
WO 2007/007256 PCT/IB2006/052295  Correcting a Pronunciation of a
Synthetically Generated  Speech Object FIELD OF THE INVENTION This
invention relates to a method, a device and a  software application product
for correcting a  pronunciation of a speech object, wherein said speech
object is synthetically generated from a text object in  dependence on a
segmented representation of said text  object, and wherein a
pronunciation of said speech object  is associated with said segmented
representation of said  text object. BACKGROUND OF THE INVENTION
Synthetic generation of Speech Objects (SOs) is typically  encountered in
Text-To-Speech (TTS) systems that allow to  automatically convert Text
Objects (TOs), such as for  instance numbers, symbols, letters, words,
phrases or  sentences, into speech objects, such as audio signals.  SOs
then can be rendered in order to make the To heard by  a user.
Applications of such TTS systems are manifold.  For instance, TTS
systems may allow to make textual  information intelligible to visually
impaired persons.  TTS systems are also advantageous in so-called
eyes-busy  situations, for instance in automotive scenarios where a  user
is driving a car and concurrently uses an  application that actually requires
visual interaction  with a display, such as browsing a menu structure of the
car's audio system or searching a name from an address  book of a
telecommunications device. TTS systems allow to  dispense with visual
interaction with a display by  transforming the TOs displayed on the
display into SOs  that then can be read to the user. The user, in turn, 



WO 2007/007256 PCT/IB2006/052295  then may use voice control to
make selections or to  trigger operations. The basic set-up of a prior art
TTS unit I is depicted in  Fig. 1. The TTS unit 1 comprises a TTS front-end
with an  automatic phonetization unit 12 and a speech synthesis  unit 11,
and is capable of converting a TO into an SO. To  this end, the automatic
phonetization unit 12 of front- end 10 first determines a phonetic
representation (PR) of  the TO by means of text-to-phoneme mapping
(also  frequently denoted as grapheme-to-phoneme mapping). The  PR of
the TO is basically a sequence of phonemes, which  are the smallest
possible linguistic units. For instance,  the TO "segmentation" may be
converted into the PR "s-eh- g-m-ax-n-t-ey-sh-ix-n". Text-to-phoneme
mapping, also  denoted as grapheme-to-phoneme mapping, may for
instance  be performed by dictionary-based, rule-based or data- driven
modeling approaches or combinations thereof. The PR of the TO from the
automatic phonetization unit  12, possibly together with further information
on the TO  determined by the TTS front-end 10, such as stress
information, break information, segmentation information  and/or context
information, is then input into speech  synthesis unit 11, which synthesizes
the TO to obtain an  SO. Speech synthesis may for instance be
accomplished by  Linear Predictive Coding (LPC) synthesis or formant
synthesis, to name but a few. In LPC synthesis, for  instance, speech is
modeled by a source-filter approach,  wherein an excitation signal is
considered to excite a  vocal tract that is modeled by a set of LPC
coefficients.  For each phoneme, then segment-specific excitation
parameters and LPC coefficients may be stored in speech 



2 WO 2007/007256 PCT/IB2006/052235  synthesis unit 11 and recalled in
response to the PR of  the TO received. A serious problem with prior art
TTS systems is that it  is sometimes impossible to automatically derive the
correct pronunciation for a TO. The pronunciation of an  SC obtained from
TTS conversion of a TO is generally  coupled to the PR of the TO, which
PR is determined by  the automatic phonetization unit 12 of the TTS
front-end  10. Consequently, an incorrect PR of a TO results in a
mispronunciation of the generated SO. A typical example situation in
which practically every  user will face the problem of mispronunciation of
synthetically generated SOs is the deployment of a TTS  system to
convert names of an address book into speech,  as it is for instance the
case in a voice dialing  application. Many persons have names with such
special  pronunciations that they cannot be handled correctly by  the prior
art TTS systems. Moreover, many of these names  are so rare that it is
not possible for TTS system  developers to include all of them as
exceptional  pronunciations. In these cases, if the pronunciation of  the
automatically generated SO is very far from the  correct one, the usability
of the voice dialing  application may become rather poor since it can
sometimes  even be difficult for the user to verify whether the call
triggered by the voice dialer is going to the right  person. Even though the
user might eventually adapt to  recognize the poor pronunciations, the
erroneous TTS  output will probably irritate the user every time he/she
makes a call to a person with a difficult name. 



3 WO 2007/007256 PCT/IB2006/052295  In prior art TTS systems, the
frequency of occurrence of  mispronunciations of SOs may be reduced by
the TTS system  developers by improving the automatic phonetization unit
12 (see Fig. 1); this however increases the complexity of  the
phonetization unit 12 and limits applicability of the  TTS unit 1 in low-cost
and low-complexity applications.  Furthermore, there also exists a number
of indirect  approaches to cope with mispronunciations of SOs:  The input
TO may be slightly modified, and it then may  be tried to synthesize the
modified TO again. Sometimes  an incorrect spelling can lead to correct
pronunciation  of the generated SO. However, in systems utilizing both
visual and auditory feedback, the incorrect spellings  may cause confusion
due to the inconsistency between  the feedbacks.  The wording of the
input TO may be changed by replacing  the difficult TO with its synonym.
Often, the synonym  will be easier to pronounce (However, sometimes
there  may be no applicable synonyms for the TO to be  synthesized, in
particular when names have to be  synthesized.). As a back-up solution, it
may also be imagined that a TTS  system offers the possibility to record a
spoken  representation of the difficult TO, i.e. to obtain a  recorded SO,
separately, and to use the recorded SO  instead of the SO synthetically
generated by the TTS  system. A corresponding exemplary TTS system 2
is  depicted in Fig. 2. 4 WO 2007/007256 PCT/IB2006/052295  



Therein, the TO is first input into an input control  instance 20, where it is
checked if there already exists  a recorded SO for this TO. if this is not the
case, the  TO is forwarded to the TTS unit 24, which converts the TO  into
an SO, as already described with reference to the  TTS unit 1 of Fig. 1.
The synthetically generated SO then  is forwarded to pronunciation control
unit 23, which  renders or causes the rendering of the SO, so that it can
be heard by a user, and subsequently checks if a user is  satisfied with the
pronunciation of the SO. If the user  is satisfied with the pronunciation, the
SO may be  forwarded by pronunciation control unit 20 to further
processing stages, and no further action is required by  the TTS system,
because it is now known that the TO can  be automatically converted into
an SO by the TTS system  with satisfactory pronunciation. Nevertheless,
pronunciation control unit 23 may signal the successful  generation of the
SO to input control unit 20, which  signaling is depicted as dashed arrow
in Fig. 2. If the  user is not satisfied with the pronunciation of the SO,
pronunciation control unit 23 has to signal this  information back to input
control unit 20 to trigger the  recording of a spoken representation of the
TO. In response to a signaling that the pronunciation of the  generated SO
is not satisfactory, received from  pronunciation control unit 23, input
control unit 20  memorizes the TO as not being automatically convertible
into an SO and signals to the speech recorder 21 that a  representation of
the TO, spoken by the user, is to be  recorded (see the dashed arrow in
Fig. 2). To this end,  the input control unit 20 may furthermore trigger a
visual or audio request to inform the user of the 



5 WO 2007/007256 PCT/IB2006/052295  requirement for a recording,
accordingly. Speech recorder  21 then records the spoken representation
of the TO, i.e.  produces the recorded SO, and stores the recorded SO in
a  speech signal memory 22. The recorded SO may optionally  be output
by SO memory 22 to further processing stages,  for instance to a
rendering unit to allow the user to  control/correct the recorded SO. Upon
the reception of the next TO, input control unit 20  thus may check if the
TO is memorized as not being  automatically convertible, and then speech
object memory  22 may be triggered to output the recorded SO that
corresponds to the received TO. In contrast, if the  received TO is not
memorized as not being automatically  convertible (or is memorized as
being automatically  convertible), input control unit 20 forwards the TO to
TTS unit 24 for conversion, and instructs pronunciation  control unit 23 to
render the generated speech object  without prompting the user. The
speech object may also  optionally be output by pronunciation control unit
23 to  further processing stages. The apparent downside of the TTS
system according to Fig.  2 is that the recorded SO will most 'likely have
very  different voice characteristics when compared to the TTS  output, i.e.
the user can hear that the recorded SO is  spoken by a different person.
Depending on the  application, there may also arise confusing situations
with different voices for different recorded SOs.  Moreover, the quality of
the recorded SO, which may for  instance have been recorded with a
mobile phone, may be  very low compared to the TTS output. It may for
instance  



