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Problem:

Conventional noise reduction methods improve the SNR of speech 
signal. However, the residual noise makes the speech annoying.

Our Idea: 

� Music Injection is adopted to reduce the negative effect of residual noise 
and improve the pleasantness of speech.

� Volume of the injected music is adjusted adaptively.

� An objective pleasantness model is utilized to evaluate the performance 
quantitatively.

� Subjective test is also carried out to verify the validity of the above 
pleasantness model.

Pleasantness Model

Results

Conclusions

� Music Injection masks the residual noise and make it more 
pleasant.

� Results of objective pleasantness model match those of the 
subjective test results.

� Improvement of the pleasantness depends on the type of the 
instrument and injected music.

2)023.0(2.2113.055.0 )24.1( LTSR eeeeP ---- -=

Aures’ Pleasantness Model:

L: Loudness, the intensity sensation; R: Roughness, temporal variation;

S: Sharpness, high frequency content; T: Tonality, tonal prominence.
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Subjective test is conducted to verify the 
objective pleasantness model.

i: index of short-time frame

Sx(i): power spectrum of processed 
speech by spectral subtraction

Sn(i): power spectrum of estimated 
noise

M(n,i): music signal
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