illustrates a relatively high back vowel score, indicating a
high likelihood that approximately the first two thirds of portion 604 contains a back vowel
or related sound. Using the back vowel information in this manner reduces the likelihood

25  that the “a0” and “r’ phoneme boundaries will be missed.

Similarly, the “ow” phoneme can be difficult to detect in portion 606 by relying upon

a change in waveform energy since the waveform energy towards the end of portion 606 is



"b" followed by a vowel, for exanple in the phonetic unit "be". 20 This
problemis addressed in accordance with an enbodi nent wherein the first
three fmva@er73964 a sonorant coming from silence are desi gpar/@doia®4z

possi bl e segnment. The inplenentati i is as fol I ows (after energy up
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vowel information in this manner reduces the likelihood that the “iy” phoneme boundary will

be missed.

15 (e) Sonorant Onset Detection

In the English language, phonetic units that contain a consonant immediately
followed by a vowel can be particularly difficult to recognize because the trailing vowel
tends to “soften” the consonant. This problem is particularly acute with voiced stops like

“b” followed by a vowel, for example in the phonetic unit “be”.

20 This problem is addressed in accordance with an embodiment wherein the first three
frames of a sonorant coming from silence are designated as a possible segment. The
implementation is as follows (after energy up no-cross region analysis has been performed).
For every identified energy up type no-cross region, a determination is made whether the end
point of the energy up type no-cross region is in a sonorant. This may be determined, for

25  example, by determining whether the sonorant broad category score is greater than 0.5,



Control then proceeds to step 664, where a determ nation is nade whet her
there are any nore energy up type no-cross regions. Note that step 664 is
al so reaohedi/fy7em step 656 if the ﬁgdpoint of the sel ect pdT/®@REIY22t ype
no-cross region is not in a sonorant.” Step 664 is 20 al so reached from step
658 if the selected energy up type no-cross region does not contain a
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If so, then in step 658, a determination is made whether the selected energy up type
no-cross region contains a phonetic difference type boundary. If so, then in step 660, the
priority of the first phonetic difference type boundary is increased to the highest priority.
15  Then, in step 662, a new boundary is created three frames ahead of the first phonetic
difference type boundary.
Control then proceeds to step 664, where a determination is made whether there are
any more energy up type no-cross regions. Note that step 664 is also reached from step 656
if the endpoint of the selected energy type no-cross region is not in a sonorant. Step 664 is
20  also reached from step 658 if the selected energy up type no-Cross region does not contain a
phonetic difference type boundary.

If, in step 664, there are more energy up type no-cross regions, then control returns to

step 654 where the next energy up type no-Cross region is selected. Otherwise, the process is

complete in step 666.
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cont ai ns Acc ng to one enbodi ment, N nunber of franes is three
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SCB is Iess than the Ppriorities of the candidate boundaries contained
Wi {di nhdenu pdaREingfthé afBe dffinahegmsntsénadvantageous because it reduces the amount
of computational resources required to evaluate the final segments.
Candidate boundaries are prioritized based upon the approach used to generate them.
According to one embodiment, candidate boundaries are prioritized as follows, where “1”
represents the highest relative priority and “4” represents the lowest relative priority:
15 Boundary Type Priority
Sonorant Onset Boundaries 1
Cepstral Difference Boundaries
Energy Difference Boundaries

2
2
Phonetic Difference Boundaries 2
20 Broad Category Analysis Boundaries 3

4

No-Cross Region Boundaries (all types)

During the filtering process, the priority of a current candidate boundary is compared
to the priorities of other candidate boundaries within N number of frames of the current
candidate boundary. If the current candidate boundary has a lower priority than at least one

25  other candidate boundary within N number of frames of the current candidate boundary, then

the current candidate boundary is discarded. The set of remaining candidate boundaries after
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priorities of the candidate boundaries contained within N number of frames of the current

frame. If so, then in step 710, the SCB is discarded. In step 712, a determination is made

whether there are any more candidate boundaries to be processed. If so, the control returns to

15  step 704, where the next candidate boundary is selected. If not, then the process is complete

in step 714.

6. FILTERING CANDIDATE BOUNDARIES CONTAINED IN SILENCE REGIONS
TO REDUCE THE NUMBER OF CANDIDATE SEGMENTS

Another issue in speech recognition systems is the effect of silence on recognizing
20  phonetic units. Silence regions are characterized by uniquely low energy. Many
conventional segment-based speech recognition systems generate a large number of segments
in silence regions because absent the low energy, there can be some relatively large acoustic
changes occurring in silence regions.
According to an embodiment, candidate boundaries contained in silence regions are
25 filtered (discarded) to reduce the number of candidate segments that have to be processed.

First, silence regions are identified in utterance data based upon an analysis of the



10 boundaries contained in silence regions according to an enbodi nent.

After starting in step 752, in step 754, the set of silence regions is
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low energy is examined to identify silence regions. Regions of utterance data having filtered

low energy that is below a specified energy threshold for a specified minimum silence
regions duration qualify as silence regions.

15 In step 756, the identified silence regions are adjusted to account for the presence of
weak phonetic units. Specifically, the start and end points of the identified silence regions
are moved inward by a specified adjustment size to reduce the size of the identified silence
regions.

In step 758, candidate boundaries contained in the adjusted silence regions are
20  discarded. The process is complete in step 760. Once the process has been completed, thg

resulting candidate boundaries are the filtered candidate boundaries that define the set of

candidate segments.

7. FIL.TERING CANDIDATE SEGMENTS USING NO-CROSS REGION ANALYSIS

As used herein, the term “no-cross region” refers to a portion of utterance data that is
25  very likely to contain a boundary because of its characteristic acoustic properties. During no-

cross region analysis, energy measurement data is evaluated to identify no-cross regions



i. Energy Up An energy up type no-cross region is characterized by a
sufficiently large increase in energy over a specified time, i.e., having
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According to an enbodi nent, the end of an energy up region is
characterized by franes having filtered | ow energy change that satisfies,
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is filtered. According to one embodiment, low frequency energy contained in utterance data

102 (FIG. 1) (as opposed to the C, Cepstral coefficients) are filtered to remove noise that

might otherwise be interpreted as an energy up characteristic. Low pass filtering is

15 employed, although other types of filtering may be used.

In step 806, frames of utterance data 102 are evaluated to identify energy up regions.
According to an embodiment, the start of a energy up region is characterized by a one-frame
increase in filtered low energy that satisfies, e.g., exceeds, a specified start slope threshold.
Once the start of an energy up region is detected, adjacent frames are evaluated to locate the
20  corresponding end of the identified energy up region. According to an embodiment, the end
of an energy up region is characterized by frames having filtered low energy change that

satisfies, e.g., is less than, a specified end slope threshold.