have low dynamics, be subject to background noise, 6 pissibly be clipped,
and its signal level may be  Inconsistent with the signal the  generated
SOs. Finally, also a large amount of memory is required for storing
recorded SOs.  SUMMARY OF THE INVENTION In view of the
above-mentioned problem, embodiments of the present invention seek to
provide an improved method,  dvice and software application product for
correcting a  pronunciation of a speech object. In accordance with a first
aspect of the present  invention, there is provided a method for correcting
a  pronunciation of a speech object, wherein said speech  object is
synthetically generated from a text object in  dependence on a segmented
representation of said text  object, said method comprising: determining if
an initial  pronunciation of said speech object, which initial  pronunciation
is associated with an initial segmented  representation of said text object,
is incorrect; and  determining, in case it is determined that said initial
pronunciation of said speech object is incorrect, a new  segmented
representation from said text object or from a  spoken representation of
said text object, which new  segmented representation of said text object
is associated  with a new pronunciation of said speech object. In
accordance with a second aspect of the present  invention, there is
provided a device for correcting a  pronunciation of a speech object,
wherein said speech  object is synthetically generated from a text object in
7 dependence on a segmented representation of said text  



object, said device comprising: means arranged for  determining if an
initial pronunciation of said speech  object, which initial pronunciation is
associated with an  initial segmented representation of said text object, is
incorrect; and means arranged for determining, in  dependence on said
determination if said initial  pronunciation of said speech object is
incorrect, a new  segmented representation from said text object or from a
spoken representation of said text object, which new  segmented
representation of said text object is associated  with a new pronunciation
of said speech object. In accordance with a third aspect of the present
invention,  there is provided a software application product for  correcting
a pronunciation of a speech object, wherein said  speech object is
synthetically generated from a text object  in dependence on a
segmented. representation of said text  object, said software application
product being embodied  within a computer readable medium and being
configured to  perform the steps of: determining if an initial  pronunciation
of said speech object, which initial  pronunciation is associated with an
initial segmented  representation of said text object, is incorrect; and
determining, in case it is determined that said initial  pronunciation of said
speech object is incorrect, a new  segmented representation from said
text object or from a  spoken representation of said text object, which new
segmented representation of said text object is associated  with a new
pronunciation of said speech object. According Ln example _ "am_ the
present nve nr  a method is Jroposed. for correcting a , .... c.._ t on a 7a 



speech object, wherein said ee,h object is sy _t_-a-1v  gener ted from a
next object in dependence on a segmented  re .asentation of said text
object. Said method comprises  determining if an initial pronunciation of
said speech  object, which initial pronunciation is associated with an  i ial.
segmented rep e ; entat_on of said text object, is  incorrect; and
determining, in cam . it is determined that  said AAA! p c u.nCl ^n- of said
speech o0ject is  incorrect, a new segmented representation of said text
object, which new sea enved representation. of said text  onj ecr is
associated with a new pronunciat,on of saki  speech object, it example
embo ._cn.ts, said he; object may represent any  textual information, as
for nst.ar e numbers, symbols,  letters, words or combinations zhereof
(such as phrases or  sentences). Said sneech object may represent an
and'-,-,  signal. in any o s_.ble audio format, wherein said audio  format
can me an analog or i Oita audio format. Said  speech _ of ;,ar -art r suited
.for being rendered, for instance by 7b means of a loudspeaker. Said
synthetic aeration of said  speech object from said text object may for n
t.anoe be  conformed in T1.S system. Said segmented representation  of
said text object comprises one or more segments said  text . object has
been segmented into. . 'CO. Said segments may for instance be
phonemes (the smalicst: linguistic units)  if said segments are phonemes,
said segmented  representation a phonetic recresenta on of said text
object. Said synthetic generation of said . speech object may for instance
dei e.uA on said segmented representation  



of said text object in a way that the speech object is  generated troy _ the
segmented representation of the text  object, for instance by using a-priori
information on the  synthesis of speech for each segment in the
segmented  representation. In..... said synthetic generation of said
speech object, in addition said segmented  representation . of said text
object, further information  may be considered as well, .Lich: as for
instance stress,  breaks and/o!- context information or any other symbolic
__i.nguistio information, in example embodiments, an initial pronunciation
of sVa  speech . r i.acE may be considered to be correct or  incorrect with
.:i;e , .. to a generally used pronunciation  or a D nunciation that a user na
ers for said text  object For instance, said consideration may be affected
ny a dialect spoken or prefer'r'ed. by a user. Saia erm n.atioT' if said :nit i
a _ or r noia son of sand so e ch object is incoriect may for instance be
performed  c i 3 prompting a. user, or passively bv expecting  ":1. action
performed by a user. i the lativer case, the  user may for instance have the
p ,ssib`- inform a .  system that operates said .,, rnux,castio - correction
method  trier said initial h pronunciation of said speech object is incorrect,
for  instance by voice interaction or by hitting a unction  key or the like. if
no such user action takes place, the  method assumes that said initial
pronunciation is  correct. Equally well, said determination if id. initial
pronunciation of said speech object is incorrect may be  performed
automatically, 



it example embodiments, if it is d stermined that said  initial pronunciation
is incorrect, a new segmented  representation of said text object is
generated with an  associated new pronunciation. Said new pronunciation
may  `or instance be the correct pronunciation of said text  objet, an
improved pronunciation with respect said pronunciation. initial Said new
segmented reoresentatioi, may then. for instance be stored for future
generation of  said speech object with said new pronunciation, A ordi,ncm
example embodiments of the present  invention, when at i o o._:i. c initial
pronunciation of  said synthetically generated speech object is detected, a
new segmented representation . of said text object is  determined. This
segmented representaLion of said text  object then may serve as basis for
an anew synthetic  generation of said speech object r.ith... said new
pronunciation. Therein, since said (anew) _ synthetic ae_ _ret o _ of said
speech object with said new  pronunciation does not differ from the
synthetic  generation . of other speech objects with pronunciatdons  that
do not inquire c. rec"1: i_on, it may not be  differentiated from the speech
objects if a correction of  the pronunciation . has s.:, t"ua y taken place or
not. This  efficiently removes the major disadvantages of nor TTS s y s t e
m presented ;.ter reference to r dc . , above, where A.  9 case of a
mispronunciation, a spoken representation of  the text object is recorded
and then used as recorded  speech object together with. speech objects
that were  brained from synthetic generation. Furthermore, if said new
segmented representation of said text objecl is  stored for future
generation of s.id. speech object with- 



said new ronunoianion, significantly less memory is  required d, as
compared to the :Li 71. '"; ; e1T1 of Fig. 2 where a.  spoken representation
of the text object has to be  stored, According to the method of example
embodiments of pr >ent,  invention, said new segmented representation of
said text  object may be stored. to serve as a basis for a synthetic
generation of said speech object with said new pronunciation. Storage of
said new segmented representation  of said text object may contribute to
avoiding future  misprcn.unciations. Before determining an initial
segmenned  representation of a text object, it may then be first  checked if
a stored segmented representation of said text.  object exists, ar?d. ther
directly said stored segmented  representation of said text object may be
used as a basis  for the synthetic generation of said speech object,
According to the method of example embodiments of the  present
invention, said d^c.,1 m.?.. ]"'. Y::; Cr said new segmented  representation
said . text object may comprise generating  one or more candidate
segmented representations of said  text object, wherein each of said one
or more candidate segmented rep. esenta ,ices of said text object is with o
associated . ~7i~n a respective candidate pronunciation of  said speech.
object, and selecting said new segme?`imd1  repwesen atio! of said text
b: _rc said the or more  candidate _. -men ed 10 representations of said
text object. Said generating of  said one or more candidate se.cmente d
representations of  



said text object may accomplished in a variety of  ways, for instance
based on said text object, and./or  based on a spoken representation of
said text object.  Said one or more candidate segmented representations
of  said text object may for instance be generated at once,  or
sequentially. According to the method _xa r.._' e embodiments of the  /
present invention, said selecting may comprise prompting  a user to select
said new segmented representation of  said text object from said one or
more candidate  representations s.-munT ~ed gsaid text oL ec n For each
cand.ida e segmented representation of said text object,  then said
speech object with the corresponding candidate  pronunciation may be /
`daied, and the user then may  select the candidate s amerted.
representation of said  text object with the best associated candidate
pronunciation. Before or during said selection, said one more candidate
segmented representations may be  ticked for suitability to serve as said
now segmented  representation . of said text ob J ect, and may be
automatically discarded limit the number of  alternatives a user may have
to choose from. i Mar  said checking are. d eventual discarding of
candidate  segmented r'ecresentat on. of said text object,, only one  s d
one or more candid ate segmented rep r entations  said Lost object are
left, the user may be prompted to  confirm that said candidaLe segmented
representation of  said text object is determined no be said new
segmented .  representation of said text object, 



