
ȺɎɑɢɘɖɡ Ɏ ɗɕɋɐɘɖ 

ȼɎɚɖɔɈɔɏ ɍɈəɐ Ɏ ɈɎɊɋɔ 

ȱɋɐɜɎɥ 3 



ȵɖɋɔɇɖɆɍɔɈɆɓɎɋ ɗɎɉɓɆɑɆ 
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Â ȷɎɗɘɋɒɆ ï ɕɖɋɔɇɖɆɍɔɈɆɘɋɑɢ ɗɎɉɓɆɑɆ 

 

 

 

 

Â ȱɎɓɋɏɓɔɗɘɢ: 

 

 

 

Â ȮɓɈɆɖɎɆɓɘɓɔɗɘɢ ɐ ɗɊɈɎɉə: 
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ȱɎɓɋɏɓɡɋ ɗɎɗɘɋɒɡ 

3 

Â ȨɆɌɓɔɋ ɗɈɔɏɗɘɈɔ ɑɎɓɋɏɓɡɛ ɗɎɗɘɋɒ: 

 ȵɖɎ ɕɔɊɆɝɋ ɓɆ ɑɤɇəɤ ɑɎɓɋɏɓəɤ ɗɎɗɘɋɒə 
ɗɎɓəɗɔɎɊɡ, ɓɆ ɈɡɛɔɊɋ ɕɔɑəɝɆɋɘɗɥ 
ɗɎɓəɗɔɎɊɆ ɘɔɏ Ɍɋ ɝɆɗɘɔɘɡ, ɝɘɔ Ɏ ɓɆ ɈɛɔɊɋ 
ï ɎɍɒɋɓɎɘɢɗɥ ɒɔɉəɘ ɘɔɑɢɐɔ ɋɋ ɆɒɕɑɎɘəɊɆ 
ɎɑɎ ɚɆɍɆ 

Â ȷɑɋɊɗɘɈɎɋ: ɑɎɓɋɏɓɡɋ ɗɎɗɘɋɒɡ əɊɔɇɓɔ 
ɆɓɆɑɎɍɎɖɔɈɆɘɢ, ɖɆɗɐɑɆɊɡɈɆɥ ɑɤɇɡɋ 
ɈɛɔɊɓɡɋ ɗɎɉɓɆɑɡ ɓɆ ɗɎɓəɗɔɎɊɡ 



ȺɎɑɢɘɖɆɜɎɥ ɗɎɉɓɆɑɆ 

ÂɚɎɑɢɘɖ ï əɗɘɖɔɏɗɘɈɔ, ɐɔɘɔɖɔɋ 
ɒɋɓɥɋɘ Ɉ ɗɕɋɐɘɖɋ ɗɎɉɓɆɑɆ Ɏ 
ɆɒɕɑɎɘəɊɡ ɉɆɖɒɔɓɎɐ, Ɏ Ɏɛ ɚɆɍɡ 

ÂɚɎɑɢɘɖɡ ɗ ɑɎɓɋɏɓɔɏ ɚɆɍɔɏ 
ɗɊɈɎɉɆɤɘ Ɉɋɗɢ ɗɎɉɓɆɑ Ɉɔ ɈɖɋɒɋɓɎ 

ÂɚɎɑɢɘɖɆɜɎɥ ɗɑəɌɎɘ Ɋɑɥ ɖɆɍɊɋɑɋɓɎɥ 
ɖɆɍɑɎɝɓɡɛ ɗɎɉɓɆɑɔɈ 

4 



ȻɆɖɆɐɘɋɖɎɗɘɎɐɎ ɚɎɑɢɘɖɆ 

5 

ȦȽȻ ȺȽȻ ȩȨȭ 

Â ȦɒɕɑɎɘəɊɓɔ-ɝɆɗɘɔɘɓɆɥ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆ 

ïȮɍɒɋɓɋɓɎɋ ɆɒɕɑɎɘəɊɡ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɝɆɗɘɔɘɡ 

Â ȺɆɍɔɈɔ-ɝɆɗɘɔɘɓɆɥ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆ 
ïȮɍɒɋɓɋɓɎɋ ɚɆɍɡ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɝɆɗɘɔɘɡ 

