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# == 57(Digital Audio)

Digital audio is useful in the recording, manipulation,
mass-production, and distribution of sound. Modern
online music distribution depends on digital recording

and data compression.
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History of CD-DA
0t L fF206F: AXELFRHFER

€ 1969: The idea of a compact disc was born in the mind of Klass Compaan, a Ducth physicist.
€ 1975: Researchon laser and optical disc technology started by Sony.

€ 1977: Philips began researching laser and optical disc technology.

€ 1980: CD-DA format introduced by Philips and Sony, and standards were laid down.

@ 1982: Manufacturing of CDSbegan on a large scale in a factory.
€ 1982: First everalbum on a CD released by Sony, which was Billy Joel's 52nd Street.
€ 1983: CD players and discs hit the market in the US and the rest of the world.

#1987: The first Video CD (VCD) format created for storing and playing video and audio.
41996: DVD technology hit the world.

@ 1997: DVD releasedin the market, Sidelining CDs.

41999: Super Audio CD (SACD)is releasedby Sony and Philips.

€ 2003: The first consumer available BIu-Ray player is released in Japan by Sony.

#2008: Sales for large label CDs drops 20% due to rising popularity of MP 3 audio.



History of MP3 players
21122, (FIETNMPIENET

{ 1 Apr 1989, Patented ¥ - 1 Jan 1004, MPEG-2  * w 1 Tan 1099, And here they *
== developed """\../ arel

' 1 Jan 1988, MPEG + ﬂ 1 Jan 1992, Algorithm ~ + l 26 Nov 1996, Patent ¥

B established /-"‘\JJ integrated “M TIssued
1 Jan 1987, mp3 thought * B || 1 7an 1993, MPEG + 1 Sep 1098, Enforcing the *

of ; published k patent
&
- & & L '] & & ¢ o

1990

http://www.timetoast.com/timelines/

.1987 - The Fraunhofer institut in Germany began research (DAB).
*April 1989 - Fraunhofer received a German patent for MP3

«1992 - Fraunhofer's and Dieter Seitzer’s algorithm was integrated into MPEG-1.
*1993 - MPEG-1 standard published

*1994 - MPEG-2 developed and published a year later.

*1996 - United States patent issued for MP3

*1998 - Fraunhofer started to enforce their patent rights.

«1999 - Portable MP3 players appear. 10
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® Digital audio broadcasting
Digital Audio Broadcasting (DAB)

® Storage technologies
Digital audio player
Compact Disc (CD)
DVD-Audio
Super Audio CD
Blu-ray Disc (BD)
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Technical Details of Lossy Audio
Compression Formats

eand'T

Audio compression

& Algorithm % Sample Rate 4 Bit rate *
format
MDCT, Hybrid Subband - |
AAC miélE; an 8 kHz to 192 kHz™ 8 to 529 kbit/s (sterea)
AC3 MDCT 32, 441, 48 kHz 32 to 640 kbit/s
475,515,590, 6.70, 7.40, 7.95,

AMR ACELP 8 kiiz 10.20, 12.20 kbit/s
GSM-HR VSELP 8 kHz 5.6 kbit's
GSM-FR RPE-LTP 3 kHz 13 kbit/s
GSM-EFR ACELP 8 kHz 12.2 kbit/s

HVXC Speech 8 kHz 2 or 4 kbit's

MP3 (MPEG-1, 2, 2.5
Audio Layer lll)

6, 11.025, 12, 16, 22.05, 24,

MDCT, Hybrid Subband 92 441, 48 kHz

112, 128, 144, 160, 192, 224, 256,

320 kbit/s
Musepack Subband 32,378, 441, 48 kHz 3 to 1300 kbit's
Vorbis (Ogg) MDCT 1 Hz to 200 kHz variable
Windows Media Audio 8, 11.025, 16, 22.05, 32, 441, ,
MDCT ' ' ' 4 to 768kbit/s

Pro 48, 88.2, 96 kHz

8, 16, 24, 32, 40, 48, 56, 64, 80, 96,

Latency

20-405ms""]
40 6ms

25ms

2bms
20-30ms
20-30ms

Joms

=100ms

=100ms

>100ms

F
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Audio compression format ¢ | Algorithm