11 z _dAl ^ to a first embodimeni: of the method of the  present invention,
said gei rating- of said one or more  candidate segmented representations
of said text object  comprises obtain inc .. representation of said text
object  spoken a user; and converting said spoken } ese... tioi of said text
object into said one or more  cand2date ser teo .r,,es atsons said text
object.  in example ernodimen s, si91. user _ instance we ,.  p ^pted to
say the text oti sect, and said sooker p es.e ,et]...Or. of said text object
then he ih'._a neg.  by recording. Said spoken representation of said test
object then is converted inLn said one or more candidate  segmented
representations of said text onjecV, Werein '_n  said conversion, speech
in .., a. thus Anformarior.  related no the nronuncdation of I i:ext ob - as :T
is  considered no be _ by the user, can be ezoloized to  find candidate
seam: rated feavresertazions with improved  associated cronunciations,
Accordina to the first emb c fen of -h method of the  present invention,
said con Te ti may be _'r .red an  automatic speech rec -.1 tl ri u iCT a
_e_"lII! said segmented . ...ase1 r a io . of .tea., text object is a phozeti(~ ..
res. ntat_. ., said a omc tocsin reVTOgniL!On  alaoi'thm may for instance
be a r..,_.._.- .. art oma:_c.  speech recognition algorithm. Therein, said
speech  recognition al , may achieve Jar _. 2 ri gh  estimation accuracy
since, unlike standard reds.  recognition scenarios, in . ne- pr sent case,
cozn the  spoken representation t e ooi, rc and its w'.,. r  



form may be known. Furtnermore. _v is no n d no go  beyond the
phoneme 1 ,,..t., and cJ i. fuel v, no 12 dr sambivuat i-on r ou em
!,assigning phonemes c..,_ ctiv oo  words) arises. Said automatic speech
recognition  algorithm may at leas partially `use a mapping between  text
objects and their asso ted segmented rapr sen Lions, wherein said
mapping at least  partially updated with the new segmented
representations  text objects which are determined in case that initial  p_
cncr z_an.> associated with initial seamenteoi, reoresentations of said text
objects are incorrect. Ey  s- ur,p-, ~ ~ g, said automatic speech -; c t.
~worr  algorithm may be adopted to user's speech, so that also  au
_omatic speech recognition arfo __.ce ncreases. Said  mapping may for
instance be represented by a vocabulary  with a s rtent. o Lear _senta ion
for each word in the  vocabulary . Said mapping may be used both for the
d ze i ii g of the initial . segr_ent. d Lei esert ..on of  - ire K object, and for
the . or_.~,, _ said spoken  representation of said text object into said one
or more  candidate Same rated _,.. .,.-.on of said e t object.  According the
first embodiment the method of the o resent invention, a written form of
said Lext object may  be considered in said converting of s a? of Jr_...
prc._.]r"` 110"_`. of said text object. fair written fcrm of  ohe text object
may -, ~ t,, - - ~ ~~- _ mac;, ~:r in the  converting a an esr1ma e of ._o rat
of the number  



_mer s in said . __-r reps ,senta cr said text o _..-t. T :rthe .,..e, knowledge
on nc written form of the  text object rnav be exploined :P limit the number
o_- _siY. e < a ve of said ,omer.,eo. _res iati. of  said text object. 13
Accordina to the first uicsent invention, a difference between said u initial
pronunciation of said speech agl aw and a r lY!.o::.."a on of  said spoken
representation of said . text e h't object may he  considered in said
(onver3 ;g of said spoken . .. .,sentao1G_L said text object. Said
difference may particularly mit  the variety possible s , ente }
representations cf said  text object to sub-part of said _amen ...d
representation  said text object. forr in :tanc a sub -oY of sogmenns of
object (e.g. the first sea nts if said segmented  representation tion of said
text , ., According no the flist embodiment of the method of the  automat):
_ lam assassins a suitability of at least one of  said one or more candidate
. , cme ed representations of  said next object to serve as said new -
.emem representation of said text as  , and discarding said  least one
candidate segmented representation of .id  x. object, if it _ assessed to be
not suitable serve as said new segmented epr r_ of said text  object, t.
example embod _e. ta, said is r d_na seances the  number of candidate
segmenLeo re an of said  text object a use- may have no select from, and
thus 



eases convenience -os the uses.. According he first emk s ..en the
method of she  Present invention, said asses no may n e based on a
leasi one of -u .es, a language-dependent statistical n- - .< tech `7.. C7 L:
e .... a a pronounceable c1.a _ct chi", ::Lr=, 14 In rannol embodiments, an
ez pie of a rule may for  instance be a sound--elated role di mand_no than
each ext.  o: a word, has .o p.r s_ vowel. . ._ s,. a:'t  n am t ,chn_qu.. s
may for instance be statistical unw ,,ram i-ATV m. -.en 1_,,_e5. in ur ra.nl
chr ces, -a  p_oA...bR!..,; of the occurrence of a single segment (e.g. a
single po neme: is considered, whereas in a hi-cram  technique, the On., I
On.al p o; ab t.y' of a accord segment,  given a first segment, is
considered. For instance, in a }7 7'am technique, d c.nv.... i., a segmented
representation of  a text o:ojecr may be discarded if COY a-_ns . o
ad_acen  segments and rr _ooao___ry that the second of these two
segments follows the first of these two segments equals  0 or is at least
low. Pronounceable 7:assifiec techniques at;t , assess if segments in a
candidate  segmented representation of a text otlect car he ar_o,i uncE=d
at all. According to the V irst embodiment of the method of zho  present
invention, said assessing may be based on  comparing a _ nun ion _ oven
representation of  said Leo ob#.., with oke candidate pronunciation ` ,. .
cxfi,.Liut eO C'i.. . said O _, ... least one candidate segmented rerc:re sep
s;_ text object, aaid comnaring v match, s or flea noes between said.
pronunciations, According no a second and third e...000 me of the method



the C7 _,iC pa ,.,..r..i invention, 5,..., generating of said one or _m e can d
date segmented . re _sen a..ions of said reyt oblecn - c converting said
root object into sD!d one  or more candidate segmented repre ena;a -,_a ..
of said zex,- onjecr. in co__' rast the first T ,_0o-T. , in :1!__ 15 second
and third embodiment, the text object itself, and  non a spoken l spJre
sentat_o] thereof, serves as a basis  for the genera ring said one or more
different  candidate segmented representations. According the second .
and irr embodiments o the  method of the present invention, said
converting is  performed by an automatic segmentation a ;or hm. if said
segmented. reor_sen a ion of next object as a  Phonetic r'epr sen"'it'.on,
said automatic seamentation  alooritnm may for instance be an automatic
OhOnWiZalnimr  algorithm. Ac...Ol da. 7.., to the second embodiment of
the method of one scnt invention, said selecting >mp_ = ses obtaining a
representation of said text object spoken by user; al. mai __ - assessing a
suitability at least one of  said . one or more candidate segmented
representations of  said text object to serve as said new seamented r said
teX object, wherein said  assessing is based on comparing a - "_.;r
,a?>oI= of said  spoken . representation of said text object with the
cardidate pronunciation associated with said. at least one  candidate
segmented representation of said next objecz;  and discarding said at
least one candidate segmented  representation of said text object, if is
assessed zr)  



be not suitable to serve as said. new segmented  representation of said .
tea object. r sd socket 1 ,.re. 7a a;,ion. of said text object then. is exploited
to  reduce the number of said one or more _ did" _ segmented  n r
esentazAo.. of a o next object, so that a user, when  being 1 _ .ea no s ct
said _ her, :,gmen eo. representation of said text o5jeco from said one or
more  16 candidate segmented representations of said text object,  may
have to evaluate less alternatives. According to example embodiments of
the present invention,  furthermore a device is proposed for cor ecting a
pronunciation of a speech object, wherein said speech  object is
synthetically generated from a text object in  dependence on a segmented
representation of said text  object. Said device comprises means arrangeii
for  determining if an initial pronunciation of said speech  object, which
initial pronunciation is associated with air.  in i_a].. segmented
representation sentati..on of said text object, incorrect; and means aran^ d
for determining, -...rn,  dependence on said determination it said i _t i.a
onunc-a ion of said scorch object incorrect, new  segmented _
_esen,.at'on of said exct object, which new  segmented representation V.
said text object associated  . with a new pronunciation of said speech o
btect,  The device of example embodiments of we oresenI  iinvention may
Curther comprise means arranined for 47  said new s ,enGed re crese. I
.Lion of said text object,  w ich. serves as a basis for a synthetic
generation of  said speech object with said. new ra >n1anci __on. 



