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<Abstract>

Robust Speech Recognition in the Car Interior
Environment having Car Noise and Audio Output

Chul Ho Park, Jae—-Chul Bae, Keun Sung Bae

In this paper, we carried out recognition experiments for noisy speech having various
levels of car noise and output of an audio system using the speech interface. The speech
interface consists of three parts: pre-processing, acoustic echo canceller, post-processing.
First, a high pass filter is employed as a pre-processing part to remove some engine
noises. Then, an echo canceller implemented by using an FIR-type filter with an NLMS
adaptive algorithm is used to remove the music or speech coming from the audio system
in a car. As a last part, the MMSE-STSA based speech enhancement method is applied to
the out of the echo canceller to remove the residual noise further. For recognition
experiments, we generated test signals by adding music to the car noisy speech from
Aurora 2 database. The HTK-based continuous HMM system is constructed for a
recognition system. Experimental results show that the proposed speech interface is very
promising for robust speech recognition in a noisy car environment.

Keywords: Speech interface, Speech recognition, Echo canceller, MMSE-STSA, HMM.
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MMSE-STSA 7|¥te] S0 71He S4% FSe 2dEH] %
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<# 1> 4% dolg] Aol dg AXNAF (%)
SR TSR 3 dB 0 dB 3 4B Average
Clean 33.79 40.65 4921 4122
20 dB 34.80 4232 51.12 42.75
15 dB 33.02 39.73 47.69 40.15
10 dB 24.93 30.09 36.24 3042
5 dB 13.42 16.13 19.98 16.51
0 dB 9.57 10.08 10.86 10.17
-5 dB 7.72 7.81 8.02 7.85
Average 23.15 27.67 33.18 28.00
<X 2> 4% dolg B tigt AXNZEH (%)
R T ER 3 dB 0 dB 3 dB Average
Clean 93.59 94.78 96.57 94.98
20 dB 92.31 93.56 94.45 93.44
15 dB 84.79 86.13 86.58 85.83
10 dB 57.74 58.43 57.92 58.03
5 dB 26.57 26.84 26.48 26.63
0 dB 9.69 9.90 10.71 10.10
-5 dB 7.75 8.08 8.98 8.27
Average 54.22 54.97 5523 54.81
<E 3> 49 dolg col g A4ZEHA (%)
SNR NSER -3 dB 0 dB 3 dB Average
Clean 88.99 91.92 94.99 91.97
20 dB 91.08 92.72 94.07 92.62
15 dB 89.80 90.93 91.86 90.86
10 dB 8142 83.00 84.19 82.87
5 dB 60.75 61.02 61.17 60.98
0 dB 13.93 16.94 19.21 16.69
-5 dB 7.66 8.26 8.53 8.15
Average 67.40 68.92 70.10 68.81
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A Jston, <3 6> (¢)9 NSER 3 dBIAM = 2HEH A7y ETH 3.73% A
22.70%, Wiener HEHET 9.82%A 3191%7H4 <A Eol =A uvsith
MMSE-STSA 74713 o] SS, Wiener WE R }= Q14 Fo] AMFHoz 4
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9.94%, 9.22%, Wiener BE H HT+E 19.56%, 21.08%, 18.77%% H& AAESL B4
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