ALAC Lossless
FLAC Lossless
Monkey's Audio Lossless
RealAudio Lossless Lossless
True Audio Lossless
Lossless,

WavPack Lossless :

Hybrid
Windows Media Audio

Lossless

Lossless

Lossless

Sample Rate

44 1 kHz to 192 kHz
1 Hz to 655350 Hz

8,11.025, 12,16, 22.05, 24, 32, 441,
458 kHz

Varies (see article)

0-4 GHz

1 Hz to 16.777216 MHz

8, 11.025, 16, 22.05, 32, 44.1, 48, 88.2,
96 kHz

Technical Details of Lossless Audio
Compression Formats

Bits per sample s

16, 2440

8, 16, 20, 24, (32)

Varies (see article)
110>64

varies in lossless mode; 2.2 minimum in lossy
mode

16, 24

Latency
?

4.3ms - 92ms (46.4ms
typical)

?

Varies

=>100ms

TR GO By E I CRAE . AR R S HEAD
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¢ Zi(Audio)E 5
SR I N20 Hz~20 kHz {55
— MR, NI O AR B R RN 1) S AR K £ £ 20~ 20000
Hz 2 18], ANFEMNEAEES
@ 1 % (speech) 55
NI & B & IR B3R R 2] 2 80~3400 Hz; A BEiEH]
= S48 9300~3000 Hz, XFhHi 0 E i E S o8&
, WHAEIE S
L 2R
G (BHriEE)  200~3400Hz / 13bits
T 50~7000Hz / 16bits
WA #E 20~15kHz / 16bits
R E S 4 20~20k Hz / 16bits
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@) p-Law & A-Law
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& A-Law ey el <3
() = sen(y)d THR(A) A
(%) = sgn(2) { 13in(alz) 1<z <1,

L 1+In(A4)

M In(1 + plz])

In(1+ p)

F(x) = sgn(x) —-1<x<1

30 A-Law andi-Law Segments

""" S I e e
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T S A S I L T TS A
y . u Law
2l T S SO SN
16 L..... _____-_______; ______ l___-__________-_-____0_,__-__5
-— | 2 —pen . 4 >
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1 2 3 4 5 6 7 8

Analog Voltage [Arbitrary Units]
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o A-Law Quantized
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20 0 -20 -40 -60
Input Signal (dBmO0)

Source: http://en.wikipedia.org/wjiki/Image:Ulaw_alaw.png
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©) PCMvs. AM

O 5 T F U 5 TR R 7
¢ 5 HIEMRIER BBV

CD
« PCM (16bit/44.1kHz)

SACD (Super Audio CD)
« AM (1bit/2.8224MHz)
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Direct 1-bit, 2.8224 Mhz
Stream - 164 ——P=441kHz

Digital

= 132 ———P88.2 kHz

Resulting Digital Audio Pulse Train

1-bit, 14.112 Mhz
x5h - 1441 — =32 kHz

- 1/294 —— =48 kHz

HA
N 4

SUPER AUDIO CD

DSD's simple
down-conversion
to all standard
PCM distribution
formats.

= 1147 ——P»96kHz
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@ I+ 15,77 (time domain approach)

& Jiiig 75 (frequency domain approach)
T3 4% 15 (sub-band coding, SBC), HIAKIIGTEIE S5
7 B LA (R 7-47), 2R BIEEAS T P R & 15
SR FEAT AL G AL
H & AR #e 4w b (adaptive transform coding, ATC). Hi
PR AR e (7] W B HUR 92 AR #) B =15 5 0 I 2 2
AT, R N AR e R B A B T s 1S
I, 3RAT B 3 AT I 2116 kb/s.
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5 1&E N £ 57 Bk o 4R AL IE I (SB-ADPCM)

@ G.722hR HEFE R AE SN2 H8kHzH#E /51 £1]16kHz
QEEMMEHIE K34 kHzY R 3|7 kHz
& AR A B ER Y & 3150 Hz

5 0

£ [

w2 G.711 i

N O T 3 -— Narrow Band Speech Coding
G.723
| G.722 -
Wide Band Speech Coding
500100 300 eeeees 3000 4000 5000 000 7000 2000

W Hz)



& (KA BL6bit/sample; = 4B 2bit/sample
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ADPC M RS 8%
16 kbps

{&F 4 :
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i

=T H
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ADPC I S55 85
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@ = K MPE (multi-pulse excited)
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Fixed codebook

Code-excited linear prediction (CELP)

« The CELP algorithm is based on four main ideas:

Using the source-filter model of speech productionthrough
linear prediction (LP);

Using an adaptive and a fixed codebook as the input
(excitation);

Performing a search in closed-loopina “perceptually
weighted domain” .