In step 808, the frames of the energy up region are evaluated against a specified
energy change threshold. If the frames of the energy up region satisfy, i.e., exceed, the
25  specified energy change threshold, then the energy up region qualifies as energy up type no-

Cross regions.
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il. Energy Down
Energy down type no-cross regions are very similar to energy up type no-cross
regions, except that energy down type no-cross regions are characterized by large decreases
15  in energy over a specified time. Referring to flow diagram 800, steps 802 and 804 are the
same for detecting energy down type no-cross regions as for energy up type no-cross regions.
In step 806, frames of utterance data 102 are evaluated to identify an energy down
region. According to an embodiment, the start of a energy down region is characterized by a
one-frame decrease in filtered low energy that satisfies, e.g., exceeds, a specified start slope
70  threshold. Once the start of a energy down region is detected, adjacent frames are evaluated
to locate the corresponding end of the identified energy down region. According to an
embodiment, the end of an energy down region is characterized by frames having filtered low
energy change that satisfies, e.g., is less than, a specified end slope threshold.
In step 808, the frames of the identified energy down region are evaluated against a

25  specified energy change threshold. If the frames of the identified energy down region satisfy,
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regions. The process is complete in step 814.

il Dip
15 A dip type no-cross region is generally characterized by a drop in filtered energy
followed by a rise in filtered energy that occurs within a specified period of time. FIG.9isa
flow diagram 900 that illustrates an approach for identifying a dip type no-cross region
according to an embodiment. After starting in step 902, in step 904, energy data received by
segmenter 100 is filtered using, e.g., 2 low pass filter. The filtered energy data may be the
20  same data used in the approaches described herein for identifying energy up g.nd energy down
type no-cross regions. For example, according to one embodiment, low frequency energy
contained in utterance data 102 (FIG. 1) (as opposed to Cepstral coefficients C,) are filtered
to remove noise that might otherwise be interpreted as an energy up characteristic.
In step 906, frames of utterance data 102 are evaluated to identify the start of a
25  candidate dip type no-cross region. According to an embodiment, the start of a candidate dip
type no-cross region is characterized by a drop in energy that exceeds a specified dip depth

from the most recent maximum. Once the start of a candidate dip type no-cross region has
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First, the left edge of the dip type no-cross regions is refined by searching backwards from

the local minimum to find the first frame that has energy more than a specified dip edge

15  threshold from the local minimum. This is the new start. Then the right edge of the dip type
no-cross regions is refined by searching forward from the local minimum to find the first
frame that has energy more than a specified dip edge threshold from the local minimum.

This is the new end. Add the region from start to end as a dip type no-cross region. The

process is complete in step 912.

20 iv. Broad Category (consonant, vowel, silence)

According to one embodiment, broad category analysis is used to identify a broad
category type no-cross region. Broad category analysis involves scoring frames for a set of
specified broad categories using a neural network. The scores indicate the probability that a
particular frame contains the specified broad categories. According to one embodiment, the

25  set of specified broad categories include consonant, vowel and silence.
A broad category type no-cross region is established between any two frames,

adjacent or non-adjacent, in which at least one of the specified broad categories has a
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frames for a set of specified broad categories using a neural network. The
scores i mddontys4 he probability that,_a particular frane poMaim®412he
specified broad categories. Accordiffg'to one enbodi nent, the 25 set of
speci fied broad categories include consonant, vowel and silence. A broad

i Sggrﬁ%m%%hﬁsﬂgéﬁ PR %&ﬁ%ﬁ&éﬁ%}%g@f&ﬁgﬁ STE PR AR o

t egor | 4. SHEETR £SAe 8
o cat oPFRFetm B a8 AR B e el ad R sHitic p TR SREC B Pl e s
region b%%dgc'gﬁ?ﬁ?e‘&sgﬂ&@a&sg rddiéh. | Erlex@fiple! if Glae!Ty, hds & BR&cE s6ste BE U anaf

frames road category type no-cross region. For exanple, if

frame 22 Nas.2,3bh&afrecoftdresRla Roikatgory thp@n® cfo3d rdpash i8 esiabiishadt score

of .88, a bf'oad category type no-cross region is established 5 fromframe
f195t 0 FfonpfRmE 34 to amSELECTI NG FI NAL SEGVENTS FROM CANDI DATE SEGVENTS Once
the set of candidate segnents has been determ ned, the set of final
segnents is determned fromthe set of candi date segnents. For every

boundary, t i ] atrg ary is defined
by all & he %%m%gﬁ%ﬁﬁMmeon 1%%%& side of a
no-cross region. This set could be g}zi te large, In order_to control.

conput at i on Omsalthe sehef pandidate segmenisdies Besgifstarmunsddibs getaf fmgksseBaivdary are
kept. In order to conpute the goodness of a s%gogle;lat , tﬁ}ge prfoba ility that
each cakttimined fromothesst 9f Gasdidate|segments ol MEYFY Ay BESEPIPIYon” t he
size of the Cepstral _and phoneti,c i, fferences. at, that .bou ry.. T t he:
GoodnessEBimta kb nibe ouRdR e Eetied gy fiEE proabph R ee RSy e
candi dat e end .boundari es are regl. boun Les. t 1Ly that any
caﬁgi dé}(“?e‘)tﬁﬁrosﬁ%d%&} BAY? g W ?ﬂll%s‘ . ﬁ%‘ﬁgéﬁ ﬁlﬁ‘fﬁﬁg % qﬁg? Je?ggf% t%(S)Endar i es.

E legn,e]n',([)cghl%u%tig}l,a&rl? mejlg?gg.l é)lblé§ttsre§r§1l:ﬁ9 e%n@%a%ﬁ@uﬁdﬁfy zﬁ%lk@ﬁtt ing the final

In order to compute the goodness of a segment, the probability that each candidate
boundary is really a boundary is estimated based on the size of the Cepstral and phonetic
differences at that boundary. Then the goodness of a segment is a function of the probability

15  that the candidate end boundaries are real boundaries and the probability that any candidate
boundaries lying within the segment are not real boundaries.

FIG. 10 is a diagram 1000 illustrating an approach for selecting the final segments
éccording to an embodiment. Diagram includes an utterance waveform 1002 for a particular
utterance and a spectragram 1004 that graphically illustrates the energy of the particular

20  utterance.

Diagram 1000 also includes a segment lattice graph 1006 that illustrates the candidate
segments determined in accordance with an embodiment. Lattice graph 1006 includes a set
of filtered candidate boundaries 1008, as designated by the small vertical marks, as

determined according to the approach described herein. Lattice graph 1006 also includes a

25  set of candidate segments 1010 determined in accordance with the approach described herein.



according to an enbodi nent. Di agram i ncludes an utterance waveform 1002 for
a particular wutterance and a spectragram 1004 that graphically illustrates
t he ener gyoof/7a7be particul ar 20 uttgéance. Di agram 1000 aPeDUSOI0l9uIRes a
segnent |attice graph 1006 that illistrates the candidate segnents

determ ned in accordance with an enbodi nent. Lattice graph 1006 includes a

f il di LOS, ; i Il
ver ti ohn hiief iSRG foRO LB iBiOkcd By SR 1018! EduR gk 100

ng to the approach descCri bed herein.

