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Speech Recognition in Time-varying Noisy Environments
using the Histogram Technique

4 9 3 3 3 «

(Young Uk Kwon*, Hyung Soon Kim?*)

8 o

#% BN SHAHE AN E YRR AN FHIM S 2REUS B FHY YOS A B v R
e ARe B3 H2Ead Agel el F2o) 2MEYE FHAT o8 AAsle PYoS ey
A7 E AFS AT S 25T ADPEL S/ el FRE & ask gon) HMel wsbshe 489 &
=G $9Y 5 Acks Ao 71 4ol visl 392 AUk e SNR ZAstol Al Aol we} oA, 23
T Fvaoh dstale £ hPAIY RS R 40 del, BAsY T} Q448 E TUNATG. 2
B, SlAEad Aegel ANE ¥ AMEY A28 A8 A9 ABY Fe 2MEY F Pl vls) 44
$ol $atart

ABSTRACT

Preprocessing techniques for speech recognition in addilive noise environmenis bsually require a good estimate of the
noise power spectrum. [n this paper, we choosc spectral subtraction as preprocessing method, and employ the histogram
technique for the estimation of noise spectra in time-varying noisy environments. This technique has advantages over other
noise estimation methods in that it does not requires speech/non-speech detection. Tt can also estimate even time-varying
noise spectra. We perform speaker-independent isolated word recognition in time-varying colored Gaussian noise environ-
ments under various SNR conditions. Experimental results show that histogram-technigue-based spectral subtraction method
yields superier performence to that with conventional noise estimation method.
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Fig. 1 Examples of noise estimation by histogram processing for
the colored noise with time-varying energy;
(a) Spectra of noisy speech with additive noisc of 5dB SNR,
(b) Spectra of original noise,
(c} Estimated noise spectra from the noisy speech.
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Fig. 2 Examples of noise estimation by hislogram processing for

the colored noise with lime-varying center-frequency;

{a) Spectra of noisy speech with additive noise of 50B SNR,
{b)Spectra of original noise,

{c) Estimated noise spectra from the noisy speech.
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Table 1. Recognition results in stationary noise environments.

Preprocessing| _ Noise Accuracy(%)
Technique | Estimation | Clean {30 4B |20 dB |10 4B | 5 4B

NO NO 994 | 970 | 952 | 885 | 7i8
Spectral Avare | 988 | 985 | 932 | 973 | 961
Subtraction

Histogram | 988 | 988 | 985 | 967 | 94.2
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Table 2. Recognilion results in time-varying noise environments.
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{a) Colored noise with increasing energy according to lime,

Preprocessing | Noise Accuracy(%]
Technique | Estimation | Clean | 30 dB | 20 dB | 10 dB | 5 dB

NO NO | 994 | %67 | %8 | 816 | 582
Avame, | 938 | 85 ) 985 | %3 | 876
Histogram | 988 | 988 | 988 | 961 | 915
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(b)Colored noise with increasing frequency according 1o lime.

Preprocessing | Noise Accuracy(%)
Technique | Estimation | Clean {30 dB | 20-dB |10 dB | 5 dB

NO NO 994 | 991 | 976 | 85 | 727

Spectral vame | 938 | 982 | 952 | 873 | 639

Subtraction Histogram | 9838 988 985 | 946 | 835
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