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2. log00000D0ODOOOOODODODODOOODOODODODOO,000 20
gogo.

3. 00000000Db0DbODO g0, 0000OD0ODOOOlogOOOO
U.leg0O0ooooooobobobobobuobob,0oobobobon
goboooga.

gogoob,odooobobbbbbbbbotbdoooooooobobbboob
o.0o0booooooboooooboboo,ssboboboooobobooooo Yoo
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ooo?»”00,00y0000000O0O0OO00DOO0O0ODOOODOOO. OO,DbDO00D000
gooooobogoob,00yvyobobouoobobooobuoobobooobooooo.
000,0000000000 triphone 0 0000O0O, HTKOODOODOOODOOODO
0000 (HTK-samples-3.3 O samples/RMHTK/lib/quests.hed) 0000000000
gooooboboobbbtb. ooooooooooobbbolgoo.oo,ooon
goooo 2000.

O0,00000 triphone0 000000 O0OOOOOOOO triphoneO0O00ODOO0O
O000o0ob0O0. D00, Db00 triphoneJ0000O0O0OO0ODOO0ODODO triphone O
goooobbobbb. oo ooooobooobobbbo.
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020000

gooooo

‘000000100007
‘00000024000 700007
‘000000 1,2,346000 700007
“00000000400007
‘00000000 s5000600007
“00000000 356000700007

gbooabood

‘000000 s30ocoo?”

‘000000 1,2000500007

‘00000000 45000600007

‘00000000 1,2345000 600007
“0000000000400,000000000007
“00000000003000700,000000000007?
‘0000000000 1,35000700,000000000007?

triphone O O O

‘J0000000g000 gyOOOO”
‘00000000 a,e,m,o0001r00007
“00000000 by,i00O gyODOOO?
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4 O00O0O0o0oooood
4.1 00000

gobbobuoggoboouoooobobbuooooboo,bboooobooa,n
gogbbobuogggboobooo.gggobobboooobo,bbobbouogooon
gbobogoboogooogob 200bogoboo.ggbobbuogbboonon
goboooboooobobooob.obboobbooobbkxkboooboboooo
goooboobo koobo,obboobboooboob.boobooboob 5o
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4.2 0OOO0O0O

gboobo,bobobobobobgoboo,ogbobgbsrsuooooood
gboobgo.cobobooboobo,oobobbobboo,obooboobon
gboil1gbooboo.oboobooboobooboob,bo0obooboob
gboboodgbobo. ogbbda,oodbbuoobboobobbooobboodobb

gbooo.0bogboobuoobuoobob 345000,

03 000000000000000

00 O O O
oooad sa, N ka
ooaad 3
ooooo |1 2 3

4. 000000000000000

aood O O O
ooon ko ka i
ooodod
goooo |1 3 4

U5 00000000000000000

00O HEN O 0
gooog ju u su
godgd 3
goodg |1 2 3

21



5 Uogg

gobooboob HMMOOOODOO0bDOooboboboobooboooboboobon
0000000 (00,00000000)[12]0000. 00,00000000000
O0000000DOD0ODOD0OO0O0OO0O0000 (00,00000 triphone 000)0000,
O0000. 00,000000000000000NHKOOOOOOOOOOOO 6]
gooob.db,0boobobooboobooboogMMObOoDOoO,ogo
oo0o0o0ooboob0obooooooooobOobDOon triphone 00D OO0O.

5.1 JUUouobooooooobogd

gooobodob HMMOOOOooboobobbooboobooboboobon
0000000 (00,00000000)[12]0000. 00,00000000000O
0000000000000 000000 (00,00000 triphone000)000O0O,
O000. 00,000000000000000NHKOOOO0O0O0O0O0O0O0O0O 6]
gooob.db,0booboboooboobooboogMMObOonbDboOo,ogoo
gbooboobooboobooboboobooobD triphone 00O, 0000000
gboooboob,d0boobboobo0bobob0obuo0obOd triphonedd OO
goo.

00000 0o0b0obOibd triphoned OO0 triphone0 000 OO0OOOOO0O
geudd. g, ggobobooobbo,+boddoooooobb, -oboboobooo
gooobbooboo. goo,ggooboobboodoooo,go,gobobooon
grogboboboooobobboooobobboooo.ybbboooboobobuoedgg.

gbo,ggboooboooooa,bog,bg,bbgoboo4booobooonon
goboobo. g, 40000obobboooooboboooobbobybooonooon
go400000ono.
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06:00:0(dkD)0000000O0OOO

00 a k i
oo
goood a0201011 k 10202010
ooo
triphone a+k a—k-+i k—i
oo
goooo a0201011 a0201011— k—
triphone D O O | +k k-+i0202010 10202010
ooo 20201 k 10202
oo
oo a0201+k a0201—k+i0202 k—i0202
triphone 0 O O
a 02 01 01 1
t% ETB 7 OF
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s sSsO t Bt
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5.2 OO HMMOOO

HMMOODOODOODOO0OO0OO0DOO0O0O,000000000 triphoned 0 OO0OOO
obo0oooooobooooboDb. oob, 00000 triphone0 000000000
triphone 00O OO OODOO.

5.2.1 0000 HMM

0000 HMMOOOOOO0OO 7000. 00000C0OO0O0OOOOOO (OO a). O
g,0boggobbboogoobodg. ggobbbuoooobbbooooooobo.

e IO 0OUIOODODOO HMMOUODOUOODOOOOODOODODOOOOOOOOO
(0O b).

e 100000 DODOOODODOOODODDHMMOODODODO (OO c).
OO0O000 triphone0 00000 0OO0ODOOOOO.

e ]1000DOUDODOODODOOHMMODOOODO triphone0 00 OODODODOOODOO (O
0 d).

e JO0D0O0OODODO triphone0 000 HMMOOOOO (OO e).

e 000D0DO triphone 0 000 HMMOOOOOOO0O00D triphone 100000
0ooooo (oo,

e J000ODDOOOOO triphone0 000 HMMOODOODO (OO g).

5.2.2 00000 HMM

gobogooboobooHMMODOODOOO 8UOOUb. Oobbh,00bo0obbod
O0(@COh.00,00000000000000CO0. 0000000 OODOCODOO
goooo.

e 00000000000 HMMOOOOOOOOOOOOOOOOOOOOO0O
(00O k).
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e 1OOUOMO triphone0 0 OO HMMUOUOUODODDODOOOODO triphone OO OO OO
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e JIOUODDOOUODOODOUODOODO,00DOO triphoned 00O HMMDO

0000 (00 p).
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5.3 UUOOouobbooon

OO0o00oO00oo0ooooDoO0DooOoD,ATRODOODOOODOO AsetODODODO.
go,0b0g00bo0bob,0o0bgwgoboobowbobbooboobooboob
gboboob.obg,o0bgs2obooboboobob. oo, gboboob
g, ggdbbbuoooobbboooobbboooob.

goobgobooobobobooboboboobobobooyobo.bg,od
gboooboboobooboo3sbobo MM ObOOODO, 000 HMMODOODO
gbd x3000.

7000000000040

00 000 |O0000 | triphone | OO O ooooo
gogd |00 (ooo goo triphone J OO 00 | triphone O O O
35 0 150 | O 450 0 2300 | O 6700 [J 10300

ggoboo,bogdg,gooboobodgougoooboboboooooo, bbb
gogobobboobobouoooooo. ggobbooobbo, 22000000000
go,t0boboggooobobodag 1iobobbuoooobobboogg. b
goobos8obog.

gobbogobbogobobooobobboo1obbo.og,boodgbbo 3t
gooobboobo9bob. bodooooobboobbbuogoouobobooon
gogboobogogb. oo, ggboobuogogoobobogg,1bogooobo.