Latt i cqe g5 ARlket 098 GHiftl SR e At SRk RIGiGAID IRk RiRAMTRNAGILO10

determned 1 n accordance t he approach descri bed herein. WO 01/ 73754
-24- PCT/ US01/09422 An energy up type no-cross region is generally
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segnenfs fo WW@@WEWﬁ%@ed by the circled boundaries. 9.

Pl PELI NI NG CONSI DERATI ONS The segnent ation approach described herein for
nodel i Nng spFae begnfentatipepptvoabh descolg Heran faysedatingspegsblin esbeasht o bot h
of fline applications and online applications. In_ offline applications,
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may be processed at once using the a proach‘éag scri bed herei.n, 10 In
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received and processed "on-the-fly." This means that, utter data is
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utterances, agld rust. be continually processed in a relatively short period
of ti mBPPIPAFILASSFY 98 commonly known as pipelining. A commpn exanple of
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into a ah& lpFO%Q&@& “ori-the2 | b Pfhis means that utterance data is received in chunks that
represent portions of utterances or entire utterances, and must be continually processed in a
relatively short period of time. This process is commonly known as pipelining. A common
example of an online application is an automated airline reservation system where customers
15  can conduct transactions by speaking their desired choices into a telephone. In online
applications, utterance data must be processed more quickly than in offline applications.
This makes the amount of resources required by a particular approach to process utterance
data of high importance.
As applied to the approach described herein for modeling speech in a speech
20  recognition system, several special considerations are made to support pipelining since the
identification of a boundary within the current frame depénds upon N number of frames of
utterance data before and afier the current frame. First, the processing of a current frame, for
example boundary identification, does not begin until N number of frames of data after the

current frame have been received. For example, referring to FIG. 3, for N=3, the processing

25  of frame F, cannot begin until frames F and F, have been received. This allows boundary
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frames of utterance data. 3 represent one ten frane nk. For frame Flo
of frangiggdne @9@@%&@@8@&@3%3@, B‘OBBttf)rF’&%eedﬁiaeI&uStLP&‘1’?8&[#5 etxgrc"ﬁgﬁ’ ques
descri bed herein, prigor utterance,data u . rames
P P2 drgmend o ad By pEp PR AHURR A0C Friee oy aREFS B (s AL qod

uttera da 10 .302 woul erused to process frane Flo. 10.
I IV&’ﬁEI\/%&IiR‘ﬂ ?\)E%ﬁi&lpfﬂ%% hdXi.nt?eOE/‘l"_fIR’VI EW The approach described herein for

nodel i ng speech in a speech recognition system

10. IMPLEMENTATION MECHANISMS

A. OVERVIEW

The approach described herein for modeling speech in a speech recognition system
may be implemented in computer software, in hardware circuitry, or as a combination of
15  computer software and hardware circuitry. Accordingly, the invention is not limited to a
particular computer software or hardware circuitry implementation. For example, the
approach may be implemented in segmenter 100 as part of a speech recognition system (not
illustrated). As another example, the approach may be implemented as a stand-alone

mechanism that interacts with a speech recognition system.

20 B. IMPLEMENTATION HARDWARE
Figure 11 is a block diagram that illustrates a computer system 1100 upon which an
~embodiment of the invention may be implemented. Computer system 1100 includes a bus
1102 or other communication mechanism for communicating information, and a processor
1104 coupled with bus 1102 for processing information. Computer system 1100 also includes

25  amain memory 1106, such as a random access memory (RAM) or other dynamic storage



may be inplenented in conputer software, in hardware circuitry, or as a
conbi nation of 15 conputer software and hardware circuitry. Accordingly,
the i nvemoon7i7s4anot limted to a p?ét i cul ar conput er sof pemEUSOIOM412ar dwar e
circuitry inplenentation. For exanpfe, the approach may be inplenented in
segnenter 100 as part of a speech recognition system (not illustrated). As

anot he({ V6 ?%?qdn%r 5398 &,@%ﬂgnggxn#aﬁn {8 £AERLRLHES B b%te%@nai algne

nechan S eec recognltlon system

VU EVEATATL QAR £, 045 o iy e B aclr ot amica Jabbet sesas

conpuﬂchsysten11 an énbodi nent of the invention may be

| pl engpd lea@qu{n%ﬁoé l?ﬁr?gn@xlaéﬁfbnl STohstieGoms tBBS exdcksd W protdissr 1104,

comuni cat 1 on nechani sm connunlcatlng i nformati on, and a processor

1104 C@&Hbﬁvér Wstdin D0 Ater inoudey D8 ShIygnémbryr(RONIPhLOSGumther statisy st em 1100
al so includes 25 a main nenory 1106, such as a random access nenory (RAM

or 50t hﬁbragyaw@c@ipwdagebum@mo73mﬁ41g s@c irfomidtien kho duspctiets\vibrprocesson| ed
to bus 1102 for storing information and instructions to be executed hy

pr ocesE4. 14 Sbraghhienicas b, pudil £6: mhgnetiodiskios optiead disky is proyvidedandgepnledr y
vari ables or. other intermediate information during execution of

i nst r uotbusrid02 cﬁortseormwoﬁqrmdtlmarp}@&té@é@ﬁs 1104. Conputer system 1100

further includes a read only menor &8&) Oraoffﬂﬂ tatl 5 storage
devi ce coupCempu@rbx%enlid)QOF’Gyb%%‘mlﬁbv@ 48 i £07 19 b aﬁ‘b‘: iRt ructions
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I nput cursor “ contr
information and command selections to processor 1104 and for controlling cursor movement

on display 1112. This input device typically has two degrees of freedom in two axes, a first

15  axis (e.g., x) and a second axis (e.g., y), that allows the device to specify positions in a plane.

The invention is related to the use of computer system 1100 for modeling speech in a

speech recognition system. According to one embodiment of the invention, modeling speech
in a speech recognition system is provided by computer system 1100 in response to processor
1104 executing one or moré sequenceé of one or more instructions contained in main

20 memory 1106. Such instructions may be read into main memory 1106 from another
computer-readable medium, such as storage device 1110. Execution of the sequences of
instructions contained in main memory 1106 causes processor 1104 to perform the process
steps described herein. One or more processors in a multi-processing arrangement may also
be employed to execute the sequences of instructions contained in main memory 1106. In

25  alternative embodiments, hard-wired circuitry may be used in place of or in combination with
software instructions to implement the invention. Thus, embodiments of the invention are

not limited to any specific combination of hardware circuitry and software.