Â ȩɖəɕɕɔɈɔɋ Ɉɖɋɒɥ ɍɆɊɋɖɌɐɎ 
ïȭɆɊɋɖɌɐɆ ɖɆɍɑɎɝɓɡɛ ɝɆɗɘɔɘɓɡɛ ɗɔɗɘɆɈɑɥɤɟɎɛ 



ȵɆɖɆɒɋɘɖɡ ɚɎɑɢɘɖɆ 

ÂɕɔɑɔɗɆ ɕɖɔɕəɗɐɆɓɎɥ 

ÂɝɆɗɘɔɘɆ ɗɖɋɍɆ 

ÂɕɔɑɔɗɆ ɍɆɊɋɖɌɎɈɆɓɎɥ 

ÂəɖɔɈɋɓɢ ɕɔɊɆɈɑɋɓɎɥ Ɉ ɣɘɔɏ ɕɔɑɔɗɋ 

6 



ȸɎɕɡ ɚɎɑɢɘɖɔɈ 

ÂȳȽ-ɚɎɑɢɘɖɡ (low-pass filters) 

ÂȨȽ-ɚɎɑɢɘɖɡ (high-pass filters) 

ÂɕɔɑɔɗɔɈɡɋ ɚɎɑɢɘɖɡ: 

ïɕɖɔɕəɗɐɆɤɟɎɋ (band-pass filters)  

ïɕɔɊɆɈɑɥɤɟɎɋ (band-reject filters) 

ÂɒɓɔɉɔɕɔɑɔɗɔɈɡɋ ɚɎɑɢɘɖɡ 

ÂɜɎɚɖɔɈɡɋ FIR Ɏ IIR ɚɎɑɢɘɖɡ 
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ȨɎɊɡ ɚɎɑɢɘɖɔɈ 
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Â ȮɊɋɆɑɢɓɡɋ Ɏ ɖɋɆɑɢɓɡɋ ɚɎɑɢɘɖɡ, ɈɎɊɡ ɎɗɐɆɌɋɓɎɏ 

 

 

 

 

Â ȱɎɓɋɏɓɔɗɘɢ ɚɆɍɡ 



ȨɔɍɊɋɏɗɘɈɎɋ ɚɎɑɢɘɖɆ 
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Â ȺɎɑɢɘɖɆɜɎɥ = ɕɋɖɋɒɓɔɌɋɓɎɋ ɝɆɗɘɔɘɓɡɛ 
ɛɆɖɆɐɘɋɖɎɗɘɎɐ 

*  =  

ȵɋɖɋɒɓɔɌɋɓɎɋ ɆɒɕɑɎɘəɊ = ɗɑɔɌɋɓɎɋ ɊɋɜɎɇɋɑɔɈ 



ɃɐɈɆɑɆɏɍɋɖɡ 

10 

ÂɣɐɈɆɑɆɏɍɋɖ ï əɗɘɖɔɏɗɘɈɔ ɐɔɖɖɋɐɜɎɎ ɘɋɒɇɖɆ 
ɗɎɉɓɆɑɆ, Ɏɍɒɋɓɥɤɟɋɋ ɆɒɕɑɎɘəɊɡ ɋɉɔ 
ɝɆɗɘɔɘɓɡɛ ɗɔɗɘɆɈɑɥɤɟɎɛ 

ÂɕɋɖɈɔɓɆɝɆɑɢɓɔ ɕɖɎɒɋɓɥɑɎɗɢ Ɋɑɥ 
ɈɡɖɆɈɓɎɈɆɓɎɥ ȦȽȻ ɓɋɎɊɋɆɑɢɓɔɉɔ ɍɈəɐɔɈɔɉɔ 
ɘɖɆɐɘɆ 

ÂɕɔɍɊɓɋɋ ɗɘɆɑɎ ɎɗɕɔɑɢɍɔɈɆɘɢɗɥ Ɏ ɘɈɔɖɝɋɗɐɎ, 
Ɋɑɥ ɗɔɍɊɆɓɎɥ ɓəɌɓɡɛ ɘɋɒɇɖɔɈ ɎɑɎ 
ɆɐɐəɖɆɘɓɔɉɔ ɗɔɈɒɋɟɋɓɎɥ ɎɓɗɘɖəɒɋɓɘɔɈ Ɉ 
ɚɔɓɔɉɖɆɒɒɋ 



ȨɎɊɡ ɣɐɈɆɑɆɏɍɋɖɔɈ 
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Â ɕɔ əɕɖɆɈɑɋɓɎɤ ȦȽȻ: 

