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Abstract How to detect speech periods in noisy speech and how to cope with the temporal variation of noise characteristics
are challenging problems. This paper proposes a new robust noisy speech recognition method based on robust end-point
detection and online model adaptation using tree-structured noisy speech HMMs. The basic algorithm consists of 1) blind
speech segmentation, 2) best matching GMM selection, 3) recognizing the speech with the HMM that corresponds to the
GMM, 4) end-point detection based on the recognition results, 5) HMM adaptation based on the recognition results, and 6)
re-recognition using the adapted HMM. The processes of 1) through 6) are repeated by shifting the blind segmentation
window until the end of the sequence of utterances is detected. The proposed method is evaluated by noisy speech collected
by a Japanese dialogue system. Experimental results show that the proposed method is effective in recognizing noisy speech
under various noise conditions.

Keywords: Time-variable noise, End-point detection, Model selection, Noise adaptation
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Fig. 1. System flow of the proposed method.
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(Case 2: LP model is not found in the recognition result)
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Table 1. Recognition accuracies (%) with Test 1 data
for 3 conditions: the baseline, the proposed method but
end-points are given, and the proposed method (Station

noise-added speech)

Baseline Given
SNR end-point method
5dB 23.7 40.8 38.2
10dB 57.9 67.1 67.1
15dB 67.1 76.3 73.7

Table 2. Recognition accuracies (%) with Test 1 data
for 3 conditions: the baseline, the proposed method but
end-points are given, and the proposed method

(Exhibition hall noise-added speech)

Baseline Given Proposed
SNR end-point method
5dB 40.8 47.4 43.4
10dB 61.8 76.3 75.0
15dB 71.1 77.6 77.6
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Fig. 4. Recognition accuracies (%) on
Test 1 for various blind segmentation
lengths (Station noise-added speech)

Fig. 5. Recognition accuracies (%) on
Test 1 for various blind segmentation
lengths (Exhibition hall noise-added speech)
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Table 3. Recognition accuracies (%) with Test 1 data

when MLLR adaptation is not applied (Station
noise-added speech)

Baseline Given Proposed
SNR end-point mclgod
5dB 15.8 36.8 35.5
10dB 47.4 64.7 60.5
15dB 63.2 75.0 65.8

Table 4. Recognition accuracies (%) with Test 1 data
when MLLR adaptation is not applied (Exhibition hall
noise-added speech)

Given Proposed
SNR Baseline | end-point method
5dB 30.3 47.4 40.8
10dB 51.3 70.3 69.7
15dB 67.1 75.0 72.4
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Table 5. Recognition accuracies (%) with Test 2 data
for 3 conditions: the baseline, the proposed method but
end-points are given, and the proposed method

Noise Baseline Given Proposed
end-point method
Station noise
added speech 40.8 56.6 55.8
Office noise
added speech 55.2 73.4 72.5
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