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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are memb

ors of

ISO or IEC participate in the development of International Standards through technical comm

ttees

established by the respective organization to deal with particular fields of technical activity. 1IS@\and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information

technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International

Standards adopted by the joint technical committee are circulated to national bodiés for voting. Publicati
an International Standard requires approval by at least 75 % of the national bedies casting a vote.

pn as

Attention is drawn to the possibility that some of the elements of this,document may be the subject of patent

rights. ISO and IEC shall not be held responsible for identifying any,or all such patent rights.

Amendment 2 to ISO/IEC 14496-3:2001 was prepared by\Joint Technical Committee ISO/IEC J

TC 1,

Information technology, Subcommittee SC 29, Coding ,of_audio, picture, multimedia and hypermedia

information.
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Introduction

This document specifies the second Amendment to ISO/IEC 14496-3:2001. The document specifies the
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Information technology — Coding of audio-visual objects —

Part 3:

Audio
AMENDMENT 2: Parametric coding for high-quality audio

In ISO/IEC 14496-3:2001, Introduction, add:

MPEG-4 SSC, (SinuSoidal Coding) is a parametric coding tool that is capable)of full bandwidth high quality
audio coding. The coding tool dissects a monaural or stereo audio signakifto a number of different objects
that each can be parameterized efficiently and encoded at a low bitirate. These objects are transjents:
representing dynamic changes in the temporal domain, sinusoids: representing deterministic componentg, and
noise: representing components that do not have a clear temporalor spectral localisation. The fourth opject,
that is only relevant for stereo input signals, captures the stereo,image. As the signal is represented in a
parametric domain, independent, high quality pitch and tempo-sgaling are possible at low computational ¢ost.

Amendment subpart 1

In Part 3: Audio, Subpart 1, in subclause 1.3Terms and Definitions, add:
270. SSC: SinuSoidal Coding.

and increase the index-number of \Stibsequent entries.

© ISO/IEC 2004 — All rights reserved 1
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In Part 3: Audio, Subpart 1, in subclause 1.5.1.1 Audio object type definition, replace table 1.1 with the table
below:

Table 1.1 — Audio object definition

g
olE|<
Tools/ =19 <12|8
Modules Tlo ) '_, “,J c
g2l c HEEEEFRRE
o @ o 5|55 ®© @
ool 2| 5 5lal8l8l |E 3
o ol 2| 8| 5|% 3 Z|8lslslela | (g (€ 2
Audio Object 6%%%«;‘? @ ;SSSSUA g " o
Type 52|65 x|x . Sl=|=|=2| 82| (o] |2 >
5222|555 2120 813225 X3l |8, 8 £
Zéggggwaﬁgﬁm gw§‘g‘g§ogﬁ%§§29%azamo§.i
SEHHEEREEEERE RS EEER bl e r S = R R
Null 0
AAC main XIX] [ X] [ X[ | X]X[X[X]X X 2) |1
AACLC XX | X] | X] | X]|X] |X]|X X 2
AAC SSR XXX XIX] [ X[X] [ X[X X 3
AACLTP XIX] [ X] [ X[X[X]X] [X]|X X 2) |4
SBR X 5
AAC Scalable XX [ X] [ X[X][X X[ X] X[ X[ X] X 6) ||6
TwinVQ XIX] |X] |X]X X X 7
CELP 8
HVXC 9
(Reserved) 10
(Reserved) 11
TTSI 12
Main synthetic 3) |[13
Wavetable 4) |14
synthesis
General MIDI 15
Algorithmic 16
Synthesis and
Audio FX
ERAACLC XX | X]y X X X| X 17
(Reserved) 18
ERAACLTP XIX{ X [ X X XX 5) (119
ER AAC scalable XIX] [ X] [X X XX 6) |20
ER TwinVQ XX | X] | X X X| X 21
ER BSAC XX | X] |X X X| X 22
ER AAC LD X[ [X X X[ X 23
ER CELP X| X 24
ER HVXC X| X 25
ER HILN X| X 26
ER Parametric X[X 27
S8C 28
(Reserved) 29
(Reserved) 30
(Reserved) 31
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In Part 3: Audio, Subpart 1, replace Table 1.2 (Audio Profiles definition) with the following table:

Table 1.2 — Audio Profiles definition

- Main | Scalable | Speech | Synthetic | 19N [LOW | \apyral E\Afgiiclae AAC | High Object
Audio Object Audio | Audio Audio Audio Qua_llty De'?y Audio Internet- | Profile Efficiency Tyvpe
ype Profile |Profile |Profile |Profile ;uu'.u | Profile | working [ ID

rofile | Profile Profile Profile
Null 0
AAC main X X 1
AACLC X X X X X X 2
AAC SSR X X 3
AAC LTP X X X X 4
SBR X 5
AAC Scalable | X X X X 6
TwinvVQ X X X 7
CELP X X X X X X 8
HVXC X X X X X 9
(reserved) 10
(reserved) 11
TTSI X X X X X X 12
Main synthetic | X X 13
Wavetable 14
synthesis
General MIDI 15
Algorithmic 16
Synthesis and
Audio FX
ERAACLC X X X 17
(reserved) 18
ERAACLTP X X 19
ER AAC X X X 20
Scalable
ER TwinVQ X X 21
ER BSAC X X 22
ER AAC LD X X X 23
ER CELP X X X 24
ER HVXC X X 25|
ER HILN X 26
ER X 27|
Parametric
SSC 28
(reserved) 29
(reserved) 30
(reserved) 31
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In Part 3: Audio, Subpart 1, in subclause 1.6.2.1 AudioSpecificConfig, replace table 1.8 with the table below:

Table 1.8 — Syntax of AudioSpecificConfig()

Syntax No. of bits Mnemonic
AudioSpecificConfig ()
{
audioObjectType; 5 uimsbf
salllp:;lluFIUqucllby:lldr;l\, 4 tHmsbf
if ( samplingFrequencylndex==0xf )
samplingFrequency; 24 uimsbf
channelConfiguration; 4 uimsbf
sbrPresentFlag = -1;
if (audioObjectType ==5) {
extensionAudioObjectType = audioObjectType;
sbrPresentFlag = 1;
extensionSamplingFrequencyindex; 4 uimsbf
if ( extensionSamplingFrequencylndex==0xf )
extensionSamplingFrequency; 24 uimsbf
audioObjectType; 5 uimsbf
}
else {
extensionAudioObjectType = 0;
}
if ( audioObjectType == 1 || audioObjectType == 2 ||
audioObjectType == 3 || audioObjectType == 4 ||
audioObjectType == 6 || audioObjectType ==7)
GASpecificConfig();
if ( audioObjectType == 8)
CelpSpecificConfig();
if ( audioObjectType ==9)
HvxcSpecificConfig();
if ( audioObjectType == 12)
TTSSpecificConfig();
if ( audioObjectType == 13 || audioObjectType == 14 ||
audioObjectType == 15.}f audioObjectType==16)
StructuredAudioSpecificConfig();
if ( audioObjectType== 17 || audioObjectType == 19 ||
audioObjectType == 20 || audioObjectType == 21 ||
audioObjectType == 22 || audioObjectType == 23 )
GASpecificConfig();
if ( audioObjectType == 24)
ErrorResilientCelpSpecificConfig();
if (\audioObjectType == 25)
ErrorResilientHvxcSpecificConfig();
if ( audioObjectType == 26 || audioObjectType == 27)
ParametricSpecificConfig();
if ( audioObjectType == 17 || audioObjectType == 19 ||
audioObjectType == 20 || audioObjectType == 21 ||
audioObjectType == 22 || audioObjectType == 23 ||
audioObjectType == 24 || audioObjectType == 25 ||
audioObjectType == 26 || audioObjectType == 27 ) {
epConfig; 2 uimsbf
if (epConfig == 2 || epConfig == 3 ) {
ErrorProtectionSpecificConfig();
}
if (epConfig==3){

© ISO/IEC 2004 — All rights reserved
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directMapping; 1 uimsbf
if (! directMapping ) {

/* tbd */
}

}

1
if ( audioObjectType == 28)
SSCSpecificConfig();

if ( extensionAudioObjectType != 5 &&
bits_to_decode() >= 16 ) {

syncExtensionType; 1 bslbf
if (syncExtensionType == 0x2b7) {
extensionAudioObjectType; 5 uimsbf
if ( extensionAudioObjectType ==5) {
sbrPresentFlag; 1 uimsbf
If (sbrPresentFlag == 1) {
extensionSamplingFrequencylndex; 4 uimsbf
if ( extensionSamplingFrequencylndex == 0xf )
extensionSamplingFrequency; 24 uimsbf
}
}
}

© ISO/IEC 2004 — Al rights reserved 5
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In Part 3: Audio, Subpart 1, in subclause 1.6.2.2.1 Overview, replace table 1.9 by the following table:

Table 1.9 — Audio Object Types

Audio Object Type Object definition of elementary stream Mapping of audio payloads to
Type ID payloads and detailed syntax access units and elementary
streams
AAC MAIN 1 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1.2
AAC L 2 ISOMEC 14496-3 Subpart 4 See subclause 1.6.2.2.2.1.2
AAC SSR 3 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1.2
AAC TP 4 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1.2
SBR 5 ISO/IEC 14496-3 subpart 4
AAC stalable 6 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1:3
TwinVQ 7 ISO/IEC 14496-3 subpart 4
CELP 8 ISO/IEC 14496-3 subpart 3
HVXC 9 ISO/IEC 14496-3 subpart 2
TTSI 12 ISO/IEC 14496-3 subpart 6
Main gynthetic 13 ISO/IEC 14496-3 subpart 5
Wavetgble synthesis 14 ISO/IEC 14496-3 subpart 5
Generpl MIDI 15 ISO/IEC 14496-3 subpart 5
Algorithmic Synthesis 16 ISO/IEC 14496-3 subpart 5
and Addio FX
ERAACLC 17 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1.4
ERAACLTP 19 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1.4
ER AAC scalable 20 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1.4
ER Twin VQ 21 ISO/IEC 14496-3 subpart 4
ER BSAC 22 ISO/IEC 14496-3 subpart4
ER AAC LD 23 ISO/IEC 14496-3 subpart 4 see subclause 1.6.2.2.2.1.4
ER CHLP 24 ISO/IEC 14496-3 subpart 3
ER H\{XC 25 ISO/IEC 14496-3:subpart 2
ER HILN 26 ISO/IEC 14496-3 subpart 7
ER Parametric 27 ISO/IEC 14496-3 subpart 2 and 7
SSC 28 ISO/IEC, 14496-3 subpart 8
6 © ISO/IEC 2004 — Al rights reserved
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Create Part 3: Audio, Subpart 8:

Subpart 8: Technical description of parametric coding for high
quality audio

8.1 Scope

This part of ISO/IEC 14496 describes the MPEG-4 audio parametric coding scheme for compression of high
quality audio. The short name is SSC (SinuSoidal Coding). At bit-rates around 24 kbit/s stefeo”and at a
sampling rate of 44.1 kHz, the SSC coding scheme offers a quality that is interesting for|a number of
applications.

SSC employs four different tools that together parameterize an audio signal. These tools consist of transient
modelling, sinusoidal modelling, noise modelling and stereo image modelling. One(of the distinctive fegtures
of SSC is that it provides decoder support for independent tempo and pitch scaling at hardly any addifional
complexity.

Transient tool

The transient tool captures the highly dynamic events of the audie-input signal. These events are effigiently
modelled by means of a limited number of sinusoids that are shaped-by means of an envelope.

Sinusoidal tool
The sinusoidal tool captures the deterministic events afythe audio input signal. The slowly varying natyre of
sinusoidal components for typical audio signals is exploited by linking sinusoids over consecutive frames. By
means of differential coding, the frequency, amplitide and phase parameters can be efficiently represented.

Noise tool
The noise tool captures the stochastic of hon-deterministic events of the audio input signal. In the decodler, a
white noise generator is used as excitation. A temporal and spectral envelope is applied to contrgl the

temporal and spectral properties ofthe noise in the audio signal.

Parametric stereo coding tool

The parametric stereoscoding tool is able to capture the stereo image of the audio input signal into a limited
number of parameters, fequiring only a small overhead ranging from a few kbit/s for medium quality, jup to
about 9 kbit/s for higher quality. Together with a monaural downmix of the stereo input signal generated by the
parametric ster€o)coding tool, the parametric stereo decoding tool is able to regenerate the stereo signal. It is
a generic toadl_that in principle can operate in combination with any monaural coder. In Annex A of this
documentsa 'normative description of the combination of HE-AAC with the parametric stereo coding tpol is
provided<"SSC can also operate in dual mono mode. In that case the parametric stereo coding tool is not
employed. The parametric stereo tool is intended for low bit-rates.

8o defimiti

8.2.1
Frame
Basic unit that can be decoded on itself (file header information is required for general decoder settings).

8.2.2

Laguerre filter
Filter structure used in the noise analysis and synthesis.