U8 gdgoboggdoon
000000 |ATROOOOOODOODOO Aset 524000 /00

000000 |[600 (00 300 (maummy,mnm), 00 300 (faf,ftk,fms))
gooogd 0000 262000/00 x900

gooad 0000 262000 /00
(l10000000OD0o0oOooooDoOoOoon)

gbO,0wobobobobobebbobobobOobDbOobbOOobDOo0obDOoOobLOn
gbooooodgb.ob,beubuobuobobobobobobob.bgbo,on
gbd 107620 14820 0000000000000 000O0O0O0OLO0ODLO0ODLO0O0
gbooo.goboobb1inobb. boobooboobuooboobbobboon
gboobgooob,0bobbobboobooboobooboonn.
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09 0b0booggboooogodn

00000 00000
1. 10150 00 (10) 10152 00 (10)
2. 10192 0 (10) 10194 00 (10)
3. 10322 0o (01) 10324 00 (10)
4. 10558 0o (01) 10560 0 (10)

5. 10666 00 (10) 10668 00 (10)
6. 10734 OO0 (011) 10736 00 (100)
7. 10760 00 (10) 10762 0 (10)

8. 10788 OO0 (011) 10790 OO0 (010)
9. 11042 00 (010) 11044 00 (010)
10. 11056 0o (01) 11058 0 (01)

11. 11062 00 (100) 11064 0o (011)
12. 11520 00 (0111) 11522 00 (0111)
13. 11524 00 (0111) 11526 00 (1000)
14. 11564 00 (0111) 11566 00 (0111)
15. 11830 0o (01) 11832 0 (01)

16. 12118 00 (100) 12120 0o (011)
17. 12616 00 (10) 12618 00 (10)
18. 12642 0 (10) 12644 0 (10)

19. 12732 0 (10) 12734 0 (10)

20. 13020 0 (01) 13022 00 (10)
21. 13270 000 (010) 13272 0oo (011)
22. 13486 00 (10) 13488 0 (01)

23. 13858 0 (1) 13860 0 (1)

24. 13890 00 (10) 13892 00 (10)
25. 13960 00 (010) 13962 00 (010)
26. 14216 0o (01) 14218 0 (01)

27. 14520 0o (01) 14522 0 (01)

28. 14880 0o (01) 14882 0 (01)

29. 15070 0o (01) 15072 0 (10)

30. 15142 0 (10) 15144 0 (10)

31. 15210 0o (01) 15212 0 (01)

28




0 10: 00000000000000000000000

1. 00O (01) 00 (10)

2. 000 (011) OO (100)
3. D000 (011) 000 (010)
4. 00 (011) OO (100)
5. 00 (0111) OO (1000)
6. 00O (01) 0 (10)

7. 00O (011) OO (100)
8. O (01) 00 (10)

9. 0O (01) 00 (10)
10. 00O (010) OO0 (011)
11. 00 (01) 0 (10)

g1ll:.0bo0oooobobbooon
o:000O0DbDO0ObOOO0ObDObOODbODbDOn
0:.0000000000
x:0oooooooooogoooooan

HEN mau mmy mnm faf fms ftk
10762 | O X X X X 0
14882 | x 0 X X X x
gogd |o o @ o o o
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0 12: 0odd

oooon 16kHz
ogoo Hamming U
gooad 25ms
oooooo 10ms
oooon 3000400
oooooo
stream [J 3
MFCC 120 MFCC+A 120 MFCC
gooooo +00o0o0+A00D00
(O 260)
77777 FBANK | 240 FBANK+A 240 FBANK
gooooo +00b000+A0bS0000
(O 500)

0000 HMM MFCC 1024 A MFCC 1024
Diagonal 0 0 O 0 O O0000,A0D0000 64
 O0O0O0OHMM | MFCC 128 A MFCC 128
FlODOO0O0O o0o0oo,AD0DO000 16
- DOOO00HMM | MFCC 4 A MFCC 4

Diagonal 0 0 O 0 O ooooo,A0D0O000 2

FBANK O0O0OOO0ODOO MFCCOOOOOODOO

54 0O0OOO

goooo,bobgo3ouoboobogsgbooo.bobobobobooobdb HTK
(700000. 0000000000 12000.HTKOOOOOD0O0OO0O0O0O0OO. O
O,00000 HMMODOOD, 0000 HMMO Diagonal 00O OO0OOOOOO0OO
O00,000000 2112(1024+1024+64) 000 . streem 00 30000 MFCCOO
O0oOoooo MFCC,A MFCC,000D0O00AODOOOO,FBANKOOOODDO
O FBANK, A FBANK, OOOOODOAOOOOOOOOOODOOOODOOOODOO
oooo. 0o, MFCCO FBANKOODOOODOOODODOOODOOOOOOOOOOO
g.boog,goobbbobuodgoogobboboboog. bbb, bogoogobob
ggo13ggg.
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U 13: 000000000004

0000 HMM  Diagonal

Full

MFCC4 A MFCC40OO0OOOO,ADDQCDODO 2
FBANK 4 A FBANK40O0OOOO,ADODDOOO 2
MFCC1A MFCC1O0O00OO0OO,A000001
FBANK 1A FBANK 10O0OOOO,AOOOO0O1

00000 HMM Diagonal

MFCC1A MFCC1O0ODOOO,A000001
FBANK 1A FBANK 1 O0OOOO,A000O001
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6 LQOgg

6.1 UUOoooooon
6.1.1 0OOO0O HMM

0000 HMM, MFCC, Diagonal 000000000 O00ODODO 14000. FBANK,
Diagonal 00 OO O0O0OOOOOODOOOO 15000. MFCC,FullOOO0OOOOOOO
0000000 16000. FBANK, ullODODOCO0OOOOO0OOOOODOOO 1700O0O.

0 14: 0000 HMM, MFCC, Diagonal 0 0 00000000000

OO0 |0000b000b |O00b000 triphoned 00O
mau | 27%(6/22) 18%(4/22)

mmy | 18%(4/22) 27%(6/22)

mnm | 36%(8,/22) 27%(6,/22)

faf | 23%(5/22) 18%(4/22)

fms | 9%(2/22) 0%(0/22)

ftk | 6%(6/22) 27%(6/22)

00 | 23%(31/132) 20%(26/132)

O 15: 0000 HMM, FBANK, Diagonal 0 000000000000

00 |00000000 (00004 triphoned OO
mau | 23%(5/22) 27%(6/22)

mmy | 23%(5/22) 27%(6/22)

mnm | 41%(9/22) 32%(7/22)

faf | 23%(5/22) 23%(5,/22)

fms | 5%(1/22) 0%(0,/22)

fk | 32%(7/22) 18%(4/22)

00 | 24%(32/132) 21%(28/132)
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O 16: 0000 HMM, MFCC, Full 0000000000000

00 |0Db0bO00odn (goobOogd triphoned OO
mau | 14%(3/22) 5%(1/22)

mmy | 23%(5/22) 5%(1/22)

mnm | 32%(7/22) 14%(3/22)

faf | 5%(1/22) 5%(1/22)

fms | 9%(2/22) 0%(2,/22)

ftk | 27%(6/22) 27%(6/22)

00 | 18%(24/132) 11%(14/132)

0 17: 0000 HMM, FBANK,

nloooooooogooogn

OO0 |0000000Db |O00000 triphoned OO
mau | 18%(4/22) 14%(3/22)

mmy | 27%(6,/22) 32%(7/22)

mnm | 45%(10/22) 32%(7/22)

faf | 0%(0/22) 90%(2/22)

fms | 5%(1/22) 0%(0/22)

ftk | 14%(3/22) 0%(2/22)

00 | 18%(24/132) 16%(21/132)
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6.1.2 00000 HMM

O00OO00HMMOOOOMFCCOOOODOOOOODOODDO18O00ODO. FBANK
ggbbbugobbboogog1ougag.

0 18 00000 HMM, MFCC, Diagonal 0 000000000000

OO0 |0000000b |O00000 triphoned OO
mau | 36%(8/22) 36%(8/22)

mmy | 55%(12/22) 36%(8,/22)

mnm | 41%(9/22) 50%(11/22)

faf | 27%(6/22) 14%(3/22)

fms | 18%(4/22) 36%(8/22)

ftk | 27%(6/22) 329%(7/22)

OO0 | 34%(45/132) 34%(45,/132)

0 19: 00000 HMM, FBANK, Diagonal 0000000000000

00 (00000000 |D0000 triphoned 00
mau | 14%(3/22) 45%(10,/22)

mmy | 55%(12/22) 45%(10,/22)

mnm | 45%(10/22) 50%(11,/22)

faf | 27%(6/22) 36%(8,/22)

fms | 36%(8/22) 27%(6,/22)

ftk | 33%(5/22) 41%(9/22)

00 | 33%(44/132) 41%(54/132)

gbogobgobogoboog.
1. MFCCO FBANKOOOOOODOOOODOOODO.

2. 00000 triphone 000000000 OO0O0OOODOODOOOOOOODOODO
go.

3. 00000 gMMObOOO0ooooo gMMOGODo4do.

4. 0000000000000 000000 8OO OODOO.
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6.2 UUOOOOOOO

6.2.1 0000 HMM

0000 HMM, MFCC, Diagonal 0000000000 2000 0. FBANK, Diagonal
000000000000 21000. MFCC,ullO0O0O0OD0O0ODOODODOO22000.
FBANK, FullO0ODO00OD0O00D0OODOOO23000.

0 20: 0000 HMM, MFCC, Diagonal 00 00000000

oooon triphone ooo 00000 ooo o0ooQ
ooo ooo 0ooo triphone 0 0 O | triphone 0 O O
mau | 12.10% 3.51% 8.63% 8.28% 4.50% 3.85%
(317/2620) (92/2620) (226/2620) (217/2620) (118/2620) (101/2620)
mmy | 12.98% 7.86% 11.03% 8.89% 9.89% 7.48%
(340/2620) (206/2620) | (289/2620) (232/2620) (233/2620) (196,/2620)
mnm | 11.34% 4.69% 9.66% 9.12% 5.50% 4.66%
(297/2620) (123/2620) | (253/2620) (239/2620) (144,/2620) (122/2620)
faf 10.69% 6.07% 10.84% 9.66% 7.711% 6.26%
(280/2620) (159/2620) | (284/2620) (253/2620) (202/2620) (164,/2620)
fms | 13.21% 4.58% 9.16% 8.28% 5.00% 4.47%
(346/2620) (120/2620) | (240/2620) (217/2620) (131/2620) (117/2620)
ftk 11.26% 7.25% 6.95% 7.06% 8.17% 7.711%
(295/2620) (190/2620) | (182/2620) (185/2620) (214/2620) (202/2620)
oo | 11.81% 5.66% 9.38% 8.54% 6.63% 5.74%
(1875/15720) | (890/15720) | (1474/15720) | (1343/15720) | (1042/15720) (902/15720)

6.2.2 00000 HMM

OOoo0o0O0oHMMOOOO MFCCOOOOOOOOODOD 24000. FBANKODO
ggbbobogg200d.
gobboooobood.

