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Unsupervised Speaker and Noise Adaptation
Based on HMM Sufficient Statistics

KANAKO MATSUNAMI, " SHINICHI YOSHIZAWA,tt AKIRA BABA,itt
AKINOBU LEE,! HIROSHI SARUWATARIt and KIYOHIRO SHIKANO?

In order to realize a robust and accurate speech recognition in various real environments,
noise and speaker adaptation techniques are important, since covering all the possible noises
and speakers in a static model is essentially impossible. In this paper, we propose an efficient
unsupervised noise and speaker adaptation method based on HMM sufficient statistics. Our
method consists of three steps. (1) Noise data of the target environment is added to the train-
ing speech database to calculate noise-added HMM sufficient statistics. (2) Given a target
speaker, the speakers that are acoustically close to the target speaker are selected from the
database, using speaker GMM. (3) Then, the resulting adaptation model is obtained by con-
structing models from the HMM sufficient statistics of the selected speakers. Recognition ex-
periments show that our adapted models achieve higher accuracy than environment-matched
models trained by the E-M algorithm, with only one utterance and environment noise data.
Furthermore, we examine the robustness of the adapted models in different SNR conditions.
Integration with supervised MLLR method is also investigated.
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Fig.1 Speaker and noise adaptation algorithm.

gbooooooooooooooon
uoooobooooboo1oo0o00o0b00ooao
gooobooboooooooboboooooooooo
O00000O00O000000000 cleanOOODO
gobooooooooooooooooooboboaooon
gooooooooooooooooobobbooDbbo

gbooooooooooooboooooDbbODbOoDbOoo

goooobooooooobooooboooooooa
goodooooobo1l1boboooobooooboooooo
gooobooooobobooooooooobooo
gooooooooooobooobooobooooboon
oooooo
oboobOobooooobooboooooooono
gooooooooobooboooooooboooobo
gobooooboooooooooooboobooo

gooooooooooboooobooboboboboboo

0000000000000 00 MLLRI Maximum
Likelihood Linear Regressionlja)DDDDDDElDD
ooooooo
oo0o2000000000D0O0DOoOooDOoooog
goo3sdOobobobOOoOoOoboU0ooboUoouooooo
O00o0ooodoooooDo4000000DO0DOoOO
oo00C0d0bOoOoOOOoOoOoooOos000Dboo
0000000000 0oooooooooooog
MLLR® 000000000000 DO0O00DO0
d0e00O0ODDOODODOOD

2. J000O0OO00O0OO0ObOOoOoobon

gooooooocoooooooboooooooon
gooboi10000000C00O0C0O0O0 100000
gooboooooooobooooobooooooboooon
200000000000000100000000
goooobooboi1oooobooooobooobobooon
gobooooobdooooooooooocooooon
oobodz2b00oo0o0o0oooooooobooaon
gobooooooobooooobooooobooobo
gooooooooboboooooo
gobooocoooobobooooboooobooon
(1) ODOODOOOUOOOOODODOUOOOOODOO
ooooooobooooooooooooon

(2) GMMOOUOODOO0OOOOODOOOOOOOO
goooooooO NOODDOD

(3) 0DODOOO0ONOOOOODOODOOOOOO
gooooooooooo
gooboooooooooboooooooobooo
gooood
ooooooooooooboooooooOO0OMLLR
0000000000000 00007 000000
OceanO0000000D0O000O0O0O0CDODOOODO
gbooooobooooboooooooooobooon
OooooOooOOoO0O0ooOoO00D0O0Od cleanO0O
goooooooooooooo0o MLLROODD



2040 goooooooo

gobooooooboooboooboocoobooooboooo
goboobooooooooboooooocoboooboooo
gboboooooooooboooobooobooboooo
obooobooooooooboooooooooboooboo
gooooooooooboooooooboobooooo
obooooooooO0oboooobooooo 50
gooo0 MLLROOOOODOOOOOOOOOO
goboooooooooooboooboooooooo
gbooobooooooooooboooooboodd
gboboooooooooboooooooooooobooo
gboboboobooooooboooooboooooooboo
gbooooooooooooooboocoooooboo
gooroooooOoobOOoOOoObOOobObooOoOn
gooobooooooooooooooboooboooo
goboooooooooooooooobooboooo

goooooooobooooooboooboboooooo
ooooooo

2.1 OO00O0O0OO0OO0

ooooboooooooboobooooooooon
goooboooooooooooobD HMMOOOO
oOooooooOoOOoOoooEMOO0O0O0O0O0O0O
00®000000000000000000000
ooobooboooooooooooooooooboo
000000000 JNAS?0OO0OO0O00O Clean
gooboooboooooboooobooooboooooon
gooooooooooooobooooooboboDobo
gooEMOO0O0ODOOOOO0ODOOOOOOOOO0O0
l00dobooooooooooooo

22 0000

000000000 10000 GMMO Gaussian
mixture model000O00000000000C0COO
ooobooocoobooobooboooboboooooooo
GMMOOOOOOOODOOOOOOOOO0O00D0O
gobooobooobobooboboooo 1006400
goooooOooooooooeGMMOOOOOO
goooooooooooboobooooooobooon
00000 clean 00000000 GMMOOOO
000000000 7P00000000000000
gooooobooooooooooooooooon
oboboooboooooboobooboooooooboooooo
goooooooooooobooobooboooobooon