Applying vector quantization (VQ)

1H4

Adaptive codebook

e[n-T]

}‘

|

Synthesis
Fixed codebook gain filter 1/A(z)
Excitation
Y e[n]
* > .
A
Adaptive codebook gain i
CELP decoder

Delay

Past subframe
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Figure 3.7 Schematic representation of temporal masking properties of the human ear
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Kaiser-Bessel Derived (KBD) window

€ A 50% overlap add (OLA) structure with certain pre and
post, time domain aliasing cancellation (TDAC)
windowing, the initial signal can be completely recovered.

TDAC Windows
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MPEG2 Audio

€ MPEG-2 BC (Backward Compatible)
1117 16 kHz, 22.05 kHzA124 KHZ ke85 %
i HH 3 R 1132 ~384 kb/sP i $1]8~640 kb/s
SRRSO R e
Y HFLinear PCM(Z&14:PCM)F1Dolby AC-3(Audio Code
Number 3)Zwh%

® MPEG-2 AAC (Advanced Audio Coding)
P AR B &, T E e B S
T, ARG TR S A .
KA T 8 kHzF196 kHz, A SZHrmAEH H R Z
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MPEG4 Audio

¢ MPEG-4 Audioﬁ‘/%?ﬁ;ﬁizMi%%@J%}ﬁ%E@%ﬁ@i
., MNEZAF RIS RS &
@ bt A IS EEE

ZH 4w 5 (parametric coding),

ho 5 ih 2 1 T (code excited linear predictive, CELP)#whd,

HﬂL &) /45 2 T/F (time/frequency) 4w i,

7 KAk A 5 SA(structured audio)gm Al
Izli B TTS(text-to-speech) R A K & E 555
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The encoder accepts 13 bit linear PCM at a 8 kHz sample rate. This can be
direct froman ADC in a phone or computer, or converted from G.711 8-bit
nonlinear A-law or p-law PCM from the PSTN with a lookup table.
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R ERS AR 2% 1% 7| ACELP

@ Algebraic code-excited linear prediction (ACELP) is a
patented speech coding algorithm by VoiceAge
Corporation In which a limited set of pulses Is distributed
as excitation to linear prediction filter.

@ The ACELP method is widely employed in current
speech coding standards such as AMR, EFR, AMR-WB
(G.722.2), VMR-WB, EVRC, EVRC-B, SMV, TETRA,
PCS 1900, MPEG-4 CELP and ITU-T G-series standards
G.729, G.729.1 (first coding stage) and G.723.1.
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Adaptive Multi-Rate (AMR)

O NI RefRIE RS, iR R EFRYW RIS 75 1]
SEIL R HE S . EASEERBEERE, i
ISAE = 1) T Bl A T [

© AMR i fifE A5 2w 2H 1 3 238 ]\ 12.2kbps £2.4.75Kbps Y
ACELPFE s B, #linl$287% 2 480% M)LK . 7E
—FIRFERIE AL, Bl R LEFRMERIBA G,
4.75kbps it 73 AR A ge Tk 2

AMR utilizes Discontinuous Transmission (DTX), with
Voice Activity Detection (VAD) and Comfort Noise
Generation (CNG) to reduce bandwidth usage during
silence periods. o
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Adaptive Multi-Rate Wideband (AMR-WB)
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IR RN

Codec Rate (kHz) | Bitrate (kbps) | Delay (ms)
AMR-NB 8 4,75-12.2 20
AMR-WB 16 6.6-23.85 20
(G.722.2)

G.729 8 8 15
GSM-FR 8 13 20
GSM-EFR 8 12.2 20
G.723.1 8 5.36.3 37.5
G.728 8 16 0.625
G.711 (p/A-law) | 8 64

G.722 16 1U748 56 64
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