1. MFCCO FBANKOODOODOODOODOOODOODOO.

2. 00000 HMMOOOCOOOOODO EMMOOOODO.

3. 0000 HMMO FULLO MFCCOOODDO,9%4.65%0000000000.
4. 000000,0000000000 triphoneO OO ODOO triphone OO, OO

ggoooo,gbobbouodaon.
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0 21: 0000 HMM, FBANK,Diagonal 0000000000

opoooo triphone ooo ooooo ooo ooooo
aoo oogd goo triphone 0 0 O | triphone 0 0O 0O
mau | 14.62% 10.80% 10.38% 9.43% 12.21% 12.86%
(383/2620) (283/2620) (272/2620) (247/2620) (320/2620) (337/2620)
mmy | 14.12% 9.50% 11.26% 13.29% 11.60% 10.73%
(370/2620) (249/2620) (295/2620) (346,/2620) (304,/2620) (281,/2620)
mnm | 13.89% 9.35% 11.64% 11.98% 11.18% 9.96%
(364,/2620) (245/2620) (305/2620) (314/2620) (293/2620) (261,/2620)
faf 12.21% 7.48% 9.16% 8.74% 8.89% 7.44%
(320/2620) (196,/2620) (240/2620) (229/2620) (233/2620) (195/2620)
fms 15.31% 6.26% 10.80% 10.46% 7.86% 7.48%
(401/2620) (164,/2620) (283,/2620) (274/2620) (206,/2620) (196,/2620)
ftk 15.23% 12.86% 12.18% 13.32% 16.37% 15.08%
(399/2620) (337/2620) (319/2620) (349/2620) (429/2620) (395/2620)
oo 14.23% 9.38% 10.90% 11.19% 11.35% 10.59%
(2237/15720) | (1474/15720) | (1714/15720) | (1759/15720) | (1785/15720) (1665/15720)
0 22: 0000 HMM, MFCC,FullOOOO0DOOOOO0O
ooooo triphone ood ooooo ood ooooo
aoo goo ooo triphone 0 O 0O | triphone O O O
mau | 11.07% 3.02% 7.52% 6.22% 3.89% 3.36%
(290/2620) (79/2620) (197/2620) (163/2620) (102/2620) (88/2620)
mmy | 14.50% 8.28% 11.95% 9.62% 8.85% 7.52%
(380/2620) (217/2620) (313/2620) (252/2620) (232/2620) (197/2620)
mnm | 13.40% 5.99% 11.91% 10.61% 5.92% 5.27%
(351/2620) (157/2620) (312/2620) (278/2620) (155/2620) (138/2620)
faf 11.60% 5.57% 9.77% 7.75% 5.95% 4.81%
(304/2620) (146,/2620) (256,/2620) (203,/2620) (156/2620) (126/2620)
fms 14.20% 5.34% 10.95% 8.85% 5.53% 4.50%
(372/2620) (140/2620) (287/2620) (232/2620) (145/2620) (118/2620)
ftk 10.61% 5.69% 6.83% 6.64% 6.72% 6.64%
(278/2620) (149/2620) (179/2620) (174/2620) (176/2620) (174/2620)
oo 12.56% 5.65% 9.82% 8.28% 6.15% 5.35%
(1975/15720) | (888/15720) | (1544/15720) | (1302/15720) | (966/15720) (841/15720)
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0 23: 0000 HMM, FBANK,FullOOOOOOODOOO

gooogo triphone goad ogoood goad goooa
oono ooo oon triphone 0 O 0O | triphone O O O
mau | 9.16% 2.79% 5.99% 5.08% 4.08% 3.40%
(240/2620) | (73/2620) | (157/2620) | (133/2620) | (107/2620) (89/2620)
mmy | 16.53% 9.39% 13.40% 14.05% 11.30% 10.30%
(433/2620) | (246/2620) | (351/2620) | (368/2620) | (296/2620) (270/2620)
mnm | 16.37% 7.60% 13.40% 13.17% 9.66% 7.86%
(420/2620) | (199/2620) | (356/2620) | (345/2620) | (253/2620) (206,/2620)
faf 8.63% 6.03% 6.64% 5.27% 7.98% 5.42%
(226/2620) | (158/2620) | (174/2620) | (138/2620) | (209/2620) (142/2620)
fms 12.10% 5.73% 9.05% 8.13% 8.09% 5.50%
(317/2620) | (150/2620) | (237/2620) | (213/2620) | (212/2620) (144/2620)
ftk 10.31% 4.73% 7.02% 5.88% 6.60% 5.04%
(270/2620) | (124/2620) | (184/2620) | (154/2620) | (173/2620) (132/2620)
od 12.18% 6.04% 9.28% 8.59% 9.05% 6.25%
(1915/15720) | (950/15720) | (1459/15720) | (1351/15720) | (1423/15720) | (983/15720)
0 24: 00000 HMMMFCC,diagonal 1 000000000
ooodo 00000000 (00000 triphoned 00O | triphone O O O
mau | 22.98% 15.15% 7.79% 7.86%
(602/2620) | (397/2620) (204/2620) (206,/2620)
mmy | 23.09% 17.44% 7.71% 12.71%
(605/2620) | (457/2620) (202,/2620) (333/2620)
mnm | 22.56% 16.37% 8.13% 9.58%
(591/2620) | (429/2620) (213/2620) (251/2620)
faf 21.41% 12.06% 6.60% 7.75%
(561/2620) | (316/2620) (173/2620) (203/2620)
fms 27.21% 15.04% 10.80% 11.76%
(713/2620) | (394/2620) (283/2620) (308/2620)
ftk 22.75% 11.26% 10.73% 11.91%
(596/2620) | (295/2620) (281/2620) (312,/2620)
o0 | 23.33% 14.55% 8.63% 10.26%
(3668/15720) | (2288/15720) (1356,/15720) (1613/15720)
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O 25: 00000 HMM,FBANK diagonal D OO0 OO0ODOOO0O

00000 |0000000O0 |D0O0O00 triphoned 00 | triphone 00O
mau | 41.64% 12.56% 15.27% 14.05%
(1091/2620) | (329/2620) (400/2620) (368,/2620)
mmy | 50.46% 20.46% 12.82% 13.09%
(1322/2620) | (536,/2620) (336/2620) (343,/2620)
mnm | 42.79% 16.30% 12.37% 11.72%
(1121/2620) | (427/2620) (324,/2620) (307/2620)
faf | 34.58% 11.11% 14.01% 13.97%
(906/2620) | (291,/2620) (367/2620) (366,/2620)
fms | 46.15% 19.54% 14.39% 12.94%
(1209/2620) | (512/2620) (377/2620) (339,/2620)
ftk | 51.22% 15.92% 18.44% 18.97%
(1342/2620) | (417/2620) (483 /2620) (497/2620)
00 | 44.47% 15.98% 14.55% 14.12%
(6991/15720) | (2512/15720) (2287/15720) (2220/15720)

38




T ooooggo

gobboo,ggbbbuooogbbbuoooobob.ooogboobo,obon
ggoobodogd.

7.1 OO0ooooooon

71.1 000000000000 HMM

oobooboooobooodgoo HMM, MFCCOOODOOOOODOODOO 280
OO0. 00, FBANKOOOOODOODOOODOO29000. ODoOoDoOoDbOoOooo
gbobogoboo,bbuogbbuooobooobooboodg.bboobboobb
O,000000000Do0O0bDobOo. MFCCODODOODODOO 260, FBANKOOOO
gogz2rgon.

0260000000 MFCCOODOO

000 |OD0O000 | triphone | O OO ooooad
gogd |00 ggg triphone 0 00 O | triphone O O [
0 200 | O 300 0 1000 | OO 1050 0 1100

O 27. 0000000 FBANKOODOO
000 |0D0O000 | triphone | O OO ooooad
oo (ood oo triphone 0 0 O | triphone O O O
0 300 | O 550 0 1500 | O 1750 0 1900

gobboogogobobod.

