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ABSTRACT 

 

The speech compression aims to compress speech signal into as small an amount of 

information as possible while maintaining the speech quality in as high a level as possible. 

Therefore, this thesis presents the enhancement efficiency of speech compression using Learning 

Vector Quantization (LVQ) technique, which it is applied to speech compression such as Linear 

Predictive Coefficient order 10 (LPC-10) and Linear Spectral Pairs order 10 (LSP-10) for increasing 

compression rate of speech signal. 

In the experiment, 10 speech signals which corrected from 5 male and 5 female, are used 

as the input speech signal. These speech signals are record using microphone with sampling rate at 8 

kHz. These speech signal are then analyzed and calculated the LPC-10 and LSP-10 respectively. 

The LVQ is then used to compress both coefficients. Also the Normalized Root Mean Squared 

Error (NRMSE) is used to measure the error coding. Moreover, Peak Signal to Noise Ratio (PSNR) 

and Signal to Noise Ratio (SNR) are used to measure the synthesis speech quality.  

The results of LPC-10 and LSP-10 coefficients compression in the term of NRMSE, 

PSNR and SNR show that LVQ-LSP-10 provides the best compression. It can notice that the 

minimum NRMSE is 0.0111 and the maximum PSNR is equal to 41.0208 dB. Also the maximum 

SNR is 36.6372 dB 

 

Keywords :  speech processing, speech compression, learning vector quantization 
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 LSP-10  LVQ  LPC-10  

LSP-10  

 10  (M)  5  (FM) 

 5   

 

 

4.1  

 LVQ 

 2
n  5   4.1 

 

 4.1  

  (Codebook) 

1 210=1024 

2 29=512 

3 28=256 

4 27=128 

5 26=64 

 

 4.1  LPC-10  LSP-10 

  LPC-10  

 LSP-10  NRMSE 

 PSNR  SNR 
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4.2  

 LVQ  10  

 (M)  5  (FM)  5 

 8  8  

 WAV  

 200  (Sample) 

 LPC-10  LSP-10  LPC-10 

 LSP-10  LVQ 

 5 

 LPC-10  LSP-10 

 NRMSE  

 

 4.2  NRMSE  LPC-10  5  

Normalized Root Mean Squared Error 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (M1)   01 7 0.2041 

 2 (M2) 0.1931 0.1954 0.1945 0.1953 0.1979 

 3 (M3) 0.1842 0.1857 0.1868 0.1883 0.1897 

 4 (M4) 0.2023 0.2034 0.2035 0.2040 0.2065 

 5 (M5) 0.2110 0.2113 0.2113 0.2140 0.2178 

 (Average) 0.19812 0.19916 0.19924 0.20046 0.2032 

 

 4.2  5  

 LPC-10 

 5   1024  0.19812 

 512  

 0.19916   1024 

  256  64   
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 3 (M3)  

 1024  0.1842 

  

 

 

 

 4.3  NRMSE  LPC-10  5  

Normalized Root Mean Squared Error 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (FM1) 0.1952 0.1954 0.1956 0.1970 0.1979 

 2 (FM2)   0.1609 6 0.1626 

 3 (FM3) 0.1747 0.1753 0.1754 0.1754 0.1764 

 4 (FM4) 0.1595 0.1605 0.1619 0.1629 0.1635 

 5 (FM5) 0.2335 0.2375 0.2377 0.2387 0.2393 

 (Average) 0.18414 0.18596 0.1863 0.18712 0.18794 

 

 4.3  5 

 LPC-10 

 5  1024  

0.18414   512 

 0.18596  1024  256 

 64 

 4 (FM4)  

 1024  0.1595 
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 4.2  4.3  NRMSE     

LPC-10   LPC-10 

 

 

 4.4  NRMSE  LSP-10  5  

Normalized Root Mean Squared Error 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (M1) 0.0189 0.0190 0.0190 0.0190 0.0192 

 2 (M2) 0.0201 0.0204 0.0204 0.0204 0.0205 

 3 (M3) 0.0181 0.0182 0.0182 0.0182 0.0184 

 4 (M4) 0.0194 0.0194 0.0195 0.0195 0.0195 

 5 (M5) 0.0205 0.0223 0.0227 0.0227 0.0227 

 (Average) 0.019525 0.020075 0.0202 0.0202 0.020275 

 