1116, such as a nouse, a trackball, or cursor direction keys for

comuni cating direction information and command sel ections to processor
1104 and Wwop1/zosdrol | i ng cursor nove Fent on di spl ay 1112pCT/iosel/Gomprut
device typically has two degrees of freedomin two axes, a first 15 axis
(e.g., x) and a second axis (e.g., y), that allows the device to specify
POSTL ONS | 21 By A6k FeddBE Hiddilin® & R bRt icert anis@c@nnmADUL oF
system 1100 Por no elfnPng speech in a speech recognition system According

to one erhodi IR BroPidid IrMRAL kP ProcéiRee] Ioadoseeeation. i Such Spediai may
recognpﬁﬁgﬁgfgyst err% {é rgvi ded byﬁrcorrput er system 1100 in response to

proces ?a‘%g mahy WX BRUdiIRgLRR GnilkAtE mHagwtnitemedia, oolatibrmeba,@ndnst ruct i ons
contained 1n"rmain 20 nenory 1106. Such instructions may be read into nain

MENDr Y thddGisdis0meano NwEvolstlepedés inclades iorexamplay optical ohmagngicahisk§esugBvi ce
1110. Execution of the sequences of instructions contained in main menory
1108 caysemgpdedes soi0. Mdldtileonqiba inchudes Aynaprio swmory sfueh 45 BBSLMPHEY her ei n.
One or nore processors in a nulti-processing arrangenent nmay alsq. b
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1106. In 25 alternative enbodi ments, hard-wired circuitry nma e u in
pl ace aviresthat poroprids byatlil@R. Wransmissimymgdia camhalse [?@Fiﬂben%’r?d’fiaﬂ%'lsg?r%ﬁgq he

i nvention. . Thus, enbodi ments of the invention are, not |im to any
speci f wavewnswihrasthess gepemisddiRang f%qel? Yt f“&‘f‘ ’é‘% i faiheqmam 6&55‘8‘%573754 - 27-

PCT/ US01/ 09422 The term "co t er,-.rreadahl. i ' Lehn, refers
to any nedi GoPERR Fo}gxaxpto?](c’(praa{@grqaﬂabd? Slvelggll 1ﬁ%1ﬁ|§%;f?€%xcaﬁfpé§§ef?oﬁ grd g%l:(égsor 1104
for execution.. Such.a nedi A L ek u h
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a i ncludes dynam c nenory, such as

and 11 BoR R 4 ot conr 86 buer 1102, Trana 8si on
nmedi a Gafialsfe hakQchibil Keinnfdr, acaysithe negdilr @ivim which a computer can read.
Various forms of computer readable media may be involved in carrying one or more

15  sequences of one or more instructions to processor 1104 for execution. For example, the
instructions may initially be carried on a magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system 1100 can receive the data
on the telephone line and use an infrared transmitter to convert the data to an infrared signal.

20  An infrared detector coupled to bus 1102 can receive the data carried in the infrared signal and
place the data on bus 1102. Bus 1102 carries the data to main memory 1106, from which
processor 1104 retrieves and executes the instructions. The instructions received by main
memory 1106 may optionally be stored on storage device 1110 either before or after execution
by processor 1104.

25 Computer system 1100 also includes a communication interface 1118 coupled to bus

1102. Communication interface 1118 provides a two-way data communication coupling to a

network link 1120 that is connected to a local network 1122. For example, communication



waves, such as those generated during radio wave and infrared data
commlnl cati gins. CO(TTDE forms of conputer-readable nedia include, for
exanpl e, veobl/mgpy di sk, a 10 flexibhe disk, hard disk, napopUsSer/wape, or
any ot her magnetic nmedium a CD §any ot her optical nmedium punch
cards, paper tape, any other physical nmediumw th patterns of holes, a
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carrier wave as desc ereinafter, or any other nediumfromwhich a
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over a t el ephone line using a nodem A nodem|ocal to conputer system 1100
cas r ciagilamertéie Inaing suchninplementatiph sammunicatign interfecedr 18 sendspd 1FYR i t t er
to convert the data to an infrared signal. 20 An infrared detector coupled
to busclactiealcedertiosmgnetic enentisal sisraly thatery digitd datastgamyrepr§aaiitand  pl ace
the data on bus 1102. Bus 1102 carries the data to main nenory 1106, from
whi ch vasioge Bpseef mfgmatiens j eves and executes the instructions. The
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a node provi a conmuni cati on connection to a correspondi ng type
of tel Q&qh}dug%h{@orlamwﬁickeﬁwb@nmammmi 1Bk bomovné@nmanly rafeir8d may be

a |local area ne rk (LAN) card to
to as the “Internet” 1128. Local network 1122 and Internet 1128 both use electrical,
electromagnetic or optical signals that carry digital data streams. The signals through the
15  various networks and the signals on network link 1120 and through communication interface
1118, which carry the digital data to and from computer system 1100, are exemplary forms of
carrier waves transporting the information.
Computer system 1100 can send messages and receive data, including program code,
through the network(s), network link 1120 and communication interface 1118. In the
20 Internet example, a server 1130 might transmit a requested code for an application program
through Internet 1128, ISP 1126, local network 1122 and communication interface 1118. In
accordance with the invention, one such downloaded application provides for the modeling
of speech in a speech recognition system as described herein.
The received code may be executed by processor 1104 as it is received, and/or stored

25  in storage device 1110, or other non-volatile storage for later execution. In this manner,

computer system 1100 may obtain application code in the form of a carrier wave.



provi de a data communi cation connection to a conpatible LAN. Wreless |inks
may al so be 5 inplenmented. In any such inplenentation, conmunication

i nterfacevaal/®7sends and receives ghectrical, electronmagrerisoom4npti cal
signals that carry digital data streans representing various types of
information. Network link 1120 typically provides data conmmuni cation
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(1SP) 1126. | 1126 in turn provides data communi cation services through
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conput may obtain application code in the formof a carrier
wave. Y Qded 3754 -29- PCT/ US01/ 09422
In the foregoing specification, particular embodiments have been described. It will,
however, be evident that various modifications and changes may be made thereto without

15  departing from the broader spirit and scope of the invention. The specification and drawings

are, accordingly, to be regarded in an illustrative rather than a restrictive sense.