ïȵɆɖɆɒɋɘɖɎɝɋɗɐɎɋ: ɒɔɌɓɔ ɈɡɇɎɖɆɘɢ ɔɊɓə Ɏɍ ɎɒɋɤɟɎɛɗɥ 
ɚɔɖɒ ȦȽȻ Ɏ ɍɆɊɆɈɆɘɢ ɋɋ ɕɆɖɆɒɋɘɖɡ: ɜɋɓɘɖɆɑɢɓəɤ 
ɝɆɗɘɔɘə, ɐɔɣɚɚɎɜɎɋɓɘ əɗɎɑɋɓɎɥ Ɏ Ɋɔɇɖɔɘɓɔɗɘɢ 

ïȩɖɆɚɎɝɋɗɐɎɋ: ɕɔɑɢɍɔɈɆɘɋɑɢ çɖɎɗəɋɘè ɘɖɋɇəɋɒəɤ ȦȽȻ 
ɓɋɕɔɗɖɋɊɗɘɈɋɓɓɔ ɓɆ ɊɎɗɕɑɋɋ ɎɑɎ ɗ ɕɔɒɔɟɢɤ ɓɆɇɔɖɆ 
ɖɋɉəɑɥɘɔɖɔɈ əɗɎɑɋɓɎɥ ɓɆ ɖɆɍɑɎɝɓɡɛ ɝɆɗɘɔɘɆɛ 

ïȵɆɖɆɉɖɆɚɎɝɋɗɐɎɋ: ɉɎɇɖɎɊ ɕɖɋɊɡɊəɟɎɛ 

Â ɕɔ ɕɖɎɓɜɎɕə ɊɋɏɗɘɈɎɥ: 

ïȦɓɆɑɔɉɔɈɡɋ: ɗɔɗɘɔɥɘ Ɏɍ ɐɔɓɊɋɓɗɆɘɔɖɔɈ, ɐɆɘəɞɋɐ 
ɎɓɊəɐɘɎɈɓɔɗɘɎ, ɔɕɋɖɆɜɎɔɓɓɡɛ əɗɎɑɎɘɋɑɋɏ 

ïȼɎɚɖɔɈɡɋ: Ɏɗɕɔɑɢɍəɤɘ FIR ɎɑɎ IIR ɚɎɑɢɘɖɡ 



ȶɋɉəɑɥɘɔɖɡ ɘɋɒɇɖɆ 

Âȶɋɉəɑɥɘɔɖɡ ɓɎɍɐɎɛ (Bass) Ɏ ɈɡɗɔɐɎɛ 
(Treble) ɝɆɗɘɔɘ əɕɖɆɈɑɥɤɘ ɊɈəɒɥ 
ɕɔɖɔɉɔɈɡɒɎ ɚɎɑɢɘɖɆɒɎ 
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ȩɖɆɚɎɝɋɗɐɎɏ ɣɐɈɆɑɆɏɍɋɖ 
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Â ȷɘɖəɐɘəɖɓɆɥ ɗɛɋɒɆ 

 

 

 

 

Â ȦȽȻ 

 



ȺɎɑɢɘɖɡ ɣɐɈɆɑɆɏɍɋɖɆ 
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Â ȦɒɕɑɎɘəɊɓɔ-ɝɆɗɘɔɘɓɆɥ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆ (frequency 
response) 

 

 

 

 

Â Ȫɔɇɖɔɘɓɔɗɘɢ (Q) ɔɕɖɋɊɋɑɥɋɘ ɞɎɖɎɓə ɕɔɑɔɗɡ 
ɈɔɍɊɋɏɗɘɈɎɥ 

 



ȼɎɚɖɔɈɡɋ ɚɎɑɢɘɖɡ  

ÂɕɖɋɊɓɆɍɓɆɝɋɓɡ Ɋɑɥ ɔɇɖɆɇɔɘɐɎ (ɚɎɑɢɘɖɆɜɎɎ) 
ɊɎɗɐɖɋɘɓɡɛ ɗɎɉɓɆɑɔɈ, ɕɖɋɊɗɘɆɈɑɋɓɓɡɛ Ɉ 
ɜɎɚɖɔɈɔɒ ɈɎɊɋ 

Y[n] = B[0]ĬX[n]+ B[1]ĬX[n-1]+ .... ï A[1]ĬY[n-1]ïA[2]ĬY[n-2]ïé 

 X ï ɈɛɔɊɓɔɏ Ɉɖɋɒɋɓɓɔɏ ɖɥɊ, Y ï ɈɡɛɔɊɓɔɏ ɖɥɊ,  
A Ɏ B ï ɓɆɇɔɖɡ ɈɋɗɔɈɡɛ ɐɔɣɚɚɎɜɎɋɓɘɔɈ 