© ISO/IEC 2004 — Al rights reserved 7


https://iecnorm.com/api/?name=dcc6c743bd026dd1da4b99ad859f9113

ISO/IEC 14496-3:2001/Amd.2:2004(E)

8.2.3

Audio frame
Contains all data to decode an SSC-coded frame as a stand-alone unit (file header information is required for

gene

ral decoder settings). For audio frames with refresh_sinusoids==%1 and refresh_noise==%1 the

complete frame can always be reconstructed; otherwise it is possible in the case of random access that parts
of the signal cannot be reconstructed (e.g. sinusoidal continuations, noise).

8.24
Sub-
Fine

8.2.5
fs
The s

8.2.6
Segn
Anin
The 1

8.2.7
Wind
A fun

8.2.8
LSF
Line

8.2.9
Over

frame.
granularity within a frame.

ampling frequency in Hertz.

hent
terval of samples that can be synthesized on the basis of the parameters that correspond to a sub-frame.
egment size is 2*S (see Table 8.11).

ow
ction that is used to weigh synthesized samples within a segment suchthat a valid synthesis is obtained.

Spectral Frequency.

ap and add

An adlditive method of combining overlapping intervals:during signal synthesis.

8.21

D

Linking process

A meg

8.21
birth

thod to keep track of sinusoidal components over time.

(

The first component of a sinusoidal frack.

8.21

R

Contjnuation

A sin

8.2.1
Deat
The |

usoidal track component that is not at the start or the end of a track.

B
h
bst compenent of a sinusoidal track.

8.2.1|4

SMR

Signal-to-masking ratio.

8.2.15
Partial
Sinusoid of a limited duration.

8.2.16

11D
Inter-

channel Intensity Differences.
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8.2.17
IPD
Inter-channel Phase Differences.

8.2.18
OPD
Overall Phase Differences.

—82-19
ICC
Inter-channel Coherence.

8.3 Symbols and abbreviations

8.3.1 Arithmetic operators

Lx/ Round x towards minus infinity
[x] Round x towards plus infinity.
X
mod Modulus operator: mod(x, y) =x — {—Jy . Defined anly-for positive values of x and y.
y
(o) Gamma distribution function, defined as ['(&) = Ie" t*7dt .
0

8.3.2 Relation operators

x?y:z If x is true then y else z.

8.3.3 Mhemonics

The following mnemonics are déefined to describe the different data types used in the coded bit-stream.
uimsbf Unsigned integer, most significant bit first.

simsbf Signed-integer, most significant bit first.

bslbf Bitstream left bit first.

8.3.4Ranges

[0;10] A number in the range of 0 up to and including 10.

[0, 10> A number in the range of 0 up to but excluding 10.

8.3.5 Number notation

%X Binary number representation (e.g. %01111100).
$X Hexadecimal number representation (e.g. $7C).
X Numbers with no prefix use decimal representation (e.g. 124).

© ISO/IEC 2004 — Al rights reserved 9
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8.3.6 Definitions

S Number of samples in a sub-frame (see Table 8.11).
L Number of samples in a segment; L = 2*S.
numQMFSlots

to 24.

Number of QMF subband samples per ps_data() element. For SSC, this parameter is fixed

8.4 Payloads for the audio object type SSC

8.4.1 Decoder configuration (SSCSpecificConfig)

Table 8.1 — Syntax of SSCSpecificConfig()

Syntax Num(bits | Mnemonic
SS(SpecificConfig ( channelConfiguration )
{
decoder_level 2 uimsbf
update_rate 4 uimsbf
synthesis_method 2 uimsbf
iff (channelConfiguration != 1)
{
mode_ext 2 uimsbf
if ((channelConfiguration == 2) && (mode_ext == 1))
{
reserved 2 uimsbf
}
}
}
8.4.2 SSC Bitstream Payload
Table 8.2 Syntax of ssc_audio_frame()
Syntax Num. bits | Mnemonic
ssc_|audio_frame ()
{
ssc_audio_frame_header()

(7))

sc_audio_frame_data()

10

© ISO/IEC 2004 — All rights reserved



https://iecnorm.com/api/?name=dcc6c743bd026dd1da4b99ad859f9113

ISO/IEC 14496-3:2001/Amd.2:2004(E)

Table 8.3 — Syntax of ssc_audio_frame_header()

Syntax Num. bits | Mnemonic
ssc_audio_frame_header ()
{
refresh_sinusoids 1 uimsbf
refresh_sinusoids_next_frame 1 uimsbf
refresh_noise 1 uimsbf
for (ch = 0; ch < nrof channels; ch++)
{
s_nrof_continuations[0][ch] Note 1 uimsbf
}
n_nrof_den 5 uimsbf
n_nrof_|sf Note 1 uimsbf
freq_granularity 2 uimsbf
amp_granularity 2 uimsbf
phase_jitter_present 1 uimsbf
if (phase_jitter_present == 1)
phase_jitter_percentage 2 uimsbf
phase_jitter_band 2 uimsbf
}
}
Note 1: See description of s _nrof continuations and n_nrof Isf insection 8.5.2.
Table 8.4 — Syntax of ss¢_audio_frame_data()
Syntax Num. bits | Mnemonic
ssc_audio_frame_data()
for (sf = 0; sf < nrof_subframes; sf++)
for (ch = 0; ch < nrof_channelsych++)
{
ssc_mono_subframe(sfieh)
if ((channelConfiguration == 2) && (mode_ext == 1)
&& (mod(sf+1,4)==0))
{
ps_data()
}
}
}
Table 8.5 — Syntax of ssc_mono_subframe()
Syntax Num. bits | Mnemonic
sscmono_subframesfch)
{
subframe_transients(sf, ch)
subframe_sinusoids(sf, ch)
subframe_noise(sf, ch)
}

© ISO/IEC 2004 — Al rights reserved
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Table 8.6 — Syntax of subframe_transients()

Syntax Num. bits | Mnemonic
subframe_transients (sf, ch)
{

t_transient_present[sf][ch] 1 uimsbf

if (t_transient_present[sf][ch] == 1)

t_loc[sf][ch] Note 1 uimsbf
if (t_type[sfl[ch]==1) 2 uimsbf
{
t_b_par[sf][ch] 3 uimsbf
t_chi_par[sf][ch] 3 uimsbf
t_nrof_sin[sf][ch] 3 uimsbf

t_nrof_sin[sf][ch]++
for (i = 0; i < t_nrof_sin[sf][ch]; i++)

{
t_freq[sfl[ch][i] 9 uimsbf
t_amp[sf][ch][i] 5 uimsbf
t_phi[sf][ch]]i] 5 simsbf
}

Note|1: See description of t_loc in section 8.5.2.

12 © ISO/IEC 2004 — Al rights reserved
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Table 8.7 — Syntax of subframe_sinusoids()

Syntax Num. bits | Mnemonic
subframe_sinusoids(sf, ch)
{
n = 0; p=0; g=0;
/* Continuations */
if (sf > 0)
{
noc = 0;
while (tmp_cont[ch][noc] > 0) { noc++;}
s_nrof_continuations[sf][ch] = noc;
}
if ((refresh_sinusoids == 1) && (sf == 0))
{
for (i = 0; i < s_nrof_continuations[sf][ch]; i++, n++)
{
s_cont[sf][ch][n] = ssc_huff_dec(huff_scont,bs_codeword); 2.5 bs]bf
s_freq_coarse[sf][ch][n] = ssc_huff _dec(huff_sfreqc,bs_codeword); 7..25 bs|bf
s_freq_fine[sf][ch][n] 0.3 simsbf
s_amp_coarsel[sf][ch][n] = ssc_huff_dec(huff_sampca,bs_codeword); 3..16 bs|bf
s_amp_fine[sf][ch][n] 0.3 simsbf
s_phi[sf][ch][n] 5 simsbf
if (s_cont[sf][ch][n] > 0)
{
s_adpcm_grid[sf][ch][n] = ssc_huff_dec(huff_(sgrid,bs_codeword); 3.7 bs|bf
s_delta_cont_freq_pha[sf+1][ch][p] 2 uimsbf
p++;
}
if (s_cont[sf][ch][n] > 1)
{
s_delta_cont_freq_pha[sf+2]{ch][q] 2 uimsbf
q++;
}
}
}
else {
for (i = 0; i < s_nrof_continuations[sf][ch]; i++, n++)
{
if (sf ==0)
s_cont[sf][ch][n] = ssc_huff_dec(huff_scont,bs_codeword); 2.5 bs]bf
else-{
s_conf[sf][ch][n] = tmp_cont[ch][n] - 1;
}
if (s_cont[sf][ch][n] > 0)
{
p++;
}
It (s_cont[stf[ch][n] > T)
if ((refresh_sinusoids_next_frame == 0) || (nrof_subframes-sf > 2))
s_delta_cont_freq_pha[sf+2][ch][q] 2 uimsbf
}
q++;
s_delta_cont_ampisf][ch][n] = 1..15 bslbf
ssc_huff_dec(huff_sampcr[amp_granularity],bs_codeword);
© ISO/IEC 2004 — Al rights reserved 13
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}
}
/* Births */

s_nrof_births[sf][ch] = ssc_huff_dec(huff_nrofbirths,bs_codeword); 3..15 bslbf
if (s_nrof_births[sf][ch] > 0)
s_cont[sf][ch][n] = ssc_huff_dec(huff_scont,bs_codeword); 2.5 bslbf
s_freq_coarse[sf][ch][n] = ssc_huff dec(huff_sfreqgba,bs_codeword); 7..21 bslbf
—s_freq_fine[sf)fch}in] 0.3 simshf
s_amp_coarse[sf][ch][n] = ssc_huff_dec(huff sampba,bs_codeword); 3..15 bslbf
s_amp_fine[sf][ch][n] 0.3 simsbf
s_phi[sf][ch][n] 5 simsbf
if (s_cont[sf][ch][n] > 0)
{
if ((refresh_sinusoids_next_frame == 0) || (nrof_subframes-sf > 1))
s_delta_cont_freq_pha[sf+1][ch][p] 2 uimsbf
}
pt++;
1
if (s_cont[sf][ch][n] > 1)
{
if ((refresh_sinusoids_next_frame == 0) || (nrof_subframes-sf >.2))
s_delta_cont_freq_pha[sf+2][ch][q] 2 uimsbf
}
q++
}
n++;
for (i = 1; i < s_nrof_births[sf][ch]; i++, n++)
{
s_cont[sf][ch][n] = ssc_huff_dec(huff_scont;bs_codeword); 2.5 bslbf
s_delta_birth_freq_coarse[sf][ch][n] = 5..23 bslbf
ssc_huff_dec(huff_sfreqbr,bs_codeword);
s_delta_birth_freq_fine[sf][ch][n] 0.3 simsbf
s_delta_birth_amp_coarse[sf][ch][n] = 2.21 bslbf
ssc_huff_dec(huff_sampbr,bs_codeword);
s_delta_birth_amp_fine[sf][ch][n] 0.3 simsbf
s_phi[sf][ch][n] 5 simsbf
if (s_cont[sf][ch][n]>.0)
{
if ((refreshtsinusoids_next_frame == 0) || (nrof_subframes-sf > 1))
{
s_delta_cont_freq_pha[sf+1][ch][p] 2 uimsbf
}
ptt,
}
if*(s_cont[sf][ch][n] > 1)
{
if ((refresh _sinusoids next frame == 0) || (nrof subframes-sf > 2))
s_delta_cont_freq_pha[sf+2][ch][q] 2 uimsbf
}
q++;
}
}

I* Keep track of sinusoids that continue in next sub-frame(s) */
for(i=0,k=0;i<n;i++)

{
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if (s_cont[sf][ch][i] > 0)
{

tmp_cont[ch][k] = s_cont[sf][ch][i];
k++;

}
}
}

Note: The variables p, q are used as position indices for subframe+1 and subframe+2 respectively.
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Table 8.8 — Syntax of subframe_noise()

Syntax Num. bits | Mnemonic
subframe_noise (sf, ch)
if ((refresh_noise == 1) && (sf == 0))
{
n_laguerre[ch] 2 uimsbf
n_laguerre_granularity[sf][ch] 1 uimsbf
for (i = 0; i < n_nrof_den; [++)
{
n_lar_den_coarsel[sf][ch][i] = 1..18 bslbf
ssc_huff_dec(huff_nlag,bs_codeword);
If (n_laguerre_granularity[sf][ch]==1)
{
n_lar_den_fine[sf][ch][i] 2 simsbf
}
}
n_gain[sf][ch] 7, uimsbf
n_Isf[sf][ch][0] = ssc_huff_dec(huff_nlisf,bs_codeword); 2.9 bslbf
for (i=1;i < n_nrof_Isf; i++)
n_delta_lIsf[sf][ch][i] = ssc_huff_dec(huff_nisf,bs_codeword); 2.9 bslbf
}
}
dlse {
if (mod(sf,2) ==0)
n_laguerre_granularity[sf][ch] 1 uimsbf
for (i = 0; i < n_nrof_den; i++)
{
n_delta_lar_den_coarsel[sf][ch][i] = 1..18 bslbf
ssc_huff_dec(huff_nlag,bs_codeword);
if(n_laguerre_granularity[sf][ch]ls=%)
{
n_delta_lar_den_fine[sf][ch][i] 2 simsbf
}
}
}
if (mod(sf,4)==0)
{
n_delta_gain[sf][ch] = ssc_huff_dec(huff_ngain,bs_codeword); 1.12 bslbf
if (n_overlap_lsf == 1) 1 uimsbf
{
fory(i.= n_nrof overlap_lIsf; i < n_nrof _Isf; i++)
n_delta_lIsf[sf][ch][i] = 2.9 bslbf
ssc_huff_dec(huff_nlsf,bs_codeword);
}
}
else {
n_lIsf[sf][ch][0] = ssc_huff_dec(huff_nlsf,bs_codeword); 2.9 bslbf
for (i=1;i<n_nr_of_Isf; i++)
n_delta_lIsf[sf][ch][i] = ssc_huff_dec(huff nisf,bs_codeword); | 2..9 bslbf
}
}
}
}
}