The segnentati on approach described in this docunent for nodeling speech in
a speech recognition systemis provides several advantages over prior

appr oachewo oi/m75parti cul ar, the detegpm nati on of candi dat BChoseiderizes based
upon changes in Cepstral coefficient values, changes in utterance energy,
changes in phonetic classification, broad 5 category analysis (retrofl ex,
back v I front vowels) and sonorant onset detection ensures that
phonet I'C unlst boundaries are accurately detected. The filtering of

candi dat e boundari es reduces the nunber of candi date segnents, thereby
reduci Mhat iseclaimsdis: of conputational resources that is required to process
the candi date segnents. The filtering of candidate segnents using no-cross
r egj onjanal wshgthbedstGRtdificalpdattrmihingargetd fphartt ungsfromedsodyldt is 10
required to select the final segnents. Thus, the approach describe herein
proyi des a uférahdevdita thdrngthod evaprisifig tHecroatputertiniplendentetstepsrofaccur acy whil e
reduci ng the anmount of conputational resources. In the foregoing

spexi fi cat i eseeivigy the buldyof etdrodedetat s have been described. It will,

however, be evident that various nodifications and changes y be nade
theteto wi t Hetetmibingiessapf ¢andidatephonpiéc wribherdagss from the O%chfap}éteWC? he
invention. The specification and drapngs are,.accordingly, to be regarded
in &n illustrati vatathatidefing yast 050%2‘%? 8‘?9‘&?@"%‘8%& WO 01/ 73754 - 30-

PCT/ US01/ 09422  CLAIMS Wat.is clained.is:. 1 1. A met.hod f.or._ au jcally
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nmet hod conpri sing the. 6o t er-J4 nphenment ed. s s of 3 receiving the body of
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uni

1 2. The method as recited in Claim 1, wherein the step of determining a set of candidate

2 phonetic unit boundaries from the body of utterance data includes identifying peaks in
3 a smoothed Cepstral change measure.

1 3. The method as recited in Claim 1, wherein the step of determining a set of candidate

2 phonetic unit boundaries from the body of utterance data includes identifying peaks in
3 a smoothed energy change measure.

1 4 The method as recited in Claim 1, wherein the step of determining a set of candidate

2 phonetic unit boundaries from the body of utterance data includes identifying peaks in
3 a smoothed phonetic classification measure.

1 5. The method as recited in Claim 1, wherein the step of determining a set of candidate
2 phonetic unit boundaries from the body of utterance data includes identifying the

3 presence of regions with a high probability of belonging to some broad phonetic

4 category and adding boundaries at the edges.



6 filtering the set of candi date phonetic units using no-cross region
analysis to generate 7 a set of filtered candi date phonetic units; and 8
sel ecti ngvohe7et of phonetic unitsafromthe set of filteredusamdizat e
phonetic units. 1 2. The nethod as récited in Caim1, wherein the step of
determ ning a set of candidate 2 phonetic unit boundaries fromthe body of
utterance data includes identifying peaks in 3 a snoothed Cepstral change
nmeasure. 1 3. The nethod as recited in Claim1, wherein the step of

detyer n Ni NYTRe SRthoRfas el dalRiA P ReRRII thedhiptoflderndaiinges sdtobvartdidatdody of
utterance data 1 ncludes identifying peaks in 3 a snoothed energy change
megsure. 1 fponkhe ufit bb@stagiss frem thedodynofGltaiact datatineledes deteeting the opset
determ ning a set of candidate 2 phonetic unit boundaries fromthe body of
ut terance daf asdnoedntded addingan ddditignap bakslaiynto ceuns fargrossibileplaingd siops.
classification neasure. 1 5. The nmethod as recited in Caim1l, wherein the
step of determning a set of candidate 2 phonetic unit boundaries fromthe
body of utterance data includes identifying the 3 presence of regions with
a hi gh7pr obAbe hiethodes renited g Chaim o Wdisrain testap qiidstsamiang a s of & ‘%i’t%nd
addi ng boundaries at the edges. WD 0}1/73754 -31- PCI/USO1/09422 1 6. The
method as rBheneda unii boradamed fropnide bp ?é‘gt%‘f%ﬁ ]d@)'ia I%P‘g‘?s ISFPHEPEOSE of
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unit boundaries fromthe body of utterance data includes discarding one or
3 nore candi date phonetic unit boundaries that are within a specified

proxi mgt y t?‘P?)%nethdea%%ci%‘?n@lQﬁ{ 1 GaRfif At eRidrmining b shofegiaigathavi ng a

hi gher “pri or

2 phonetic unit boundaries from the body of utterance data includes discarding one or

3 more candidate phonetic unit boundaries that are determined to be contained in a

4 silence region.

1 9. The method as recited in Claim 1, wherein the step of filtering the set of candidate

2 phonetic units using no-cross region analysis includes identifying a set of one or more
3 no-cross regions defined by the body of utterance data and discarding one or more

4 candidate phonetic units from the set of candidate phonetic units that completely span
5 at least one no-cross region from the set of one or more no-cross regions.

1 10. The method as recited in Claim 9, wherein identifying a set of one or more no-cross

2 regions includes identifying a change in utterance energy that satisfies specified no-

3 cross region criteria.

1 11.  The method as recited in Claim 10, wherein the specified no-cross region criteria

2 includes a minimum increase in utterance energy and identifying a set of one or more



1 8 The nethod as recited in Claim1, wherein the step of determ ning a
set of candidate 2 phonetic unit boundaries fromthe body of utterance
data i ncwaes7dsscardi ng one or 3 mpre candi date phoneti BCUBt1/de2ndari es
that are determined to be contained in a 4 silence region. 1 9. The nethod
as recited in CQaim1l, wherein the step of filtering the set of candidate 2
phopetic Unhé.grdgﬂég%rmn&ﬁ&eﬁdmgymg 2ANRra6SE in utkchnidencigyahitickyéedg the set  of
one or nore no- cross regi ons defined by the body of utterance data and
di sgardi ng gRginRin Mef@sdinaareindakgerghonetic units fromthe set of candidate
phonetic units that conpletely span 5 at |east one no-cross region from
the set of one or nore no-cross regions. 1 10. The nethod as recited in
Caim9, wherein identifying a set of one or nmore no-cross, 2 regions
i nci udes. | dEhé ifeftiodqs aeaited iy Eldim Lt Mdersincbe spesifgd Borgross ERGUT FTHE S peci f i ed
no- 3 cross region criteria. 1 11. The nethod as.recited in aimlOé
wheZ ei n t heispales & ngdinon deereasee yfteranee sHEERY; 3d2dsniitying dseLol Ang; At HRT
increase in utterance energy .and jidentjfying a set of one_.or nor
01/ 73754 - 300-CPST AU/ DG4OS IAeNti{¥Ng ASeCrepsi i HHEARRT PRAIES tl}ahg’hcte?ﬁ%y‘}{\gg an
increase in utterance energy that exceeds the 4 mininmumincrease in
uttérance efuRigpm decraseih BUCHARGTFRCEY - recited in O ai m 11, wherein the
specified no-cross region criteria 2 includes a mni mum decrease in
utterance energy and identifying a set of one or nore 3 no-cross regions
i nclud identifving a dear. j : 1 @5&e@ﬂ§ﬁ§he 4
nin;nuﬁgdecﬁgggngﬁﬁﬁf?%ggﬁggﬁéﬁgyb3&E§£€gﬁg?ﬁgﬁﬁg¥%ggﬁgg recited in Caim
1L guher ol n i fGacSREPA s R A8id G@ @AY arskrof ého Gidhardas ol no o oss
gfon criteria and identifying a set of one or nore no-cross 3 regions
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4 satisfies the dip no-cross region criteria.