A ordi1 , the device of examp2c embodiments of the  p1res ent n ve,nio ,
said means arranged for determining  said new segmented _ presentation
of sa d text Je may  comprise means rrance.d for generatinc: one or more
candidate segmented representations of said text object,  wherein each.
said one or more candidate segmented .  representations , of ~ said tax
o0ocu respecOve candidate pronunciation said. speech object,  and
means arr an eo. 17 for sel i.nq said new segmented representation said
text object from said one or more candidare segmented  representations
of said text object. According to the device of example embodimerns of
the  F esent. _ r. 'y'en ion, said means arranged for select ino said.  new
segmented. representation of said tex-t object from said  one or more
candidate segmented iepresentazloLs of said  text object may comprise
means arr ange' for pr Jt nq a  user to select said new segmented
representation s,. _d rest. object from said one mom candidate
segmenueo  .astir a"_;.o s of said text object, According to a first
embodiment the device of rhe  present invention, said means "_.-.-a.n;ed
for Gen a.ia..ng said.  one or more candidate c imeI . e,... representations
of said .  text object come _l.s mean arranged for obtaipivg a v
representation of said ., .. ek ..,~,. e,.'~_, spoken by a user; and  



means arranged for converting said spoken representation  said text
object inio said one or ci.o candidate segmented representations of said
.xt ,mot.  Accordion the first embodiment of nhe device of the  en-
invention, sale means arranged TOO set'. .o Lng sa-C new segmented .
representation said text object from said  one or .o,e candidate
segmenle:d representations of said  apt o.. i a t may comprise means
arranged for a. a o ..lt .1_y assessfnc a suitability of least one of said one
or  more ca date. segmcnLed representations of said Leer  object to
serves as said new segmented represen7av:o- of  said text object; and
means arranged for discardinq , ,._.. at leas: one ca did _e so,^ e .1.a..
)rose raa_ of said  nex7 object, case it 18 assessed to be not suitable
serve as said. new  segmented representation of said t ext object.
According to a second and third embodiment the device  of ihe present
invention, said means arfamed for g rat_ , said one or more candidate
segmented  representations of said text object comprises means ar eo fee
c ra. said text objen into said one or move ca7 1,_:tc segmented _.c, e:, .:;
n nti.o1,5 of said .en.;  object, According to the seccod embodiment the .e
, i of the  present invention, said means arranged for said  new segmented
representation of s , s. teXL object from  said one or more car_di date ea
menre. re p, resenta _ or,s of  said vexz ,l,iec comprises means arranged .
na' n i..q a  representation of said text object spoken by a user,  means
arranged for a' tomati,.a assess o a >t a-bi ,  



of at asset one of said one or more candidate s risenRedd.
representations said. text object to serve as said n mw segmented ep_re
.nta _ on of sold text object, wherein  said assessing s cased or
comparing onunc on of  said spoken . re e_ on said text object with rhe
candidate pronunciation . associated w_ ; h said ." one  candidate
segmented representation text object,  won means a_rsi ed for discarding
said at leasL ono  candidate segmented representation of said text object
in  case 1i is assessed . to be not suitable serve as s a i d  new seg en ed
representation of said _ex abject. _. example embodiments. sa device of
one pre sent,  portable 19 According to example embodiments the present
invention,  furthermore a software application product is proposed for
correcting a p nan-ciation of a speech o_..jec` wherein. said speech object
is synthetically generated from a text  object in dependence on a
segmented representation of said  tent object, said software application
product being  embodied within computer readable medium and being
configured to perform the steps of determining if an  initial pronunciation of
said speech object, which initial  pronunciation is associated with an
AnWal segmented '. e'71:.esen. atio of said text. object, is incorrect; and
determining, in case it is determined that said initial  oronunciation_ of
said speech object is incorrect, a new  segmented representation of said _
e xt object, which new  segmented rep _.senta- on of said text object. is
associates  with a new pronunciation of said speech object:. These and
other ascects of the invention will be apparent  from and eluc dated with
reference to the embodiments  described hereinafter. 



BRIEF DESCRIPTICIN OF THE FIGURES  In. the e figures show: Fig. 1:
A Text-To-Speech S) unit for  converting a Text Object JO) into a Speech
Obiiec.: SO) based on a Phonetic Restfesentation  (PR) of said TO
according t the prior art;  Fig. 2: an exemplary TTS system for correcting
mispronunciations; 20 WO 2007/007256 PCT/1B2006/052295  Fig. 3a: a
schematic block diagram of a first  embodiment of a TTS system
according to the  present invention; Fig. 3b: a flowchart of the general
method  steps performed by the first, second and third  embodiments of a
TTS system according to the  present invention; Fig. 3c: a flowchart of the
specific method  steps performed by the first embodiment of a TTS
system according to the present invention; Fig. 4a: a schematic block
diagram of a second  embodiment of a TTS system according to the
present invention; Fig, 4b: a flowchart of the specific method  steps
performed by the second embodiment of a TTS  system according to the
present invention; Fig. 5a: a schematic block diagram of a third
embodiment of a TTS system according to the  present invention; and Fig.
5b: a flowchart of the specific method  steps performed by the third
embodiment of a TTS  system according to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION The present invention
relates to the correction of a  pronunciation of a Speech Object (SO),
wherein said SO is  synthetically generated from a Text Object (TO) in 21
WO 2007/007256 PCT/IB2006/052295  dependence on a segmented
representation of said TO. It is determined if an initial pronunciation of said
SO,  which initial pronunciation is associated with an initial  segmented
representation of said TO, is incorrect. In  case it is determined that said
initial pronunciation of  said SO is incorrect, a new segmented
representation of  said TO is determined, which new segmented
representation  of said TO is associated with a new pronunciation of said
SO. In the detailed description which follows, the present  invention will be
explained by means of exemplary  embodiments. Therein, said
segmented representation of  said TO is assumed to be a Phonetic
Representation (PR)  of said TO. It should however be noted that this
choice  is of exemplary nature only, and that the present  invention also
applies to the correction of  mispronunciations in the context of other
segmented  representations of said TO. A TTS system according to the
present invention may for  instance be used in an audio menu application
to enable  usage of the most relevant features of a mobile phone (or  a car
phone) in eyes-busy situations. The audio menu  application may for
instance enable calling a contact  from a contact list with the aid of audio
feedback for  menu items and contact list names. The user is then able  to
browse the audio menu structures and to perform the  



most important operations without seeing the phone's  display. This is
done by designing the menu structures to  be relatively simple and by
giving audio feedback from  every action the user makes in the menu (e.g.
movements,  selections, etc.). 22 WO 2007/007256 PCT/IB2006/052295
In this kind of application, it is typical to use TTS  conversion or recorded
audio prompts for the audio output. Since all the texts cannot be known in
the  software development phase (e.g. contact list names), a  TTS system
must be used at least for converting the  corresponding TOs into SOs. In
the mainstream applications, the speech synthesis can  be done using a
high quality, large footprint TTS system.  n TTS systems for portable
devices, such as for instance  mobile phones, however, an embedded
TTS system has to be  used due to the inherent limitations on complexity
and  memory consumption. The smaller footprint increases the  probability
of synthetically generated SOs with incorrect  pronunciation, which in turn
highly decreases the  usability of the TTS system. The present invention
offers a user the possibility to  correct such mispronunciations, and thus
can bring  significant improvements to this kind of application. The  option
to correct mispronunciations may for instance be  offered to the user when
she/he is storing a new contact  in the contact list of the mobile phone. In
this way, the  user is not disturbed with additional dialogs at the time
she/he is trying to make a call. First Embodiment of the invention In the
first embodiment of the present invention, an  



Automatic Speech Recognition (ASR) unit generates the one  or more
candidate PRs of the TO based at least on a  spoken representation of the
TO. 23 WO 2007/007256 PCT/IB2006/052295  Fig. 3a depicts a
schematic block diagram of this first  embodiment of a TTS system 3
according to the present  invention. The TTS system 3 comprises a TTS
unit 31 with  TTS front-end 31-1, automatic phonetization unit 31-2 and
speech synthesis unit 31-3. The functionality of this TTS  unit 31
resembles the functionality of the TTS unit 1 of  Fig. 1 and thus does not
require further explanation,  apart from the fact that the speech synthesis
unit 31-3  of TTS system 31 is capable of receiving both PRs of a TO
(sequences of one or more phonemes representing the TO) as generated
by the automatic phonetization unit 31-2,  and PRs of a TO stored in the
storage unit 39, and that  speech synthesis unit 31-3 is also capable of
forwarding  both the generated SO and the PR of the TO based on which
the SO was generated to the pronunciation control unit  32. An input
control unit 30 of the TTS system 3 is capable  of receiving a TO that is to
be converted by the TTS  system 3, as for instance a contact of a contact
list.  Equally well, said TO may stem from an entire sentence of  a text and
has been isolated for pronunciation correction  purposes before. The input
control unit 30 is further  capable of checking if a PR of said TO has
already been  determined before. For this situation, input control  instance
30 is capable of triggering the transfer of this  stored representation from a
storage unit 39 to speech  synthesis unit 31-3 of TTS unit 31. This
triggering is  



accomplished by a control signal, which is visualized in  Fig. 3a, as are all
control signals in the block diagrams  ,of the present invention, by means
of dashed arrows. In  contrast, transfer of actual data and transfer of both
data and control signals is represented by a drawn 24 WO 2007/007256
PCT/1112006/052295  through arrow. Input control unit 30 is also capable
of  transferring the received TO to the TTS unit 31 (which  occurs in case
that no PR of the TO is stored in storage  unit 39), of receiving a control
signal and an initial PR  of the TO from a pronunciation control unit 32,
wherein  the control signal indicates that an initial  pronunciation of an SO
(associated with the initial PR of  the TO) generated by TTS unit 31 is
incorrect, and of  transferring the received TO and the initial PR of the TO
to an Automatic Speech Recognition (ASR) unit 34.  Pronunciation control
unit 32 is capable of receiving an  SO generated by TTS unit 31, together
with the PR of the  TO from which the SO was generated, and of
determining if  a pronunciation of this SO is correct. To this end, said
pronunciation control unit 32 may for instance comprise  means for
rendering or causing the rendering of the SO,  and means for accessing a
user interface for  communicating with a user, so that a user may decide if
said pronunciation of said SO is correct or not. For the  latter decision
case, the pronunciation control unit 32  is capable of sending a control
signal indicating that  said pronunciation is incorrect to input control unit
30.  In addition to said control signal, also the initial PR  of the TO that led
to the incorrect pronunciation of the  SO is transferred to the input control
unit 30. Said  



