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Abstract Noise and speaker adaptation techniques are essential to realize robust speech
recognition in real environments. In this paper, we propose an efficient unsupervised noise
and speaker adaptation method based on HMM sufficient statistics with spectral subtrac-
tion. Our adaptation method basically consists of three steps. (1) Noise data of the target
environment is added to the training speech database to calculate noise-added HMM suf-
ficient statistics. (2) Given a target speaker, the speakers that are acoustically close to
the target speaker are selected from the database, using speaker GMMs. (3) The resulting
adaptation model is obtained by constructing models from the HMM sufficient statistics of
the selected speakers. Furthermore, we apply spectral subtraction to suppress noise signal
and improve the SNR to both input utterances and the training database. Recognition ex-
periments show that our adapted PTM can achieve about 82% word accuracy on 20dB SNR
condition with only one utterance and environment noise data, which is about 6% higher
than the environment-matched models trained by E-M algorithm. We also examined ro-
bustness of the adapted models in various SNR conditions. Integration with the supervised
MLLR method is also investigated.

Key words Spectral Subtraction, HMM Sufficient Statistics, Noise and Speaker Adaptation,
Unsupervised Adaptation, Acoustic Model
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8k A - B72 % SNRIZ BT 5 58#5MERE (monophone)

matched model
SNR | 15dB 20dB 25dB
10dB | 36.3 31.8 273

Test | 156dB | 54.4  52.7 47.8
data | 20dB | 66.0 66.8 63.5
25dB | 72.1 732 73.6
30dB | 71.8 746 77.7

SS matched model
SNR | 15dB 20dB 25dB
10dB | 43.5 425  39.7

Test | 156dB | 58.2  57.7  55.7
data | 20dB | 66.9 68.1 67.0
256dB | 70.9 726 74.1
30dB | 714 744 772
adapted model
SNR | 15dB 20dB 25dB
10dB | 41.7 381  38.9

Test | 15dB | 61.0 59.4  59.6
data | 20dB | 69.4 70.5 70.5
25dB | 74.0 76.0 75.1
30dB | 76.7 779 80.0

SS adapted model
SNR | 15dB 20dB 25dB
10dB | 50.7 49.8 456

Test | 15dB | 64.4 64.6 62.6
data | 20dB | 71.5 73.3 73.1
25dB | 741 77.0 79.2
30dB | 75.3 788  82.7

f16% B : MLLR OAIHET L & L COHEMED MR

(monophone, Y¥¥J - 538, #RL 3 [H])

fHk C : B2 % SNRITBIT 2 B#ikRE (PTM)

matched model
SNR | 15dB 20dB 25dB
10dB | 43.4 40.1 345

Test | 156dB | 65.4 61.6  58.3
data | 20dB | 76.2 76.2 72.8
25dB | 81.5 82.6 83.0
30dB | 83.2 85.0 87.1

SS matched model
SNR | 15dB 20dB 25dB
10dB | 53.8 53.1 483

Test | 156dB | 68.3 66.5  66.0
data | 20dB | 76.9 786  77.7
25dB | 80.8 83.6  85.1
30dB | 82.3 852 87.2
adapted model
SNR | 15dB 20dB 25dB
10dB | 51.4 45.8 40.3

Test | 156dB | 70.1  68.2  65.5
data | 20dB | 79.7 793 77.0
25dB | 84.5 859 85.9
30dB | 85.6 87.7  89.2

SS adapted model
SNR | 15dB 20dB 25dB
10dB | 59.3 58.9 534

Test | 156dB | 72.3 70.9  69.7
data | 20dB | 80.4 81.8 81.7
25dB | 85.0 86.2 87.2
30dB | 8.5 87.2 894

f14% D : MLLR O#IHAET V& L COHZMED A
(PTM, ¥ - sr#, MsRL 3 [H)

matched model matched model
SNR | before 10 utterances 50 utterances SNR | before 10 utterances 50 utterances
15dB | 54.4 64.5 70.5 15dB | 65.4 71.3 77.3
20dB | 66.8 75.5 80.4 20dB | 76.2 82.0 86.7
25dB | 73.6 80.3 83.7 25dB | 83.0 88.2 91.0

adapted model adapted model
SNR | before 10 utterances 50 utterances SNR | before 10 utterances 50 utterances
15dB | 61.0 66.2 70.7 15dB | 70.1 74.8 77.5
20dB | 70.5 76.1 80.8 20dB | 79.3 83.5 85.8
25dB | 75.1 80.3 83.3 25dB | 85.9 89.5 90.5

SS adapted model SS adapted model

SNR | before 10 utterances 50 utterances SNR | before 10 utterances 50 utterances
15dB | 64.4 67.7 71.7 15dB | 72.3 75.2 e
20dB | 73.3 77.5 80.3 20dB | 81.8 84.2 86.3
25dB | 79.2 81.0 84.3 25dB | 87.2 89.2 89.2
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