1  14.  The method as recited in Claim 11, wherein the specified no-cross region criteria

2 includes broad category change no-cross region criteria and identifying a set of one or
3 more no-cross regions includes idehtifying a region of utterance data over which the
4 broad phonetic classification changed sufficiently to satisfy the broad category no-

5 cross region criteria.

1 15. The method as recited in Claim 1, wherein the step of selecting the set of phonetic

units from the set of filtered candidate phonetic units includes selecting the set of N

2

3 number of phonetic units having the relatively highest probability of boundaries at the
4 ends and relatively lowest probability of boundaries internal to the unit.

1 16. A computer-readable medium carrying one or more sequences or one or more

2 instructions for automatically determining a set of phonetic units from a body of

3 utterance data, the one or more sequences or one or more instructions including



4 satisfies the dip no-cross region criteria. 1 14. The method as recited
in Caim1ll, wherein the specified no-cross region criteria 2 includes

br oad catwg@or/y376hange no-cross regigg_criteria and identi PgT/mgoiznsset of one
or 3 nore no-cross regions includesS”identifying a region of utterance data
over which the 4 broad phonetic classification changed sufficiently to
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recited in alm efein the step of selecting the set of phonetic 2
unig's fron1kﬁ@a§§gtgbeﬁ3&ﬁﬁkggag@ﬂdidate phonetic units includes selecting
t he set of 3 nunber of phonePic units having the relatively highest
prqpabi | it yréivhpuneBodest terdnee datd; ends and rel atively | owest probability
of boundaries internal to the unit. 1 16. A conputer-readable nmedium
caryyi ng ongeterimifinge sseailcandidateqrhonete writ btomndarkesifrosn thedtodyred uftenance
automatically determning a set of phonetic units froma body of 3

ut t&rance data, dite tioatdefome avsnt of sadidatecpdonetic whts; or nore i nstructions

i ncludi ng WO 01/ 73754 -33- PCT/US01/09422 4 instructions which, when
exécut ed byfiseringothe seiraf cprdidase phenrgtic dalis BSIRGBO-BISS BZIQRRBLYSE t8868€a80r s t o
performthe steps of. 6 receiving the body of utterance data; 7 determ ning
a Het of candi dag eetgrdisradcandidate pIoRRISES ¥om t he body of utterance 8

data that define a set of candi dat honet i nits: filteri.ng the set of
cahldi dat e pHdersing &he sht PEPRATIEHE UG E‘P’gé e?e}eﬁf gﬁ“ﬁ%ﬁ‘i"ﬁf’gﬁlageP ° bﬁgfnﬁ'e 10 a
set of filtered candi date phonetic units; and 11 selecting the set of
phonetic units fromthe set of filtered candi date phonetic units. 1 17.
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uttprance determining a set of candidate phonetic unit boundaries from the body of utterance

3 data includes identifying peaks in a smoothed Cepstral change measure.

1 18.  The computer-readable medium as recited in Claim 16, wherein the step of

2 determining é set of candidate phonetic unit boundaries from the body of utterance
3 data includes identifying peaks in a smoothed energy change measure.

1 19.  The computer-readable medium as recited in Claim 16, wherein the step of

2 determining a set of candidate phonetic unit boundaries from the body of utterance
3 data includes identifying peaks in a smoothed phonetic classification measure.

1 20. The computer-readable medium as recited in Claim 16, wherein the step of

2 determining a set of ;:andidate phonetic unit boundaries from the body of utterance
3 data includes identifying the presence of regions with a high probability of belonging
4 to some broad phonetic category and adding boundaries at the edges.



3 data includes identifying peaks in a snoothed Cepstral change neasure. 1
18. The conputer-readable nediumas recited in Caim16, wherein the step
of 2 detevoon7ates a set of candi date_jphonetic unit boundar PerUbsIMI2he body
of utterance 3 data includes identifying peaks in a snoothed energy change
nmeasure. 1 19. The conputer-readable nmediumas recited in Caim16, wherein
thelstgﬁ of 746k gﬁf& RARGIR niRtuR bs £RN6H BACRiRheN@hireinth stepadndar i es from
t he body of utterance data includes identifying peaks in a snoot hed
phogetic cl Qﬁ&'nﬁirﬁ%éé%o%ﬁﬁlﬁa@e pHordfic uiiobowatariss fony thedaty of utkdtinem as
recited in Claim 16, wherein the step of 2 determning a set of candidate
phopet i ¢ unidatdiasindar detstihg ¢o dnset dfadynahntrrtdeddingsndiddiicenal baindaryso
identifying the presence of regions with a high probability of belonging 4
to gome br oadcqinfigtpossiblatveyed gtopsid addi ng boundari es at the edges. WO

01/ 73754 -34- PCT/US01/09422 1 21. The conputer-readabl e nediumas recited
in Caim1l1l6, wherein the step of 2 determ ning a set of candi dat e phonetic
unit boundaries fromthe body of utterance ta |ncI %pa? tecting the

onsét dR.a sﬁmomwteaﬁeadablaumﬁjlﬂaﬁ ag Irgited thdauﬁggnﬁgﬁ‘?mt count for
& am 16, Vﬁ%?%m%ﬁ@is@?oééfw 3¢ pREPRRI R To B P aat AEGHRC, | ¢
or Hore candaehirsisarts it opHbl g gl QiR ﬁeﬂhﬁﬁﬁéﬂ: fied
pr % imty tq 3}?1{1;7%61%1%?? pr.?%ltnﬁg){)tocaq &'stdcﬂ'}eeoépﬁ%ﬁﬁalhgte RbhetRAURAHWdary havi ng

|gher prid hputer-readabl e nedi mas recited in Caim

wher ei n th st termning a set of candi date phonetic unit
bour?darl es ?ngt%ﬁggé}&)y of”'utterance 3 data includes discarding one or
nore candi date phonetic unit boundaries that are

1 23. The computer-readable medium as recited in Claim 16, wherein the step of

2 determining a set of candidate phonetic unit boundaries from the body of utterance
3 data includes discarding one or more candidate phonetic unit boundaries that are

4 determined to be contained in a silence region.

1 24.  The computer-readable medium as recited in Claim 16, wherein the step of filtering

2 the set of candidate phonetic units using no-cross region analysis includes identifying
3 a set of one or more no-cross regions defined by the body of utterance data and

4 discarding one or more candidate phonetic units from the set of candidate phonetic

5 units that completely span at least one no-cross region from the set of one or more no-
6 Cross regions.

1 25.  The computer-readable medium as recited in Claim 24, wherein identifying a set of
2 one or more no-cross regions includes identifying a change in utterance energy that

3 satisfies specified no-cross region criteria.