1. 000O00DbOO0,000b000b0 HMMO Diagonal DO OOODOOOODOO
0 HMMOOOOOO0OD. 0O0O0,0000 HMMO RlIODOODODO.
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0 28: MFCC,diagonal, 000000000000 HMMODOOOODOOOO

Joobobood (000oO triphone I 0O 0O
mau | 41%(9/22) 18%(4/22)
mmy | 45%(10/22) 14%(3/22)
mnm | 32%(7/22) 23%(5/22)
faf | 27%(6/22) 14%(3/22)
fms | 14%(3/22) 18%(4/22)
ftk | 32%(7/22) 27%(6/22)
00 | 32%(42/132) 19%(25/132)

O 29: FBANK,diagonal, OO0 0000000000 HMMOOOOOOODOO

00000000 (00000 triphone 0 0O O

mau | 18%(4/22) 36%(8/22)

mmy | 50%(11/22) 14%(3/22)

mnm | 36%(8/22) 27%(6/22)

faf | 27%(6/22) 14%(3/22)

fms | 23%(5/22) 0%(0/22)

fik | 14%(3/22) 14%(3/22)

00 | 28%(37/132) 17%(23/132)
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712 00000000000 HMM

Ooooboboooogono  HEMMOODOO MFCC, Diagonal 00O D0OOOOO0OOO
OO0DOoO0DOo0oboOooD300n. 0o, FBANK, Diagonal OO0 OO00OOO0O0OO0O
0031000.030,31000000 [12)0000000,00000 [12]00000
go.

O00,[12)0000 streem0000000000000O00O00O0OO. MFCC, Diagonal
000000000000 320, FBANK, Diagonal 0 OO O0O0OO0OODOOO 340,
MFCC, FullDOD0OO0000000033000.

0 30: 00b00obboobooboobo,0oobo HeMM, MFCCOOODOOOOO
ERERN

gd Diagonal Full

mau 18%(4/22) | 9%(2/22)
mmy | 14%(3/22) | 9%(2/22)
mnm | 14%(3/22) | 5%(1/22)
faf 0%(0/22) | 5%(0/22)
fms | 14%(3/22) | 14%(3/22)
ftk 5%(1/22) | 9%(2/22)
OO0 | 11%(14/132) 8%(10/132)

O3 0000000000000D000,0000 HMM, FBANKOOOOODOO
goon

00 Diagonal Full

mau 5%(1/22) | 5%(1/22)
mmy | 18%(4/22) | 0%(0/22)
mnm | 9%(2/22) | 9%(2/22)
faf | 0%(0/22) | 0%(0/22)
fms 18%(4/22) | 5%(1/22)
fk | 5%(1/22) | 0%(0/22)
00 | 9%(12/132) | 3%(4/132)

g30,31000booogaooog.
1. MFCCODO FBANKOOOODOOOODOODOOODOOOOOoDoOOooooDooo.
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032 000000000000 HMM,MFCC,Diagonal,streamd 1,00000 2560
gboobooon

gooobdoob |00bO0 triphoneD OO

mau | 27%(6/22) 23%(5/22)

mmy | 13%(3/22) 18%(4/22)

mnm | 13%(3/22) 23%(5/22)

faf | 22%(5/22) 27%(6/22)

fms | 18%(4/22) 9%(2/22)

fik | 4%(1/22) 0% (2/22)

00 | 16%(22/132) 18%(24/132)

0 33: 000000000000 HMM,MFCC,Fullstreamd 1,00000 256000
gobood

gooooooo
mau | 31%(7/22)

mmy | 4%(1/22)

mnm | 27%(6/22)

faf | 4%(1/22)

fms | 13%(3/22)

ftk | 9%(2/22)

00 | 14%(20/132)

2. 0000000000000 FBANK, WIOOOOOOOO%00000000.
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0 34: 000OO0OO0ODODOOO0OODOO HMM,FBANK,Diagonal,stream 0 3, 00000
256,256, 32000000000

gogoooooo
mau | 0%(0/22)
mmy | 5%(1/22)
)
)

mnm | 5%(1/22
faf | 0%(0/22
fms | 9%(2/22)
ftk | 14%(3/22)
00 | 5%(7/132)
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71.3 000000000000 HMM

obooboboboooooo HEMMODOO0 MFCCDiagonal D DO O ODOODOODO
O0037000. 00 FBANK,Diagonal OO0 OO0D0OO0OO0OOOODO 38000, OO,
goggoobbbboobbbboood,bboboudgooooooooboon
Oo.0obooooboooogob,oboooobooobbooboo. MrFCCODOODOO
350, FBANKOOOOOODO 36000.

O 3: 000000000000 MFCCOODOO

OO0 |ODD0O0O00 | triphone | OO0 goooo
gogd |0on gdd triphone 0 O O | triphone O O O
0 150 | O 200 0 400 0 425 0 450

03: 000000000000 FBANKOODOO

OO0 00000 | triphone | O0ODO ooogo
ooo |ood ooo triphone 0 O O | triphone O O O
0 200 | O 300 0 650 O 675 0 700

O3 0000000000000 HMM,MFCC,Diagonal 0O0OO0O00OOOO

O00ob0bDo000 (00000 triphone 0 OO

mau | 14%(3/22) 0%(2/22)

mmy | 14%(3/22) 5%(1/22)

mnm | 9%(2/22) 14%(3/22)

faf | 9%(2/22) 5%(1/22)

fms | 9%(2/22) 90%(2,/22)

ftk | 0%(0/22) 5%(1,/22)

00 | 9%(12/132) 8%(10,/132)
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038 0000000000000 HMM,FBANK,DiagonalDOOODOODOODO

O000booonD | 00Db00 triphoned OO
mau | 9%(2/22) 0%(0/22)
mmy | 5%(3/22) 5%(1/22)
mnm | 9%(2/22) 9%(2/22)
faf | 5%(1/22) 5%(1,/22)
fms | 0%(0/22) 0%(0/22)
ftk | 5%(1/22) 0%(0,/22)
00 | 7%(9/132) 3%(4/132)
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72 QJUoooobood

7.2.1

Dbooboobooboobod HMM

oo0ooOo0obo0oboDoobOoboOoo HMM, MFCCODODOODOOO 39000,
OO0, FBANKOOOOOOOOOO40000. 0Db0ODODODODODOOoOOooOoOoO
go,bodgoobbboogoobbbooob.bbbooooboboobo,gbboon
ooob0oDbOoboOoboOo. MFCCOOODOODO 260, FBANKODOODOODOO 270

o0.
039: 000000000000 HMM,MFCC,diagonal 000000
oooon triphone oo0o 00000 ooo ooooo
ooo ooo ooo triphone 0 0 O | triphone 0 O O
mau | 22.98% 4.35% 14.52% 14.27% 4.58% 4.01%
(602/2620) (114/2620) (383/2620) (374/2620) (120/2620) (105/2620)
mmy | 23.09% 8.97% 18.09% 16.49% 9.27% 7.10%
(605/2620) (235/2620) (474/2620) (432/2620) (243/2620) (186/2620)
mnm | 22.56% 4.16% 17.14% 16.49% 4.05% 3.70%
(591/2620) (109/2620) (449/2620) (432/2620) (106,/2620) (97/2620)
faf 21.41% 5.53% 14.01% 12.48% 5.73% 4.73%
(561/2620) (145/2620) (367/2620) (327/2620) (150/2620) (124/2620)
fms | 27.21% 5.92% 16.79% 14.73% 5.53% 4.96%
(713/2620) (155/2620) (440/2620) (386,/2620) (145/2620) (130/2620)
ftk 22.75% 9.69% 12.82% 11.79% 8.93% 8.28%
(596,/2620) (254,/2620) (336,/2620) (309/2620) (234/2620) (217/2620)
oo | 23.33% 6.44% 15.58% 14.38% 6.35% 5.46%
(3668/15720) | (1012/15720) | (2449/15720) | (2260/15720) | (998/15720) (859/15720)

46




040: OOOODOOCOODOOO HMM,FBANK,diagonal D OO0 0O0O

ooooQ triphone ooo ooo00oo ooo ooooo
ooo ooo ooo triphone 0 0 O | triphone 0 O O
mau | 41.64% 13.36% 12.60% 11.56% 12.67% 12.63%
(1091/2620) | (350/2620) (330/2620) (303/2620) (332/2620) (331/2620)
mmy | 50.46% 7.56% 18.47% 19.43% 8.32% 7.86%
(1322/2620) | (198/2620) (484/2620) (509/2620) (218/2620) (206/2620)
mnm | 42.79% 8.05% 16.26% 15.27% 7.82% 6.53%
(1121/2620) | (211/2620) (426/2620) (400/2620) (205,/2620) (171/2620)
faf 34.58% 8.05% 12.79% 11.11% 8.24% 6.79%
(906,/2620) (211/2620) (335/2620) (291/2620) (216,/2620) (178/2620)
fms | 46.15% 6.64% 19.54% 17.33% 6.91% 4.69%
(1209/2620) | (174/2620) (512/2620) (454/2620) (181/2620) (123/2620)
ftk 51.22% 10.84% 16.26% 10.99% 10.46% 9.50%
(1342/2620) | (284/2620) (426/2620) (288/2620) (274/2620) (249/2620)
o0 | 44.47% 9.08% 15.99% 14.28% 9.07% 8.00%
(6991/15720) | (1428/15720) | (2513/15720) | (2245/15720) | (1426,/15720) (1258/15720)
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722 [O00O0O0OO0OOOOOO HMM

ooboood,streaemU 3, 00000 128128 16, 0000 HMM O MFCC, Diagonal
0000000000000 041000. FBANK, Diagonal 0000000 O0O00O0O
O0042000. MFCC, ullDO000O0O0O0DODOOO0DODOO 43000. FBANK, Full
000000000000004000. 041,42,43, 43000000 [12)0000
000,00000 [12000ooo0.