16 © ISO/IEC 2004 — All rights reserved


https://iecnorm.com/api/?name=dcc6c743bd026dd1da4b99ad859f9113

ISO/IEC 14496-3:2001/Amd.2:2004(E)

Table 8.9 — Syntax of ps_data()

Syntax Num. bits Mnemonic
ps_data()
if (enable_ps_header) { 1 uimsbf
if (enable_iid) { 1 uimsbf
iid_mode 3 uimsbf

nr_iid_par = nr_iid_par_tab[iid_mode]

nr_ipdopd_par = nr_ipdopd_par_tab[iid_mode]

if (enable_icc) { 1 uimsgbf
icc_mode 3 uimsgbf
nr_icc_par = nr_icc_par_tab[icc_mode]
}
enable_ext 1 uimgbf
}
frame_class 1 uimsgbf
num_env_idx 2 uimsgbf

num_env = num_env_tab[frame_class][num_env_idx]

if (frame_class) {
for (e=0 ; e<num_env ; e++) {
border_position[e] 5 uimsgbf
}

}

for (e=0; e<num_env ; e++) {
if (enable_iid) {

iid_dt[e] 1 uimsbf

iid_data()

}

for (e=0 ; e<num_env ; e++) {
if (enable_icc) {

icc_dt[e] 1 uimsbf
icc_data()
}
}
if (enable_ext){
cnt = ps_extension_size 4 uimsgbf
if (cnt'==15)
cnt += esc_count 8 uimsgbf
num_bits_left = 8 * cnt
while (num_bits_left > 7) {
ps_extension_id 2 uimsrbf
NUIT_DIts_Ielt -= £
ps_extension(ps_extension_id, num_bits_left)
}
fill_bits num_bits_left
}
}
ps_extension(ps_extension_id, num_bits_left){
if (ps_extension_id == 0) {
if (enable_ipdopd) { 1 uimsbf
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for (e=0 ; e<num_env ; e++) {
ipd_dt[e] 1 uimsbf
ipd_data()
opd_dt[e] 1 uimsbf
opd_data()
num_bits_left -= ipd_bits + opd_bits + 2 Note 1
}
}
—reserved_ps 1 uimsbf
num_bits_left -=
}
}
iid_data() {
iff (iid_dt[e]) {
for (b=0 ; b<nr_iid_par; b++) {
iid_par_dt[e][b] = ssc_huff_dec(huff_iid_dt[iild_quant],bs_codeword); | 1...20 Note 2
}
}
glse {
for (b=0 ; b<nr_iid_par; b++) {
iid_par_df[e][b] = ssc_huff_dec(huff_iid_dffiild_quant],bs_codeword); | 1...18 Note 2
}
}
}
icc_data() {
iff (icc_dt[e]) {
for (b=0 ; b<nr_icc_par; b++) {
icc_par_dt[e][b] = ssc_huff_dec(huff_icc_dt,bs codeword); 1...14 bsibf
}
}
glse {
for (b=0 ; b<nr_icc_par; b++) {
icc_par_dffe][b] = ssc_huff_dec(huff _icc_df,bs_codeword); 1...13 bslbf
}
}
}
ipd_data() {
iff (ipd_dt[e]) {
for (b=0 ; b<nr_ipdopd_par; b++) {
ipd_par_dt[e][b] = ssc_huff_dec(huff_ipd_dt,bs_codeword); 1...5 bslbf
}
}
dise {
for (b=0’; b<nr_ipdopd_par; b++) {
ipd_par_df[e][b] = ssc_huff_dec(huff_ipd_df,bs_codeword); 1...4 bslbf
!
}
}
opd_data() {
if (opd_dt[e]) {
for (b=0 ; b<nr_ipdopd_par; b++) {
opd_par_dt[e][b] = ssc_huff_dec(huff_opd_dt,bs_codeword); 1...5 bslbf
}
}
else {
for (b=0 ; b<nr_ipdopd_par; b++) {
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opd_par_df[e][b] = ssc_huff_dec(huff_opd_df,bs_codeword); 1...5 bslbf

Note 1: ipd_bits and opd_bits represent the number of bits read by ipd_data() and opd_data() respectively.
Note 2: the index iid_quant into huff iid_df is obtained from Table 8.19.

8.5 Semantics

8.5.1 SSCSpecificConfig

channelConfiguration — Channel configuration as defined in ISO/IEC-14496-3:edition 2001 subpgrt 1,

paragraph 1.6.3.4.

decoder_level — Complexity bounds for decoder settings. A decoder that: sGpports a certain leyel of

complexity is not able to decode a bit-stream that is encoded according a-higher level of complexity| This
decoder is however able to decode a bit-stream that is encoded according-to a lower level of complexity (see
Table 8.10).
Table 8.10 - Decoder level

decoder_ Level of max_nrof_sinusoids | max_nkof den | #bits for s_nrof | #bits for

level complexity continuations n_nrof Isf

00 Reserved | Na Na Na Na

01 Medium 60 22 6 4

10 Reserved | Na Na Na Na

11 Reserved | Na Na Na Na
max_nrof_sinusoids - Maximum number.of sinusoids that is allowed (sinusoids under Meixner transien{s not
included).
max_nrof_den - Maximum value for n_nrof_den.
update_rate — Four bits~indicating the sub-frame size S. Table 8.11 shows the relationship between

update_rate and the sub-frame size S in samples.

Table 8.11 - Update rate

update_rate S update rate S

0000 Reserved 1000 Reserved
0001 Reserved 1001 Reserved
0010 Reserved 1010 Reserved
0011 Reserved 1011 Reserved
0100 384 1100 Reserved
0101 Reserved 101 Reserved
0110 Reserved 1110 Reserved
0111 Reserved 1111 Reserved

synthesis_method — Two bits providing information on the preferred synthesis for the specific encoded

program (see Table 8.12).

© ISO/IEC 2004 — Al rights reserved
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Table 8.12 - Synthesis method

Synthesis_method Optimal synthesis
00 Overlap and Add
01 Reserved
10 Reserved
11 Reserved
modé_ext — In combination with channelConfiguration the mode_ext bits provide the full channel

confi

puration. The number of bits is dependent on the channelConfiguration (see Table 8.13).

Table 8.13 - Channel configuration

channelConfiguration # bits for mode ext nrof channels

1 0 1

2 2 According to mode_ext
0,3...15 Na Na

For channelConfiguration == 2, Table 8.14 applies:

Table 8.14 — Channel configuration in case channelConfiguration ==

mode_ext | Full channel configuration

00 Dual mono (chO=left, ch1Fright)
01 Parametric Stereo

10 Reserved

11 Reserved

reserved — Two reserved bits; should be set to %0.

8.5.2 Decoding of SSC Bitstream Payload

ssc_audio_frame() — syntactic element that‘contains a single SSC frame

ssc_audio_frame_header() — syntactic-element that contains the header data for a single SSC frame
ssc_audio_frame_data() — syntactic element that contains the data for a single SSC frame

ssc_huff_dec() — Huffmanidecoding procedure. See Annex B.

refresh_sinusoids,—One bit indicating how sinusoidal continuations of the first sub-frame in a frame are
encofled. If this bit*equals %0, the continued track data is differentially coded with respect to the last sub-

frame of the previous frame. If this bit equals %1, the continued track data in the first sub-frame of a frame are
codef as absolute values.

refresh{sinusoids_next_frame — One bit providing an additional frame look ahead for the ADPCM decoding
OfSI USoida Darameters. > B a O 0 X aYa N aYayY, FAMC T Tofrost rame. . N3 S0 e b
refresh_sinusoids shall be set to %1 in the next frame.

refresh_noise — One bit indicating how noise parameters of the first sub-frame in a frame are encoded. If this
bit equals %0, the noise parameters are differentially coded with respect to the last sub-frame of the previous
frame. If this bit equals %1, the noise parameters in the first sub-frame of a frame are coded as absolute
values.

s_nrof_continuations[sf][ch] — For sub-frame sf and channel ch, this value represents the number of
continuations. In the case sf==0 the value of s_nrof continuations is provided in the bit-stream. For the
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remaining values of sf, the value of s_nrof _continuations is obtained implicitly as described in section 8.6.2.1.
The number of bits required for s_nrof continuations[0][ch] depends on the maximum number of allowed
sinusoids, which is dependent of the decoder complexity, indicated by decoder_level. This relation is shown in
Table 8.10.

n_nrof_den — Number of denominator LAR coefficients of the FIR filter for noise generation.

n_nrof_Isf - Number of LSF coefficients used for the generation of envelope for noise generation. The

number-of bite reaauired forn nraof lof danands on tha decodercomplaxityvy indicatad byv decoderlevel ThIS
RHRPB e hs—+eqtitrea—+oH—tor—Si-aepehas—oR—+e—&a Se—GOHPrEXItYs By—-&866068+—8VYer

relation is shown in Table 8.10.

freq_granularity — The granularity of the differentially or absolute coded frequency parameters usgd in
subframe_sinusoids(). This parameter determines the number of bits to be read for the fine part of the
frequency parameters.

amp_granularity — The granularity of the differentially or absolute coded amplitude ‘parameters usgd in
subframe_sinusoids(). This parameter determines the Huffman table to be used pr.the number of bits [to be
read for the fine part of the amplitude parameters.

phase_jitter_present — One bit to indicate presence of phase jitter parameters. If this bit equals %[, no
phase jitter is present. If this bit equals %1, phase jitter is present.

phase_jitter_percentage — This is a two bit unsigned integer identifying a distance percentage. The full
distance equals half a quantisation step. The maximum jitter appliedto the frequency components is

| phase_jitter percentage4-1
2? '

2freq_granularity—

max_jitter =

phase_jitter_band — Two bits identifying the frequency representation level from which phase jitter myst be
applied. Table 8.15 provides the relation between{phase_jitter_band and fer min-

Table 8.15 - Phase jitter band expressed in representation levels

phase_jitter band | frequency representation level fiser. min
00

01 800

10 1600

11 2400

nrof_subframes —the number of sub-frames in one frame. This value is fixed to 8.
ssc_mono_subframe() — syntactic element that contains the data for a single SSC sub frame.
ps_data() = syntactic element that contains the parametric stereo data.

subframe_transients() — syntactic element that contains the transient data for a single SSC sub frame.

[aYaYal

| H HP PR AN 4 ' 1 bl ot ot 4l + relclat £ + l | o
SUuvIrariic__ ol IUDUIUO\} = Dyl IAacvuUGy TITITITTIU Uat CuUtIiaiio uic ollfMmuovuiu Uudid 1TVl a oll Iulc YOVLU oUulu 1mdlilic.

subframe_noise() — syntactic element that contains the noise data for a single SSC sub frame.
t_transient_present[sf][ch] — One bit indicating if a transient is present in sub-frame sf, channel ch. If

t_transient_present[sf][ch]==%1, a transient is present. If t_transient_present[sf][ch]==%0, no transient is
present.
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t_loc[sf][ch] — Indication of the location of the transient in sub-frame sf of channel ch, indicated in the number
of samples from the start of the sub-frame. The valid range for t_loc is [0,S>. The number of bits that is used
to represent t_loc is calculated according to

[log,($)1,
where S represents the sub-frame size in samples.

¢ typerstichi =T . - I . - L < ofct -t
Table 8.16).

Table 8.16 - Transient types

t type | Type

00 Step

01 Meixner
10 Reserved
11 Reserved

t_b_par[sf][ch] — For a transient of the Meixner type in sub-frame sf of channel\ch; these 3 bits hold the value
for thie attack of the transient envelope, denoted as the ‘b-parameter’. Allowedwvalues for t b_par are [0, 1, 2,
3]. The remaining values are reserved. The value b is calculated as

b=t b par+2.

t_chi_par[sf][ch] — For a transient of the Meixner type in sub-frame sf of channel ch, these 3 bits hold the
valug for the decay of the transient envelope, denoted as the ‘&-parameter’. Allowed values for t_chi_par are
[0, 1,)2, 3]. The remaining values are reserved. The value € is'tabulated in Table 8.17.

