
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||l|||l||||||||||||||||||||||||||||| 
US 20050209855A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0209855 A1 

Okutani et al. (43) Pub. Date: Sep. 22, 2005 

(54) SPEECH SIGNAL PROCESSING APPARATUS (30) Foreign Application Priority Data 
AND METHOD, AND STORAGE MEDIUM 

Mar. 31, 2000 (JP) .................................... .. 2000-099532 

(75) Inventors: Yasuo Okutani, KanagaWa (JP); 
Yasuhiro Komori, KanagaWa (JP); Publication Classi?cation 
Toshiaki Fukada, KanagaWa (JP) 

(51) Int. Cl.7 ................................................... .. G10L 15/00 
Correspondence Address: (52) US. Cl. ........................................................ .. 704/256.4 
FITZPATRICK CELLA HARPER & SCINTO 
30 ROCKEFELLER PLAZA 
NEW YORK, NY 10112 (US) (57) ABSTRACT 

(73) Assignee: CANON KABUSHIKI KAISHA, 
TOKYO (JP) Aspeech segment search unit searches a speech database for 

speech segments that satisfy a phonetic environment, and a 
(21) Appl' NO‘: 11/126,372 HMM learning unit computes the HMMs of phonemes on 

(22) Filed: May 11’ 2005 the basis of the search result. A segment recognition unit 
performs segment recognition of speech segments on the 

Related US Application Data basis of the computed HMMs of the phonemes, and When 
the phoneme of the segment recognition result is equal to a 

(62) Division of application No_ 09/819,613, ?led on Mar' phoneme of the source speech segment, that speech segment 
29, 2001. is registered in a segment dictionary. 

211 $2000 
I sEé'N'EN'T'BIéiIbNXéN"éééiIiAiIdN'MIULE """"""""""""""""""""" " 

’ I 

SEGMENT 
DICTIONARY 
FORMATION UNIT 

SPEECH 2 
5 1 0 DATABASE 

, . . . _ . . . . . . _ . _ _ . . . _ 2 . . . . . . . . . . _ . . . . . . . . . . _ . 4 . . _ _ _ 1 _ . . _ . . . . . . . . . . . . . . . . _ . . _ . _ . . _ _ . . . _ . . . . . . . . . .. 

SPEECH SYNTHESIS MODULE 
_ 2 _ . _ . . . _ . . . . . . . . . , . . . . _ . . . . . . . . . . _ . . 2 _ . . . . . _ . . . . . . . _ _ _ . .‘ 

§~-~200I 
PROSODY ; 

TExT INPUT UNIT GENERATION RULE SEGMENT SPEECH WAVEFORM i 
- HOLDING UNIT D'CT'ONARY OUTPUT UNIT 5 

E 5 3 I I i 
g ‘ 201 204 206 209 

ANALYSIS UNIT GENERATOR SELECTOR ESRS‘T’QLQT'YBN UNIT 
5 5 i i 

203 205 207 208 

ANALYSIS 
DICTIONARY ” 202 



Patent Application Publication Sep. 22, 2005 Sheet 1 0f 7 US 2005/0209855 A1 

E695 . , 

85o M355 

55 Emma 55 5%: EEEZS <5 #255 
w w w w no? mo? mow vow 

w 

m5 wow 

:55 :23 023821 £05 :2: wawEzi EQEE i528 EOEE SE28 zommmm 
w w w , wow wow SF 0: 





Patent Application Publication Sep. 22, 2005 Sheet 3 0f 7 US 2005/0209855 A1 

FIG. 3 

INPUT TEXT w 8301 

l 
LANGUAGE ANALYSIS w S302 

l 
GENERATE PROSODY 4/‘ S303 

4 
SELECT SPEECH SEGMENT #48304 

i 
MODIFICATION/CONCATENATE __/-- S305 
SPEECH SEGMENT 

l 
OUTPUT SPEECH W 
WAVEFORM S306 



Patent Application Publication Sep. 22, 2005 Sheet 4 0f 7 US 2005/0209855 A1 

M 55 55 55 :23 m 29:28am v @256: v ZQZZEEEQ v @2561 m 
m Ewsawm 58mm hzwzoww kzwgoww m m zoEzwoomm ZQEEQEE zocéaawm m 

