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Low bitrate (<32kbps)

— LPC(Linear Predictive Coding) Vocoder

— Mixed Excitation Linear Predictive Coding
— CELP(Code Exited Linear Prediction)

Middle bitrate (32kbps-64kbps)

— ADPCM(Adaptive Differential Pulse Coded Modulation)
— Subband ADPCM

High bitrate (=64kbps)
— Subband Coding

— MDCT(Modified DCT)+Psycho-acoustic weighted bit
allocation
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B REETZILTOVX L

CCITT G.711 64 kbps ERRTEFIE
CCITT G.721 32 kbps ADPCM

CCITT G.722 64 kbps H#2J /> FADPCM
CCITT G.728 16 kbps IEEECELPFFS1t
ISO MPEG 32k-224kbps YT/ K+MDCT
ISO MPEG AAC  32k-128kbps MDCT+XTL A LI
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CCITT G.711

CCITT G.721
CCITT G.722
CCITT G.728

32k-128kbps

Non-linear
Quantization

ADPCM
Subband-ADPCM
Low-delay CELP

MDCT+Stereo
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Audio-CD

G.722

FM-radio

é.728
4

‘G.?Zl G.711

0O 16 32 64 128 224

AM-radio

Bitrate (kbps/channel)
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ZAE LA
EffEXBEESEREEELIBFT (ITU-T, HICCITT)
B EAEIEIEEILEE (ETSI)
ERZZE L H#EE (1SO)
KEESBEIERS (TIA)
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Standardization Organization

Standardization Organization

— International Telecommunication Union —

Telecommunication Standardization Sector (ITU-T,
former CCITT)

European Telecommunication Standards Institute
(ETSI)

International Standards Organization (1SO)
Telecommunication Industry Association (TIA)
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2= I NILAFFSZE R (ADPCM)
G.726: ERIZHREILSNT-EFILI/E{[FH
G.727: INTYLRyNTD—oF7 T ) r— 3 (2 L=2F1t
e f0 A A H
EwvkL—k: 16, 24, 32, 40, 60 kbit/s

FEHLE 32 kbit/s: 4.1
SEERIE: 2 MIPS
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ADPCM

— G.726: individually optimized quantizers

G.727: embedded quantizers developed for packet
network applications

Bitrate: 16, 24, 32, 40, 60 kbit/s

MOS for 32 kbit/s: 4.1
Complexity: 2 MIPS
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ALY yk-B FRa—4

Eff R 24 B 24, EcFAlRa—4%
ADPCM EE:EFAI(LTP) & 615 H:EFAI(STP)
EwvkL—k: 9.6, 12.8 kbit/s
FESE 9.6 (12.8) kbit/s: 3.1 (3.4)
JEERIE: 10 MIPS
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B The International Mobile Satellite B standard using
adaptive predictive vocoder

ADPCM with Long Time Prediction (LTP) and 6t"
order Short Time Prediction (STP)

Bitrate: 9.6, 12.8 kbit/s

Mos for 9.6 (12.8) kbit/s: 3.1 (3.4)
Complexity: 10 MIPS
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LPC-10¢) FS-1015

LPC-10(e) XKEEMR#£1015
KEEFHE 1976
MWEEBIEMNBEM
10RFRIZRZ=EA
EwkL—bk: 2.4 kbit/s
FERE 2.4 kbit/s: 2.3
EEHR: TMIPS
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LPC-10¢) FS-1015

LPC-10(e) federal standard 1015
USA Department of Defense in 1976
Secure communications
10t order predictor
Bitrate: 2.4 kbit/s
MOS for 2.4 kbit/s: 2.3
Complexity: 7MIPS
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MELP O—Fw%

B R FR(MELP)I—T YY)
KEBARF 1996
BRI ILLPC-10IZH HABEF LTS —
EE: 122.5 ms
EwkL—k: 2.4 kbit/s
FEHMSE 2.4 kbit/s: 3.2
SEEHE: 40 MIPS
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MELP codec

Mixed Excitation Linear Prediction (MELP) codec
US government in 1996
Motivated by voicing errors in LPC-10
Delay: 122.5 ms
Bitrate: 2.4 kbit/s
MOS for 2.4 kbit/s: 3.2
Complexity: 40 MIPS
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GSM 6.

