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Non-uniform and Part-searching-area Algebraic Codebook for
Code Excited Linear Prediction Speech Coder
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Abstract This paper presents a non-uniform and part-searching-area algebraic codebook based on Algebraic Code
Excited Linear Preiction(ACELP) speech coding algorithm. The non-uniform algebraic codebook is determined by the
non-uniform statistical properties of the algebraic codebook, and the part-searching-area is determined by the periodicity of
the algebraic codebook excitation vector, which makes up the insufficient numbers of signed pulses in algebraic codebook
at low bit rate. In order to preserve the continuity of pitch, different pitch detection methods are employed for
speech/silence frame when these two techniques are used. Subjective and objective test results indicate that the
reconstructed speech quality of 4kb/s DP-CELP speech coder is improved based on these techniques, especially for the
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female speakers.
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Tab.1 14bit algebraic codebook structure
i EREE VAL
Jiknp
B 1 K 2
(+) 0,10,20,30,40,50,60,70 (-) 1,11,21,31,41,51,61,71
mo
(-) 2,12,22,32,42,52,62,72 (+) 3,13,23,33,43,53,63,73
my
(+) 4,14,24,34,44 54,64,74 (-) 5,15,25,35,45,55,65,75
my
(-) 6,16,26,36,46,56,66,76 (+) 7,17,27,37,47,57,67,77
ms3
8,18,28,38,48,58,68,78 9,19,29,39,49,59,69,79
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Figl Non-uniform statistical properties of algebraic codebook
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Tab.2 14bit non-uniform algebraic codebook (sub-codebook 1)

. TS ML E
ik - .
1 55X 2
me | (+)0, 6,16,26,36,46,56,66 (-)0,7,17,27,37,47,57,67
m | () 1,8,18,28,38,48,58,69 (+) 1, 9,19,29,39,49,59,70
ma | (+)2,10,20,30,40,50,60,72 (-) 2,11,21,31,41,51,61,73
ma | () 3,12,22,32,42,52,62,75 | (+)3,13,23,33,43,53,63,76

4,14,24,34,44,54,64,78

5,15,25,35,45,55,65,79
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Tab.3 14bit non-uniform algebraic codebook (sub-codebook 2)

i R R E
ke
B 1 B 2

(+) 0,5,10,15,20,26,36,46 (-) 0,5,10,15,20,25,35,45

mo
(-)1,6,11,16,21,28,38,48 (+) 1,6,11,16,21,27,37,47

my
(+) 2,7,12,17,22,30,40,50 () 2,7,12,17,22,29,39,49

my
(-) 3,8,13,18,23,32,42,52 (+) 3,8,13,18,23,31,41,51

ms
4,9,14,19,24,34,44,54 4,9,14,19,24,33,43,53

F 4 14bit EEHEREFIBEH(FREE 3)

Tab.4 14bit non-uniform algebraic codebook (sub-codebook 3)

) R VA
kit — —
B 1 i 2
(+) 0,5,10,15,20,25,30,35 (-) 0,5,10,15,20,25,30,35
mo
(-) 1,6,11,16,21,26,31,36 (+) 1,6,11,16,21,26,31,36
my
(+) 2,7,12,17,22,27,32,37 (-) 2,7,12,17,22,27,32,37
mp
(-) 3,8,13,18,23,28,33,38 (+) 3,8,13,18,23,28,33,38
m
’ 4,9,14,19,24,29,34,39 4,9,14,19,24,29,34,39
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Fig.3 Block diagram of the speech coder
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Tab.5 Bit allocation of 4kbit/s speech coder

ZH B
LSFs 20bit
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Tab.6 PESQ experiment result

Wk MOS MOS W MOS MOS
Py (1H) €D) LA (1H) €D)
F1 3.048 3.168 M1 2.774 2.812
F2 2.943 3.155 M2 2.867 3.013
F3 2.708 2.863 M3 3.141 3.161
F4 3.304 3.299 M4 3.073 3.112
F5 3.024 3.142 M5 2.926 2.969
F6 3.127 3.148 M6 3.128 3.279
F7 2.624 2.895 M7 2.965 3.084
F8 2.909 2.977 M8 3.183 3.217
Avg. 2.961 3.081 Avg. 3.007 3.081
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