4 determned to be contained in a silence region. 1 24. The
conputer-readable nediumas recited in Caim16, wherein the step of
filteri ngv@ot/gsset of candi date phogetic units using no- BECDEFSOW®EI20N
anal ysis includes identifying 3 a set of one or nobre no-cross regions
defined by the body of utterance data and 4 di scarding one or nore

cangi dage phﬁl@%&n@u L able MR a3 fdcifell if @Reth 3! GheRRINGE kfecHiddntid Gofshat

conpl efely span at [east one no-cross region fromthe set of one or nore
N0-,6 Cross (£&gh eRfria Inciides BHfinGAIRUhERasetn dabafcaBdigynndddentifyingd setn C ai m
24, wherein identifying a set of 2 one or nore no-cross regions includes

i deti fyi ng o oaHBPEBId Mo-tilokEregivae ivvledeyiddntifting 8n mtdasé inagtesqmee efdrgy
no-cross region criteria. WO 01/ 73754 -35- PCT/US01/09422 1 26. The

conput er - r eakitlekecede dietninkaumaocriees in mttGtanteerREgY. wher ei n t he specified
no-cross 2 region criteria includes a mninmumincrease in utterance energy
and identifying a set 3 of one or nobre no-cross regions includes
identifying an increase in utterance energy 4 that exceeds the m ni num

i ncleagd. i n Thetcormputes-regfiablpymediumas rq%@dé%WJ W@S’iﬁé{b‘lié SPREGIIRAE P e ci t ed
in Claim26, wherein the specified np-cross 2 region cg%f%ri%ginclu es a
m n2rum dec regige criferigipelpdas anBvwaprm degrrass Mierangs Fpray aut denfiiying 458t

Thad oxcocdLone SrmTerE et FEis il ik SruDe BeERae i il ety ner ov 4
Comp et ea{ﬁ%ge:xgﬁrgg%e?xg]}rﬁ%u{ne q'c}e g I t%eﬁ'fcg]egég%‘mer ein the specified

no-Cross 2 I'ncl"udes dip no-cro region criteria and
identifying a set of one or 3 nore no-cross regions includes identifying a

region of utterance data with a dip in 4 energy that satisfies the dip

o a8 €O du&e@fljegdabﬂe AiutR reQmaYh eNaifers abkRinRdispebifal f@cioted in
ai m 26, t ed

wherein e specl fi Nno- Cr 0Ss
2 region criteria includes dip no-cross region criteria and identifying a set of one or
3 more no-cross regions includes identifying a region of utterance data with a dip in
4 energy that satisfies the dip no-cross region criteria.

1 29 The computer-readable medium as recited in Claim 26, wherein the specified no-cross

2 region criteria includes broad category change no-cross region criteria and identifying
3 a set of one or more no-cross regions includes identifying a region of utterance data

4 over which the broad phonetic classification changed sufficiently to satisfy the broad
5 category no-Cross region criteria.

1 30. The computer-readable medium as recited in Claim 16, wherein the step of selecting
2 the set of phonetic units from the set of filtered candidate phonetic units includes

3 selecting the set of N number of phonetic units having the relatively highest

4 probability of boundaries at the ends and relatively lowest probability of boundaries

5 internal to the unit.



2 region criteria includes broad category change no-cross region criteria
and identifying 3 a set of one or nobre no-cross regions includes
i denti fyiwgor7azegi on of utterance daga 4 over which the browgspimometic
classification changed sufficiently to satisfy the broad 5 category
no-cross region criteria. 1 30. The conputer-readable nmediumas recited in
Cajml6, wherel ~ hgicalR ddd@mssihg afsetdfphendtic uiist s from
thgfse%ﬁof |%%é#ggpﬁgﬁ%?ggg%ngﬁtﬁg%?%ﬁun?&s inclu%es 3 g?lecting t he set
of N number gaf, QB&?}?Mlﬁte%cE Qatiath Reecch eccoghiaibh wstem boghesing4 pr obabi 1ty
of ‘boundaries at tHe ends and relatively | owest probability of boundaries
S iqiternal HRe bhRokprocesW¥dsdnd73754 - 36- PCT/ US01/09422 1 31. A speech
recognition systemfor automatically determ ning a set of phonetic units 2
from a body agheniéiyeoamaeichivaly cohples pethclone et mgri RroesssaysVesiFadhpri si ng: 3
one or nore processors; and 4 a nenory conmmuni catively coupled to the one
Or §Dre progesseaysncludmoet or tioee SHENPSS O PHFCATHRRTS INFHECKHINS ‘éh’svlétéﬁﬁ‘ences or
one or nore instructions which, when 6 executed by the one or,k nor
pro6essor s, ezenmsa h3hthe one ODMOFRPIECHHFYE RS e PBE HMPIGRIPCOFSQIR L gffrgoﬁgl of 8
receive the body of utterance data; 9 determ ne a set of candi date phonetic
uni 7 boundathesfeps®fin t he body of utterance data 10 that define a set of
candi date phonetic units, 11 filter the set of candi date phonetic units
usi Bg no- cr seesiyedhe BAdnALtRIceda@nanerate a 12 set of filtered candidate
phonetic units; and 11 select. .t [ ' I BcS&ita Of
ST TarbALEng gl pronefuilhpRRRRRG Gorle by ek

filPered ca peech recognition system as

re(ﬂ)t ed in O aimgl, ; Whet shibrlchfuidie BrHetic units;

11 filter the set of candidate phonetic units using no-cross region analysis to generate a
12 set of filtered candidate phonetic units; and
13- select the set of phonetic units from the set of filtered candidate phonetic units.

1 32.  The speech recognition system as recited in Claim 31, wherein the step of

2 determining a set of candidate phonetic unit boundaries from the body of utterance
3 data includes identifying peaks in a smoothed Cepstral change measure.

1 33.  The speech recognition system as recited in Claim 31, wherein the step of

2 determining a set of candidate phonetic unit boundaries from the body of utterance
3 data includes identifying peaks in a smoothed energy change measure.

1 34.  The speech recognition system as recited in Claim 31, wherein the step of
2 determining a set of candidate phonetic unit boundaries from the body of utterance

3 data includes identifying peaks in a smoothed phonetic classification measure.



2 determining a set of candi date phonetic unit boundaries fromthe body of
utterance 3 data includes identifying peaks in a snoothed Cepstral change
measur e. WO 887373he speech recogniti®n systemas recited i RCOUAIMIZZ,
wherein the step of 2 determning a set of candi date phonetic unit
boundaries fromthe body of utterance 3 data includes identifying peaks in
a smogthed s rekit3d in Chemsneebbreirethegtiptafon syst em as
re(?:i tgg' i nl%@%%%ﬁ%iﬁgﬁ@pg?%ﬁﬁg step of 2 detgrm' ning a set of candi date
phgneti ¢ uRkferRRkpoRsdt 85 cdddaiitd ponkacinioboutidacien from thg bady af uttrransdes
identifying peaks 1n a snoothed phonetic- classification nmeasure. WO
01473754 - i iRHIdddS0H(tTPiZ The fredimce Fhregipeadth a kigh gratebdiy of elengiag
recited in Caim31, wherein the step of 2 determning a set of candi date
phgneti ¢ um sorh@bivddphescticreategotyandadgingfboyndasies st heFdges a i ncl udes
identifying the presence of regions with a high probability of belonging 4
to sone broad phonetic category and addi ng boundaries at the edges. 1 36.