M J > > m w w m 

m m3 m3 8v wow W 

m . _ W 

M :23 5s 55 @2561 :23 55% M 
m @2561 I 225% I 556% I 525% m w 2% 221 Iowa :85 m 

m 3v m? Now 6w m 

I 

I 
I 

I 

l 
l 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 
I 

I 
‘ 

I 

l 
I 
I 

I 

I 

I 
I 

I 

I 
l 

I 
I 
I 

I 
I 

I 
l 

I 

I 
I 

I 
I 

l 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 
I 

I 

I 

l 

I 
I 

l 

I 

I 

l 

I 
I 

I 
I 

I 

I 

I 

I 
I 

I 
l 

l 

l 

l 
I 

I 
I 
I 

I 

I 

I 

I 

I 

I 
I 

I 
I 
I 

I 
I 

I 
l 

I 

I 

I 

I 

I 
I 

l 

l 

l 
I 

I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

:2: 20558 

$5.965 Ewsaww mwé?é P E 55% 



Patent Application Publication Sep. 22, 2005 Sheet 5 0f 7 US 2005/0209855 A1 

START 

v‘ 
S501 

NON-PROCESSED 
PHONEME? 

SEARCH FOR SPEECH SEGMENT "S502 

LEARN HMM $8503 

I 

SEGMENT RECOGNITION "S504 

SPEECH 

OF MAXIMUM LIKELIHOOD S507 HMM? 
I 1 

NOT REGISTER 

SEGMENT USED IN LEARNING 

S505 

REGISTER $8506 

I 

END OF ALL 
SPEECH SEGMENTS? 

S508 



Patent Application Publication Sep. 22, 2005 Sheet 6 0f 7 US 2005/0209855 A1 

FIG. 6 

RECOGNITION ALLOWABLE 
TARGET PA'ITERN 

a.y a.i 

a.k a.p, a.t 



Patent Application Publication Sep. 22, 2005 Sheet 7 0f 7 US 2005/0209855 A1 

FIG. 7 

IF llNO" IN 8505 

SEARCH FOR ALLOWABLE TABLE @8601 

S602 
REGISTERED 

IN TABLE? 



US 2005/0209855 A1 

SPEECH SIGNAL PROCESSING APPARATUS AND 
METHOD, AND STORAGE MEDIUM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a speech signal 
processing apparatus and method for forming a segment 
dictionary used in speech synthesis, and a storage medium. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, a speech synthesis method in Which 
speech segments in units of phonemes, diphones, or the like 
are registered in a segment dictionary, the segment dictio 
nary is searched in accordance With input phonetic text upon 
producing synthetic speech, and synthetic speech corre 
sponding to the phonetic text is produced by modifying and 
concatenating found speech segments to output speech has 
become the mainstream. 

[0003] In such speech synthesis method, the quality of 
each speech segment itself registered in the segment dictio 
nary is important. Therefore, if phonetic environments of 
speech segments are not constant or the speech segments 
include noise, synthetic speech produced using such speech 
segments includes allophone or noise even When speech 
synthesis is done With higher precision. 

SUMMARY OF THE INVENTION 

[0004] The present invention has been made in consider 
ation of the aforementioned prior art, and has as its object to 
provide a speech signal processing apparatus and method, 
Which make segment recognition using HMM and register a 
speech segment in a dictionary in accordance With the 
recognition result, and a storage medium. 

[0005] It is another object of the present invention to 
provide a speech signal processing apparatus and method, 
Which form a segment dictionary that can prevent sound 
quality in synthetic speech from deteriorating, and a storage 
medium. 