pronunciation control unit 32 may also be capable of  outputting said SO
to further processing stages. Storage unit 39 is capable of receiving said
control  signal from the input control unit 30, of outputting a  stored PR of
a specific TO (in response to said control  25 WO 2007/007256
PCT/IB2006/052295  signal), and of receiving PR of TOs to be stored
from  selection unit 38. The TTS system 3 further comprises a speech
recorder 33  being capable of receiving a representation of a TO  spoken
by a user, of forwarding this spoken  representation to ASR unit 34 and of
receiving a control  signal from selection unit 38, which triggers said
recording and forwarding. ASR unit 34 is arranged to receive a TO and an
initial PR  of said TO from input control instance 30, to receive a  spoken
representation of said TO from speech recorder 33  and a control signal
from selection unit 38. In response  to this control signal, ASR unit 34
generates one or more  candidate PRs of the TO based on said received
spoken  representation of said TO, and optionally said TO and/or  said
initial PR of said TO. A possible core functionality  of said ASR unit 34 is
for instance described in document  "Acoustics-only Based Automatic
Phonetic Baseform  Generation" by B. Ramabhadran, L. R. Bahl, P. V.
deSouza  and M. Padmanabhan, published in proceedings  International
Conference on Acoustics, Speech and Signal  Processing (ICASSP),
Seattle, Washington, USA, May 12-15,  1998. More details on the
operation of the ASR unit 34,  in particular with respect to the optional
consideration  of the TO and the initial PR of the TO in the process of  



generating candidate PRs of the TO, will be described  below. The post
processing unit 35 is capable of receiving one  or more candidate PRs of
a TO output by ASR unit 34, and  of applying rules, language-dependent
statistical n-gram  26 WO 2007/007256 PCT/IB2006/052295  techniques
(e.g. uni-gram or bi-gram techniques) and/or  pronounceable classifier
techniques to "the one or more  candidate PRs in order to cancel invalid
candidate PRs. It is also capable of signaling such a canceling to the
selection unit 38 (as illustrated by the dashed arrow).  It should be noted
that post processing unit 35 is  optional for the first embodiment of a TTS
system 3  according to the present invention. Speech synthesis unit 36,
similar to speech synthesis  unit 31-3, is capable of receiving one or more
candidate  PRs of a TO and, based on the received candidate PRs of
said TO, to synthetically generate a SO, wherein the  respective candidate
pronunciations of the generated SO  depend on said one or more
candidate PRs of said TO. The  generated SO for each of the one or more
candidate PRs of  said TO can furthermore be output by speech synthesis
unit 36, together with the corresponding candidate PRs of  said TO. A
further post processing unit 37 is capable of receiving  the generated SO
for each of the one or more candidate  PRs of said TO and the
corresponding candidate PRs of  said TO themselves, from speech
synthesis unit 36, and to  compare the one or more candidate
pronunciations of said  received SO with a pronunciation of the spoken
representation of a TO received from speech recorder 33,  



in order to assess if at least one of said candidate  pronunciations of said
SO is invalid, so that the  corresponding candidate PR of the TO should
be discarded.  Post processing unit 37 is further capable of forwarding
non-discarded candidate PRs of said TO together with the  SO with the
corresponding candidate pronunciation to 27 WO 2007/007256 PC
/IB2006/052295  selection unit 38, and of signaling information that the
candidate PR of the TO should be discarded to the selection unit 38 (as
illustrated by the dashed arrow).  It should be noted that post processing
unit 37 is  optional for the first embodiment of a TTS system 3  according
to the present invention. Selection unit 38 is capable of receiving the
output of  post processing unit 37, i.e. one or more candidate PRs  of a
TO and, for each of said candidate PRs of the TO,  the SO with she
corresponding candidate pronunciation.  Selection unit 38 is capable of
rendering or causing the  rendering of said SO with said one or more
candidate  pronunciations, and of communicating with a user to allow  the
user to select the candidate pronunciation (and thus  the corresponding
candidate PR of the TO) that the user  considers to be correct (or close to
correct) with  respect to said TO. Said selection unit 38 is further  capable
of transferring the candidate PR of said TO that  has been selected by the
user to storage 39, and may also  be capable of outputting the SO with the
candidate  pronunciation that corresponds to the selected candidate  PR
of said TO to further processing stages. Said  selection unit 38 is also
capable of triggering speech  recorder 33 to obtain a spoken
representation of a TO,  



and of controlling the ASR unit 34 (illustrated by the  dashed arrows), as
will be explained in more detail  below. Fig. 3b presents a flowchart of the
method steps  performed by the first embodiment of a TTS system 3 (see
Fig. 3a) according to the present invention. it should be  noted that this
flowchart is of rather general nature and 28 WO 2007/007256
PCT/IB2006/052295  is thus also applicable to the second and third
embodiments of a TTS system according to the present  invention, which
will be discussed below with reference to Figs. 4a, 4b and Figs. 5a, 5b,
respectively. In a first step 300, a TO, which is to be converted into  an
SO, is received. This may for instance be a contact  list name that is
currently entered by the user into a  contact list of a mobile phone. The
reception of the text  object takes place at the input control unit 30 (see
Fig.  3a) . In a second step 301, it is checked if a PR for this  TO has been
determined and stored before (by performing  steps 302-307 of the
flowchart of Fig. 3b, as will be  explained below). This check is also
performed by input  control unit 30 (see Fig. 3a) . If it is determined that
no PR is available for the received TO, an initial PR of  the TO is
determined in step 302. This step is performed  by automatic
phonetization unit 31-2 in TTS front-end 31- 1 of TTS unit 31 (see Fig. 3a).
Based on this initial PR  of the TO (and possibly on further information on
the TO  determined by the TTS front-end 31-1, such as stress
information, break information, segmentation information  and/or context
information), an SO with an initial  pronunciation is generated in step 303,
which step is  



performed by speech synthesis unit 31-3 of TTS unit 31  (see Fig. 3a), in
step 304, the generated SO is rendered. This may for  instance be
performed by pronunciation control unit 32 or  a further processing stage.
it is then determined in a step 305, if the initial  pronunciation of the SO,
which initial pronunciation is  29 WO 2007/007256 PCT/IB2006/052295
associated with the initial PR of the TO, is correct. This step may for
instance be actively performed by  pronunciation control unit 32 by
prompting a user for the  decision on the correctness of the initial
pronunciation  of the SO. Equally well, no active prompting may be
performed, and then said pronunciation control unit 32  may for instance
passively check if a user takes action  to indicate that the initial
pronunciation is incorrect.  Said action may for instance be hitting a
certain function key or speaking a certain word, or similar. in  this case,
the pronunciation control unit 32 thus  generally assumes initial
pronunciations of SOs to be  correct, and only performs corrections for
those single  SOs for which a user has indicated that the initial
pronunciation is wrong. If it is determined that the  initial pronunciation of
the SO is correct, the method  terminates. Otherwise, according to the
present  invention, a new PR of the TO is generated in step 306.  The
sub-steps performed in this step 306 will be  discussed with reference to
Fig. 3c below. To trigger  step 306, pronunciation control unit 32 sends a
control  signal to the input control unit 30, and input control  unit 30 then
takes action to have the new PR of the TO  



determined. After the determination of the new PR of the TO in step  306,
this new PR of the TO is stored in a step 307, and  the method terminates.
Storage is performed by storage  unit 39 (see Fig. 3a). Returning to step
301, if it is determined that a PR is  available for the TO, this stored PR of
the TO is  retrieved in step 308. This retrieving is triggered by 30 WO
2007/007256 PCT/IB2006/052295  input control unit 30 in interaction with
the storage  unit 39. Then, in a step 309, an SO is generated from the
stored PR of the TO. This is performed by speech  synthesis unit 31-3 of
TTS unit 31. In a subsequent step  310, the generated SO then is
rendered, which may either  be performed by pronunciation control unit
32, or by a  further processing stage to which the SO may have been
output by pronunciation control unit 32 (see Fig. 3a).  Thereafter, the
method terminates. Fig. 3c illustrates the sub-steps performed in step 306
of the flowchart of Fig. 3b in order to determine a new  PR of the TO
according to the first embodiment of a TTS  system 3 according to the
present invention. In a first step 320, a spoken representation of the TO is
obtained. This is accomplished by recording the voice of  a user speaking
the TO via speech recorder 33 (see Fig.  3a). This step may further
comprise notifying a user that  he shall speak the TO, which may for
instance be performed by input control unit 30, speech recorder 33 or  a
further unit. The spoken representation of the TO, i.e.  a recorded SO, is
then processed by units 34-38 (see Fig.  3a) under control of the selection
unit 38. Therein, two  