Table 8.17 - Quantised values for b and &

13 t b_par
0 1 2 3
0 09688 0.9685 0.9683 0.9681
t_chi_par 1 0.9763 0.9756 0.9750 0.9744
2 0.9839 0.9827 0.9817 0.9807
38 0.9914 0.9898 0.9884 0.9870

t_nrgf_sin[sf][ch] — E¢r a transient of the Meixner type in sub-frame sf of channel ch, these 3 bits represent
the number of sinusoids that are present under the envelope. The number of sinusoids under the Meixner
envelope is equalto the value in the stream plus one.

t_freq[sfl[ch][il — For a transient of the Meixner type in sub-frame sf of channel ch, these bits represent the
frequency’in‘radians of the i-th sinusoid under the transient envelope.

PR | PN N |
e Ll |l | S8

. 27[ 10 - 11.421.4 _1
if, lil=—
£ 0.00437

where tf, represents the dequantized absolute frequency in radians.

t_amp[sf][ch][i] — For a transient of the Meixner type in sub-frame sf of channel ch, these bits represent the
amplitude of the i-th sinusoid under the transient envelope.
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g 2-t_amp[sf][ch][i]
ta,[i]=ta,

where ta, represents the log quantisation base (maximum error=1.5dB), ta, =1.1885. ta, represents the
dequantized absolute amplitude.

t_phi[sf][ch][i] — For a transient of the Meixner type in sub-frame sf of channel ch, these bits represent the
phase of the i-th sinusoid under the transient envelope. The decoded value is converted into a phase value in

radlans In the range [-1T, TT= and IS Specliied Tor the Start or the transient.
tp,[i]=2-1tp, -t _phi[sf][ch][i],

where fp. represents the absolute phase error (#p, =3—”2) and tp, represents the dequantized absolute ghase

(in radians). The allowed range for t phi is [-16, 15]; the representation level +16Nis represented by —16
(because +1r==-1).

noc — Local variable that counts the number of continuations in the previous sub-frame.

tmp_cont[ch][noc] — Local array that contains a copy of the s_cont-parameters of the previous sub-ffame,
needed for parsing the stream correctly (extract number of continuations and keep track of how many| sub-
frames the sinusoidal track must be continued in the current frame);

s_cont[sf][ch][n] — For sub-frame sf and channel ch, this value\indicates how many sub-frames component n
will be continued in the current frame (if the component contintes also in the next frame, one must be gdded
to the number of sub-frames it continues in the current.frame. If the value is 0 this indicates compongent n
stops at sub-frame sf, which is called a death). The valid_.range for s_cont is [0, 9].

s_freq_coarse[sf][ch][n] — For sub-frame sf an® channel ch, this value represents the coarse freqyency
parameter of the n-th sinusoid.

s_freq_fine[sf][ch][n] — For sub-frame sfsand channel ch, this signed integer represents a higher leyel of

detail to the coarse frequency parameter.» The number of bits to be read amounts to (3 — freq_granularity). The
frequency representation level f; is the'sum of coarse frequency, fine frequency scaled to the granularity grid.

f.,[n]=s_freq coarse[sf][ch][n]+s freq fine[sf][ch][n]- 2"

Phase jitter is only appliedin combination with tempo and pitch scaling. If phase_jitter_present == %1 and f;
> fiter min, the phase jitterparameter is

Siiter = \_max_jitter . (2x - 1)+ O.SJ,

where x-holds a random number, uniformly distributed between 0 and 1, generated for each freqiency
parameter in the sub-frame, matching the requirement above. The decoded value is converted into a
dequantized absolute frequency value f, in radians, using the following equation:

Suln]
27 10°T22TF ]
S =20 T
7 0.00437

s_amp_coarse[sf][ch][n] — For sub-frame sf and channel ch, this value represents the coarse amplitude
parameter of the n-th sinusoid.

s_amp_fine[sf][ch][n] — For sub-frame sf and channel ch, this parameter represents a higher level of detail to

the coarse amplitude parameter. The number of bits to be read amounts to (3 — amp_granularity). The
amplitude representation level sa, is the sum of coarse amplitude, fine amplitude scaled to the granularity grid
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sa,[n]=s amp_ coarse[sf][ch][n]+s amp fine[sf][ch][n]-

2 amp_granularity

The decoded value is converted into a dequantized linear amplitude value sa, in the range [1, 2"1]
conforming to

sa,[n]=sa,

2-sa, [n]

Whefe sa, =1.0218 is the log quantization base. Its value corresponds to a maximum error of 0.1875 dB.

s_phii[sf][ch][n] — For sub-frame sf and channel ch, this represents the phase parameter of the n-th sinisoid.

This

wher

(in ra
(becs

s_ad
8.30
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level
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nrof |
the s

Value is converted into a phase value in radians in the range [-11, 7> conforming to
5p,[n]=2-sp, -s_phi[sf][ch][n],

e Sp. represents the absolute phase error (sp, = %) and sp, represents the dequantized absolute phase

dians) The allowed range for s_phi is [-16, 15]; the representation level +167is represented by —16
use +1T == -m).

bcm_grid[sf][ch][n] — For sub-frame sf and channel ch, this value represents the initial index into Table
as used in the ADPCM decoder for the n-th sinusoid. This table‘is used to decode the sinusoidal
hation.

for the n-th sinusoid, that serve as input to the ADPCM decoder. In order to compensate for the 2 sub-
s delay in the decoder, the representation levels are{transmitted 2 sub-frames in advance. In the bit-
m syntax, future representation levels are indiCated by indices sf+1 and sf+2, indicating the
sentation levels of the two sub-sequent sub-frames respectively. In the case sf+1 or sf+2 exceeds
subframes, then the representation level is assighed to the next frame. In this case, the new number of
Ib-frame in the next frame is (sf+1) - nrof_subframes or (sf+2) - nrof_subframes respectively.

s_deita_cont_freq_pha[sf][ch][n] — For sub-frame sf and channeleh, this value represent the representation

s_delta_cont_ampisf][ch][n] — For sub-frame\sf and channel ch, this represents the differential amplitude
parameter of the n-th sinusoid. This valugZis converted into a linear amplitude value in the range [1, 215-1]
confgrming to

wher
level
grant
the ¢
grant

sa,,[n] = sa, . +s_delta_cont amp[sf][ch][n],

e sa, represents the amplitude representation level and sa;;,sr represents the amplitude representation
in the previous sub-frame. For dequantization of sa, into sa, see s_amp_fine. In the case the amplitude
larity, amp_granularity of the current frame is different from that of the previous frame, prior to applying
ifferential encoded values, the granularity of the value of the previous frame is converted to the
larity of theycurrent frame according to
sa'
v ~amp_granularity rl,psf
S'arl,PSf =2 \‘2ampgranularny + OSJ ’

where sa’; s represents the amplitude representation level of the previous sub-frame and amp_granularity

repre

sents the granularity of the current sub-frame.

s_nrof_births[sf][ch] — For sub-frame sf and channel ch, this value represents the number of births. The

allow

ed range is [0, max_nrof_sinusoids-s_nrof_continuations[sf][ch]].

s_delta_birth_freq_coarse[sf][ch][n] — For sub-frame sf and channel ch, this value represents the differential,
coarse frequency parameter of the n-th sinusoid.

24
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s_delta_birth_freq_fine[sf][ch][n] — For sub-frame sf and channel ch, this represents a higher level of detail
to the coarse differential frequency parameter. The number of bits to be read is (3 — freq_granularity). The
delta frequency representation level df, is

df,[n]=s_delta birth freq coarse[sf][ch][n] +s_delta_birth freq fine[sf][ch][n]- 2"e-e=my

The decoded value of the n-th sinusoid is converted into a frequency value in Hertz, using the frequency
representation level of the previous birth f; of sub-frame sf (the (n-1)th sinusoid):

Sulnl= 1, [n=11+df,[n],

where f, represents the frequency representation level. Modification of f; due to phase jitter uses the pame
rules as stated under s_freq_fine. For dequantization of f, into f, see also s_freq_fine.

s_delta_birth_amp_coarse[sf][ch][n] — For sub-frame sf and channel ch, this represents.the differential, cparse
amplitude parameter of the n-th sinusoid.

s_delta_birth_amp_fine[sf][ch][n] — For sub-frame sf and channel ch, this represents a higher level of detail
to the coarse amplitude parameter. The number of bits to be read is~(8 — amp_granularity). The |delta
amplitude representation level sda is

sda,,[n]=s_delta birth_amp_coarse[sf][ch][n]+s_delta (birth_amp_fine[sf][ch][n]-2*"-£ "

The decoded value for the n-th sinusoid is converted into.a linear amplitude value, using the amplitude
representation level of the previous birth sa, (the (n-1)th sinusoid):

Sar[ [n] = Sarl [n - 1] + Sdarl [n] ’
where sa, represents the amplitude representation level. For dequantization of sa, into sa, see s_amp_fine.

n_laguerre[ch] — A coefficient of the Laguéfre filter for noise synthesis, see Table 8.18.

Table 8.18 - Possible values for A

n_laguerre A

00 0

01 0.5

10 0.7

11 Reserved

n_laguerre.granularity[sf][ch] — 1 bit denoting quantisation accuracy of the Laguerre coefficients.

n_lar\den_coarse[sf][ch][i] — for sub-frame sf and channel ch this represents the denominator LAR coefficient
number i.

~tar—den— . _ . , 44 the
coarse denominator LAR coefficient parameter. The representation level nlar, is the sum of coarse
denominator LAR and fine denominator LAR:

nlar,i] = n_lar_den_coarse[sf][ch][i] + n_lar_den_fine[sf][ch][i]

and is converted to a LAR coefficient according to:

nlar,[i] = nlary[i1*A_ar.
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For the definition of A ar see section 8.6.3.3.1. Section 8.6.3.3.2 and 8.6.3.3.3 show how to convert LARs to
reflection- or a-parameters.

n_gain[sfl][ch] — For sub-frame sf and channel ch this value represents the gain coefficient. The gain
representation level ngain, is obtained as:

ngain,= n_gain[sf][ch]

Isfy[il = n_Isf[sfl[ch][i] * 77/ 256 + 11/ 512

n_delta_Isf[sf][ch][i] — For sub-frame sf and channel ch this value represents the differential LSF .¢oefficient
number i. They are obtained using the following algorithm

fori>0:
nlsty[i] = (nisfy[i-1] + n_delta_lsf[sf][ch][i]) * 1 / 256 + 1/ 512.

n_delta_lar_den_coarse[sf][ch][i] — for sub-frame sf and channel ch this wrepresents the differential,
denominator LAR coefficient number i.

n_deflta_lar_den_fine[sf][ch][i] — for sub-frame sf and channel ch this/tepresents a higher level of detail to
the qoarse denominator LAR coefficient parameter. The representation level ndlar, is the sum of the
differential coarse denominator LAR and differential fine denominatoerLAR:

mdlary[i] = n_delta_lar_den_coarse[sf][ch][i] + n_delta_lar_den_fine[sf][ch][i]

and is converted to a LAR coefficient according to:

mlari] = nlar, psr [+ ndlar[i].

where nlar,[i] and nlar,,s{i] represent the LARCrepresentation level of the current and previous sub-frame

respégctively. Note that in the case the n_laguerre_granularity changes from %1 to %0 going from sub-frame
sf-1 tp sf, the value nlar,,s{1] is first converted to the coarsest quantisation grid according to:

mlar, ps{i= 4*Lnlar’; ,s{i] 14 + 0.5,

where nlar’; psdi] represents the'LAR representation level of the previous sub-frame. For further processing of
nlar,jinto reflection or a-parameters see sections 8.6.3.3.2 and 8.6.3.3.3.

n_de|ta_gain[sf][ch] — For'sub-frame sf and channel ch this value represents the differential gain coefficient,
and is converted to alrepresentation level ngain, according to:

mgain, = ngainy p4sr + N_delta_gain[sf][ch],

wherg ngainy .45 represents the gain representation level for sub-frame sf-4.

n_ovie

enable_ps_header — One bit indicating whether PS header information is present. If set to %1, the PS header
data configuring the PS decoder is transmitted. Otherwise, the latest configuration persists.

enable_iid — One bit denoting the presence of IID parameters. If enable_iid is set to %1, Inter-channel
Intensity Difference (IID) parameters will be sent from this point on in the bit stream. If enable_iid==%0, no IID
parameters will be sent from this point on in the bit stream.

iid_mode - The configuration of IID parameters (number of bands and quantisation grid, iid_quant) is
determined by iid_mode. Eight different configurations for I1ID parameters are supported (see Table 8.19).
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Table 8.19 - IID mode configurations

iid_ mode nr_iid par tab | nr_ipdopd par tab | iid quant Index range
0 (000) 10 5 0 -7..7
1(001) 20 11 -7..7

2 (010) 34 17 -7..7

3 (011) 10 5 1 -15...15

4 (100) 20 11 -15...15
5(101) 34 17 -15...15

6 (110) reserved

7(111) reserved

If no IID data is sent in the bit-stream, all 1ID parameters are reset to O (i.e. index=0).