[0006] Other features and advantages of the present inven 
tion Will be apparent from the folloWing descriptions taken 
in conjunction With the accompanying draWings, in Which 
like reference characters designate the same or similar parts 
throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention and, together With the 
descriptions, serve to explain the principle of the invention. 

[0008] FIG. 1 is a block diagram shoWing the hardWare 
arrangement of a speech synthesis apparatus according to an 
embodiment of the present invention; 

[0009] FIG. 2 is a block diagram shoWing the module 
arrangement of a speech synthesis apparatus according to 
the ?rst embodiment of the present invention; 

[0010] FIG. 3 is a How chart shoWing the How of pro 
cessing in an on-line module according to the ?rst embodi 
ment; 

[0011] FIG. 4 is a block diagram shoWing the detailed 
arrangement of an off-line module according to the ?rst 
embodiment; 
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[0012] FIG. 5 is a How chart shoWing the How of pro 
cessing in the off-line module according to the ?rst embodi 
ment; 

[0013] FIG. 6 shoWs the format of a table that stores error 
recognition alloWable patterns according to the third 
embodiment of the present invention; and 

[0014] FIG. 7 is a How chart shoWing the How of pro 
cessing in an off-line module according to the third embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] Preferred embodiments of the present invention 
Will be described in detail hereinafter With reference to the 
accompanying draWings. 

First Embodiment 

[0016] FIG. 1 is a block diagram shoWing the hardWare 
arrangement of a speech synthesis apparatus according to an 
embodiment of the present invention. Note that this embodi 
ment Will exemplify a case Wherein a general personal 
computer is used as a speech synthesis apparatus, but the 
present invention can be practiced using a dedicated speech 
synthesis apparatus or other apparatuses. 

[0017] Referring to FIG. 1, reference numeral 101 denotes 
a control memory (ROM) Which stores various control data 
used by a central processing unit (CPU) 102. The CPU 102 
controls the operation of the overall apparatus by executing 
a control program stored in a RAM 103. Reference numeral 
103 denotes a memory (RAM) Which is used as a Work area 
upon execution of various control processes by the CPU 102 
to temporarily save various data, and loads and stores a 
control program from an external storage device 104 upon 
executing various processes by the CPU 102. This external 
storage device includes, e.g., a hard disk, CD-ROM, or the 
like. Reference numeral 105 denotes a D/A converter for 
converting input digital data that represents a speech signal 
into an analog signal by outputting the analog signal to a 
loudspeaker 109. Reference numeral 106 denotes an input 
unit Which comprises, e. g., a keyboard and a pointing device 
such as a mouse or the like, Which are operated by the 
operator. Reference numeral 107 denotes a display unit 
Which comprises a CRT display, liquid crystal display, or the 
like. Reference numeral 108 denotes a bus Which connects 
those units. Reference numeral 110 denotes a speech syn 
thesis unit. 

[0018] In the above arrangement, a control program for 
controlling the speech synthesis unit 110 of this embodiment 
is loaded from the external storage device 104, and is stored 
on the RAM 103. Various data used by this control program 
are stored in the control memory 101. Those data are fetched 
onto the memory 103 as needed via the bus 108 under the 
control of the CPU 102, and are used in the control processes 
of the CPU 102. The D/A converter 105 converts speech 
Waveform data produced by executing the control program 
into an analog signal, and outputs the analog signal to the 
loudspeaker 109. 

[0019] FIG. 2 is a block diagram shoWing the module 
arrangement of the speech synthesis unit 110 according to 
this embodiment. The speech synthesis unit 110 roughly has 
tWo modules, i.e., a segment dictionary formation module 
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2000 for executing a process for registering speech segments 
in a segment dictionary 206, and a speech synthesis module 
2001 for receiving text data, and executing a process for 
synthesiZing and outputting speech corresponding to that 
text data. 