B N EREEEELEEETSI) Z)LL—FAK GSM 6.10
— BINEREECOEEEZTEFASIEAR
ZRIfR/ VL ARFE(RPE)IZ& A REFRE T AI(LTP)
e IXERDERR/ NILARINIZEKS
EwkL—k: 13.0 kbit/s

FESE 13.0 kbit/s: 3.5-3.9
SEEIHME: 5-6 MIPS
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GSM 6.

ETSI full-Rate GSM 6.10

EU digital cellular standard

Regular-Pulse Excitation (PRE) with Long Term
Prediction (LTP)

Excitation is a sequence of multiple uniformly

spaced pulses

Bitrate: 13.0 kbit/s

MOS for 13.0 kbit/s: 3.5-3.9
Complexity: 5-6 MIPS
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FS-1016

KEEFIZZE 1016
KEEFE (DoD)
EI3HAMWEERIEAX(STU-111)
ElfFE ENILIHZ KD E R R F
e R ERE 2 F B A X (CELP)
iﬂ%liﬁ,ﬁ.ﬂ%iﬂll&‘bh)btfﬁfﬁ?rﬂ@:n—lﬁ*yb@%ﬂ&ébﬁ(:
EwkL—Fk: 4.8 kbit/s
FESLE 4.8 kbit/s: 3.2
JEEEE: 16 MIPS
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FS-

Federal Standard 1016
USA Department of Defense (DoD)
3rd generation secure telephone unit (STU-III)
Jointly developed by DoD and Bell Lab.
CELP

Excitation is formed by combining vectors from long
time prediction (LTP) and stochastic codebook

Bitrate: 4.8 kbit/s
MOS for 4.8 kbit/s: 3.2
Complexity: 16 MIPS

TILFAT 4T EIEL AT L / Multimedia Distribution System




VSELP

RNYEILFIRNE R 2 F BI(VSELP)
— HACIHBDEFTEE CEEASILIEELLTHER

e TIA 1S-54 (HAEILX)

— BATIX19904FIZPDCIILL—FA K (ARIBIEZ#STD-24, BF
6.7 kbit/s, #&R&ET—% 4.5kbit/s)

ETSI 6.20 GSM /\—2L—k (ErJH)

SEICEEtESINF-0—FTY)
- EEHREHIR

e FrR)LI>—M4TE L
EwkL—bk: 5-6 kbit/s

FESE 6.3 (8.0) kbit/s: 3.4 (3.5)
EEMK: 14 MIPS
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VSELP

Vector Sum Excited LP (VSELP) Standards
— Algorithm embedded to 3 digital cellular standards

e TIA IS-54 (Japan and North America)

— Full rate algorithm in PDC in 1990 (ARIB
recommendation STD-24, speech 6.7 kbit/s, ECC
4.5kbit/s)

e ETSI 6.20 GSM half-rate (EU)

Highly structured codebooks

e Reduces computational complexity

e Increases robustness to channel errors
Bitrate: 5-6 kbit/s

MOS for 6.3 (8.0) kbit/s: 3.4 (3.5)
Complexity: 14 MIPS
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ITU G.728

B |TU G.728 {KEECELP
BIL—L, "IV, EEEFRI(STP)
HFEtEEME: G.728>G.726
EvwkL—Fk: 16 kbit/s
FEHMSE 16 kbit/s: 3.4

SEEHIE: 30 MIPS
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B ITU G.728 Low Delay CELP

Short frames, short excitation vectors, short term
prediction (STP)

Speech quality: G.728>G.726
Bitrate: 16 kbit/s

MOS for 16 kbit/s: 3.4
Complexity: 30 MIPS
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1S-96

KEESRBEIERTIA IS-96IL, EFEFAXD—DOTHD
FEnE|ZTiEHE(CDMA)TEHNS

CELP& 52 RFMR FRI(STP) Z (= A

BT RANSGA—FI~ADEYREIY S TEHIEHT S &I2KYT

TFE YL —FEER

EvkL—k: 1.2, 2.4, 4.8, 9.6 kbit/s

FEHAE 9.6 kbit/s: 3.3

JEEEE: 15 MIPS
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1S-96

TIA 15-96 used in Code Division Multiple Access
(CDMA) for cellular communications