The default and the fine quantization grids for 11D, iid_quant = %0 and iid_quant = %1 are‘as provided in [Table
8.B.18 and Table 8.B.17 respectively.

Table 8.20 - Default quantization grid for IID,

Index -7 -6 -5 -4 -3 +2 -1 0
IID [dB] | -25 -18 -14 -10 -7 4 -2 0
Index 1 2 3 4 5 6 7
IID [dB] 2 4 7 10 14 18 25

Table 8.21 - Fine quantization grid for IID.
Index -15 -14 -13 -12 -11 -10 -9 -8
IID [dB] | -50 -45 -40 -35 -30 -25 -22 -19
Index -7 -6 -5 4 -3 -2 -1 0
IID[dB] | -16 -13 -10 -8 -6 -4 -2 0
Index 1 2 3 4 5 6 7 8
IID[dB] |2 4 6 8 10 13 16 19
Index 9 10 11 12 13 14 15
IID [dB] | 22 25 30 35 40 45 50

Note that the configuration of:the Inter-channel Phase Difference (IPD) / Overall Phase Difference (PPD)
parameters, is strictly coupled to the 1ID configuration. This is also illustrated in Table 8.19.

enable_icc — One bit'denoting the presence of ICC parameters. If enable icc is set to %1, Inter-channel
Coherence (ICC).parameters will be sent from this point on in the bit stream. If enable_icc==%0, ng ICC
parameters will(be sent from this point on in the bit stream.

icc_mode.~ The configuration of Inter-channel Coherence parameters (number of bands and quantigation
grid) is.determined by icc_mode. Eight different configurations are supported for IC parameters (see [able
8.22).
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Table 8.22 - ICC mode configuration

icc_mode nr_icc_par tab Index range Mixing procedure
0 (000) 10 0...7 R,
1 (001) 20 0...7
2 (010) 34 0...7
3(011) 10 0...7 Ry
4 (100) 20 0...7
| 5(101) 34 0.7
6 (110) reserved
7(111) reserved

If no| ICC data is sent in the bit-stream, all ICC parameters are reset to 1 (i.e. index=0). Ther default
quantization grid for ICC is provided in Table 8.B.19.

Table 8.23 - Quantization grid for ICC.

index |0 |1 2 3 4 5 |6 7
P 1 10.937 | 0.84118 | 0.60092 | 0.36764 | 0 | -0.589 | -1

enablle_ext — The PS extension layer is enabled using the enable_ext bit/1f it is set to %1 the IPD and OPD
parameters are sent. If it's disabled, i.e. %0, the extension layer is skipped.

framg_class — The frame_class bit determines whether the parameter positions of the current frame are
unifofmly spaced accross the frame (FIX_BORDERS: framecclass==%0) or they are defined using the
positions described by border_position (VAR_BORDERS: framé)class==%1).

num) env_idx — The number of (sets of) parameters (envelopes) per frame is determined using num_env_idx.
In cape of fixed parameter spacing (frame_class==%0).and a variable parameter spacing (frame_class==%1)
this relation is shown in Table 8.24.

num |env — Local variable denoting the nuniber of stereo envelopes (sets of parameters). num_env==
signdls that no new stereo parameters are transmitted and that the last parameters in the previous ps_data()
element shall be kept unchanged and applied to the current ps_data() element.

Taple 8.24 - Number of parameter sets num_env as a function of num_env_idx in case of fixed and
variable spacing.

num_env_tab[frame_class][num_env_idx]
num_env_idx frame class== frame class==
0 0 1
1 1 2
2 2 3
3 4 4

border. position[e] — In case of variable parameter spacing the parameter positions are determined by

border_position[e]. It contains the QMF sample index n. for parameter set e of the current ps_data() element.
iid_dt[e] — This flag describes for envelope index e, whether the IID parameters are coded differentially over
time (iid_dt==%1) or over frequency (iid_dt==%0). In the case iid_mode is different from the previous
envelope (e-1), iid_dt[e] shall have the value 0% forcing frequency differential coding.

iid_data() — syntactic element containing IID data.
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icc_dt[e] — This flag describes for envelope index e, whether the ICC parameters are coded differentially over
time (icc_dt==%1) or over frequency (icc_dt==%0). In the case icc_mode is different from the previous
envelope (e-1), icc_dt[e] shall have the value 0% forcing frequency differential coding.

icc_data() — syntactic element containing ICC data.

cnt — Local variable denoting the number of bytes used for the ps_extension() element.

extension size makes use of the escape code (ps_extension_size_=
extended by an additional amount of bytes.

—StZ€; ytes—If the
= 15) the length of the extension \layer is

esc_count — In case the escape code (ps_extension_size == 15) is used, esc_count describesithe addifional
length of the PS extension layer measured in bytes.

num_bits_left — Local variable describing the number of bits left for reading in the ps_extension() element,

ps_extension_id — The identification tag (version) of the PS extension layer s given by ps_extensign_id.
Currently only one version is supported (see Table 8.25).

Table 8.25 - Description of ps_extension_id

ps_extension id Version
00 (0) v0

01 (1) reserved
10 (2) reseryved
11 (3) feserved

fill_bits — These fill_bits accomplish byte-alignmentof the ps_extension() data.

enable_ipdopd — The application of IPD and.OPD parameters in the bit-stream is denoted by enable_ipfopd.
If set (enable_ipdopd==%1) IPD and OPBD<{parameters are sent, if disabled (enable_ipdopd==%0) no IPD and
OPD parameters are sent for the currentframe in the bit-stream. The quantization grid for both IPD and|OPD
is provided in Table 8.26. If no IPD orOPD data is sent in the bit-stream, all IPD and OPD parameters afe set
to O (i.e. index=0).

Table 8.26 - Quantization grid for IPD/OPD.

Index 0 1 2 3 4 5 6 7

Representation | () T y/a 3z | 7 5 3 7

level - |5 | 7 i
4 2 4 4 2 4

ipd_dt[e] — This flag describes for envelope index e, whether the IPD parameters are coded differentially over
time(ipd_dt==%1) or over frequency (ipd_dt==%0). In the case iid_mode is different from the previous
envelope (e-1), ipd_dt[e] shall have the value 0% forcing frequency differential coding.

Ipd_data(y— syntactic element containing tPDdata:
opd_dt[e] — This flag describes for envelope index e, whether the OPD parameters are coded differentially
over time (opd_dt==%1) or over frequency (opd_dt==%0). In the case iid_mode is different from the previous
envelope (e-1), opd_dt[e] shall have the value 0% forcing frequency differential coding.

opd_data() — syntactic element containing OPD data.

reserved_ps — This bit is reserved and has a value %0.
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iid_par_dt[e][b] — In case of differential coding of IID parameters over time (iid_dt[e]==%1), iid_par_dt[e][b]
describes the 1ID index difference with respect to the [ parameter position for envelope e-1. If no previous
parameter is available, iid_par_dt[e][b] represents the IID index difference with respect to the decoded value 0
(i.e. index=0). The IID index iid_par[e][b] is determined as:

iid_par[e][b] =1iid par[e—1][b]+1iid par dt[e][b]

where iid_par[e-1][b] represents the |ID index of the previous envelope, e-1. The IID value iid[b] is obtained by

usin Ha_parfe]|b] as an Inaex 10 able ¢.ZU OI Table 6.1, aepending on Nna_imoae.

iid_par_dffe][b] — In case of differential coding of IID parameters over frequency (iid_dt[e]=5%0),
iid_par_df[e][b] describes the IID difference with respect to the (b-1)th parameter in envelope e. If no previous
parameter is available, iid_par_df[e][b] represents the IID difference with respect to the decoded value'O (i.e.
indeX=0). The IID index iid_par[e][b] is determined as:

id_par[e][0] =1id_par dffe][0]
id_par[e][b] =1id_par[e][b—1]+1iid par df[e][b] for b>0

wherg iid_par[e][b-1] represents the IID index of the previous IID value for envelopé’e. The IID value iid[b] is
obtaiped by using iid_par[e][b] as an index to Table 8.20 or Table 8.21, depending-on iid_mode.

icc_par_dt[e][b] — In case of differential coding of ICC parameters over time, (icc_dt[e]==%1), icc_par_dt[e][b]
descfibes the difference with respect to the b™ parameter position for efivelope e-1. If no previous parameter
is available, icc_par_dt[e][b] represents the ICC difference with respect\to the decoded value 1 (i.e. index=0).
The ICC index icc_par[e][b] is determined as:

cc_par[e][b] =icc_par[e—1][b]+icc_par dt[e][b]

wherge icc_par[e-1][b] represents the ICC index of the previous envelope, e-1. The ICC value p[b] is obtained
by uging icc_par[e][b] as an index to Table 8.23.

icc_par_df[e][b] — In case of differential caoding of ICC parameters over frequency (icc_dt[e]==%0),
icc_plar_df[e][b] describes the ICC difference with respect to the (b-1)th parameter for envelope e. If no
previbus parameter is available, icc_par. df[e][b] represents the ICC difference with respect to the decoded
valug 1 (i.e. index=0). The ICC index icc~par[e][b] is determined as:

cc_par[e][0] =icc_par df[e][O]
cc_par[e][b] =icc_par[e]b—1]+icc par df[e][b] for b>0

wherg icc_par[e][b-1] represents the ICC index of the previous ICC value for envelope e. The ICC value p[b] is
obtaiped by using icc/par[e][b] as an index to Table 8.23.

ipd_par_dt[e][bh— In case of differential coding of IPD Parameters over time (ipd_dt[e]==%1),
ipd_par_dt[e][b]ydescribes the IPD difference with respect to the b™ parameter position for envelope e. If no
previpus parameter is available, ipd_par_dt[e][b] represents the IPD difference with respect to the decoded
valug 0 (i.e. index=0). Note: for IPD parameters modulo-8 differential coding is applied. The IPD index
ipd_par[e][b] is determined as:

ipd_par[e][b] = mod(ipd par[e—1][b]+ipd par dt[e][b],8)

where ipd_par[e-1][b] represents the IPD index of the previous envelope, e-1. The IPD value ipd[b] is obtained
by using ipd_par[e][b] as an index to Table 8.26.

ipd_par_df[e][b] — In case of differential coding of IPD parameters over frequency (ipd_dt[e]==%0),

ipd_par_df[e][b] describes the IPD difference with respect to the (b-1)th parameter for envelope e. If no
previous parameter is available, ipd_par_df[e][b] represents the IPD difference with respect to the decoded
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value 0 (i.e. index=0). Note: for IPD parameters modulo-8 differential coding is applied. The IPD index
ipd_par[e][b] is determined as:

ipd_par[e][0] =1ipd par df[e][0]
ipd _par[e][b]=mod(ipd par[e][b—1]+ipd _par_df[e][b],S) for b>0

where ipd_par[e][b-1] represents the IPD index of the previous IPD value for envelope e. The IPD value ipd[b]

is obtained hy uaing ipd_par[p][h] as an index to Table 8 23

opd_par_dt[e][b] — In case of differential coding of OPD parameters over time (opd_dtle]=¥%1),
opd_par_dt[e][b] describes the OPD difference with respect to the b™ parameter position for envélope (ef1). If
no previous parameter is available, opd_par_dt[e][b] represents the OPD difference with ‘respect tp the
decoded value 0 (i.e. index=0). Note: for OPD parameters modulo-8 differential coding is applied. The|OPD
index opd_par[e][b] is determined as:

opd par[e][b] = mod(opd_par[e—1][b]+opd par dt[e][b],8)

where opd_par[e-1][b] represents the OPD index of the previous envelope, €*1. The OPD value opd[b] is
obtained by using opd_par[e][b] as an index to Table 8.26.

opd_par_df[e][b] — In case of differential coding of OPD parameters over time (opd_dt[e]=¥%0),
opd_par_dt[e][b] describes the OPD difference with respect to the (b—1)th parameter position for envelop¢ e. If
no previous parameter is available, opd_par_df[e][b] represents,the OPD difference with respect tp the

decoded value 0 (i.e. index=0). Note: for OPD parameters modulo-8 differential coding is applied. The|OPD
index opd_par[e][b] is determined as:

opd par[e][0] = opd par df[e][0]
opd_par[e][b] :mod(opd _par[e][b—1]+.epd _par_df[e][b],8) for b>0

where opd_par[e][b-1] represents the OPD ‘index of the previous OPD value for envelope e. The OPD palue
opd[b] is obtained by using opd_par[e][b] as,an index to Table 8.23.

8.5.3 Indexing of sub-frames

In the case differential coding(is applied from one sub-frame to the next, a negative sub-frame index|sf of
frame k might be indexed. In.case this occurs, the negative sub-frame shall be corrected according to

sf = sf + nrof_subframes.

Note that the sub=frame index thus obtained resides in frame k-1. Similarly, in the case that sf is largeq than
nrof_subframes;-the sub-frame shall be corrected according to

sf =rsf'= nrof_subframes.

Thessub-frame index thus obtained resides in frame k+1.