different modes of operation may be imagined. In a first mode, ASR unit
34 generates a set with one or  more candidate PRs of the TO at once,
based on the  recorded SO (and optionally on the TO and/or the initial  PR
of the TO). This set is then further processed jointly  by stages 35-38,
wherein in the post processing units 35  and 37, a reduction of the set
may be performed by  canceling candidate PRs from the set that are not
suited 31 WO 2007/007256 PCT/IB2006/052295  to serve as a new PR of
the TO. From the remaining  candidate PRS, then a user may select the
most appropriate one. In a second mode, ASR unit 34 generates one or
more  candidate PRs of the TO sequentially, and each of these  candidate
PRs then is individually processed by stages  35-38. This kind of
processing may reduce the overall  computational complexity, because, if
a user considers  already the first candidate PR of the TO to be correct,
no processing of further candidate PRs (as in the first  mode) is required
in units 34-38. In what follows, this  second mode of operation is
considered. When generating candidate PRs of the TO, the ASR unit 34
may at least partially use a mapping between TOs and  associated PRs of
the TOs. Said mapping may for instance  initially be a default mapping,
which is then enhanced by  mappings between TOs and their associated
new PRs that  have been determined according to the present invention
(see step 306 of the flowchart of Fig. 3b) and stored  (see step 307 of the
flowchart of Fig. 3b) in storage 39  in previous text-to-speech conversions
of TOs. Said ASR  unit 34 and said TTS unit 31 then may for instance
both  



have access to an instance that stores said mapping of  TOs and their
associated PRs and that may for instance  comprise or implement storage
39. Said mapping may for  instance take the shape of a vocabulary that is
used by  the TTS unit 31 and the ASR unit 34, wherein for each  entry
(TO) in the vocabulary, a PR exists, and wherein  PRs are updated
accordingly. 32 WO 2007/007256 PCT/1B2006/052295  Returning to the
flowchart of Fig. 3c, in a step 321, a  counter i for the number of candidate
PRs of the TO is  initialized to zero. It is then checked if a pre-defined
maximum number N of PRs of the TO is reached by the  counter i. Both
steps are performed by selection unit 38  in response to an initial control
signal received from  input control unit 30. If the maximum number should
be  reached, the process of determining a new PR of the TO  based on
the recorded SO is considered to have failed, and a further spoken
representation of the TO is recorded  in step 320 to serve as a basis for a
new attempt to  determine the new PR of the TO. The further recorded SO
may for instance be more precisely articulated by the  user or may contain
less noise. If it is determined in step 322 that the maximum number  of
PRs of the TO is not reached yet, a candidate PR of  the TO is generated
based on the recorded SO (and  optionally also on the TO itself and/or on
the initial PR  of the TO), as will be explained in more detail below.  This is
accomplished by ASR unit 34 (see Fig. 3a) in  response to a triggering
control signal from selection  unit 38. In a step 324, performed by post
processing unit 35, it  



is checked if said candidate PR of the TO is suited to  serve as a new PR
of the TO, by applying rules, a language-dependent statistical n-gram
technique and/or a  pronounceable classifier technique. If said candidate
PR  of the TO is considered to be not suited (which information is signaled
to the selection unit 38 by post  processing unit 35), the counter i is
increased in step  330, and the method returns to step 322 to avoid further
33 WO 2007/007256 PCT/IB2006/052295  unnecessary processing steps.
In step 322, it is then  again checked by selection unit 38 if the maximum
number  N of PRs of the TO is reached, and if this should not be  the
case, the selection unit 38 triggers the ASR unit 34  to generate a further
candidate PR of the TO. If, in step 324, said candidate PR of the TO is
considered to be suited to serve as said new PR of the  TO, an SO is
generated based on the candidate PR of the  TO in step 325. This SO is
characterized by a candidate  pronunciation that is associated with the
candidate PR of  the TO. Therein, step 325 is performed by speech
synthesis unit 36. In step 326, it is again checked if said candidate PR of
the TO is suited to serve as a new PR of the TO, but this  time based on a
comparison of the candidate pronunciation  of the SO with the
pronunciation of the recorded SO. This  is performed in post processing
unit 37 (see Fig. 3a). If  this comparison reveals that the candidate PR of
the TO  is not suited, this candidate PR of the TO is discarded,  the
counter i is increased by one in step 330, and the  method returns to step
322. If the candidate PR of the TO is still considered to be  



suited to serve as a new PR of the TO, the SO with the  corresponding
candidate pronunciation is rendered in step  327, which step is performed
by selection unit 38 or a  further unit. If is then checked if the candidate
pronunciation of the SO is correct, by communicating with  the user.
These steps are performed or triggered by  selection unit 38. If the
candidate pronunciation turns  out to be incorrect, the counter i is
increased in step 34 WO 2007/007256 PCT/IB2006/052295  330, and the
method returns to step 322. Otherwise, the  candidate PR of the TO
associated with the correct  candidate pronunciation is determined to be
the new PR of  the TO in step 329, and the method terminates. Step 329
is also performed by selection unit 38 (see Fig. 3a).  According to this first
embodiment of the TTS system 3  (see Fig. 3a) according to the present
invention, when  the user hears an incorrect pronunciation of an SO
initially generated by the TTS system 3, she/he can train  the TTS system
3 the correct (new) pronunciation by  simply saying the difficult text object
in the proper  way. The TTS system 3 then learns the correct
pronunciation using a phoneme-loop ASR system. The number  of
possible pronunciations is reduced by pruning out some  invalid
pronunciations using some applicable post- processing techniques (rules,
language-dependent  statistical n-gram, pronounceable classifier).
Usually,  the recognition still may not be performed 100% reliably,  and
thus the user may be offered the opportunity to  select the correct
pronunciation from the list of most  probable pronunciation candidates.
After the teaching  process has been successfully finished, the TTS
system  



permanently learns the difficult text object by storing  the correct (new)
pronunciation into its internal  pronunciation module. Although even the
state-of-the-art phoneme-loop ASR  systems may not reach very high
recognition accuracy,  this does not hinder the practicability or usefulness
of  the present invention. The constrained recognition task  (the
determination of one or more candidate PRs of the  TO) needed in the
embodiments of the present invention 35 WO 2007/007256
PCTIIB2006/052295  comprises several features that facilitate the
recognition process:  it is possible to get a good estimate about the range
of the number of phonemes in the PR of the TO since the  typical target
may be to recognize only one or two  isolated words (text objects), for
which the written  form is already known. in addition to the recorded SO,
'thus also the TO can be fed into the ASR unit 34 of the  TTS system 3 in
Fig. 3a.  In ASR, there is no need to go beyond the phoneme level  and,
consequently, there is no need to solve the  disambiguation problem when
there are two or more words  or phrases that have a very similar or even
identical  pronunciation despite of different written forms (e.g.  "gray day"
and "grade A" have a similar pronunciation,  but different spellings).  The
number of possible alternatives for the PR of the  TO is limited since the
written form of the TO is  already known. Therefore, in addition to the
recorded  SO, also the TO itself can be fed into the ASR unit 34  of the
TTS system 3 in Fig. 3a. 



it is usually possible to limit the problem to a sub- part of each possible PR
(e.g. to only some phonemes of  a PR of a TO) by analyzing the
differences initial  pronunciation of the SO and the pronunciation given by
the user, represented by the recorded SO. To this end,  in addition to the
recorded SO, also the initial PR of  the TO can be fed into the ASR unit 34
of the TTS  system 3 in Fig. 3a.  In the TTS system 3 in Fig. 3a, it is
possible to  synthesize the TO using alternative recognition results  (the
one or more candidate PRs of the TO generated by 36 WO 2007/007256
PCT/182006/052295  the ASR unit 34) and to compare these recognition
results to the recorded SO. A quick analysis of  differences can rule out
some of the alternatives or, in the best case, find the correct
pronunciation. To  this end, the recorded SO is fed into post processing
instance 37 of the TTS system 3 in Fig. 3a. Some of the candidate
pronunciations might be  impossible to pronounce in practice or against
linguistic rules. Thus, it is possible to prune out  some alternatives by
exploiting this fact using post  processing techniques such as rules,
language-dependent  statistical n-gram techniques and/or pronounceable
classifier techniques. These techniques are applied in  post processing
unit 35 of TTS system 3 (see Fig. 3a). e The user can assist the process
in cases in which there  are several potential candidate pronunciations.
This  functionality is implemented in selection unit 38 of  TTS system 3
(see Fig. 3a). Consequently, according to the first embodiment of the  