[0020] Referring to FIG. 2, reference numeral 201 denotes 
a text input unit for receiving arbitrary text data from the 
input unit 106 or external storage device 104; 202, an 
analysis dictionary; 203, a language analyZer; 204, a 
prosody generation rule holding unit; 205, a prosody gen 
erator; 206, a segment dictionary; 207, a speech segment 
selector; 208, a speech segment modi?cation/concatenation 
unit for modifying speech segments using PSOLA (Pitch 
Synchronous Overlap and Add); 209, a speech Waveform 
output unit; 210, a speech database; and 211, a segment 
dictionary formation unit. 

[0021] The process in the speech synthesis module 2001 
Will be explained ?rst. In the speech synthesis module 2001, 
the language analyZer 203 executes language analysis of text 
input from the text input unit 201 by looking up the analysis 
dictionary 202. The analysis result is input to the prosody 
generator 205. The prosody generator 205 generates a pho 
neme and prosody information on the basis of the analysis 
result of the language analyZer 203 and information that 
pertains to prosody generation rules held in the prosody 
generation rule holding unit 204, and outputs them to the 
speech segment selector 207 and speech segment modi?ca 
tion/concatenation unit 208. Subsequently, the speech seg 
ment selector 207 selects corresponding speech segments 
from those held in the segment dictionary 206 using the 
prosody generation result input from the prosody generator 
205. The speech segment modi?cation/concatenation unit 
208 modi?es and concatenates speech segments output from 
the speech segment selector 207 in accordance With the 
prosody generation result input from the prosody generator 
205 to generate a speech Waveform. The generated speech 
Waveform is output by the speech Waveform output unit 209. 

[0022] The segment dictionary formation module 2000 
Will be explained beloW. 

[0023] In the process of this module, the segment dictio 
nary formation unit 211 selects speech segments from the 
speech database 210 and registers them in the segment 
dictionary 206 on the basis of a procedure to be described 
later. 

[0024] A speech synthesis process of this embodiment 
With the above arrangement Will be described beloW. 

[0025] FIG. 3 is a How chart shoWing the How of a speech 
synthesis process (on-line process) in the speech synthesis 
module 2001 shoWn in FIG. 2. 

[0026] In step S301, the text input unit 201 inputs text data 
in units of sentences, clauses, Words, or the like, and the How 
advances to step S302. In step S302, the language analyZer 
203 executes language analysis of the text data. The How 
advances to step S303, and the prosody generator 205 
generates a phoneme and prosody information on the basis 
of the analysis result obtained in step S302, and predeter 
mined prosodic rules. The How advances to step S304, and 
the speech segment selector 207 selects for each phoneme 
speech segments registered in the segment dictionary 206 on 
the basis of the prosody information obtained in step S303 
and a predetermined phonetic environment. The How 
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advances to step S305, and the speech segment modi?ca 
tion/concatenation unit 208 modi?es and concatenates 
speech segments on the basis of the selected speech seg 
ments and the prosody information generated in step S303. 
The How then advances to step S306. In step S306, the 
speech Waveform output unit 209 outputs a speech Wave 
form produced by the speech segment modi?cation/concat 
enation unit 208 as a speech signal. In this Way, synthetic 
speech corresponding to the input text is output. 

[0027] FIG. 4 is a block diagram shoWing the more 
detailed arrangement of the segment dictionary formation 
module 2000 in FIG. 2. The same reference numerals in 
FIG. 4 denote the same parts as in FIG. 2, and FIG. 4 shoWs 
the arrangement of the segment dictionary formation unit 
211 as a characteristic feature of this embodiment in more 
detail. 

[0028] Referring to FIG. 4, reference numeral 401 denotes 
a speech segment search unit; 402, a speech segment holding 
unit; 403, a HMM learning unit; 404, a HMM holding unit; 
405, a segment recognition unit; 406, a recognition result 
holding unit; 407, a registration segment determination unit; 
and 408, a registration segment holding unit. Note that 
reference numeral 210 denotes the speech database shoWn in 
FIG. 2. 