O00,[12/0000 streem000000000000000O000O. O 45,0 46,0 47
ggboobooggoobod.

0O 41: OO0O0OO0OD0OO0OOOO0OOO HMM,MFCC,Diagonal,stream [0 3, OO 00O
128,128, 16 0000000

00 |00000 00000000
mau | 6.76%(177/2620) | 3.85%(101/2620)
mmy | 7.21%(189/2620) | 4.58%(120/2620)
mnm | 8.13%(213,/2620) | 4.16%(109/2620)
faf | 7.33%(192/2620) | 3.78%(99/2620)
fms | 7.06%(185,/2620) | 5.23%(137/2620)
ftk | 6.82%(179/2620) | 4.16%(109/2620)
00 | 7.22%(1135/15720) | 4.29%(675,/15720)

042 000000000000 HMM,FBANK, Diagonal,stream 0 3, 00000
128,128,160 00000 0

00 |0ooOoOo 00000000
mau | 10.31%(270/2620) | 7.02%(184/2620)
mmy | 12.29%(322/2620) | 7.10%(186/2620)
mnm | 10.34%(271/2620) | 7.33%(192/2620)
faf | 8.70%(228,/2620) 6.37%(167/2620)
fms | 11.45%(300/2620) | 8.21%(215/2620)
ftk | 9.77%(256,2620) 7.18%(188/2620)
OO0 | 10.48%(1647/15720) | 7.20%(1132,/15720)
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043 000000000000 HMM,MFCC,Full,stream 0 3, 00000 128,128,16

ggooobod

044: 0000000 DOO0O0ODO HMM,FBANK, Full,streamO 3, 00000 128,128,16

gogboood

00 |ooooO 00000000
mau | 4.69%(123,/2620) | 3.21%(84/2620)
mmy | 6.18%(162/2620) | 3.74%(98/2620)
mnm | 5.46%(143,/2620) | 3.40%(89/2620)
faf | 4.69%(123,/2620) | 3.05%(80/2620)
fms | 5.50%(144/2620) | 3.51%(92/2620)
ftk | 4.85%(127/2620) | 3.40%(89/2620)
00 | 5.23%(822/15720) | 3.38%(532,/15720)

googo

obooobo

gboogboogo

mau

mnm
faf
fms

ftk

5.21%(136/2611
6.09%(159/2611
5.48%(143 /2611

5.52%(144/2611
5.78%(151/2611

3.03%(79,/2611)
3.18%(83,/2611)
3.14%(82/2611)

3.98%(104/2611)
3.68%(96/2611)

2.94%(77/2611
3.03%(79/2611
3.14%(82/2611

~— — '

3.87%(101/2611)
3.41%(89/2611)

HEN

( )
( )
( )
4.79%(125/2611)
( )
( )
( 6

5.48% (858 /15666)

(

(

(
3.83%(100,/2611)

(

(

(

3.47%(544/15666)

(

(

(
3.33%(87/2611

(

(

(

3.29%(515/15666)
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0 45: 000000000000 HMM,MFCC,Diagonal,stream 0 1, 00000 256 0

goooo
opoooo triphone ooo goooo ooo ooooo
goo goo goo triphone 0 O O | triphone 0 00O
mau | 5.31% 2.48% 4.12% 4.12% 2.25% 2.29%
(139/2620) (65/2620) (108/2620) (108/2620) (59/2620) (60/2620)
mmy | 6.22% 4.05% 4.54% 4.54% 4.08% 3.93%
(163/2620) (106,/2620) (119/2620) (119/2620) (107/2620) (103/2620)
mnm | 6.07% 2.75% 4.31% 4.23% 2.79% 2.44%
(159/2620) (72/2620) (113/2620) (111/2620) (73/2620) (64,/2620)
faf 7.711% 4.62% 5.64% 5.03% 4.85% 4.35%
(202/2620) (121/2620) (148/2620) (132/2620) (127/2620) (114/2620)
fms 5.53% 2.86% 3.96% 3.92% 2.86% 3.36%
(145/2620) (75/2620) (104/2620) (103/2620) (75/2620) (88/2620)
ftk 6.56% 3.85% 5.15% 4.35% 4.20% 3.70%
(172/2620) (101/2620) (135/2620) (114/2620) (110/2620) (97/2620)
oo | 6.23% 3.43% 4.62% 4.36% 3.51% 3.35%
(980/15720) | (540/15720) | (727/15720) | (687/15720) | (551/15720) (526/15720)

0 46: 00O00OO0OO0ODOO0ODOO HMM,FBANK,Diagonal,stream 0 3, D0 000 256

256 32000000

gobooo

gbooobooog

gogbooood

mau

mnm
faf
fms

ftk

5.21%(173/2620
7.94%(208/2620
8.17%(214/2620

7.06%(185,/2620
7.18%(188,/2620

5.15%(135,/2620
6.20% (165/2620
5.57% (1462620

5.00%(131/2620
5.42% (1422620

5.92%(155,/2620
6.22%(163,/2620
5.80%(152/2620

5.61%(145/2620
6.07%(159,/2620

HEN

( )
( )
( )
6.79%(178/2620)
( )
( )
( 2

7.06%(1146,/15720)

( )
( )
( )
5.38%(141,/2620)
( )
( )
( 0

5.45%(860/15720)

( )
( )
( )
5.15%(135/2620)
( )
( )
( 0

5.80%(909/15720)

20




047 000000000000 HMM,MFCC,Full,stream O

1,00o0o0o 256000

oo
ooooo triphone 0 00 | OD000O0O0 (OO0O0OOOOO
mau | 3.79% 1.38% 2.75% 2.06%
(99/2611) | (36/2611) (72/2611) | (54/2611)
mmy | 4.21% 2.95% 2.83% 2.64%
(110/2611) | (77/2611) (74/2611) | (69/2611)
mnm | 3.68% 1.65% 2.25% 2.33%
(96/2611) | (43/2611) (59/2611) | (61/2611)
faf 3.18% 2.14% 2.45% 1.95%
(83/2611) | (56/2611) (64/2611) | (51/2611)
fms 3.87% 2.11% 2.87T% 2.91%
(101/2611) | (55/2611) (75/2611) | (76/2611)
ftk 3.19% 1.76% 2.37% 2.83%
(86/2611) | (46/2611) (62/2611) | (74/2611)
o0 | 3.65% 1.99% 2.58% 2.45%
(575/15720) | (313/15720) | (406/15720) | (385/15720)
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723 0O000O0O0OOOOOOO HMM

gbooboobooboogooboooobooboobobo eMM, MFCCOODODODO
O0048000.00,FBANKODOOODOOOODOO49000. 000000000
gbbogbobooog,ugbobooobooobooobogbb.o0bboobb
Oo0,0000000D0o0O0bDboOoob. MFCCOODODOODODO 350, FBANK OO
gobooob3ednn.

048 0000000000000 HMM,MFCC,diagonal 0 OO OO 0O

ooooo triphone ooo ooooo ooo ooooo
ooo goo ggo triphone 0 O O | triphone O OO
mau | 13.70% 1.68% 7.52% 7.25% 2.25% 2.10%
(359/2620) (44/2620) (197/2620) (190/2620) (59/2620) (55/2620)
mmy | 14.12% 2.37% 7.98% 7.75% 2.14% 2.63%
(370/2620) (62/2620) (209/2620) (203/2620) (56/2620) (69/2620)
mnm | 14.43% 1.87% 8.66% 7.75% 2.14% 1.91%
(378/2620) (49/2620) (227/2620) (203/2620) (56/2620) (50/2620)
faf 12.63% 2.14% 7.52% 6.41% 2.06% 1.91%
(331/2620) (56/2620) (197/2620) (168,/2620) (54/2620) (50/2620)
fms 16.49% 2.10% 8.93% 7.711% 1.79% 2.02%
(432/2620) (55/2620) (234/2620) (202/2620) (47/2620) (53/2620)
ftk 14.16% 1.98% 7.71% 6.64% 1.54% 1.79%
(371/2620) (52/2620) (202/2620) (174/2620) (43/2620) (47/2620)
oo 14.26% 2.02% 8.05% 7.25% 2.00% 1.99%
(2241/15720) | (318/15720) | (1266/15720) | (1140/15720) | (315/15720) (313/15720)
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049: 0000D0O0OOO0D0OOODOO HMM,FBANK diagonal 0 0000 O

