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Optimization and Real-time Implementation of QCELP Vocoder
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ABSTRACT

Vocoders used in digital mobile phone adopt new improved algarithm to achieve bewter communmication quality.
Therefore the communication problem occurs between mobile phones using different vocoder algorithms. In this paper, the
efficient implementation of 8kbps and [3kbps QCELP into one DSP chip to solve this problem is presented. We also
describe the optimization method at each level, that is, algorithm-level, equation-level, and coding-level, to reduce the
complexity for the QCELP vocoder algorithm implementation. The complexity in the codebook scarch-loop that is the
main part for the QCELP algorithm complexity can be reduced abouwt 50% by using these optimizations. The QCELP
implementation with our DSP requires only 25 MIPS of computation for the 8kbps and 33 MIPS for the 13kbps ones.
The DSP for our real-time implementation is a 16-bit fixed-point ome specifically designed for vocoder applications and
has a simple architecturc compared to general-purposc ones in order to reduce the power consumption.
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Table 1. Bit allocation of QCELP.

8kbps Rate 1 Rate 172 Rate 1/4 Rate 1/8
LpC 40 20 ¢ 10
pitch 40 20 10 0
codebaok 80 40 20 6
Hpa 8kbps 4kbps 2kbps 1kbps
13kbps Rate 1 Rate 172 Rate 1/4 Rate 1/8
LpPC 32 32 32 10
pitch 44 44 0 0
codebook 188 48 20 6
AEF 13.3kbps | 6.2kbps 2.7kbps 1.0kbps
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Fig. 1. QCELP encoder block.
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@® 25 nsec instruction cycle (40 MIPS)

® MAC operation and 32 bit data load in one cycle

@® 2 x 36 bit accuomulator

@ 16K x 24 bit internally and can use 64 x 24 bit
external memory

@ Intemal 3K x 16 bit data RAM and 4K x 16 bit
data ROM

@ Singlc cyclc cxponcnt evaluation

® One serial pont and one parallel port
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Table 2. SNR for percentages of codebook search.

HA9 A} ANE SNR segSNR
FHEE (%) {dB) (dB)
Not use H0 22.61 12.27
9 97.2 22.54 12.27
8 92.8 2235 12.22
7 84.4 2227 12,20
6 68.6 2214 11.98
5 50.4 21.31 11.60
4 31.2 20.58 11.10
3 14.7 18.90 10.19
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RY2 = *(AYO0+) ;
RX2 = *(AXO0) ;
REPEAT n |
RO = RO + RX2 * RY2 ;
RYZ = *(AY0+)
*(AX0+) = RXO0 ;
RYO = 0 ;
RX0 = *(AXO0) ; )
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Table 3. Result of implementation of QCELP.

8kbps 13kbps 8k/13kbps
PROM 7.3k words 11.7k words 15.6k words
DRAM 2.0k words 2.9k words 2.9k words
DROM 2.2k words 2.9k words 4.0k words
MIPS 25.6 MIPS 33.5 MIPS 335 MIPS
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Table 4. Complexity of 13Kbps QCELP.

Function block MIPS

Encoder Pre-processing (HPF) 0.43
Compute LPC 1.08

LPC o LSP 1.36

Rate decision 0.03

LSP vector quantization 1.59

LSP to LPC 0.65

Compute residual 0.20

Reduced rate mode 0.64

Pitch search (1 subframe) 3.02

Codebook search (1 subframe) 0.73

Reconstruction T 005
Pitch*3+(codebk+reconst)* 15 19.96

Data packing 027

Sub total Encoder total 30.02
Decoder total 3.47

Total Total 33.49
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Table 5. Measurement of SNR and segSNR (dB).

Floating-point C Code | Assembly code
Speech sample

SNR segSNR SNR | segSNR

Malel 18.53 10.75 19.06 1113

Male2 21.80 18.01 22.35 18.40

Femalel 20.88 16.29 21.08 16.41

Female2 19.45 18.12 19.85 18.31

Female3 22.61 1227 22.64 12.47
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