[0029] The speech segment search unit 401 searches the 
speech database 210 for speech segments that satisfy a 
predetermined phonetic environment. In this case, a plurality 
of speech segments are found. The speech segment holding 
unit 402 holds these found speech segments. The HMM 
learning unit 403 computes the cepstra of the speech seg 
ments held in the speech segment holding unit 402 by 
computing, e.g., the Fourier transforms of Waveforms of 
these speech segments, and computes and outputs the 
HMMs of phonemes on the basis of the computation results. 
The HMM holding unit 404 holds learning results (HMMs) 
in units of phonemes. The segment recognition unit 405 
makes segment recognition of all speech segments used in 
learning of HMMs using the learned HMMs to obtain a 
HMM With a maximum likelihood (maximum likelihood 
HMM). It is then checked if the speech segment of interest 
is the same phoneme to the maximum likelihood HMM. The 
recognition result holding unit 406 holds that segment 
recognition result. The registration segment determination 
unit 407 adopts only a speech segment for Which segment 
recognition Was successful from the recognition result in the 
segment recognition unit 405 as a segment to be registered. 
The registration segment holding 408 holds only a speech 
segment to be registered in the segment dictionary 406, 
Which is determined by the registration segment determina 
tion unit 407. 

[0030] FIG. 5 is a How chart shoWing the operation of the 
segment dictionary formation module 2000 according to this 
embodiment. 

[0031] It is checked in step S501 if all phonemes de?ned 
by diphones as phonetic units have been processed. If 
phonemes to be processed remain, the How advances to step 
S502; otherWise, the How jumps to a segment recognition 
process in step S504. 

[0032] In step S502, the speech segment search unit 401 
searches the speech database 210 for speech segments that 
satisfy a predetermined phonetic environment, and holds a 
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plurality of speech segments found by search in the speech 
segment holding unit 402. The How then advances to step 
S503. In step S503, the HMM learning unit 405 learns a 
HMM of a given phoneme using the found speech segments 
as learning data. More speci?cally, a total of 34-dimensional 
vectors (16 orders of cepstra, 16 orders of delta cepstra, 
poWer, and delta poWer) are computed from a sampling rate 
of 22050 HZ of a speech Waveform every frame duration of 
2.5 msec using a WindoW duration of 25.6 msec. Note that 
poWer and delta poWer values are normaliZed to the range 
from “0” to “1” in units of sentences in the speech database. 
A HMM initial model of a 5-state 1-miXture distribution is 
formed, and a HMM is learned using the cepstrum vectors 
under the aforementioned conditions. After the HMM of a 
given phoneme obtained as a result of learning is held in the 
HMM holding unit 404, the How returns to step S501 to 
obtain a HMM of the neXt phoneme. 

[0033] In step S504, the segment recognition unit 405 
performs segment recognition of all the speech segments 
found in step S502 using the HMMs of the phoneme strings. 
That is, a likelihood betWeen a speech segment and the 
HMM of each phoneme is computed in units of speech 
segments. The How then advances to step S505 to obtain a 
HMM With the maXimum likelihood With a given speech 
segment in units of speech segments, and it is checked if that 
speech segment is used in learning of that HMM. If the 
speech segment is used in learning of that HMM, it is 
determined that segment recognition Was successful, and the 
?oW advances to step S506 to register that speech segment 
in the segment dictionary 506. 

[0034] On the other hand, if it is determined in step S505 
that the speech segment is not the one used in learning of the 
HMM, it is determined in step S507 that the speech segment 
is not registered in step S206, and the How advances to step 
S508 Without registering the speech segment in the segment 
dictionary 206. After the process in step S506 or S507 is 
eXecuted, the How advances to step S508 to check if a 
discrimination process for all the speech segments used in 
learning of HMMs of all the phonemes in step S504 is 
complete. If NO in step S508, the How returns to step S505 
to repeat the aforementioned process. 