present invention, even a phoneme-loop ASR unit with  moderate
performance can be used, which contributes to  reducing the complexity of
the TTS system according to  the present invention. Second Embodiment
of the Invention The second embodiment of the present invention uses a
TTS  unit instead of an ASR unit to generate one or more  candidate PRs
of a TO. Nevertheless, a spoken  representation of the TO is considered
in the process of  selecting the new PR of the TO from the candidate PRs
of  the TO. 37 WO 2007/007256 PCT/182006/052295  Fig. 4a presents a
schematic block diagram of this second  embodiment of a TTS system 4
according to the present  invention. The second embodiment of the TTS
system 4  differs from the first embodiment of the TTS system 3 (see Fig.
3a) only by the fact that the ASR unit 34 of  TTS system 3 has been
replaced by a TTS front-end 44, and  that a post processing unit
corresponding to post  processing unit 35 of TTS system 3 is no longer
present  in TTS system 4. Consequently. the functionality of units  40-43,
and 46-49 of the TTS system 4 of Fig. 4a  corresponds to the functionality
of the units 30-33 and  36-39 of the TTS system 3 of Fig. 3a and thus
needs no  further explanation at this stage. TTS front-end 44 of TTS
system 4 (see Fig. 4a) basically  has the same functionality as the TTS
front-end 41-1 of  the TTS unit 41, i.e. is capable of using its automatic
phonetization unit 44 to segment a TO received from input  control unit 40
into a PR of the received TO (and  possibly to generate further information
such as stress  



information, break information, segmentation information  and/or context
information). However, TTS front-end 44 is  capable of generating not only
one (usually the most  probable) PR of the TO (possibly with further
associated  information such as stress information, break  information,
segmentation information and/or context  information), but several
candidate PRs of the TO. These  candidate PRs of the TO may for
instance comprise the  most probable PR of the TO and also less
probable PRs of  the TO, for instance sorted according to their estimated
probability. The initial PR of the TO, received from the  input control unit
40, may also be considered in the  process of generating the one or more
candidate PRs of 38 WO 2007/007256 PCT/IB2006/052295  the TO, for
instance by discarding candidate PRS of the  TO that resemble the initial
PR of the TO. TTS front-end  44 is further capable of forwarding these one
or more  candidate PRs of the TO (possibly with associated  information
such as stress information, break information, segmentation information
and/or context  information) to speech synthesis instance 46. It should be
noted that, as in the first embodiment of  the TTS system 3, it is also
possible in the second  embodiment of the TTS system 4 to perform the
determination of the new PR of the TO in stages 44 and  46-48 according
to two modes. In the first mode, a set of  candidate PRS of the TO is
generated by TTS front-end 44  at once, and this set of candidate PRs of
the TO is  jointly processed in each of the stages 46-48.  Alternatively,
candidate PRs of the TO are sequentially  generated by TTS front-end 44
and individually processed  



by stages 46-48. In the sequel, the latter case will be  exemplarily
considered. As already mentioned above, the general method steps
performed by all three embodiments of TTS systems  according to the
present invention are reflected by the  flowchart in Fig. 3b. Only the step
306 of determining a  new PR of the TO differs among the embodiments.
For the  second embodiment, the sub-steps 400-408 of this step 306  are
detailed in Fig. 4b. Therein, the method steps 420-430 of the flowchart of
Fig. 4b (second embodiment) correspond to the method  steps 320-330 of
the flowchart of Fig. 3b (first  embodiment) with only two decisive
differences. 39 WO 2007/007256 PCT/1B2006/052295  First, with respect
to step 423, it is noted that the  candidate PR of the TO is not generated
based on at least  the spoken representation of the TO, as it is the case in
step 323 of Fig. 3b (first embodiment of a TTS system 3),  but based on
the TO itself. This is due to the fact that  the second embodiment of a TTS
system 4 does not comprise  an ASR unit, and uses the TTS front-end 44
to generate the one or more candidate PRs of the TO instead.  Second,
after the generation of the candidate PR of the  TO in step 423, an SO is
directly generated from the PR  of the TO in step 425 (and possibly further
associated  information such as stress information, break information,
segmentation information and/or context  information) without a further
suitability check on the  candidate PR of the TO (cf. step 424 of the
flowchart of  Fig. 3c). Nevertheless, such a check may also be adopted  in
the flowchart of Fig. 4b. 



According to this second embodiment of the TTS system 4  (see Fig. 4a)
according to the present invention, the  user articulates the correct
pronunciation using her/his  voice. This utterance spoken by the user is
not used as a  basis for the generation of the candidate PRs of the TO,
but compared against the SOs generated from the most  probable
candidate PRs of the TO that could represent the  TO and that are
generated by an automatic phonetization  unit based on the TO itself. If
the comparison shows that  there are two or more good candidate PRs of
the TO, the  user is offered the chance to select the user-preferred
pronunciation from the list of alternatives (which  selection can be
performed for all PRs of the TO at once, 40 WO 2007/007256
PCT/1B2006/052295  or sequentially). With this approach, the present
invention can be used even in cases in which there is no  ASR unit
available. However, the expected performance may  be somewhat lower
than with the ASR-based first  embodiment, and for full performance of the
TTS system,  the TTS front-end 44 should advantageously be able to
come up with several candidate PRs of the TO instead of  just one to
increase diversity. Third Embodiment of the Invention Similar to the
second embodiment of the present  invention, also the third embodiment
of the present  invention uses a TTS unit to generate one or more
candidate PRs of a TO. However, in contrast to the second  embodiment
(see Fig. 4a), no speech input from a user is  required. Fig. 5a presents a
schematic block diagram of this third  embodiment of a TTS system 5
according to the present  



invention. The fact that no speech input of the user is  processed is
reflected by the fact that no speech  recorder for recording an SO and no
post processing unit  exploiting such a recorded SO is used. The
functionality  of the units 50-52, 54, 56 and 58-59 of the TTS system 5
corresponds to the functionality of the units 40-42, 44,  46 and 48-49 of
the TTS system 4 (see Fig. 4a) and thus  does not require further
explanation. As in the first and second embodiments of TTS systems
according to the present invention, it is also possible  in the third
embodiment of a TTS system 5 to perform the  determination of the new
PR of the TO in stages 54, 56  and 58 according to two modes. In the first
mode, a set  41 WO 2007/007256 PCT/IB2006/052295  of candidate PRs
of the TO is generated by TTS front-end  54 at once, and this set of
candidate PRs of the TO is  jointly processed in each of the stages 56 and
58.  Alternatively, candidate PRs of the TO are sequentially  generated by
TTS front-end 54 and individually processed  by stages 56 and 58. In the
sequel, the latter case will  be exemplarily considered. As already
mentioned above, the general method steps  performed by all three
embodiments of TTS systems  according to the present invention are
reflected by the  flowchart in Fig. 3b. Only the step 306 of determining a
new PR of the TO differs among the embodiments. For the  third
embodiment, the sub-steps 500-507 of this step 306  are detailed in Fig.
5b. In a first step 500, the counter i for the PR of the TO  is initialized to
zero. It is then checked if a maximum  number N of PRs of the TO already
has been reached in a  



step 501. Both steps are performed by selection unit 58  (see Fig. 5a). In
step 502, then a candidate PR of the TO  is generated based on the TO
(possibly with further  associated information such as stress information,
break  information, segmentation information and/or context  information).
This is performed by the TTS front-end 54.  From the generated candidate
PR of the TO (and possibly  the further associated information), then an
SO is  generated in step 503 by speech synthesis unit 56. This  SO is then
rendered in a step 504, either by the  selection unit 58 or a further unit. It
is then  determined in a step 505 if the candidate pronunciation  of the
generated SO is correct, which is also performed  by selection unit 58. If
this is the case, the candidate 42 WO 2007/007256 PCT/1B2006/052295
PR of the TO is determined to be the new PR of the TO in  step 506.
Otherwise, the counter i is increased by one,  and the method jumps back
to step 501. All of these steps  are performed by selection unit 58. If it is
determined in step 501 that the maximum number N  of PRs of the TO
has been reached, obviously none of the  N PRs of the TO presented to
the user so far have been  considered to be correct. As the probability that
further  candidate PRs of the TO generated by the TTS front-end 54  (see
Fig. 5a) are correct may generally decrease with  increasing numbers of
candidate PRs, it is thus advisable  to output a message to inform the user
that no further  candidate PRs of the TO will be generated, and that the
method will start again from the beginning (then of  course producing the
same candidate PRs of the TO as in  the previous loops). This is
performed in steps 508,  



which then jumps back to step 500. The rationale behind  this approach is
to give the user a chance to reconsider  previously refused
pronunciations. According to this third embodiment of the TTS system 5
(see Fig. 5a) according to the present invention, the  user does not
verbally express the correct pronunciation,  but just selects the correct
pronunciation from the list  of most probable candidate PRs of the TO.
Compared to the  second embodiment of the present invention, this saves
a  speech recorder and a post processing unit. As in the  second
embodiment of the TTS system, it is advantageous  that the TTS front-end
54 is capable of generating more  than one candidate PRs of the TO. 43
WO 2007/007256 PCT/IB2006/052295  The present invention has been
described above by means  of exemplary embodiments. It should be
noted that there  are alternative ways and variations which will be evident
to anyone of skill in the art and can be implemented  without deviating
from the scope and spirit of the  appended claims. In particular, the
invention can be used  with all kinds of TTS systems and in all kinds of
applications. It may be particularly suited for  applications in which the
TTS system is used for  synthesizing isolated text objects (e.g. words),
and in  which the vocabulary of the text objects is extensible  but still
limited. Nevertheless, the invention may also  bring great advantages
when used in connection with a TTS  system that synthesizes arbitrary full
sentences of  continuous speech. The present invention provides at least
the following  advantages: 



