
(12) United States Patent 
Higgins et al. 

US006266633B1 

US 6,266,633 B1 
Jul. 24, 2001 

(10) Patent N0.: 
(45) Date of Patent: 

(54) NOISE SUPPRESSION AND CHANNEL 
EQUALIZATION PREPROCESSOR FOR 
SPEECH AND SPEAKER RECOGNIZERS: 
METHOD AND APPARATUS 

(75) Inventors: Alan Lawrence Higgins; Steven F. 
Boll; Jack E. Porter, all of San Diego, 
CA (US) 

(73) Assignee: ITT Manufacturing Enterprises, 
Wilmington, DE (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/218,565 

(22) Filed: Dec. 22, 1998 

(51) Int. Cl.7 ................................................... .. G10L 21/02 

(52) US. Cl. ................ .. 704/224; 704/228 

(58) Field of Search .................................... .. 704/224, 228 

(56) References Cited 

PUBLICATIONS 

Stockham, Jr., Thomas G., Cannon Thomas M., and Inge 
bretsen, Robert B., “Blind Deconvolution through Digital 
Signal Processing”, Proceedings of the IEEE, vol. 63, No. 4, 
Apr. 1975, pp. 678—692. 
Boll, Steven F., “Suppression of Acoustic Noise in Speech 
Using Spectral Subtraction”, IEEE Transactions on Acous 
tics, Speech, and Signal Processing, vol. ASSP—27, No. 2, 
Apr. 1979, pp. 113—120. 
Avendano, Carlos and Hermansky, Hynek, “On the Effects 
of Short—Term Spectrum Smoothing in Channel Normaliza 
tion”, IEEE Transactions on Speech and Audio Processing, 
vol. 5, No. 4, Jul. 1997, pp. 372—374. 
Hynek Hermansky, et al. “RASTA Processing of Speech”, 
IEEE Trans. Speech and Audio Processing, vol. 2, No. 4, pp. 
578—589, Oct. 1994.* 
Johan de Veth, et al. “Comparison of Channel Normalisation 
Techniques for Automatic Speech Recognition over the 
Phone,” Proc. Intl. Conf. on Spoken Language, ICSLP 96, 
vol. 4, pp. 2332—2335, Oct. 1996.* 
Detlef Hardt, et al. “Spectral Subtraction and RASTA—Fil 
tering in Text—Dependent HMM—Based Speaker Veri?ca 
tion,” Proc. IEEE ICASSP 97, vol. 2, pp. 867—870, Apr. 
1997.* 

RECT. 
TO 

POLAR 
CONVERTER 

70 

Ma nitude 

Carlos Avendano, et al. “On the Effedts of Short—Term 
Spectrum Smoothing in Channel Normalization,” IEEE 
Trans. Speech and Audio Processing, vol. 5, No. 4, pp. 
372—374, Jul. 1997.* 

Zhang Zhijie, et al. “Stabilized Solutions and Multiparam 
eter Optimization Technique of Deconvolution,” Proc. Intl. 
Conf. Signal Processing, ICSP 98, vol. 1, pp. 168—171, Oct. 
1998* 

* cited by examiner 

Primary Examiner—Talivaldis I. Smits 
(74) Attorney, Agent, or Firm—Arthur L. Plevy; Duane, 
Morris & Hecksher 

(57) ABSTRACT 

A method for performing noise suppression and channel 
equalization of a noisy voice signal comprising the steps of 
sampling the noisy voice signal at a predetermined sampling 
rate f5; segmenting the sampled voice signal into a plurality 
of frames having a predetermined number of samples per 
frame, over a predetermined temporal Window; generating 
an N-point spectral sample representation of each of the 
sample signal frames; determining the magnitude of each of 
the N-point spectral samples and generating a histogram of 
the energy associated With each of the N-point spectral 
samples at a particular frequency; detecting a peak ampli 
tude of the histogram Which corresponds to a noise threshold 
Nf associated With the particular frequency; determining a 
channel frequency response Cf associated With the particular 
frequency by determining a geometric mean over all the 
spectral samples having magnitude exceeding the noise 
threshold Nf; subtracting from each of the magnitudes of the 
N point spectral samples the noise threshold Nf to provide a 
noise suppressed sample sequence; applying blind decon 
volution to the noise suppressed samples; transforming the 
deconvolved noise suppressed sampled sequence to a tem 
poral representation; shifting the temporal sample sequence 
in time by a predetermined amount; and adding the time 
shifted temporal samples over a period corresponding to the 
predetermined temporal Window to provide a suppressed 
noise voice signal. 

26 Claims, 5 Drawing Sheets 
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