[0035] As described above, according to the ?rst embodi 
ment, HMMs corresponding to respective phonemes are 
learned using a plurality of speech segments that satisfy a 
predetermined phonetic environment, all the speech seg 
ments used in learning of HMMs undergo segment recog 
nition using the learned HMMs, and only a speech segment 
Which is determined to be used in learning of the maXimum 
likelihood HMM is registered in the segment dictionary. 

[0036] With this arrangement, a segment dictionary from 
Which speech segments including allophone and noise are 
eXcluded can be formed, and a segment dictionary Which can 
suppress deterioration of sound quality of synthetic speech 
can be provided. When synthetic speech is produced using 
the segment dictionary 206 formed according to the afore 
mentioned procedure, deterioration of sound quality of 
synthetic speech can be suppressed. 

Second Embodiment 

[0037] In the ?rst embodiment, the HMM learning unit 
402 generates HMMs in units of phonemes, and the segment 
recognition unit 405 computes the likelihoods for all the 
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speech segments used in learning of the HMMs. HoWever, 
the present invention is not limited to this. For eXample, 
When diphones are used as phonemes, phonemes may be 
categoriZed into four categories: CC, CV, VC, and VV, and 
speech segments that belong to the same category may 
undergo segment recognition. Note that C represents a 
consonant, and V a voWel. 

Third Embodiment 

[0038] In the ?rst and second embodiments, a speech 
segment Which is not successfully recogniZed is not regis 
tered. HoWever, the present invention is not limited to this. 
For example, a table that describes alloWable recognition 
error patterns in advance is prepared, and if a speech 
segment Which is not successfully recogniZed matches an 
alloWable pattern prepared in that table, the registration 
segment determination unit 407 determines that the speech 
segment can be registered in the segment dictionary 206. 

[0039] FIG. 6 shoWs an eXample of an alloWable table 
according to the third embodiment. 

[0040] FIG. 6 shoWs an eXample that adopts diphones as 
phonemes. In this case, even When a speech segment Which 
is used in learning of an HMM of a diphone “a.y” is 
recogniZed as “a.i”, or even When a speech segment Which 
is used in learning of an HMM of a diphone “a.k” is 
recogniZed as “a.p” or “at”, such speech segment is regis 
tered in the segment dictionary as an alloWable one. 

[0041] FIG. 7 is a ?oW chart shoWing the processing in 
such case. This processing is eXecuted When it is determined 
in step S505 in FIG. 5 that the speech segment of interest is 
not used in learning of the corresponding HMM. The How 
advances to step S601 to search the alloWable table (pro 
vided to the registration segment determination unit 407) so 
as to check if the diphone of the recognition result is found 
in that table. If it is found, the How advances to step S506 
in FIG. 5 to register that speech segment in the segment 
dictionary 206; otherWise, the How advances to step S507 
not to register that segment in the segment dictionary 206. 

Fourth Embodiment 

[0042] In the second embodiment above, When diphones 
are used as phonemes, a speech segment Which is not 
successfully recogniZed is not registered. HoWever, the 
present invention is not limited to this, and When a phoneme 
in Which the number of segments that are successfully 
recogniZed is equal to or smaller than a threshold value 
belongs to, e.g., a category VC, that phoneme may be 
alloWed if the V part matches. 

Fifth Embodiment 

[0043] In the ?rst embodiment, the likelihoods of each 
speech segment With the HMMs of all phonemes obtained in 
step S503 are computed. HoWever, the present invention is 
not limited to this. For eXample, likelihoods betWeen an 
HMM of a given phoneme and speech segments used in 
learning of that HMM are computed, and N (N is an integer) 
best speech segments in descending order of likelihood may 
be registered, or only a speech segment having a likelihood 
equal to or higher than a predetermined threshold value may 
be registered. 