ooooQ triphone ooo 00000 ooo ooooQ
ooo ooo 0ooo triphone 0 0 O | triphone 0 O O
mau | 28.82% 0.95% 7.59% 5.92% 1.41% 1.11%
(755/2620) (25/2620) (112/2620) (155/2620) (37/2620) (29/2620)
mmy | 35.23% 2.75% 8.78% 7.75% 2.37% 2.67%
(923/2620) (72/2620) (230/2620) (203/2620) (62/2620) (70/2620)
mnm | 32.33% 2.14% 9.16% 7.18% 1.98% 1.64%
(847/2620) (56,/2620) (240/2620) (188/2620) (52/2620) (43/2620)
faf 26.22% 2.18% 6.72% 6.49% 2.06% 1.68%
(687/2620) (57/2620) (176,/2620) (170/2620) (54,/2620) (44/2620)
fms | 29.81% 1.68% 8.47% 7.90% 1.79% 1.79%
(781/2620) (44/2620) (222/2620) (207/2620) (47/2620) (47/2620)
ftk 26.95% 2.21% 7.52% 6.49% 2.25% 1.95%
(706,/2620) (58,/2620) (197/2620) (170/2620) (59/2620) (51/2620)
oo | 29.89% 1.98% 7.49% 6.95% 1.98% 1.81%
(4699/15720) | (312/15720) | (1177/15720) | (1093/15720) | (311/15720) (284/15720)
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8 U

8.1 UUUOLUUOUuUboboboogd

8.1.1 UU0O0OOLOOOOO0OO0

00000000000,00000000000000000000000.000,
0000000000000 HMMOOO0O MFCC, Full0 00000 triphone 00 O
00000000,00000000 92%(61/66), 000 86%(57/66)000. 000, O
000000000000000 HMMOOOO MFCC, Full0 00000 triphoned O
0009%000.00,000000000000,0000 HMMOOOO FBANK,
Ful000000000000000 triphone 00000 94%(62/66) 000. 000,
000000000000000000

0000000000,0000000000030000000000000000
000.00000005000.00,050,530000000000000000
0,10000000.

050: 0000000000
0000 00

00 (1000) OO (0111)
000 (100) 000 (011)

8.1.2 UUU0OOOO

0000 HMMOOOOOOOOOOOOOO0000000 51, 00000 HMMO
000000000000000000052000.05100000000,0 14, 15,
16,1700 6000000000000000.00,05200000000,0 18,19
006000000000000000.051,520000000000000000
000000000000000000000.

00000 triphone 0 000000, 000000000000000000000
000 39%(74/188) 000, 000000000 51%(101/2000000000. 0000
0000000000000000000000,0000000000000000
000000.000000000000000000000053000.

00,000000000HMMOOO0O, 00000 triphone000000000,
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ooooooooboobOo. 00000 triphoned 000000 HMMOOOOODOO
gbogobg,bgbbooboobgoobgoobgooboo.

O51: 0000 BMMOOOO0DO0O0O0O0O00OO00000

ogoogo googa

ggdd triphone O 00 O
Diagonal MFCC | 61%(19/31) | 84%(22/26)
Diagonal FBANK | 66%(21/32) | 71%(20/28)
Full MFCC 50%(12/24) | 79%(11/14)
Full FBANK 54%(13/24) | 81%(17/21)
00 59%(65/111) | 79%(70/89)

O52: 00000 HMMUOOOO0O000O0O0O00000O0000
oooodo |oDOoogo
oo triphone 0 O O
Diagonal MFCC | 31%(14/45) | 49%(22/45)
Diagonal FBANK | 45%(20/44) | 41%(22/54)
oo 38%(34/89) | 44%(44/99)

U583 0000f0bnbnbdgdoobogggoon
gooo 00

0 (01) 0o (
0oo (010) OO (
00 (0111) OO (011)
00 (10) 0 (10
00 (10) 0 (10
000 (010) OO0 (011)
00 (100) 0O (011)
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82 HUOOUOOODOOOOOO

8.2.1 U0O0O0ODLOLODLOUOOOODLDOOO

gbooboboobooooooooooooon, triphone 000OO0OOONO triphone
gbobooboboooboooob. booboo triphone0 000, 00000O0O00O0OO
goboobbooobooobbooon, triphoned 00 00OO0DOOOODOOOO
gobogo.bo,bbogdbbodbboobboobboobboobboonon
gogbbobuoooobo,bggoobobbooooboboooooboboo.oa,bo
ggbboboogobbboooooobbooobbobooog.

gododdoooooooobobbbbbbooboboboboobobbobb. ooa,bobob
I A T A O R A N
googooobbooobbbboboddddoooo, oo obobo
gogoo.

8.2.2 UU0O0OOLOOLOOOOOODOD

goooEgMMOOOO,bD000bo0bobooboooboooboobobon
gbobogbobooooboogbbodo. buogbboobbuoobbooo,uoaoon
O000000000oO0oo0OO0o0o0o0ooooooooooooog [13).

gboobuogbgbobuooboboba,ggboboboobobobooo,ob
gbogboubgobogboobogbuogbuoobogboobogboooboo. b
gobbobuogoobbobuoooobbboooobbboooooboboooooboon
ggboooooon.
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8.3 FBANKUO MFCC

O000o00ooO0oooOoooOooDbDOoOoD, FBANKOODOODOODOO MFCC
OoOoOOoOO0.o0DODO,00000000FBANKODDOODODOOOOOOOoog MFCC
O0O0DO0O. FBANKO MFCCOOOODOOOOOOOOOODOOODDOOO.

gogbbb,gooobbbbdoooobbbbooooobbbooooobbbo.
OO0, FBANKOOODODOOODODOOODODODOD,ODOOODOOoDOoDO
gugbbobbbuoooooobbbbbbodooooobob.bouooooooboboo
gogogobbbbobobbooo,bbbbbotbduoooooooobobbbbbb
goggobbbbobobbboo,bbbbbotuoduoooooooobobbbobbb
O.000000000000DO0O0 FBANKODODOOOODODOOOODO,OO
ggbbobuoogobboooobbbooooboboobuoooobbobooo. oo,
OoooooOoOoMrFCCOOODODODOOOD FBANKO,ODODOOODOOOODOO
gogbbobuooob,bgoobbbuoooobbbuooobbobooaod.
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84 UUOLUOOODOOO

8.4.1 UU0U0O0ODLOLOOLOUOOOODLDDOOOO

054000000, MFCCOOOO0O0OO0O0O0O0 HMMOOOODOOO0O. 05500
0O0o00,MFCCOOO0OO0DO0O0O0HMMOOOOOOOO. 00,00000000
0000000.054,5500000000000000,0000000000000
000 HEMMOOOOOODO0O0000O000000000,000002000000
0O HMMOOOOO0OO0O0OO0OO0OOOO0.

00, 000000000070000000, 000000000000000
05000. 000000000000 20000000, triphone 0000000
2.90%(200/6900) 0, 000000000 14.81%(200/1350) O, 0000 O triphone O
000 0.65%(200/30900) 0 000 .

000000,0000000000200000000,000000000000
000000000.00,0000000000000000HMMO0OOO00O00
0000,0000000000000000000000000, 0000 Diagonal O
0000 HMMOOOOOOOOO,Fll00D000 HMMOOOOOOOOO.
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O5: 00000,MFCCOODOODODOO BMMOODOODO

triphone 0 O O oooooooo 00000 triphone 0O O
OO0 0Ooooo OO0 od0oooo ooooo |00 DOooog ooooo
O O ooo O ooo
0 24,18 200  10.26% 200  14.55% 34% 200  8.63% 45%
opoooo (1613/15720) (2288/15720) (45/132) (1356/15720) (45/132)
0 39, 28 1000  6.44% 300 14.38% 32% 1100  5.46% 19%
opoooo (1012/15720) (2260/15720) (42/132) (859/15720) (25/132)
O55: 00000, FBANKODOOOOOOOD HMMOOOOO
triphone 0 O O gooooooo 00000 triphone OO
OO0 ooooo 00 ooooo ooooo (oo DoOoogo ooooo
O O ooo O ooo
0 25,19 200 14.12 200  15.98% 33% 200  14.55% 54%
opoooo (2220/15720) (2512/15720) (44/132) (2287/15720) (54/132)
0 40, 29 1500 9.08% 550  14.28% 28% 1900 8.00% 17%
opoooo (1428/15720) (2245/15720) (37/132) (1258/15720) (23/132)

gs6: 0000000000

triphone | D OO OO | O0OODODO triphone
Oo0ogd oogd o0od
0 6900 | O 1350 0 30900
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84.2 0OUODOODLOOOOOOOOO HMM

goooboobooboboboooooobob gMMObD OO, 0boobobobd
OO00ODOO0O.O00,00000D000000,FBANK, FullOODODOO HMMO FBANK
gobobooasMMOOOOOoooooOO. oo, 0o0ooboobo,bboooobo
OO0O0ooOooooooOo. 0d, FBANKO Diagonal 0 0 MFCC O Diagonal O 0 0O O
O0000000000000000000 [5,[12]. 000, FBANK, Diagonal 0 0 00O
OO0 HMMOODOOOOOOMFCCOOOOODOOOO,FBANKOOODODOO MFCC
ggbbobuooobbooogoobogod.