 4.4  5 

  LSP-10 

 5  1024  

0.019525   512 

 0.020075  1024 

 256  64 

 3 (M3) 

 1024  0.0181 
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 4.5  NRMSE  LSP-10  5  

Normalized Root Mean Squared Error 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (FM1) 0.0190 0.0190 0.0191 0.0193 0.0194 

 2 (FM2) 0.0175 0.0177 0.0177 0.0175 0.0176 

 3 (FM3) 0.0181 0.0182 0.0182 0.0182 0.0184 

 4 (FM4) 0.0111 0.0112 0.0112 0.0113 0.0118 

 5 (FM5) 0.0181 0.0180 0.0181 0.0182 0.0182 

 (Average) 0.01676 0.01682 0.01686 0.0169 0.01708 

 

 4.5  5 

  LSP-10 

 5  1024  

0.01676   512 

 0.01682  1024  256 

 64 

 4 (FM4)  

 1024  0.0111 
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 4.4  4.5  NRMSE     

LSP-10   LSP-10 

 

 

4.3  

 LVQ  10  (M)  5  (FM)  5 

 8 

 8  WAV  

 200  (Sample) 

  LPC-10  LSP-10 

  LPC-10  LSP-10  LVQ 

 5 

  LPC-10    

LSP-10  SNR  PSNR  

 

 4.6  PSNR  LPC-10  5  

Peak signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (M1) 26.1162 26.0485 25.9966 25.9272 25.8613 

 2 (M2) 24.3278 24.3280 24.2865 .2  24.1985 

 3 (M3)  .8  28.5604 28.4131 28.2671 

 4 (M4) 14.8912 14.8414 14.8373 14.8151 14.7111 

 5 (M5) 14.1414 14.1286 14.1286 14.0184 13.8649 

 (Average) 21.68396 21.63794 21.56188 21.48228 21.38058 

 

 4.6  PSNR  5 

 PSNR   LPC-10 
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 5  PSNR 

 1024  PSNR  21.68396 dB  PSNR 

  512  PSNR  21.63794 dB  PSNR 

 1024  256  64  PSNR 

 3 (M3)  

  1024 

  dB  PSNR  

 PSNR 

 PSNR  

 

 

 4.7  PSNR  LPC-10  5  

Peak signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (FM1) 16.9510 16.8964 16.8203 16.7629 16.7345 

 2 (FM2)   7  27.5003 27.3852 

 3 (FM3) 16.4618 16.4297 16.4246 16.4239 16.3740 

 4 (FM4) 28.1904 28.1891 28.1448 28.1385 28.0505 

 5 (FM5) 13.4585 13.3134 13.3051 13.2681 13.2478 

 (Average) 20.58824 20.5056 20.48816 20.41874 20.3584 

 

 4.7  PSNR  5 

 PSNR   LPC-10 

 5  PSNR 

 1024  PSNR  20.58824 dB  PSNR 

 512  PSNR  20.5056 dB  PSNR 

  1024  256  64  PSNR 
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 4 (FM4) 

  1024 

 28.1904 dB  PSNR 

 PSNR 

 PSNR 

 

 

 4.8  PSNR  LSP-10  5  

Peak signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (M1) 36.3107 36.2704 36.2358 36.2650 36.1713 

 2 (M2) 35.6218 35.5005 35.4856 35.5049 35.4462 

 3 (M3) 36.6292 36.5702 36.6013 36.5814 36.5014 

 4 (M4) 35.8325 35.8208 35.8054 35.7957 35.7777 

 5 (M5) 35.4409 34.6373 34.6575 34.6495 34.6730 

 (Average) 35.96702 35.75984 35.75712 35.7593 35.71392 

 

 4.8  PSNR  5 

 PSNR  LSP-10 

 5  PSNR

 1024  PSNR  35.96702 dB  PSNR 

 512  PSNR  35.75984 dB  PSNR 

 1024  256  64  PSNR 

  3 (M3) 

  1024  

36.6292 dB  PSNR 

 PSNR 
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 PSNR 

 

 

 4.9  PSNR  LSP-10  5  

Peak signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (FM1) 36.2349 36.2480 36.2281 36.1302 36.0360 

 2 (FM2) 37.0569 36.9419 36.9458 37.0353 36.9986 

 3 (FM3) 36.6292 36.6013 36.5702 36.5814 36.5014 

 4 (FM4) 41.0208 40.9618 40.9408 40.8723 40.5206 

 5 (FM5) 36.6771 36.6935 36.6317 36.5997 36.5878 

 (Average) 37.52378 37.4893 37.46332 37.44378 37.32888 

 