The present invention allows the user to train the TTS  system how to
pronounce difficult text objects (e.g.  words).  The present invention is not
platform-specific or  application-specific and thus can be used in many
kinds  of products.  The present invention can be used with all kinds of
TTS  systems from low-footprint formant-based synthesizers  to
high-footprint concatenation-based systems.  Although a phoneme-loop
ASR system is needed for the  first embodiment of the present invention,
the present  invention can be expected to work well using an ASR  system
with only a moderate performance. Moreover, if  necessary, it is also
possible to implement the 44 WO 2007/007256 PCT/1B2006/052295
invention without using ASR techniques, as it is the  case with the second
and third embodiments of the  present invention.  The corrected voice
prompt (i.e. the speech object with  the new pronunciation) is given in the
same voice as  all the other voice prompts (i.e. speech objects with  initial
or new pronunciations).  The present invention provides a very useful
addition  to any TTS framework. e The additional implementation
complexity caused by the  present invention is moderate because the TTS
and ASR  functionality is already a standard feature in many  portable
devices, such as for instance mobile phones.  Additional tasks to be
implemented comprise building up  an interaction algorithm between the
TTS and ASR  components and introducing some modifications to the  



standard TTS and ASR components. (r) Finally, the improved
pronunciation module may enhance  the ASR performance. This may be
particularly the case  if the ASR system, when performing speech
recognition,  uses a mapping between text objects and their associated
PRs that is updated by mappings between TOs  and their associated new
PRs as determined by the  present invention (for instance in the steps of
the  flowchart of Fig. 3c). 45 Claims  1. A method for correcting a
pronunciation of a speech  object, wherein said speech object is
synthetically  generated from a text object in dependence on a segmented
representation of said text object, said method comprising: determining if
an initial pronunciation of said speech  object, which initial pronunciation is
associated with an  initial segmented representation of said text object, is
incorrect; and determining, in case it is determined that said  initial
pronunciation of said speech object is incorrect, a  new segmented
representation from said text object or from  a spoken representation of
said text object, which new  segmented representation of said text object
is associated  with a new pronunciation of said speech object. 2. The
method according to claim 1, further comprising:  storing said new
segmented representation of said text  object to serve as a basis for a
synthetic generation of  said speech object with said new pronunciation. 3.
The method according to claim 1, wherein said  determining of said new
segmented representation of said  text object comprises: 



generating one or more candidate segmented  representations of said text
object, wherein each of said  one or more candidate segmented
representations of said  text object is associated with a respective
candidate  pronunciation of said speech object, and 46 selecting said new
segmented representation of said  text object from said one or more
candidate segmented  representations of said text object. 4. The method
according to claim 3, wherein said selecting  comprises: prompting a user
to select said new segmented  representation of said text object from said
one or more  candidate segmented representations of said text object. 5.
The method according to claim 3, wherein said generating  of said one or
more candidate segmented representations of  said text object comprises:
obtaining a representation of said text object spoken  by a user; and
converting said spoken representation of said text  object into said one or
more candidate segmented  representations of said text object. 6. The
method according to claim 5, wherein said converting  is performed by an
automatic speech recognition algorithm.  7. The method according to
claim 5, wherein a written form  of said text object is considered in said
converting of  said spoken representation of said text object. 8. The
method according to claim 5, wherein a difference  between said initial
pronunciation of said speech signal  and a pronunciation of said spoken
representation of said  text object is considered in 47 



said converting of said spoken representation of said text  object. 9. The
method according to claim 5, wherein said selecting  comprises:
automatically assessing a suitability of at least one  of said one or more
candidate segmented representations of  said text object to serve as said
new segmented representation of said text object; and discarding said at
least one candidate segmented  representation of said text object, if it is
assessed to be  not suitable to serve as said new segmented
representation  of said text object. 10. The method according to claim 9,
wherein said assessing  is based on at least one of rules, a
language-dependent  statistical n-gram technique and a pronounceable
classifier  technique. 11. The method according to claim 9, wherein said
assessing  is based on comparing a pronunciation of said spoken
representation of said text object with the candidate  pronunciation
associated with said at least one candidate  segmented representation of
said text object. 12. The method according to claim 3, wherein said
generating of said one or more candidate segmented  representations of
said text object comprises: converting said text object into said one or
more  candidate segmented representations of said text object  48 13.
The method according to claim 12, wherein said  converting is performed
by an automatic segmentation  algorithm. 14. The method according to
claim 12, wherein said  selecting comprises: 



obtaining a representation of said text object spoken  by a user;
automatically assessing a suitability of at least one  of said one or more
candidate segmented representations of  said text object to serve as said
new segmented representation of said text object, wherein said assessing
is based on comparing a pronunciation of said spoken  representation of
said text object with the candidate  pronunciation associated with said at
least one candidate  segmented representation of said text object; and
discarding said at least one candidate segmented  representation of said
text object, if it is assessed to be  not suitable to serve as said new
segmented representation  of said text object. 15. A device for correcting
a pronunciation of a speech  object, wherein said speech object is
synthetically  generated from a text object in dependence on a segmented
representation of said text object, said device comprising: means
arranged for determining if an initial  pronunciation of said speech object,
which initial  pronunciation is associated with an initial segmented
representation of said text object, is incorrect; and means arranged for
determining, in dependence on said  determination if said initial
pronunciation of 49 said speech object is incorrect, a new segmented
representation from said text object or from a spoken  representation of
said text object, which new segmented  representation of said text object
is associated with a new  pronunciation of said speech object . 16. The
device according to claim 15, further comprising:  means arranged for
storing said new segmented  



representation of said text object, which serves as a basis  for a synthetic
generation of said speech object with said  new pronunciation. 17. The
device according to claim 15, wherein said means  arranged for
determining said new segmented representation  of said text object
comprises: means arranged for generating one or more candidate
segmented representations of said text object, wherein each  of said one
or more candidate segmented representations of  said text object is
associated with a respective candidate  pronunciation of said speech
object and means arranged for selecting said new segmented
representation of said text object from said one or more  candidate
segmented representations of said text object.  18. The device according
to claim 17, wherein said means  arranged for selecting said new
segmented representation of  said text object from said one or more
candidate segmented  representations of said text object comprises:
means arranged for prompting a user to select said new  segmented
representation of said text object 50 from said one or more candidate
segmented  representations of said text object. 19. The device according
to claim 17, wherein said means  arranged for generating said one or
more candidate  segmented representations of said text object comprises:
means arranged for obtaining a representation of said  text object spoken
by a user; and means arranged for converting said spoken  representation
of said text object into said one or more  candidate segmented
representations of said text object.  20. The device according to claim 19,
wherein said means  



arranged for selecting said new segmented representation of  said text
object from said one or more candidate segmented  representations of
said text object comprises: means arranged for automatically assessing a
suitability of at least one of said one or more candidate  segmented
representations of said text object to serve as  said new segmented
representation of said text object; and  means arranged for discarding said
at least one candidate segmented representation of said text object, in
case it is assessed to be not suitable to serve as said new  segmented
representation of said text object. 21. The device according to claim 17,
wherein said means  arranged for generating said one or more candidate
51 segmented representations of said text object comprises:  means
arranged for converting said text object into said one or more candidate
segmented representations of  said text object. 22. The device according
to claim 21, wherein said means  arranged for selecting said new
segmented representation of  said text object from said one or more
candidate segmented  representations of said text object comprises:
means arranged for obtaining a representation of said  text object spoken
by a user; means arranged for automatically assessing a  suitability of at
least one of said one or more candidate  segmented representations of
said text object to serve as  said new segmented representation of said
text object,  wherein said assessing is based on comparing a
pronunciation of said spoken representation of said text  object with the
candidate pronunciation associated with  said at least one candidate
segmented representation of  



said text object; and means arranged for discarding said at 'Least one
candidate segmented representation of said text object in  case it is
assessed to be not suitable to serve as said new  segmented
representation of said text object. 23. The device according to claim 15,
wherein said device  is a portable telecommunications device or a part
thereof.  52 24. A software application product for correcting a
pronunciation of a speech object, wherein said speech  object is
synthetically generated from a text object in  dependence on a segmented
representation of said text  object, said software application product being
embodied  within a computer readable medium and being configured to
perform the steps of: determining if an initial pronunciation of said speech
object, which initial pronunciation is associated with an  initial segmented
representation of said text object, is  incorrect; and determining, in case it
is determined that said  initial pronunciation of said speech object is
incorrect, a  new segmented representation from said text object or from
a spoken representation of said text object, which new  segmented
representation of said text object is associated  with a new pronunciation
of said speech object. 53 