8.6 Decoding processes

The parametric stereo decoder is illustrated in Figure 8.1. After de-formatting the bit-stream, the monaural
signal M is reconstructed as the combination of transients, sinusoids and noise. Subsequently the stereo
parameters are used to reconstruct the left and right signal from the monaural encoded signal. For dual-mono
and mono, the parametric stereo decoder is not used.
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igure 8.1 - lllustration of the integration of the stereo coding tools into the parametric decoder

The parametric decoder consists of three decoders: the transient decoder (8.6.1), the sinusoidal decoder
(8.6.2) and the noise decoder (8.6.3). The decoded signal is obtained by summing the output of the three
decoglers per frame per channel. In the description of the decoders in the parametric decoder, the indexing of
the slib-frame sf and channel ch is occasionally omitted for clarity.

8.6.1
Two
step
gln] 5
8.6.1

A ste
the W

8.6.1

For t
follow
and

Transients
ypes of transients are defined, a step transient and a transient-of the Meixner type. The decoding of the

ransient only involves the interpretation of the position. Fot\the Meixner type, a parameterized envelope
nd a number of sinusoids need to be decoded.

1 Step transient

p transient does not generate a signal of its own (as the Meixner transient does), but it is used to modify
indow shape for synthesizing sinusoidal and noise components (see sections 8.6.2.4 and 8.6.3).

2 Meixner transient

he decoding of the Meixner transient, first the envelope needs to be generated. For the envelope the
ing parameters are requiredthe start position t,;, the onset slope indicated by t b_par (b parameter)
he decaying slope represented by t_chi_par (§ parameter).

= |

Tioc — ond

Figure 8.2 - The Meixner envelope is described by the function g[n]. The attack slope is controlled by

the parameter b. The decay is controlled by the parameter &

The start time of the envelope, t, is referred to as n = 0 for ease of explanation. This envelope g[n] is
generated according to

32
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g[0] =£1_§—2)5,

max

g[n]=g[n—1]-§-,/%,

for n=1 up to and including t,,s. The end position of the transient window {4 is defined below. The maxin
amax at position . is given by the approximations

. b-l
" =2-1og, (&)

b-1

. - —2-loge(§).(b—1j2
max F(b) e :

um

These complex expressions, especially that for a,.,, have been evaluated-for the allowed values of t_ b _par
and t_chi_par, and are tabulated below.
Table 8.27 - t,,., for all possible values of { /b par and t_chi_par.
T t b_par
0 1 2 3
0 15 30 45 59
t_chi_par | 1 20 39 57 75
2 30 56 79 100
3 57 96 126 150
Table 8.28 - a,, for all*possible values of t b_par and t_chi_par.
Elhiexe t b_par
0 1 2 3
0/0.152713500109658 0.131630525645664 0.120142673294398 0.112550174511598
t _chi_par |1[0.132843681407528 0.115639700421076 0.106510539071702 0.100663024431527
2|0.109279971016712 0.0971964875412947 |0.0909719057150294 |0.0872632874594248
3|0.0797175749717262 |0.0744985442180281 |0.0723059623257423 |0.0715041477354716

The transient needs 'to be synthesized until t,,4. This position t.,, is defined as the end of the second conj
subsequent sub-frame after the transient position .. This is illustrated in Figure 8.3.

plete

© ISO/IEC 2004 — Al rights reserved

33


https://iecnorm.com/api/?name=dcc6c743bd026dd1da4b99ad859f9113

ISO/IEC 14496-3:2001/Amd.2:2004(E)

Fig

Note

I

L
ona

Leurr S
<+—> +“—>

ure 8.3 - The end position t_end is located at the end of the second complete sub-frame after the
transient position t_loc

 =3.S—1, -1

loc

that the counting of samples in a sub-frame starts at 0. If the transient starts €xactly at the beginning of a

sub-frame (f,c = 0), then tg,qg = 3*S-1.

8.6.1

The
acco

3 Sinusoids under envelope

resulting representation of the transient is obtained by combining the envelope and the sinusoids
ding to

t _nrof _sin

n]=gln]- > ta,[i]-cos(tf, [i]-n+1p,[i]),

for n§0 up to and including ..

8.6.2 Sinusoids

8.6.2|1 Linking

A reffesh frame, indicated by refresh_sinusoids == %1, is used to indicate whether the frame is starting with

abso
birth

ute values for all continuations or whether the frame starts with differentially coded continuations. For the
of each sinusoidal track-in a frame, s_cont is supplied in the bit-stream to signal the number of sub-

framgs the track continues*after the current sub-frame in this frame. In case the track continues in the first
sub-frame of the nextframe, 1 is added to that number. If the track continues beyond the first sub-frame of the

next

frame, 2 is added to that number. Based on this information, the decoder is implicitly able to link the

paramneters thatbelong to a track.

34

fresh fr fresh fr
refresh frame refresh frame O birth

’ty\ @ absotute vatue
Q’WO\W_\.\O'/O/ update

.......... . O differential
frame value update

Figure 8.4 - Example for updating of a track. For every other frame, the track continuations are
updated by their absolute values. In the case decoding starts at refresh_sinusoids==%0, the
differential updates will be ignored until a refresh_sinusoids==%1 or a birth is received
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s_cont s_cont s_cont

Po,o 1 —» Pio | O Po | O
Poi | 2 ———» pig |1 ?V' P21 | 1
Po2 | O /V P2 | 2 P22 | 2
Pos | 3 [ WPz |0 / P23 | O
Pos | 1 /V Pia | 3 p2a | O
Pos | 4 /v pis | O / p2s | 7
Dos 0 Disg 1

po7 | 1 pi7 |1

Pos | O

Figure 8.5 - lllustration of how the signaling of continuations operates Parameter p;; indicates the

parameters (f, a and @) of thej sinusoidal component in the i' " sub-frame. The information s_c
that is sent along with these parameters provides the information on the-evolution of the
corresponding component in the next (sub)frame. In the above example, in-sub-frame 1, compon

pnt

ents

P1,0, P1,1; P1,2; P1,3; P1,4 @and pq 5 are continued from sub-frame 0. Components p’ o, p1,3 and p4 s will die in

sub-frame 1 and components p4¢ and p4 7 are new.births

s_ cont is filled in the following order:
1) Continuations
2) Births (sorted on frequency in ascending order)

When going from one sub-frame to the next, the decoder keeps track of the number of continua

tions,

s_nrof_continuations[sf]. The number of continuations present in sub-frame sf+1 can be directly derived from
the number of entries in s_cont[sf] unequal to zero~For the first sub-frame of a frame, s_nrof _continuations is

read from the bit-stream, to enable random access:

The total amount of sinusoidal components innsub-frame sf, s_nrof_sin[sf], is calculated as
sf ==

s nrof sin[0]=s nrof continuations[0][ch]+ s nrof births[0][ch],

sf>0:

max_nref_sinusoids-1
s_nrof sin[sf]= Z (s_cont[sf -1][ch][1] > 0)+s_nrof births[sf][ch].
i=0

8.6.2.2 Decoding of sinusoidal parameters

In the'description below, we assume to have a sinusoidal track of length «, in sub-frames sf = [K, K+k-1

|. For

births of the track (sf = K), the frequency and phase for sinusoid index n are represented by f,[K][ch][r] and
Sp4Kllchlln] respectlvely For contlnuatlons in order to derlve the frequency and phase information for g sub-

structure for continuations.
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Figure 8.6 - The phase/frequency decoding system for continuations

B continuation (sf = [K+1, K+x-1]), the representation levels s delta _cont freq \pha[sf][ch][n] are
brted to a quantized prediction error A[sfl[ch[n] using Table 8.30 with index,=="2. The quantized
ction error A[sf][ch][n] is subsequently multiplied by scale factor c[sfl[ch][n]. For-the first continuation,
l[ch]lp], where p represents the sinusoid index in sub-frame K+1, depends onithe frequency of the birth,
[K]. Table 8.29 shows the value of the scale factor ¢ for the possible frequency ranges of f,[K].

Table 8.29 - Scale factor table

Freq. range (in Hertz) | Scale factor ¢[K+1]
[0 —500] Hz 1/8

<500-1000] Hz 1/4

<1000-4000] Hz H2

<4000-22050] Hz 1

ther continuations, sf = [K+2, K+k-1], ¢ is m@dified according to the received representation levels along
ack by means of the block “Backward Adaptation”. If s_delta_cont_freq_pha[sf][ch][n] is either 1 or 2
[ level) for sub-frame sf, then c for sub-frame sf+1 is set to

CLsf +1[ch][p] = clsf Nchlnk2".

elta_cont_freq_pha[sf][ch]{n]equals 0 or 3 (outer level), then ¢ for sub-frame sf+1 is set to

CLsf +1[ch][p] = cfsf1lch][n]- 2",

In orgler to avoid very:small or very large entries in prediction error, the adaptation is only done if the absolute

valus
than
is illu

of the inner level, 0.75c¢[sf+1][ch][p], is between /128 and 3x/8. In the case were the inner level is less
pr equaltoyn/128 or greater than or equal to 3n/8, the scale factor c[sf+1][ch][p] is set to c[sfl[ch][n]. This
strated:in Table 8.30.

After

having obtained the quantised prediction error A, the output of the prediction filter is added to it, resulting

in the unwrapped phase v, .

v, [/ chlln]=v [sf 1[chlin]+ Alsf 1[ch][n]- c[sf 1[ch][n].

A second-order predictor is used. The input-output behaviour of the filter is

v, [sf +Ulchllp]=2-y,[sf l[chlln] -, [sf —1l[chllq],

36
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where q is the sinusoid index in sub-frame sf-1, y; is the input and y, is the output of the prediction filter.

To initialize the prediction filter we need one value of history for the input w[K-7], where K is the sub-frame
index of the birth of the track. Since this value is not available, we assume that the frequency is constant at
sub frame (K-1). For birth of a track we have the frequency and phase information available, so we can
calculate the input at (K-7) and K according to,

. [K =1l[chl[n] = sp [K][ch][n] - f,[K][ch][n]-S,
w,[K]lch][n] = sp [K][ch][n].

where S represents the update interval. The unwrapped phases are low-pass filtered by bloek,EPF-phase.
This is done as follows:

wlsf 1[chlln]=0.25-w.[sf +1][ch][p]+0.5-v,[sf [ch]l[n]+0.25 - [sf —1][ck]lq],

where sfis the sub-frame index along a track. At the end of a track (sf = K+k-1), the-following rule is applied:
wlsfllchl[n]=w.[sf 1[ch](n].

The reconstructed phases are derived from the smoothed unwrapped phases as follows:
sp,[sf1[ch][n] = mod(y(sf |[ch][n]+ 7, 27) -7 .

To obtain the frequency, the unwrapped phases have to be.differentiated along the track. The differentiation is
implemented by an approximation. The frequency is obtained by:

alsf 1[chlln] = (wis/ llehlln]—ylsf — 1][Ch][61])% —alsf ~1][chllq],

where S is the update interval and @{K{fch][n]= f [K][ch][n]. As the birth phase and birth frequenqy are

known in the decoder, the frequenci€s @ of the subsequent frames are calculated. In order to attenua’tle the
noisy signal that is introduced by this differentiation, a low-pass filter is applied on the frequencies (LPF-fileq):

S, Isf 1[eh][n] = 0.25«a(sf +1][ch][p]+0.5 - @[sf ][ch][n]+0.25 - @[sf —1][ch][q].
For the first continuation”of a track (sf=K+1), the definition is changed to:

S IK+U[ch][p]=0.5-a[K +1][ch][ p]+ 0.5 @[ K ][ch][n].
Also the/last frequency in the track (sf = K+k-17) is obtained in a different manner:

S [/ 1[chlin]=0.5-@[sf 1[chl[n]+0.5 alsf ~1][chllq].

Fortracksof lengtun k= e continuation s carcutated acwruing 10

S8/ 1leh]ln]=0.5-@lsf —1][ch]lg]+0.5-@lsf |[ch][n].
In this way, the phases and frequencies are obtained from the representation levels s_delta_cont_freq_pha.
In refreshes frames, the following procedure applies. If sf=[K, ..., K+R, ..., K+x-1]. The sub-frame, K+R is the
first sub-frame of a frame with refresh_sinusoids == %1. Sub-frame (K+R-1) is the last sub-frame of a frame

with refresh_sinusoids_next_frame == %1. The phase and frequency values for sub-frame K up to and
including sub-frame K+R-1 are obtained as described above, as if the track ends at sub-frame (K+R-1). The
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phase and frequency values for sub-frame K+R up to and including sub-frame (K+x-1) are obtained as
described above, as if sub-frame K+R is a birth. For the initialization of the quantized prediction error A,
s_adpcm_grid is used as index to Table 8.30 and c[K+R][ch][n] = 1.

