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Real-time Implementation of a GSM-EFR Speech Coder
on a 16 Bit Fixed-point DSP
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This paper describes a real-time implementation of a GSM-EFR (Global System for Mobil communications Enhanced
Full Rate) speech coder using OakDSP core; a 16bit fixed-point Digital Signal Processor (DSP) by DSP Group, Inc. The
real-time implemented speech codetr required about 24MIPS for computation and 7.06K words and 12.19K words for code
and data memory, respectively. The implemented GSM-EFR speech coder passes all of test vectors provided by ETSI
(European Telecommunication Standard Institute), and perceptual speech quality measurement using MNB algorithm shows
that the quality of the GSM-EFR speech coder is similar to the one of 32kbps ADPCM. The real-time implemented
GSM-EFR speech coder which is the highest bit-rate mode of the GSM-AMR speech coder will be used as the basic
structure of the GSM-AMR speech coder which is embedded in MODEM ASIC of IMT2000 asynchronous mode mobile
station.
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Table 1. Bit allocation of the GSM-EFR speech codec for

20ms frame.
Parameter ::bgar?‘: i:urf‘ar:: Total per frame
2 LSP sets 38
Pitch delay 9 6 30
Pitch gain 4 4 16
Algebraic code a5 35 140
Codebook gain 5 5 20
Total(bio) 244
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Fig. 1. Simplified Block diagram of the GSM-EFR encodet.



16 BjE 23 4473 DSPE oj& ¥ GSM-EFR $A ¥ #3179 4AI 74 45

[11. GSM-EFR 34 B&3%7|9 dAjZt 78

E dFoA AHg 0akDSP Coret= DSP Group, Inc. 9
16WE 213 4243 A3Agy XT2HM 24 40MHz2] F
2} Fojgrol 40MIPSY) A4t YL /M4, 16H]E dleolg
% =P WAE Ndd. Eg, HAHe2 MAHY
2ol 543 A g8 FopolA s AHgsn Uch
OakDSP Core= ¥t ¥H2 DSPo= €2l diFE9
ASIC F#HdA Fd 7158 IP F=2 AFEH7] d=29
2% IMT2000 ©]%7) W4 @87]e) ASIC o §o
3}ck. OakDSP Coree) F8 ER& thea 2t

@ 40MHz 3} 31} (40 MIPS)

® Single cycle multiply-accumulate instruction

@ 36bit ALU

@ 4719) 36V E i)

@ Single cycle exponent evaluation
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Fig. 2. Flow chart of the GSM-EFR speech coder.
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Table 3. Computational load of the major module of the
implemented GSM-EFR speech coder.

uzaly] AA(22.187 MIPS)
0.313 MIPS 1.3%
5.396 MIPS | 224%
1714 MIPS | T.1%
3.308 MIPS | 13.8%
11.068 MIPS | 46.1%
0.388 MIPS 1.6%
Hy3l7] AA(1.844 MIPS)
gela)e} 259 1.040 MIPS | 4.4%
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LrC £4 9 st
93 AMCIFE 2
AgREY 9 o|=A
2Fn=y 9 oS
S 58

42 BH 0.760 MIPS | 32%
7)El =E 0035 MIPS | 0.1%
Al 24.031 MIPS | 100%
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Table 4. Result of implementation of GSM-EFR.

2E | 2usp) A
Program ROM | 5204 words | L1856 words | 7060 words

Data RAM 6394 words | 823 words 7217 words

Data ROM 4842 words | 127 words 4969 words
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(Erhanced Variable Rate Codec) 4 ¥-Z 87]8] Alga)
ol AHziol vlm AMNE E 5o ehluclk Ay
B7t B2 98 A4=EEe Re2x SNRP segSNR, CD
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Fig. 3. Block diagram of the MNB algorithm.

B 5. Perceptual Measure(PM) 3! SNR &% 2z}
Table 5. Measurement of Perceptual Measure{PM) and SNR{dB).

PM{0~1.0) SNR(dB)
G.721 | EFR | EVRC | G.721 | EFR | EVRC
Malel 0.814 | 0.832 | 0.701 | 16.115 | 4.142 | -1.121
Male2 0.824 | 0.828 | 0.689 | 16,575 | 4.125 | -1.960
Male3 0.829 | 0.831 | 0.676 | 18.397 | 3.359 | -1.568
Femalel | 0.8338 | 0.837 | 0.738 | 21.815 | 10.487| -3.450
Female2 | 0.794 | 0.815 | 0.630 2321317233 | -1.983
Female3 | 0.819 | 0.816 | 0.692 | 21.384 | 7.907 | -3.046
Average | 0.820 | 0.827 | 0.690 | 19.583 | 6.209 | -2.188
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