Y 0poDO0O0O00000000000 PTMO 1000000
20000000000000000000O00C0C0O0O0O0O00
114 Mbytel 0.44 Mbyte x 260 O M PTM OO0DOOO 10
goooooooooOo0OOO0O0OOO0OO0OO0O0O0O0O00O0O00
gooooO0ooO0ooboO0o0oo0o0o0o0oOo0oooooOoooboooOg

July 2002

ooo0o0o0o0ooOoOb0 NOOODOOOoOOoOOooDo
00000000Y000000000000000
oOooooooo0ooooooooooO GMMOO
goooooooooooooboooooooooon
ooooo

23 0O00OO0ODODODOO

220000000 NODOOODODOOOODOOO
gooooooooooooooboooooboooon

3. DOoOOoOoOoooo

gobooooboobboobooobobobboboono
gooooboooobooobbooboooboooo
0000D0D000ODOO0O0DO0O0OO00000 matched
modeld EM OO0 OOOOOOOOCOOOOODOO
dooooooooobOOMLLROOOOOOOO
00000000 O00oO0oOooo”oooooonon
JooDooOoOoobooooobooooa

3.1 O00O0OO

000000000000000000 JNAS? DO
00000ooooooooJNASOOOODOO00O0O
01530000 13000 3060000000000
Jgdooooobg s0booobobooooog 100
0o0000O0o0obO0oooobooooooon 30600
001300000 130000 26000000000
000000230000 23000 46000000
oooooooa

00000000 000O0bbOoboOoboOog sodno
gooooooilcooooobbobobbobbog
Jo00o0o0o0o 4050000 200000000000
0000000 16kHzO016bit0 OO OOOOOOO
10ms 00000 12000 MFCCO Mel-frequency
cepstrum coefficient 00 0 00 MFCCOO O ODOOO
odooooooooboOOooD 2k0000000
0000 3-gramO 000000000 JuliusOOO
00000000 4300 300 16e0000Qoo0O
00000 200000 64000 PTMI phonetic tied
mixture model® 0 00000000 DOOOOO
poobooboooo

JodoobooOobOooboooboooboo 2000PTM
0000 40000000000 cleend0OO0O0O
goboddooboobooboobobobooo
oooobobooooooo

odopoooooo GMMOODOOOO1D000
0d1db0be40000D0000DOGMMODOODODOO
JO000DO0obOOooOoooi1o0oooooboono
0000 booOoOOo0obOOobooOobDooboobooono



Vol. 43 No. 7
]
80 4
° ""l.'.'.':'"".‘.‘.'.'.'.'.-.-.-.-.-
— | et e Smmm "
S oMt e
o )
5 e
§ 40 /
S 30
g baseline ><
20 adapted model - m-
matched model -x-
clean-clean ---
10
95 s |
SNR [dB]
02 0000O0O0O0O0ODOOoOoooo
Fig.2 Adaptation effect on monophone.
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Fig.3 Adaptation effect on PTM.
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Table 1 Comparison between propose method and
conventional method 7).

monophone model
SNR matched model (260) ooo
15dB 54.4(57.0) 61.0(63.1)
20dB 66.8(69.0) 70.5(72.2)
25dB 73.6(75.7) 75.1(77.5)
SNR | matched model (305) 0ooo
15dB 55.3(58.0) 54.2(56.3)
20dB 67.1(68.9) 67.0(68.8)
25dB 74.1(76.1) 76.4(78.4)
PTM
SNR | matched model (260) ooo
15dB 65.4(67.6) 70.1(72.2)
20dB 76.2(77.2) 79.3(80.7)
25 dB 83.0(84.8) 85.9(87.1)
SNR | matched model (305) ooo
15dB 69.3(71.2) 63.4(66.4)
20dB 76.2(78.2) 77.5(79.2)
25dB 84.6(86.3) 84.1(85.7)
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Table 2 Result in various SNR conditions (monophone).

adapted monophone model
SNR 15dB 20dB 25dB
Test 15dB 61.0 59.4 59.6
data | 20dB 69.4 70.5 70.5
25dB 74.0 76.0 75.1
matched monophone model
SNR 15dB 20dB 25dB
Test 15dB 54.4 52.7 47.8

data | 20dB 66.0 66.8 63.5
25dB 72.1 73.2 73.6

03 000 SNROOOOOOOOOPTMO
Table 3 Result in various SNR conditions (PTM).

adapted PTM

SNR 15dB 20dB 25dB
Test 15dB 70.0 68.2 65.5
data | 20dB 79.7 79.3 77.0
25dB 84.5 85.9 85.9
matched PTM

SNR 15dB 20dB 25dB
Test 15dB 65.4 61.6 58.3
data | 20dB 76.2 76.2 72.8
25dB 81.5 82.6 83.0
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Fig.5 Result in various SNR conditions (PTM).
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Table 4 Initial model effects on MLLR (monophone).

adapted monophone model

SNR

before

10 utterances

50 utterances

15dB
20dB
25dB
clean

61.0
70.5
75.1
85.4

64.5
73.0
79.4
86.7

68.2
76.5
82.7
86.9

matched monophone model

SNR

before

10 utterances

50 utterances

15dB
20dB
25dB
clean

54.4
66.8
73.6
82.2

60.0
71.4
77.6
84.1

65.4
74.3
80.6
87.6
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Table 5 Initial model effects on MLLR (PTM).
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Fig.6 Initial model effects on MLLR (PTM).
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