8.4.3 UU

triphone 0 0 00000000 DOO0OODOOO0ODOO, D00O0DOO0ODODOOOO

gbobobobooooooobobobobOoboo.bobDooDooOo,0b o HMM O
goooooo,0bo0 gMMOOO0ODbOO0OOO0oOooObOOo0oboooDboo. oo,
gboobbooboobboobooob. obooboboobobooboobboon
gboobgoobg,bobboboobooboobooboobgn.

8.4.4 00O

HMMOODOODOoOOoO,bobooboooooooooobobobobobon
gbbogbboogoboobobog. oo, gbboobbuoobboobbaonn
gbobogboboogb.buogbboobooo,bbodobboobboabboann
UHMMOOOOOOooOoooooobo,obobooooboobo.ooboboo
gobbobuogoobbboooooboboooabn.

8.4.5 UUOUOOOOO

oobo0,000000b000ob0bobo0obboob0g triphone 00, 000000
O00O0o0D HMM, FBANKOOO mauOOOOOOOOOOO. O00OO0OO0DODOO
gs7rgbog. oo, bo0boobgoobgoon.

e ‘OU0O”HOOODODOO triphoned 00D OO0ODOODDOODOOOODO. O
U0 m-a0302001+u0303001 00O O0OO0ODOOO0O oa00DO.
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o ‘007’00 ODODLOOLOODOODLOODODODLDODLOO.

e “O0O0O2, “ODODOJ",“DO04 O00DLO0OOOODHMMODOODOODOODO
gb. ogbobogoob HMMO s0b0bogo,booi1googosgooag. b
gd,gglgsbobboodgooooobbbooboog,bouoooogn
gooo.

gobbooobbooobboooosgbug. gboboog,booubbsTtN_2.100
oo NOHMMOOO 20 170000000000000. 000, sT_N_2_17000
0, a0201000-N0202001+pau, a0403001-N0404001+pau U O O a0403020-N0404020+pau
oo HMMOOO 20000000.

ggbobooogbboobod.

1. gg,bboggogooboogoobobooooboboooan.
2. 00b000b00oboboOob 3g0obooboobob 24000000
. 0bbuooooboobobuooooboon.

4. 000bO0oO0,00400b000b00b 20000.

5. 00000000000000000,00,00000 19653(3024 1724 + 662 +
1235+ 1268 + 114+ 1246) x 30 00000, 1870 00000000000 0OO
gbobobobobo.bobo,000b0obobobouoobuobosToon
000000000000 0000.000,000 17796(19653—187)0 000
gbgobobobobbobooboobgooboobobo.

b HMMOOO2000000,0030000000,0040000000000
ggbobobuogogb.ob,gogobbbuooob,boogboboooobon
gogboo.bodg,gbbbooooobobouog,bbobooogbobooogobon
go.
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O57: 00000 triphone0 00, 00000000O000O HMM, FBANK O maulJ

ggbboouoodgbbon

002,003,004

gog

¢
62
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s 000ggooog

oboooo

gboooboobgn

ST_N_2_1

ST_N_2_19

e0301000-N03020014-g,e0301000-N0302001+k,e0301000-
N03020014-ry,e0301011-N0302010+-g,e0301011-
N03020104-i0303010,e0301011-N0302010+k,e0301011-
N0302010+ky,e0401000-N0402001+4-a0403001,e0401000-
N0402001+g,e0401000-N0402001+-10403001,e0401000-
N0402001+k,e0401000-N0402001+ky,e0401000-
N0402001+ry,e0401011-N0402010+g,e0401011-
N0402010+k,e0401011-N0402010+1y,e0401020-
N0402021+g,e0401030-N0402031+-g,e0401030-
N0402031+k,e0401030-N0402031+1y,i0301000-
N03020014-g,i0301000-N0302001+k,i0301011-
N03020104g,10301011-N0302010+k,i0401000-N0402001+-g,10401000-
N04020014-gy,i0401000-N0402001+i0403001,10401000-
N0402001+k,10401000-N0402001+ky,i0401000-
N04020014ry,i0401011-N0402010+-g,10401011-
N0402010+k,i0401011-N0402010+ry,i0503010-
N05040104-g,u0301011-N0302010+10303010,u0301011-
N0302010+k,u0401000-N0402001+g,u0401000-
N04020014-k,u0401011-N0402010+g,u0401030-
N0402031+410403031,u0401030-N0402031+ry
¢0301000-N0302001+b,c0301011-N0302010+b,e0301011- |
N03020104-p,e0401000-N0402001+-b,e0401000-
N04020014-m,e0401000-N0402001+p,e0401000-
N0402001+py,e0401011-N0402010+-b,e0401011-
N04020104p,i0301011-N03020104-m,i0301011-
N03020104-p,i0401000-N0402001+b,i0401000-
N04020014m,i10401000-N0402001+-p,i0401011-
N04020104-b,10401030-N0402031+m

20201000-N0202001+pau,a0403001-N0404001+pau,a0403020-
N04040204-pau

a0201011-N0202010+pau,a0302010-N0303010+pau,a0403010-
N04040104-pau,a0403031-N0404030+pau,a0504020-N0505020+pau
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9 Oogg

gbobodg,bbogbboodbbug,boogbbuooboobbooobn
guoodogogooooo. obbbbbboooooouoououuooooooog, b
gogbbbuogogboboooob,buooobobbouooobo.bbob,o0bbon
goodgooogooooobobbbbbbbbobb. og,bbbobooboboobbb
gboboooob,boboobg,obooboogMMObOO0bobobDoooon
g.ogbo,0bgoob,0bob HEMMOObOObOO0bOo0obooboobooboon
HMMOOOOoOoOOoooooboob. oo, bbobobooboo,booboobd
gooob0.bob,00ob00oboobo0obobobOobOobo MFCCOOOOOoOooOoO
gbobogboo,bbodbbodgbboobboobbuoobbuoobba.oboo
O,00000000 FBANKOOOOOODOOOMFCCOOODDOODODO.

gobbobuoooobbbuooooboboboaod.

1. 0000000000000 D0 triphone 000 MFCC, Full, 0000 HMM O
0008000000000 O0OoooooDO.

2. 0000000O00D0O0OODO0OOO triphone 00O MFCC, Full, DOODO
HMMOOOOOOOO94.65%00000000.

3. 00000000DOo00Dbo00bDbO0 FBANKOOOODODOO MFCCDOOO
gogbboobodagd.

4. 0000 HMMOOOOOOODOOOODbOOoOoobOooobooobOd HMM O
gogbbobuogobobobooooboo.

gogbbbuogobbboooobobbogd.

1. 00Db0000Db0000,000b00000b00D000 HMM O FBANK, Full
gobbooobobooobobuoogobboob.bog,bbooooobooboon,
%0 0000000.00,00000000000,9.711%0000000A0.

2. 0ugobboodbbuoobobboobbboo,booobbboooboboo
HMMO FBANK, FullOOOO0COD0OOOO triphone000D0DOOOOO HMM,
FBANK, Diagonal 000000000000 OCOO,9%00000000.
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3. 00000000000000000000000,00000 triphone0 000
00000 HMM, FBANK, Diagonal 100000000000, 98.19%mp O O
ooooo.

4. 0000000000000 O000DOOO FBANKOOOODOOO MFCCOOO
goboooogd.

O0,0000000000000FBANKODOOODOOOODODOO. FBANKDO
goooooooMrFCCODODODODODODOO.ODOD,000000000000
Oooooooooooboooooooo0oobooDob0oooDoOoOooDOon, FBANK
goooMrCCOOOOOODODODO. OO, 00Db0DO0ODODODODOOO
gboobo,oboboagMMOObDoooooooooo. oooob gMMOD OO
gogbob,gobbbuooobbbuoobbboooobobboooobn.
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0 O

gobo,0bbooobobbug,bbuogbboooobbuooobboooobn
oo cobooboboooooooboboboooboobobobo. bo,bobOooog
ggbo,ggobbobbooooobbobobuoooobo. ogo,bbbooooobon
ggbbobuoooobb,ooobbbuooobboooooboo.

goon
1] 00 00:“0000000000007,0000 00000000,(1988)

2l 00 00,00 00,00 00,00 00,00 00:*000000007,000
0,(2001)

3] 00 00:“0000007,00000000,(1998)

4 00 00,00 0,00 00:“00000000000000007,0000 00
0,(1997)

5| 00 00,00 00,00 O:“FBANKOOOODOOO0OOOOO”, 000000
00000,3Q-3,pp.157-158(2003-3)

6) NHK OO0 00000000000 0. NHKOO, 1998. ISBN4-14-011112-7.
(7] HTK Ver3.2 reference manual. Cambridge University, 2002.