ïɗ ɐɔɓɋɝɓɔɏ Ɏɒɕəɑɢɗɓɔɏ ɛɆɖɆɐɘɋɖɎɗɘɎɐɔɏ  
(ȰȮȻ-ɚɎɑɢɘɖɡ)  

ïɗ ɇɋɗɐɔɓɋɝɓɔɏ Ɏɒɕəɑɢɗɓɔɏ ɛɆɖɆɐɘɋɖɎɗɘɎɐɔɏ  
(ȧȮȻ-ɚɎɑɢɘɖɡ) 
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ȳɋɖɋɐəɖɗɎɈɓɡɋ ɚɎɑɢɘɖɡ 

ÂɗɈɥɍɢ ɒɋɌɊə ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɗɘɢɤ ɓɆ 
ɈɛɔɊɋ Ɏ ɔɘɐɑɎɐɔɒ Ɏɒɋɋɘ ɈɎɊ 

 

 
ɘ.ɋ. ɘɋɐəɟɎɏ ɔɘɗɝɋɘ ɔɘɐɑɎɐɆ ɍɆɈɎɗɎɘ ɔɘ 
ɘɋɐəɟɋɉɔ Ɏ ɕɖɋɊɞɋɗɘɈəɤɟɎɛ ɍɓɆɝɋɓɎɏ 
ɈɛɔɊɓɔɏ ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɗɘɎ 
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ȶɋɐəɖɗɎɈɓɡɋ ɚɎɑɢɘɖɡ 

ÂɗɔɔɘɓɔɞɋɓɎɋ ɒɋɌɊə ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɗɘɢɤ 
ɓɆ ɈɛɔɊɋ Ɏ ɔɘɐɑɎɐɔɒ Ɏɒɋɋɘ ɈɎɊ   

 

 

 ɘ.ɋ. ɘɋɐəɟɎɏ ɔɘɗɝɋɘ ɔɘɐɑɎɐɆ ɔɕɖɋɊɋɑɥɋɘɗɥ 
ɓɋ ɘɔɑɢɐɔ ɘɋɐəɟɎɒ Ɏ ɕɖɋɊɞɋɗɘɈəɤɟɎɒɎ 
ɍɓɆɝɋɓɎɥɒɎ ɈɛɔɊɓɔɏ ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɗɘɎ, 
ɓɔ Ɏ ɕɖɋɊɞɋɗɘɈəɤɟɎɒɎ ɔɘɗɝɋɘɆɒɎ 
ɔɘɐɑɎɐɆ 
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ȺȽȻ ɜɎɚɖɔɈɡɛ ɚɎɑɢɘɖɔɈ 

18 

Â ȰɔɓɋɝɓɆɥ (FIR) 

ïɑɋɉɐɔ ɊɔɗɘɎɝɢ ɑɎɓɋɏɓɔɏ ȺȽȻ 

Â ȧɋɗɐɔɓɋɝɓɆɥ (IIR)  

ïɓɋɑɎɓɋɏɓɆɥ ȺȽȻ 

Â ȭɈɔɓ ɚɎɑɢɘɖɔɈ 

MkM

kkii hxy

Nk

kik

Nk

kiki yaxby
10

ȱɎɓɋɏɓɆɥ ȺȽȻ ȳɋɑɎɓɋɏɓɆɥ ȺȽȻ 



ȵɖɎɒɋɓɋɓɎɋ ȼȺ 

ÂɕɖɎɒɋɓɋɓɎɋ ȼȺ Ɉ ɒəɍɡɐɆɑɢɓɡɛ ɖɋɊɆɐɘɔɖɆɛ 

ïreverberation (ɖɋɈɋɖɇɋɖɆɜɎɥ) 

ïdelay (ɍɆɊɋɖɌɐɆ) 

ïchorus (ɛɔɖəɗ) 

ïflanging (ɚɑɣɓɌɎɓɉ) 

ïphasing (ɚɋɏɍɎɓɉ) 

ïpitch shift (ɗɊɈɎɉ Ɉɡɗɔɘɡ ɘɔɓɆ) 

ïtime modification (ɎɍɒɋɓɋɓɎɋ ɈɖɋɒɋɓɎ ɍɈəɝɆɓɎɥ) 

ïmorphing (ɒɔɖɚɎɓɉ) 

ïvocoding (ɈɔɐɔɊɎɓɉ) 
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ȵɋɖɋɊɎɗɐɖɋɘɎɍɆɜɎɥ 

20 

1. ȮɓɘɋɖɕɔɑɥɜɎɥ ɓəɑɥɒɎ Ÿ ɗɕɋɐɘɖɆɑɢɓɡɋ ɐɔɕɎɎ 

 