 4.9  PSNR  5 

 PSNR  LSP-10  

 5  PSNR 

 1024  PSNR  37.52378 dB  PSNR 

 512  PSNR  PSNR  1024  

  256  64  PSNR 

 4 (FM4)   

1024  41.0208 dB 

 PSNR 

 PSNR 

 PSNR 
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 4.10  SNR  LPC-10  5  

Signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (M1) 8   14.0962 13.9502 

 2 (M2) 13.0010 13.0012 12.9365  12.7829 

 3 (M3) 13.2802 13.2802 13.1607 13.0913 13.0253 

 4 (M4) 12.8822 12.8324 12.8284 12.7021 12.7021 

 5 (M5) 12.8983 12.8855 12.7754 12.7754 12.6218 

 (Average) 13.2377 13.22512 13.16546 13.10852 13.01646 

 

 4.10  SNR  5 

 SNR  LPC-10 

 5  SNR  

1024  SNR  13.2377 dB  SNR  512 

 SNR  13.22512 dB  SNR   1024 

 256  64  SNR  

 1 (M1)  

 1024 8 

dB  SNR 

 SNR 

 SNR 
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 4.11  SNR  LPC-10  5  

Signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (FM1) 2  12.8189 12.8070 12.7461 12.7093 

 2 (FM2) 14.9431 14.8885 14.7550 14.7550 14.7266 

 3 (FM3) 13.8176 13.8125 13.8125 13.8118 13.7619 

 4 (FM4)    14.8195 14.6889 

 5 (FM5) 11.8074 11.6170 11.6623 11.6623 11.5967 

 (Average) 13.68458 13.59802 13.58204 13.55894 13.49668 

 

 4.11  SNR  5 

 SNR   LPC-10  

 5  SNR  

 1024  SNR  13.68458 dB  SNR   

 512  SNR  13.59802 dB  SNR  1024 

 256  64  SNR  

 4 (FM4) 

 1024  dB 

 SNR 

 SNR 

 SNR 

 

 4.10  4.11  SNR  LPC-10 

  LSP-10 
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 4.12  SNR  LSP-10  5  

Signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (M1) 31.6112 31.5917 31.5531 31.5823 31.4707 

 2 (M2) 31.1275  30.9973 30.9925 30.9438 

 3 (M3) 32.2904 32.2239 32.2514 32.2383 32.1536 

 4 (M4) 31.4592 31.4321 31.4056 31.4093 31.3926 

 5 (M5) 30.9432 30.1795 30.0453 30.0310 30.0541 

 (Average) 31.4863 31.28668 31.25054 31.25068 31.20296 

 

 4.12  SNR  5 

 SNR  LSP-10  

 5  SNR   

1024  SNR  31.4863 dB  SNR   512 

 SNR  31.28668 dB  SNR   1024 

 256  64  SNR 

 3 (M3)   

1024  32.2904 dB 

 SNR 

 SNR 

 SNR 
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 4.13  SNR  LSP-10  5  

Signal to noise ratio 

 (Speech) 
 (Codebook) 

1024 512 256 128 64 

 1 (FM1) 31.8940 31.8931 31.8664 31.7697 31.6873 

 2 (FM2) 32.7204 32.6243 32.6271 32.7191 32.6510 

 3 (FM3) 32.2904 32.2514 32.2239 32.2383 32.1536 

 4 (FM4) 36.6372 36.5820 36.5722 36.4572 36.1373 

 5 (FM5) 32.4145 32.4533 32.3952 32.3632 32.3513 

 (Average) 33.51563 33.47775 33.4546 33.44445 33.3233 

 

 4.13  SNR  5 

 SNR  LSP-10  

 5  SNR  

1024  SNR  33.51563 dB  SNR   

512  SNR  33.47775 dB  SNR  1024 

 256  64  SNR 

 3 (M3)  

1024  36.6372 dB 

 SNR 

 SNR 

 SNR 

 

 4.12  4.13  SNR  LSP-10 

  LSP-10 
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4.4  (Training Time) 

 

  

LVQ  5  

4.4.1  LPC-10 

 LPC-10  5  2 

 LPC-10  5 

 4.1  LPC-10    

5   4.2 

 