[8] X.D.Huang, Y.Ariki, and M.A.Jack. Hidden markov models for speech recognition.
Edinburgh Univ Press, 1990.

9] S.J. Young, J.J. Odell, and P.C. Woodland. Tree-based state tying for high accuracy
acoustic modelling. Proc. ICASSP, pp. 307-312, 1994.

[10) 00,00,000.000000000000000000. 000000000
00, No. 1-3-20, pp. 39-40, 1990.

(11 00,00,00.000000000000000000000000000. O
0000000000, No. 3-3-11, pp. 89-90, 1988.
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(12 00,00,00.00000000000000000000000000. OO
000000000, No. 3-Q4, pp. 151-152, 2004.

(13 00,00,00.000000000000000. 00000000000, No.
1-4-8, pp. 15-16, 2003.

67



0o

1. ggbobbouooobboooon

(a) hanrenzoku/normal/stage2(000000000)

)
(b) hanrenzoku/normal/stage2 5(00000000)
¢) hanrenzoku/normal/stage3(0 00 0)

( (

(d) hanrenzoku/normal/stage5(0 O O )

(e) hanrenzoku/normal/stage7(0 0 O 0)

(f) hanrenzoku/normal/stage9(0 00 HMM O OO )
(g) hanrenzoku/normal/stagel2(0 000 )

(h) hanrenzoku/normal/stagel2 5(00,0000000000000O)

(i) hanrenzoku/normal/stagel3c(0 O)
2.0000 HMMO triphone0 0000000 OOOOOO

(a) hanrenzoku/triphone/stage9t(0 0000000000 0O0O)

(b) hanrenzoku/triphone/stagel2tt(0 0 0O O)

(c) hanrenzoku/triphone/stagel2 5t 2(0 0,000 000000000O0O)
)

(d) hanrenzoku/triphone/stagel3tc(0 O)
3. 0000 HMMOOODODDOOOOODODOOoOooooo

(a) hanrenzoku/mora/stagedm(0 000 000000000000 O0OOOO)
(b) hanrenzoku/mora/stagel2m(0 000 0000000O)

(¢) hanrenzoku/mora/stagel2.5m(0 00000000, 00000000000
0o)

(d) hanrenzoku/mora/stagel3(0 00 000000)
4. 0000 HMMOOODOODOODODOOOOODOODOO0

(a) hanrenzoku/accent/stage9mac(0 0000 000000O0O)

(b) hanrenzoku/accent/stagel2mac(0 00 0)
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(c) hanrenzoku/accent/stagel2 bmac(0 0, 0000000000000O)

(d) hanrenzoku/accent/stagel3mac(0 O )
5. 0000 HMMOODOO triphone 00000000 OODOOODO

(a) hanrenzoku/moratri/stage9mt_tri(triphone 0 0 00000000 DO)

(b) hanrenzoku/moratri/stagel2mt(0 00 0)

(¢) hanrenzoku/moratri/stagel2 bmt 2(0 0, 00 00000000000)
)

(d) hanrenzoku/moratri/stagel3mtc(0 O)
6. OO0 HMMOODOUODO triphone00000000O0O0O0OOO

(a) hanrenzoku/acctri/stage9mat_tri(triphone 0 0 0000000 O0O)
(b) hanrenzoku/acctri/stagel2mat(0 O O O )

(¢) hanrenzoku/acctri/stagel2_ 5mat 2(0 0,00 00000000000O)
)

(d) hanrenzoku/acctri/stagel3matce(0 O)
7. 00000 HMMO triphone0 00O O00OO0OOOOODOO

(a) tree/triphone/stage2 5t(0 00000 0O0O)
(b) tree/triphone/stage3t(0 0 O 0O)
(c) tree/triphone/stage5t(0 O O )
(d) tree/triphone/stage7t(0 0 0 O)
(e) tree/triphone/stage8tc(0 O )

(f) tree/triphone/stage9t(0 0 0 0O)

(g) tree/triphone/stagel2t(0 00 0)
(h) tree/triphone/stagel3tc(0 0O)
(i) tree/triphone/stagel4t(0 0000 00)
(j) tree/triphone/stagel5t(0 00 O)
)

(k) tree/triphone/stagel6tc(0 O )
. oo HMMOOOOOOOODODOoODODOoOoOooooao
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(a) tree/mora/stage2.5m(0 00 0000O0)
(b) tree/mora/stage3m(0 0 O O )

(
(

d) tree/mora/stageTm(0 0 0O0)

¢) tree/mora/stagebm(0 0 0)

)

)

)

)

(e) tree/mora/stage8me(0 0)
(f) tree/mora/stagedm(0 00 0O)

(g) tree/mora/stagel2m(0000)
(h) tree/mora/stagel3me(0 O)
(i) tree/mora/stageldm(0 0000 00)
(j) tree/mora/stageldbm(0 00 0O)
)

(k) tree/mora/stagel6me(0 O0)

9. 0bO00 EMMODOOOOODOOODLOODbOOODbLO0OD

(a) tree/accent/stage2 bmac(0 000 000O0)
(b) tree/accent/stage3mac(0d 0 O O )
(c) tree/accent/stagebmac(0 0 0)
(d) tree/accent/stage7mac(0 00 O)
(e) tree/accent/stage8macc(0 O)
(f) tree/accent/stage9mac(0d 0 O O )

(g) tree/accent/stagel2mac(0 0 0 0)
(h) tree/accent/stagel3macc(0 O )
(i) tree/accent/stageldmac(0 0000 0O0)
(j) tree/accent/stagelbmac(0 00 0)
)

(k) tree/accent/stagelémacc(0 O)

10 00000 HMMOOOO triphone 00000000 OOOOOO

(a) tree/moratri/stage2 5mt(0 000 0000)
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(b) tree/moratri/stage3mt(0 00 0)
(c) tree/moratri/stagedbmt(0 O O )
(d) tree/moratri/stage7mt(0 0 0 0)
(e) tree/moratri/stageSmtc(0 O)
(f) tree/moratri/stage9mt(0 0 0 0O)
(g) tree/moratri/stagel2mt(0 00 0)
(h) tree/moratri/stagel3mtc(0 O )
(i) tree/moratri/stageldmt(0 0000 00)
(j) tree/moratri/stagelbmt(0 00O )

)

(k) tree/moratri/stagel6mtc(0 O)
11. 00000 HMMOOOODOO triphone 00000000 O0O0DOO0ODO

(a) tree/acctri/stage2_bmat(0 D00 OO0 0O0O)
(b) tree/acctri/stage3mat(0 00 0)

(
(

d) tree/acctri/stageTmat(0 O O O)

¢) tree/acctri/stagebmat(0 O O )

)

)

)

)

(e) tree/acctri/stageS8matc(0 O)
(f) tree/acctri/stage9mat(0 0 0 0)

(g) tree/acctri/stagel2mat(0 00 0)
(h) tree/acctri/stagel3matc(0 O)
(i) tree/acctri/stageldmat(0 00000 0)
(j) tree/acctri/stagelbmat(0 00 0)
)

(k) tree/acctri/stagel6matc(0 O)
12. HTKOOODDODOO4Oooo
(a) MFCCOOOO HTKOOODOOODODOO-MFCC_conf

(b) FBANKOOOO HTKOOOOOODO O O-FBANK conf
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(c) triphone 0000000000000 OO0OO0O0DOOODOOO-triTiedState_tree.hed
(d) D00D000000000000000000000000-mqTiedState_tree.hed

f

)
)
(e DOOOOOOOOOOUDOODOODOODOOOODOODODNODO-macTiedState_tree.hed
(f) OO0 triphone0 00 0000000000000 O0OOOOOOO-mqTiedState_tree.he
)

(g 00000 triphone0 0000000 0OOOOOOOOODOOODOOODO-
macTiedState_tree.hed

13. 000u0ggoboboooooooo

(a) make T lab2.rb(triphone 00000000 0O)
(b) make M labrb(D O OO OOOOOOOO)
(c) make MAC labab(DODOOOOOOOODODOODO)
(d) make MT lab2.xb(0 00 triphone0 000 0O000O0O)
)
)
)

(e) make MAT lab2.rb(0 00 OO triphone0 000000 00)
(f) make Mbasexbh(0 O OO0 ODO0O0OO0O0O0O0OOOO0OOOOOOODN)

(g) make_Mbase2.rb(0 O O triphone 000000000 triphone0 00000
0oooo)

(h) make_beplistayb(D 00 O0O0D00O0O)

(i) make dicrb(0 OO DODO)

)
)
(j) makenetyb(0 0D O0O0O0DOOOOOOO)
(k) make_telistyb(0 00 O00O00000O0O)

)

(1) make_trainlistyb(0 0 000000000)
14. 00000000000 mauOODOOO)

06_hMF_normal 0 0 00 HMM,FullMFCC,0 000000000
07_.hMF_mac 0000 HMM,FulMFCC,0 000000000000

08_.hMF_mat O 0O 0O 0O HMM,FullMFCC, 000 00O triphone0 OO OO OO0
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