 

 

 

 

2. ȺɎɑɢɘɖɆɜɎɥ (ɕɖɋɊɔɘɈɖɆɟɆɋɒ ɓɆɑɔɌɋɓɎɋ ɗɕɋɐɘɖɔɈ 
ɓɆ ɞɆɉɋ 3) 

3. ȵɖɔɖɋɌɎɈɆɓɎɋ 

ŷ2 



ȩɋɓɋɖɆɜɎɥ ɎɍɔɇɖɆɌɋɓɎɏ 

Âɗɕɔɗɔɇ ɕɖɋɊɔɘɈɖɆɟɋɓɎɥ ɆɑɎɆɗɎɓɉɆ ï
ɗəɕɋɖɗɆɒɕɑɎɓɉ (super-sampling)  
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ȵɗɋɈɊɔɘɔɓɎɖɔɈɆɓɎɋ  

ÂəɗɋɝɋɓɎɋ (ɕɔɖɔɉ) 

ÂəɕɔɖɥɊɔɝɋɓɓɔɋ ɕɗɋɈɊɔɘɔɓɎɖɔɈɆɓɎɋ 

ÂɊɎɘɘɋɖɎɓɉ (dithering) 

ÂɊɎɚɚəɍɎɥ ɔɞɎɇɐɎ  
(error diffusion) 

22 

ȮɗɛɔɊɓɔɋ ɎɍɔɇɖɆɌɋɓɎɋ  
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ȶɆɍɓɔɈɎɊɓɔɗɘɎ ɞəɒɔɈ 

Âɇɋɑɡɏ ï ɕɔɗɘɔɥɓɓɆɥ ɗɕɋɐɘɖɆɑɢɓɆɥ ɕɑɔɘɓɔɗɘɢ 

ÂɖɔɍɔɈɡɏ ï ɗɕɋɐɘɖɆɑɢɓɆɥ ɕɑɔɘɓɔɗɘɢ ɔɇɖɆɘɓɔ 
ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɆ ɝɆɗɘɔɘɋ 

ÂɔɖɆɓɌɋɈɡɏ ï ɐɈɆɍɎɕɔɗɘɔɥɓɓɡɏ ɞəɒ ɗ 
ɐɔɓɋɝɓɔɏ ɗɕɋɐɘɖɆɑɢɓɔɏ ɕɑɔɘɓɔɗɘɢɤ  

Âɍɋɑɋɓɡɏ ï ɕɔɊɔɇɋɓ ɖɔɍɔɈɔɒə ɞəɒə ɗ 
əɗɎɑɋɓɓɔɏ ɔɇɑɆɗɘɢɤ Ɉ ɖɆɏɔɓɋ 500 ȩɜ 

ÂɗɎɓɎɏ ï ɗɕɋɐɘɖɆɑɢɓɆɥ ɕɑɔɘɓɔɗɘɢ 
ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɆ ɝɆɗɘɔɘɋ 
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ȶɆɍɓɔɈɎɊɓɔɗɘɎ ɞəɒɔɈ 

ÂɚɎɔɑɋɘɔɈɡɏ ï ɗɕɋɐɘɖɆɑɢɓɆɥ ɕɑɔɘɓɔɗɘɢ 
ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɆ ɐɈɆɊɖɆɘə ɝɆɗɘɔɘɡ 

Âɗɋɖɡɏ ï ɗɕɋɐɘɖ ɞəɒɆ ɆɓɆɑɔɉɎɝɋɓ ɉɖɆɚɎɐə 
ɕɗɎɛɔɆɐəɗɘɎɝɋɗɐɔɏ ɐɖɎɈɔɏ ɕɔɖɔɉɆ 
ɗɑɡɞɎɒɔɗɘɎ 

ÂɐɔɖɎɝɓɋɈɡɏ ï ɗɕɋɐɘɖɆɑɢɓɆɥ ɕɑɔɘɓɔɗɘɢ 
ɔɇɖɆɘɓɔ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɆ ɐɈɆɊɖɆɘə ɝɆɗɘɔɘɡ 

Âɝɋɖɓɡɏ ï ɕɔɗɘɔɥɓɓɆɥ ɐɔɓɋɝɓɆɥ ɗɕɋɐɘɖɆɑɢɓɆɥ 
ɕɑɔɘɓɔɗɘɢ ɍɆ ɕɖɋɊɋɑɆɒɎ ɕɔɖɔɉɆ ɗɑɡɞɎɒɔɗɘɎ  
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