SiXth Embodiment 

[0044] In the ?rst to ?fth embodiments, the likelihoods 
computed in step S504 are compared Without being normal 
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iZed. However, the present invention is not limited to this. 
Each likelihood may be normalized by the duration of the 
corresponding speech segment, and a speech segment to be 
registered may be selected using the normaliZed likelihood 
in the above procedure. 

[0045] In the above embodiments, the respective units are 
constructed on a single computer. HoWever, the present 
invention is not limited to such speci?c arrangement, and the 
respective units may be divisionally constructed on com 
puters or processing apparatuses distributed on a netWork. 

[0046] In the above embodiments, the program is held in 
the control memory (ROM). HoWever, the present invention 
is not limited to such speci?c arrangement, and the program 
may be implemented using an arbitrary storage medium 
such as an external storage or the like. Alternatively, the 
program may be implemented by a circuit that can attain the 
same operation. 

[0047] Note that the present invention may be applied to 
either a system constituted by a plurality of devices, or an 
apparatus consisting of a single equipment. The present 
invention is also achieved by supplying a recording medium, 
Which records a program code of softWare that can imple 
ment the functions of the above-mentioned embodiments to 
the system or apparatus, and reading out and executing the 
program code stored in the recording medium by a computer 
(or a CPU or MPU) of the system or apparatus. 

[0048] In this case, the program code itself read out from 
the recording medium implements the functions of the 
above-mentioned embodiments, and the recording medium 
Which records the program code constitutes the present 
invention. 

[0049] As the recording medium for supplying the pro 
gram code, for example, a ?oppy disk, hard disk, optical 
disk, magneto-optical disk, CD-ROM, CD-R, magnetic tape, 
nonvolatile memory card, ROM, and the like may be used. 
The functions of the above-mentioned embodiments may be 
implemented not only by executing the readout program 
code by the computer but also by some or all of actual 
processing operations executed by an OS (operating system) 
running on the computer on the basis of an instruction of the 
program code. 

[0050] Furthermore, the functions of the above-mentioned 
embodiments may be implemented by some or all of actual 
processing operations executed by a CPU or the like 
arranged in a function extension board or a function exten 
sion unit, Which is inserted in or connected to the computer, 
after the program code read out from the recording medium 
is Written in a memory of the extension board or unit. 

[0051] As described above, according to the above 
embodiments, a speech synthesis apparatus and method, 
Which can exclude speech segments that include allophone 
or noise, and can produce synthetic speech Which suffers less 
deterioration of sound quality, since speech segments to be 
registered in the segment dictionary are selected by exploit 
ing the segment recognition results obtained using HMMs, 
can be provided. 

[0052] The present invention is not limited to the above 
embodiments and various changes and modi?cations can be 
made Within the spirit and scope of the present invention. 

Sep. 22, 2005 

Therefore, to apprise the public of the scope of the present 
invention, the folloWing claims are made. 

1. A speech signal processing apparatus comprising: 

HMM learning means for computing HMMs of speech 
segments With information indicating a phonetic envi 
ronment in a speech database; 

segment recognition means for performing segment rec 
ognition of the speech segments in the speech database 
on the basis of the HMMs; and 

registration means for registering a speech segment in a 
segment dictionary, in a case Where the recognition 
result of the speech segment by said segment recogni 
tion means corresponds to the information indicating 
the phonetic environment of the speech segment. 

2-23. (canceled) 
24. The apparatus according to claim 1, Wherein the 

information indicating the phonetic environment is a 
diphone label, and said segment recognition means catego 
riZes speech segments into four categories CC, CV, VC, and 
VV (C: a consonant, V: a voWel), and performs segment 
recognition in each category. 

25. The apparatus according to claim 1, Wherein said 
registration means comprises: 

pattern storage means Which has alloWable patterns of 
information indicating the phonetic environment, and 

said registration means checks if information indicating 
the phonetic environment of the speech segment 
matches one of the alloWable patterns of information 
indicating the phonetic environment even if the infor 
mation indicating the phonetic environment is not 
equal to the recognition result of said segment recog 
nition means. 