Table 8.30 — Quantized prediction error A

A s_delta_cont_freq_pha
index 0 1 2 3
] -4.2426 -1.0607 1.0607 4.2426
-3.5676 -0.8919 0.8919 3.5676
) -3.0000 -0.7500 0.7500 3.0000
] -2.5227 -0.6307 0.6307 2.5227
4 -2.1213 -0.5303 0.5303 2.1213
5 -1.7838 -0.4460 0.4460 1.7838
[ -1.5000 -0.3750 0.3750 1.5000
T -1.2613 -0.3153 0.3153 1.2613
) -1.0607 -0.2652 0.2652 100607
9 -0.8919 -0.2230 0.2230 0.8919
0 -0.7500 -0.1875 0.1875 0.7500
1 -0.6307 -0.1577 0.1577 0.6307
2 -0.5303 -0.1326 0.1326 0.5303
3 -0.4460 -0.1115 0.1115 0.4460
4 -0.3750 -0.0938 0.0938 0.3750
5 -0.3153 -0.0788 0.0788 0.3153
6 -0.2652 -0.0663 0.0663 0.2652
7 -0.2230 -0.0557 0.0557 0.2230
8 -0.1875 -0.0469 0.0469 0.1875
9 -0.1577 -0.0394 0.0394 0.1577
20 -0.1326 -0.0331 0.0331 0.1326
21 -0.1115 -0.0279 0.0279 0.1115

Note|that in the case phase_jitter_present.s set to %1 and phase and frequency are obtained through
ADPCM decoding, no phase jitter is applied:

8.6.2|3 Synthesis of sinusoids for,segments without a transient

The finusoidal parameters aré used to synthesize the sinusoidal components. This is done on a segment
basid, a segment consisting of L samples.

Synthesis uses a 50%'overlap and add strategy. In order to synthesize a sub-frame, the parameters of the
previpus sub-frame _need to be available at the start of a new frame. This means that the parameters of the
last sub-frame in-the ‘previous frame need to be available.

The actual synthesis of a sinusoid is according to

[ L-1)_ ..

i[n]—ouq[i]wuoqu[i]-kn— > )-'-oluqu']}, =10 =1}

Note that the phase information sp, is defined for the middle of the segment (=(L-1)/2). For original phase, spq
is calculated from s_phi (see section 8.5.2). For continuations, the phase is calculated as described in section
8.6.2.2.

In overlap and add the following, amplitude complementary symmetric window is chosen

38 © ISO/IEC 2004 — All rights reserved


https://iecnorm.com/api/?name=dcc6c743bd026dd1da4b99ad859f9113

ISO/IEC 14496-3:2001/Amd.2:2004(E)

ws[n]:%—%cos(@j, n=[0,L-1].

A segment of length L is obtained by

s_nrof _sin[sf’]
Sylnl=wlnl >, sinl. n=[0,L-1]

=0

The sinusoidal contribution for sub-frame sf is then computed using the contribution from the previous sub-
frame according to

sy[n]= Esm [S+n]+ Esf[n], n=[0,S—-1]

8.6.2.4 Synthesis of sinusoids for segments without a transient

For sinusoids with a frequency lower than 400Hz only the window w¢[n] definéd in the previous section should
be used, even at a segment containing a transient.

For other sinusoids, different window shapes apply for synthesis,of.a segment, depending on the cours¢ of a
component (continuation, birth, or death). As a result of transjent positions, some of these windowp are
modified. All the possibilities are illustrated in Figure 8.7.

. transient transient
no transient in lst half in 2nd half
Birth /\ —\ * /—\\
* L —
Death / \ / \ /
. — | A
Continuation K \ / \ / \

transient transient
position position

Figure 8.7 - Possible synthesis windows wg[n] for births, deaths and continuations, dependent pn
transient occurrence and position. For the situations denoted by * the transient and sinusoidg
component have no relation.

This figure shows that there are two situations where the default window shape may not be used:

e a birth in combination with a transient located in the first half of the segment
e adeath in combination with a transient in the second half of the segment.
8.6.2.4.1 Birth and transient in first half of segment

For births, a fade in window will be used to prevent substantial energy leaking into the interval prior to the
transient position. In Figure 8.7 only a coarse shape of the window is shown. Figure 8.8 shows a more
detailed view of the window.
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Figure 8.8 - Synthesis window shape for a birth where a transient occurs in the first half.of the

segment
pllowing expression exactly describes the window w[n]
0 0<n<d-10
n-d+ll ,d-10<n<d+10
Wl =11 ,d+10<n< S
%_%COS(”_M;IJ S<n<lL

special case that the transient position is located within 10’samples from the “edge”, the slope is moved
Figure 8.9).

transient transient
position position

Segment (length=L) Segment

ire 8.9 -\lllustration of the fade-in window in the cases where the transient is located less than 10
ples-from the “edge”’; the slope is shifted to start at the “edge” (left picture) or end at the “edge”
(right picture)

For t

ne lett picture In Figure 6.9 this means that It U < d < 10, then use d = 10 for determining the window

function w[n]. For the right picture in Figure 8.9 this means that if S-10 < d < S, then use d = S—11 for

determining the window function wg[n].

8.6.2.4.2 Death and transient in second half of segment

In Figure 8.7 only a coarse shape of the window is shown. Figure 8.10 shows a more detailed view of the
window.
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4%
-

transient

POSIUOIT

Figure 8.10 - Synthesis window shape for a death where a transient occurs in the second half ofjthe
segment

The following expression describes the window w;[n]

%—%cos(ﬁ-znglj 0<n<S§S
1

W[I’l]: ,SSl’l<d—10 .
% ,d-10<n<d+10
0 ,d+10<n<L

In the special case that the transient position is located within-10 samples from the “edge”, the slope is moved
(see Figure 8.11).

transient transient
position position

S

d

Segment

Segment (length=L)

Figure 8.11 - lllustration of the fade-out window in the cases where the transient is located less than
10>samples from the “edge”’; the slope is shifted to end at the “edge” (left picture) or start at the
“edge” (right picture)

FUI tilc ibﬁ pibtwc ;ll Figwc 811 til;b medris tildt If L'1G > U L y tiIUII ustc u' = L'11 fUl UIUtUIIIIiIIiI the
window function wg[n]. For the right picture in Figure 8.11 this means thatif S <d < S + 10, then use d = S+10
for determining the window function ws[n].

8.6.3 Noise
The noise is synthesized in intervals of 4 sub-frames or 2L samples. The model for noise synthesis consists of

a pseudo random number generator, a temporal envelope adjuster, a window mechanism for overlap and add
and an IIR filter.
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LSF

encoded LPC LAR
1 gain coefs coefs
Random ¢ I L
Noise Noise
Window )
Source ] Temporal |20y "o | signal

F(:Fure 8.12 - Noise decoder. Time intervals of random noise excitations are adjusted by temporal
n

velopes which are windowed, overlap/added and subsequently filtered by the Laguerre filter,
resulting in the noise signal. Per iteration one interval of noise is created for n =[ 0, 2L-1]

The femporal envelope H[n] is represented by using a single gain and a number of line spectral frequencies
(LSF§) representing the LPC coefficients. Both the gain and the LSFs are updated once every 4 sub-frames
(2L samples). The Laguerre coefficients are represented by LAR parameters. These aré|updated once per 2
sub-ffames (L samples), which is twice as low update-rate as used for the temporal envelope, see Figure 8.13.

1 frame contains 8 sub-frames

< >

Update for sinusoidal (and transient) parameters

Update for Laguerre parameters

Update for temporakenvelope parameters

Figure 8.13 - The update rate for the Laguerre parameters is for every two sub-frames (2S =L). The
temporal parameters.are updated every four sub-frames (4S = 2L)
In ordler to prevent discontinuities, intervals that are modified by a temporal envelope have an overlap of 25%.
In th¢ overlap region a Hanning window is employed, see Figure 8.14. Note that the first 4 generated sub-
frames of 2L samples start with.afade-in using the Hanning window.
: Wi
2L
o "
48
—> <
Start of 3 a—) >
Ist frame —— ; |
25%
Overlap -
I -
Figure 8.14 - Overlap and add. In the overlap a half Hanning window h is used. In the intermediate part

the window is set to 1. The first 4 sub-frames are starting with a fade-in realised by the Hanning

window

The window w,, is defined as given below.

42
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37(2n+1) 48
1/ _1 hudd b iies =0 — —
A A COS[ 2 j , n [0, 3 1] ,

W, [n] = I : n=[%,45—1],
wn[%—l—n] : n=[4S,?—l].

The operations performed by each of the individual processes is discussed in more detail in thecfollpwing
sections.

8.6.3.1 Noise generation

The noise is generated by applying a pseudo random number generator, defined by, a linear congrugntial
sequence U

Uln+1] = mod (a*U[n]+c, m),

where U[0] is the starting value, a the multiplier, ¢ the increment and m the’modulus (with m=2%%). At thq start
of decoding the starting value is set to channel_number (0 = left, 1 =\ight), resulting in independent hoise
sources for each channel. For the generation of each following interval*of noise, the starting value is set {o the
end value of the previous interval. The algorithm is listed below.

#define RAND_SCALE (1/4294967296.0)
#define RAND_FACTOR  1664525L
#define RAND_OFFSET  1013904223L
double noiseUDN(unsigned long *Ip_seed)

*Ip_seed = (*Ip_seed * RAND_FACTOR*RAND_OFFSET) & OxFFFFFFFF;
return *Ip_seed * RAND_SCALE;

This algorithm returns a value U-=7[0,1). A normal distribution X is obtained by addition of 12 consegutive
samples of the distribution (U-0.5)." For the next sample of X, 12 new consecutive samples are used. Using
this normal distribution X, by means of noise filtering, the spectral noise is generated.

In order to avoid discontinuities in the noise generation, overlapping time intervals are taken from the free
running noise generators This is realized by copying the seed values from the previous interval to the clirrent
interval during overlap: This is illustrated in Figure 8.15.

25%
Overlap
—

|< JL N I .4S/3 >
| | | |
| I 1 1 | T

ral 4+l *
copyTnc

seed value I |
| l | |

||I| T
a1 —>s

Figure 8.15 - The start-seed value used in the next interval is copied from the previous interval at the
corresponding time location
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8.6.3.2 Temporal envelope

The

temporal envelope is applied to an interval of 2L+4S/3 samples, which are generated by the random

noise generator. The temporal envelope shape is represented by the time domain equivalent of Line Spectral

Freq

uencies, which are again a representation of LPC coefficients. In total n_nrof Isf LSFs are encoded. An

additional gain parameter is used to scale the entire envelope. Since the LSF intervals have an overlap of

25%

there is a potential redundancy in LSF parameters in this overlap region. In the case this redundancy is

present, only one set of LSFs, valid for two envelopes in the overlap region, is encoded. This situation is

sign

led h\JI the. parnmni‘nr n n\lnrlnp Isf _In the case of refresh noise == 9/ 1’ the first L SE and gain for that

partiqular interval are encoded in absolute values by means of the parameters n_Isf and n_gain. Subsequent
LSFg are encoded differentially w.r.t. each other, see Figure 8.16.

Figu

25% & Absolute
Overlap value coding
> 21.+4S/3 > _<\Differential
I A A A QA QA A value coding
£
&

i i copy LSFs in overlap region

VA A QA A
N/
/N

AR A AN

n_overlap == 1

n_overlap ==0

e 8.16 - Example for 7 LSF parameters. For the first interval; the first LSF parameter is encoded in

its|absolute value n_lsf. Subsequent LSF values in that frame are differentially encoded w.r.t. each

other by means of n_delta_Isf. In the case n_overlap equals 1, all LSFs in the overlap region are

copjed to the next interval. Subsequent LSFs are again\differentially encoded w.r.t. each other. In the

case n_overlap equals 0, the LSFs are{obtained similar to the first interval

In the case refresh_noise == %0, the gain parameter for that interval is encoded differentially w.r.t. the gain of
the previous frame by means of the parameter p,_delta_gain. The encoding of the LSF parameters in that
situation depends on the setting of n_overlap_Isf:In the case refresh_noise == %0 and n_overlap_lIsf == %0,
the LUSF are encoded as in the situation where refresh_noise == %1. In the case refresh_noise == %0 and
n_overlap_Isf == %1, the number of LSEZcoefficients that overlap, n_nrof_overlap, is computed from the

previ

bus definition in channel ch according to

n_nrof_overlap = 0;
for (i=0;i<n_nrof_Isfi#+) {
if ( n_Isf[sf-4][ch][i] >= 192 ) n_nrof_overlap++

The LSF coefficients that overlap are copied from the previous definition according to

8.6.3

for (i =0,9~n_nrof_Isf — n_nrof_overlap; i < n_nrof_overlap; i++, j++)

nASTSMAIch]li] = n_Isfsf-4][ch][j] - 192

The gain scales the entire temporal envelope. Since there are two envelopes per frame, the gain for the first
and second temporal envelope are encoded in sf=0 and sf=4 respectively. The gain factor G which is actually
applied to a temporal envelope is calculated as

44

0 ngain,, == 0
G = ngain, —21 .
10 % otherwise
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The decoded LSFs, nisf, are transformed to a-parameters using the following equations. First, all LSFs are
transformed to positions on the unit circle

z[i]:ej'"hfq[i] i=[Ln_nr of Isf].