CELP with Short Term Prediction (STP)

Variable bitrate by controlling bit allocation to LP
parameters

Bitrate: 1.2, 2.4, 4.8, 9.6 kbit/s
MOS for 9.6 kbit/s: 3.3
Complexity: 15 MIPS
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B |TU G.729, G729A CS-ACELP
— RIFATATRYNT—0F7T)r— 30 F
— HR#&EEENHCELP
e {KEIE: 15 ms
e JL—LHYA4X: 10 ms

e O—KJvY2{&E

G.729 Annex [TLYIEEETRENZDET
F7ILOYX LIZH % fE R

EwkL—Fk: 8 kbit/s

FEME 8 kbit/s: 4 (G.729), 3.8(G.729A)
EEHE: 20 MIPS (G.729), 11 MIPS (G.729A)
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ITU G.729, G729A CS-ACELP

Designed for wireless and multimedia network
applications

Conjugate Structure Algebraic CELP
e Low-delay: 15 ms

e Frame size: 10 ms

e 2 codebooks

G.729 Annex has lower complexity and quality
Algorithm interoperable

Bitrate: 8 kbit/s

MOS for 8 kbit/s: 4 (G.729), 3.8(G.729A)
Complexity: 20 MIPS (G.729), 11 MIPS (G.729A)
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ITU G.723.1

B ITU G.723.1 MP-MLQ/ACELP
NBRMEBIEFRICBTATLESEZ AT LD-HODEE T
EBHa1EAK
TLESE I AT LIEETHAITU H.323, 3240 —&R
VoIP7 U —SavizBlTdT474ILEA

“OMmEBEEICKDSAR

e ZE/NILARLEFIE (6.3 kbit/s)
e ACELP (5.3 kbit/s)

FESE 5.3 (6.3) kbit/s: 3.7 (4.0)
EEMR: 16 MIPS
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ITU G.723.1

B ITU G.723.1 MP-MLQ/ACELP

Speech coder for audio and videoconferencing over
public switched telephone network (PSTN)

Part of ITU H.323, 324 standards
Default audio codec for VolP

Dual rate with 2 excitation schemes

e Multipulse maximum likelihood quantization for
6.3 kbit/s

e ACELP for 5.3 kbit/s
MOS for 5.3 (6.3) kbit/s: 3.7 (4.0)
Complexity: 16 MIPS

TILFAT 4T EIEL AT L / Multimedia Distribution System




ITU G.722

B ITU G.722 I N\URFS1E
— ISDNIZBITATLESEHR
— HINUERREEEVREIYET
o {RIZEIKEN: 48 kbit/s ZEIYHT
e EEEKRS: 16 kbit/s ZE|YLT

EwkL—k: 64 kbit/s
FEHSE 64 kbit/s: 4.1
SEEHIE: 5 MIPS
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ITU G.722

B ITU G.722 subband coder
— Targeted for ISDN video conferencing
— Subband splitting and bit allocation
e Low frequency: 48 kbit/s allocated
e High frequency: 16 kbit/s allocated

Bitrate: 64 kbit/s
MOS for 64 kbit/s: 4.1
Complexity: 5 MIPS
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G.711
G.726
G.722
G.728
G.729 (-A)
G.723.1
GSM HR
IS-54

1S-96

Inmarsat-B
UsS MELP

FS 1016

PCM
ADPCM
SBC
LD-CELP
CS-ACELP
MPC-MLQ
VSELP
VSELP

QCELP

APC
MELP

CELP

TILFAT 4T EIEL AT L / Multimedia Distribution System

64

32

48/56/64

16

8

6.3

8

1.2/2.4/4.8/
9.6

9.6/12.8

2.4

4.8




G.711
G.726
G.722
G.728
G.729 (-A)
G.723.1
GSM HR
IS-54

1S-96

Inmarsat-B
UsS MELP

FS 1016

ADPCM
SBC
LD-CELP
CS-ACELP
MPC-MLQ
VSELP
VSELP

QCELP

APC
MELP

CELP

TILFAT 4T EIEL AT L / Multimedia Distribution System

64

32

48/56/64

16

8

6.3

8

1.2/2.4/4.8/
9.6

9.6/12.8

2.4

4.8