26. The apparatus according to claim 1, Wherein said 
segment recognition means computes likelihoods of speech 
segments of identical information indicating the phonetic 
environment, and 

said registration means registers, in the segment dictio 
nary, speech segments having maximum likelihoods or 
having likelihoods not less than a predetermined value. 

27. The apparatus according to claim 26, Wherein said 
registration means registers, in the segment dictionary, 
speech segments having upper values obtained by normal 
iZing the likelihoods by durations of the speech segments or 
likelihoods having the values not less than a predetermined 
value. 

28. A speech signal processing method comprising: 

an HMM learning step of computing HMMs of speech 
segments With information indicating a phonetic envi 
ronment in a speech database; 

a segment recognition step of performing segment recog 
nition of the speech segments in the speech database on 
the basis of the HMMs; and 

a registration step of registering a speech segment in a 
segment dictionary, in a case Where the recognition 
result of the speech segment in said segment recogni 
tion step corresponds to the information indicating the 
phonetic environment of the speech segment. 

29. The method according to claim 28, Wherein the 
information indicating the phonetic environment is a 
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diphone label, and said segment recognition step categorizes 
speech segments into four categories CC, CV, VC, and VV 
(C: a consonant, V: a vowel), and includes the step of 
performing segment recognition in each category. 

30. The method according to claim 28, Wherein said 
registration step comprises: 

a pattern storage step of registering alloWable patterns of 
information indicating the phonetic environment, and 

said registration step includes a step of checking Whether 
the information indicating the phonetic environment of 
the speech segment matches one of the alloWable 
patterns of information indicating the phonetic envi 
ronment even if the information indicating the phonetic 
environment is not equal to the result in said segment 
recognition step. 

31. The method according to claim 28, Wherein said 
segment recognition step includes a step of computing 
likelihoods of speech segments of identical information 
indicating the phonetic environment, and 

said registration step includes a step of registering, in the 
segment dictionary, speech segments having maXimum 
likelihoods or having likelihoods not less than a pre 
determined value. 

32. The method according to claim 31, Wherein said 
registration step includes a step of registering, in the seg 
ment dictionary, speech segments having upper values 
obtained by normaliZing the likelihoods by durations of the 
speech segments or likelihoods having the values not less 
than a predetermined value. 

33. A computer readable storage medium storing a pro 
gram for implementing the method according to claim 28. 

34. A speech synthesis apparatus comprising: 

speech synthesis means for synthesiZing speech using the 
segment dictionary made by the speech signal process 
ing apparatus according to claim 1. 

35. A speech synthesis method comprising: 

a speech synthesis step of synthesiZing speech using the 
segment dictionary made by the speech signal process 
ing method according to claim 28. 
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36. A computer readable storage medium storing a pro 
gram for implementing the method according to claim 35. 

37. A speech signal processing apparatus comprising: 

HMM learning means for computing HMMs of speech 
segments With information indicating a phonetic envi 
ronment in a speech database; 

segment recognition means for performing segment rec 
ognition of the speech segments in the speech database 
on the basis of the HMMs; 

judgment means for judging Whether the result of the 
segment recognition corresponds to the information 
indicating the phonetic environment of a speech seg 
ment; and 

storage means for storing the result of the judgment 
judged by said judgment means associated With the 
speech segment. 

38. A speech signal processing method comprising: 

an HMM learning step of computing HMMs of speech 
segments With information indicating a phonetic envi 
ronment in a speech database; 

a segment recognition step of performing segment recog 
nition of the speech segments in the speech database on 
the basis of the HMMs; 

a judgment step of judging Whether the result of the 
segment recognition corresponds to the information 
indicating the phonetic environment of a speech seg 
ment; and 

a storage step of storing the result of the judgment judged 
in said judgment step associated With the speech seg 
ment. 

39. A computer readable storage medium storing a pro 
gram for implementing the method according to claim 38. 