The speech recognition systemas recited in aim31l, wherein the step of 2
detler B6ni nJhe spetchaécoganwingystems serater dn Gu‘ﬁl{nqo‘ow%&%“i‘ e S??Po‘?ﬁq t he body of
utterance 3 data includes detecting the onset. of. a soRnor ddi ng an
ad@i ti onal d@t@muaﬁig/aﬁﬁof&mé@éfi%ﬁﬁ 0 gf’ “B’gé’g}‘%‘faé‘e%ri%“e%‘ é’?%%?f““'{’& ~ The
speech recognition systemas recited in i i of 2
deBer ni ni ngi%b? iggludesy eé%ﬁﬁ‘&rgg'éﬁ@sﬁ r‘?es[°|n8raug{n| d%%t%}l ari edgﬁ %az)%@%n?tgﬁgtgdy of

utterance 3 datg i ncl. evs.cdid%{:o rding one or nore candidate phonetic unit
bofindar i es FFH BFTFPORSIRERIT 3 pecified proximty to at | east one other
candi dat e phonetic unit boundary 5 having a higher priority. 1 38. The

speech recognition systemas recited in Caim31l, wherein the step of 2

dtetler g Ni NorA S8LcnGte GRS RnPRABAatdIG Clhiln PRuitkasih et dteoof t he body of
u

2er e determining a set of candidate phonetic unit boundaries from the body of utterance
3 data includes discarding one or more candidate phonetic unit boundaries that are

4 within a specified proximity to at least one other candidate phonetic unit boundary
5 having a higher priority.

1 38.  The speech recognition system as recited in Claim 31, wherein the step of

2 determining a set of candidate phonetic unit boundaries from the body of utterance
3 data includes discarding one or more candidate phonetic unit boundaries that are
4

determined to be contained in a silence region.

1 39. The speech recognition system as recited in Claim 31, wherein the step of filtering the

2 set of candidate phonetic units using no-cross region analysis includes identifying a

3 set of one or more no-cross regions defined by the body of utterance data and

4 discarding one or more candidate phonetic units from the set of candidate phonetic

5 units that completely span at least one no-cross region from the set of one or more no-

6 cross regions.



3 data includes discarding one or nore candi date phonetic unit boundaries
that are 4 determned to be contained in a silence region. 1 39. The speech
recogni t ivomosyEsem as recited in C_ggm 31, wherein the steprosofiokizering
the 2 set of candidate phonetic units using no-cross region analysis
includes identifying a 3 set of one or nore no-cross regions defined by the
bogy ofy ut tf.ane& Rt Sich sé,sséhﬁméatdagn@]ﬁnow,nﬁmin&ﬁdﬁ@m@a ghofiet | ¢
units fromthe set of candi date phonetic 5 units that conpletely span at

| egst one NPeCrAfsie NBALrOR rédioms inbladadtiernifyinge dungminaiterncéersrgisthat egi ons.
WO 01/ 73754 -38- PCT/US01/09422 1 40. The speech recognition system as
regited in d@lighidvspleifielacetoss rebgot érityiing a set of 2 one or nore no-cross
regions includes identifying a change in utterance energy that 3 satisfies
specified no-cross region criteria. 1 41. The speech recognition system as
recited in C aim40, wherein the specified no-cross, re ign criteria

i ndl udds a Thespeech Tenegrateresysienues tseitgdda (daigr 4y Vehegein $ifipd goATSEt 3 of
one or nore no-cross regions includes identi f%inn(? an ig@r.gg@ in uteEerance
endrgy 4 tieglonsxideriadiciufes 3HIMYR INAREASEIE MUPTANGT enar ey ! ffws 442, The
speech recognition systemas recited.in.Claim4l. wherel i,fied

no3cr oss ?fr@&i%ﬁl@FPPé’F?sér?gﬂ%@ﬁlaggd? ‘ﬂ?’ﬁﬁl}?ﬂﬁla&é%crr%%ﬁ"‘ ?tﬁéru tee%?g e energy

and identifying a se 3 .of one or - regi ons incl udes

i dént i fyi ngt){‘ét %‘é&?%éé%rqlwnﬂﬁ %&ﬁé%@%%?%& gﬁ%ﬁgt exceeds the nini mum
decrease in utterance energy. 1 43. The speech recognition system as
recited in Caim4l, wherein the specified no-cross 2 region criteria

i ncl udgs di - ' LR BRTCIREA! | Niraid the §Rtifiell norgossr 3
rm?le no=cr O&Q?pgé%tgﬁeioéﬁgkﬁ%gg@ﬁ%h fying a regi orﬁ of u?tﬁelr ance data with

a dipin 4.6nor$tedd sl i Hitifint 8 réispimatceins energgiand identifyéug aset

3 of one or more no-cross regions includes identifying a decrease in utterance energy
4 that exceeds the minimum decrease in utterance energy.
1 43.  The speech recognition system as recited in Claim 41, wherein the specified no-cross

region criteria includes dip no-cross region criteria and identifying a set of one or

more no-cross regions includes identifying a region of utterance data with a dip in

SO VS N S

energy that satisfies the dip no-cross region criteria.

1 44.  The speech recognition system as recited in Claim 41, wherein the specified no-cross

2 region criteria includes broad category change no-cross region criteria and identifying
3 a set of one or more no-cross regions includes identifying a region of utterance data

4 over which the broad phonetic classification changed sufficiently to satisfy the broad
5 category no-cross region criteria.

1 45.  The speech recognition system as recited in Claim 31, wherein the step of selecting

2 the set of phonetic units from the set of filtered candidate phonetic units includes



1 44. The speech recognition systemas recited in Caim4l, wherein the
specified no-cross 2 region criteria includes broad category change
no- cr oss wegi/miscriteria and ident_i3t)yi ng 3 a set of one PCT/BEIANIMIR- Cr 0SS
regions includes identifying a region of utterance data 4 over which the
broad phonetic classification changed sufficiently to satisfy the broad 5
category nQs i hbe&lol it nitThevisP BRGblatie€l9 Gigteston system as
re%i ted ingagéﬁﬁtg%?&\/ﬁ%@rgﬁﬁe?ﬁgﬁ?rﬁg of sel ec%)i ng 2 tggﬁgset of phonetic
unjts from g&&b@ oPhotfdhtiey £ eheenas bfthictativenietiest probatdlifyrofbodedare®
01/ 73754 _fg _ PCT7US01/ 09422 3 selecting the set of N nunber of phonetic
unkts havi Rgietda€to @k ahitvel y hi ghest 4 probability of boundaries at the ends
and relatively |lowest probability of boundaries 5 internal to the unit