 
 4.1  LPC-10  5  

 

 4.2  LPC-10 

 5 

 1024 

 512  64   
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 4.2  LPC-10  5  

 

 4.2  LPC-10    

5 

 1024 

 512  64   

 

 

 4.1  4.2  LPC-10 

 LPC-10 
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4.4.2  LSP-10 

 LSP-10  5            

2  LSP-10  5  

 4.3  LSP-10  

5   4.2 

 

 
 4.3  LSP-10  5  

 

 4.3  LSP-10    

5 

 1024 

  512  64  
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 4.4  LSP-10  5  

 

 4.3  LSP-10  

5 

 1024 

 512  64 

 

 

 4.1  4.2  LSP-10 

 LSP-10 
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4.5  (Spectrogram) 

 

 

 (Vocal Tract) 

 

   

 

4.5.1  LPC-10 
 

 
 

 4.5  LPC-10  

  

 4.5  LPC-

10  1  5   1024 

 LPC-10   

512  64   
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 4.6  LPC-10   

 

 4.6  LPC-

10  1  5   1024 

 LPC-10   

512  64 
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4.5.2  LSP-10 

 

 
 

 4.7  LSP-10  

 

 4.7     

LSP-10  1  5   1024  

 LSP-10  

 512  64   
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 4.8  LSP-10   

 

 4.8  LSP-

10  1  5   1024 

 LSP-10   

512  64   

 

 

 

4.6  

 1  

 

 10  (LPC-10)  (LSP-10) 
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 1  LPC-10  LSP-10 

 2400 

 LVQ  4.1 

 LPC-10  LSP-10 

 

 

100Original Compression
c

Original

Z Z
Z

Z
     (3.5) 

 

  OriginalZ  

 CompressionZ   

 CZ   

 

 4.14  

 

 ( ) 

%   LPC-10  

LSP-10  
 

1 2400 1024 81.4815 % 

2 2400 512 83.3333 % 

3 2400 256 85.1852 % 

4 2400 128 87.0370 % 

5 2400 64  88.8889 % 

 

 4.14  64 

 88.8889 %  128   256 

 512  1024  87.0370 % 

85.1852 % 83.3333 %  81.4815 %  
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4.7  (MOS) 

 LVQ 

 MOS 

 

 4.15  

 (speech) 
 (MOS) 

 1024 512 256 128 64 

 1 (M1) 4.76 3.88 3.15 2.56 1 1 

 2 (M2) 4.81 4.15 3.34 2.78 1 1 

 3 (M3) 4.75 3.87 3.21 2.72 1 1 

 4 (M4) 4.80 4.04 3.22 2.72 1 1 

 5 (M5) 4.78 3.91 3.18 2.60 1 1 

 1 (FM1) 4.82 4.11 3.22 2.62 1 1 

 2 (FM2) 4.80 4.02 3.18 2.70 1 1 

 3 (FM3) 4.78 3.98 3.16 2.70 1 1 

 4 (FM4) 4.88 4.20 3.42 2.82 1 1 

 5 (FM5) 4.83 3.86 3.24 2.80 1 1 

 (Average) 4.801 4.002 3.232 2.702 1 1 

 

 MOS  1024  MOS 

 4.002  512  256  128 

 64  MOS  3.232 2.702  1  
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 MOS 

 

 



 

 

 5 

 

 

5.1  

 LVQ  LPC-10  LSP-10 

 LPC-10  LSP-10 

 

LVQ 

  1024  64   

 LVQ  LPC-10  LSP-10 

 1024  64  NRMSE  

 LPC-10  NRMSE   LSP-10  

 NRMSE  0.0111  PSNR  

LPC-10  PSNR  28.1904 dB  LSP-10  PSNR  

 41.0208 dB  SNR  LPC-10  SNR 

 15.0333 dB  LSP-10  SNR  36.6372 dB 

 (Objective Test)  3  LVQ 

 LPC-10  LSP-10  LPC-10  LSP-10 

 (Subjective Test)  MOS 

 LVQ  LPC-10  LSP-10 

 MOS  4.002  

 LVQ  LPC-10       

LSP-10  LPC-10  LSP-10  81.4815 %              

 LPC-10  LSP-10  4.14 

  

 

 

 



64 

 

 

5.2  

  

5.2.1

 

5.2.2   2 

 (LPC) 

 

5.2.3  LVQ 
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