These positions are then split into two polynomials:

wr of  Jof 1
A

zp[i] = z[2i] i= [1,{”‘ - _2 JJ ;

zoli] = 2[2i ~1] i{l,[”—”r—of—lsfﬂ.

2

For both polynomials the complex conjugates are concatenated

2li]= 20 i— n_nr_of Isf iol1s n_nr_of Isf 2 nonr _of Isf |
L 2 1] L 2 4O 2 1]
ZQ[i]:z; i n_nr_zof_lsf 2l n_nr_zof_lsf 2 n_nr_zof_lsf _

The polynomials are calculated as following

2{ninriof’ilst
2

[1(E-z00).

i=1

Pp

z[il_nr_qf_lsf-‘

2
Do = H(z—zg[i]).
i=1
In case n_nr_of_Isf is odd the.polynomials are finally changed to
Py = pQ(z—i-l)(z—l).
In case n_nr_of\Isf is even

Pp :pp(z—l)
Po=po(z+1)

The polynomial A(z) is given as

pr(2)+ pQ(Z) .

A(z) = 5

Finally the envelope H[n], where n is the sample index, is calculated as
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. nrmw

J
2L-¢—£
3

Hin)=— % n:[0,2L+%—l]

Al e

The noise sequence is multiplied by the temporal envelope. Note, that in the case n_nr_of Isf == 0, H[n] is

defingd as
H(n]l=G, n :{0,2L+?—l]

8.6.3|3 Noise filtering

The ptructure of the Laguerre synthesis filter, which is applied after the overlap-add eperation, is given in
Figure 8.17.

-1

+ >

2

A

-

[
%

Figure 8.17 - Structure of Laguerre synthesis filter

The filter Ayis a first-order filter; the filters A are first-order all-pass sections and A is the so called Laguerre
pole whose absolute valuelis less than 1.

-1

4,(2) = VLB

1-z74

A+ .
A(zy=————
) 1-z7'4

Note that a value of O for A is equivalent to conventional LPC.

The parameters for the Laguerre filtering are updated every 2 sub-frames (L samples). In order to make sure
that in the generation of the first sample already the desired spectral density is obtained, the initial filter states
need to be set. This is realized by copying the final states after the generation of an interval into the initial
states for the generation of the next interval. In case that refresh_noise == %0, or start of decoding, the initial
filter states will be set to 0. So, using a first set of parameters, two consecutive sub-frames are filtered. For the
next 2 sub-frames (with new parameters) the final filter-states resulting from the previous filter operation are
used as initial states. For the updates of the LAR parameters differential coding is employed with respect to
the LAR parameters of the previous interval.
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Initial filter Update filter
coefficients coefficients

It
|
1y

Figure 8.18 - In order to set the initial states of the filter, the final states after the generation of an

interval of 2L samples are copied into the initial states for the generation of the next interval of RL
samples

In the bit-stream, for each sub-frame, coefficients for a Laguerre filter structure are encoded_in a Log|Area
Ratio (LAR) notation. The first step of the reconstruction of the Laguerre parameters is the dequantisatfon of
the LARs (see section 8.6.3.3.1). The parcor coefficients (‘rfc’) are obtained from the dequantised |LARs
according to the procedure depicted in section 8.6.3.3.2. The parcors are transformed to-EIR coefficientd (see
section 8.6.3.3.3). The last step is the conversion of FIR coefficients back to the Laguerre coefficients 4 (see
section 8.6.3.3.4).

8.6.3.3.1 Quantized LARs

The LAR coefficients in the denominator are de-quantized by multiplying/the value encoded in the bit-sfream
with a constant A ag Which is defined as

dynr

LR Jovels —1°

where dynr=2*8 is the dynamic range of the LAR coefficients (from —8 to +8), and levels=2""-2, with bjts=9,
represents the number of representation levels.

8.6.3.3.2 Convert LARs into parcors

The following algorithm describes the coriversion of m LAR coefficients nlar, into m (m=n_nrof_den) pgrcors
'rfc’.

for (i=0; i<m; i++)
rfcli]=(exp(nlar[i])-1)/(exp(nlary[i])+1)
8.6.3.3.3 Convert parcors into FIR coefficients

The following algerithm describes the conversion of m parcor coefficients 'rfc' into m+1 a-parameters 'p'.
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for (k=0; k<m; k++)
{

d[k] = —rfc[k];

for (i=0;i<k;i++)

d[i] = tmpli]+rfc[K]*tmp[k-i-1];

for (i=0;i<=k;i++)
L

8.6.3

The &

wher

19

tmpli] = d[i];
}
p[0] = 1.0;
for (k = 0; k <m; k++)
plk+1] = -d[k];
3.4 Convert FIR coefficients into Laguerre coefficients
-parameters p are converted back to Laguerre coefficients a using the following.algorithm

[y = Pu>

Ly = Dy — A

m+177 >

e k =[n_nrof den-1..0] and

0 :—a—’,”\/l—/lz.

m
ay

8.6.4 Parametric stereo

8.6.4

1 Stereo parameters

Threg¢ different types of stereo parameiers are used in representing the stereo image. For in total a maximum

of 34

bands, one set of stereo parareters is available per band.

1) The inter-channel intensity difference, or IID, defined by the relative levels of the band-limited signal.

2) The inter-channel and overall phase differences, IPD and OPD, defining the phase behaviour of the

band-limited signal.

3) The inter-channel coherence ICC, defining the (dis)similarity of the left and right band-limited signal.

Figure 8.19diagrams the processing chain of the parametric stereo decoder.
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Figure 8.19 - QMF based parametric stereo synthesis

The input to the parametric stereo decoder consists of the monaural parametric generated signal M as
obtained through transient, sinusoidal and noise synthesis. The output consists of the left and right gtereo
representation respectively. In the next paragraphs each block will be detaited.

8.6.4.2 QMF analysis filterbank

This filterbank is identical to the 64 complex QMF analysis‘filterbank as defined in ISO/IEC 14496-
3/AMD1:2003, subclause 4.B.18.2. However, in the equation for matrix M(k,n) and in Figure 4.B.20, the| term
“(2*n+1)” has to be substituted by “(2*n-1)". The input {o”the filterbank are blocks of 64 samples qf the
monaural synthesized signal M. For each block the filterbank outputs one slot of 64 QMF samples.

8.6.4.3 Low frequency filtering

The lower QMF subbands are further split in. order to obtain a higher frequency resolution enabling a proper
stereo analysis and synthesis for the lowerfrequencies. Depending on the number of stereo bands, two hybrid
configurations have been defined. See:Table 8.31 for an overview of the splits and the type of filter that is
used to make the split.

Table 8.31 - Overyiew of low frequency split for the available configurations.

Configuration~number of | QMF subband p Number of bands Q° Filter
stereo bands
10, 20 0 8 Type A
1 2 Type B
2 2
34 0 12 Type A
1 8
2 4
3 4
4 4
T..“n/lt .CP —_— Prn'lc)\“/ < 27[ L ' \/'.2 6\\
Yo =8 H\Jpr N 7

27
TypeB:G; =g p[n]COS(E q(n—06)),

where g’ represents the prototype filters in QMF subband p. Q” represents the number of sub-subbands in

QMF subband p, q the sub-subband index in QMF channel p and n the time index. The prototype filters are all
of length 13 and have a delay of 6 QMF samples. The prototype filters are listed in Table 8.32 and Table 8.33
for the 10,20 and the 34 stereo bands configuration respectively.
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Table 8.32 - Prototype filter coefficients for the filters that split the lower QMF subbands for the 10 and
20 stereo bands configuration.

" &', 0°=8 g"”[n], 0"*=2

0 0.00746082949812 0

1 0.02270420949825 0.01899487526049

2 0.04546865930473 0

3 0.07266113929591 -0.07293139167538
4 0-09885108575264 0

5 0.11793710567217 0.30596630545168

6 0.125 0.5

7 0.11793710567217 0.30596630545168

8 0.09885108575264 0

9 0.07266113929591 -0.07293139167538
10 | 0.04546865930473 0

11 | 0.02270420949825 0.01899487526049

12 | 0.00746082949812 0

Table 8.33 - Prototype filter coefficients for the filters that split the lower QMF subbands for the 34
stereo bands configuration.

Figun
band
filterh
confi

n gO[n], QO =12 gl[n]’ Ql:8 g2,3,4, Q2,3,4:4

0 0.04081179924692 | 0.01565675600122 | -0.05908211155639
1 0.03812810994926 | 0.03752716391991 -0.04871498374946
2 0.05144908135699 | 0.05417891378782 |0

3 0.06399831151592 | 0.08417044116767. - 0.07778723915851

4 0.07428313801106 | 0.10307344158036 " | 0.16486303567403

5 0.08100347892914 | 0.12222452249753 | 0.23279856662996

6 0.08333333333333 | 0.12500000000000 | 0.25000000000000

7 0.08100347892914 | 0.12222452249753 | 0.23279856662996

8 0.07428313801106 | 0.10307344158036 | 0.16486303567403

9 0.06399831151592 | 0.08417044116767 | 0.07778723915851

10 | 0.05144908135699 | 0.05417891378782 | 0O

11 | 0.03812810994926 [10.03752716391991 -0.04871498374946
12 | 0.04081179924692 )|’ 0.01565675600122 | -0.05908211155639

e 8.20 and Figure 8.21 illustrate the hybrid analysis and synthesis filterbank for the 10 and 20 stereo
5 configuration respectively. Figure 8.22 and Figure 8.23 illustrate the hybrid analysis and synthesis
ank for the 34 stereo, bands configuration respectively. Note that for the 10 and 20 stereo bands
juration, sub-subbands have been combined into a single sub-subband.
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Figure 8.20 - Hybrid QMF analysis filterbank for the 10 and 20 stereo-bands configuration. The lower
subbands of the 64 QMF (see dashed box) are further split to provide for increased resolution for the
lower frequencies
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igure 8.21 - Hybrid QMF synthesis filterbank for the 10 and 20 stereo-bands configuration. The
goefficients offering higher resolution for the lower QMF channel are simply added prior to the
synthesis with the 64 subbands QMF (see dashed box)
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subbands of the 64 QMF (see dashed box) are further split to provide for increased resolution for the
lower frequencies
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Figtre 8.23 - Hybrid QMF synthesis filterbank for the 34 stereo-bands configuration. The coefficients
offering higher resolution for the lower QMF subbands are simply added prior to the synthesis with
the64 subbands QMF (see dashed box)

In ordler to time align all the samples originating from the hybrid filterbank, the remaining QMF subbands that
have[not been filtered are delayycompensated. This delay amounts to 6 QMF subband samples. This means
Gé‘ (p)= 27 for k=[3...63)\(10,20 stereo bands) or k=[5...63] (34 stereo bands). In order to compensate for

the dverall delay of thé hybrid analysis filterbank, the first 10 sets (6 from delay and 4 from QMF filter) of
hybrif subbands are flushed and therefore not taken into account for processing.

The resultant of this operation is a slot of hybrid subband samples consisting of a LF (low frequency) sub QMF
subband’ portion and HF (high frequency) QMF subband portion. As an illustration, see the hybrid slot in

Figure-8-24

8.6.4.4 Framing

One frame of parametric audio comprises two stereo frames of data. Stereo parameters within a stereo frame
can be assigned to one or more slots. The stereo frame boundaries and the positions n. of the slots that have
been assigned stereo parameters to, define so called regions. Stereo parameters are defined for the last slot
in a region. By means of these regions transients can be effectively handled. As illustrated by the bold solid
lines in Figure 8.24, stereo parameters for non-assigned slots are obtained by means of interpolation. For the
very first region (regiony), interpolation is performed with respect to the default parameters for index=0 (i.e.
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[ID=0, ICC=1 and IPD=0OPD=0). Any existing slots after the last assigned slot in the stereo frame obtain the
same stereo parameters from this last assigned slot (region,). At stereo-frame borders (region;), interpolation
for the first region is performed with respect to the last slot in the previous frame. The stereo reconstruction is
applied per region. For simplicity, the envelope index is only indicated when applicable.

SSC frame
384 1
Monaural sub
frames 6 6 6 6 6 6 6 6
o wn Lot
o g zul
5 g —"‘—— \\\ ———"—__"—
»n o y e
,/
A V
N2
region, region, region, region, region,
N AL
~
Stereo Stereod
frame i frame.i+1

Figure 8.24 - One SSC frame comprises two stereo frames(of data. The solid line illustrates th
interpolation between stereo parameters for slots that havehot been assigned stereo parameters to

8.6.4.5 De-correlation

By means of all-pass filtering and delaying, the sub subband samples s,(n) are converted into de-corrglated
sub subband samples di(n), where k represents the-frequency in the hybrid spectrum and n the time indejx.

8.6.4.5.1 Constants

F, is the output sampling rate.

DECAY SLOPE =0.05 is the all-pass filter decay slope.

NR ALLPASS LINKS&3 is the number of filter links for the all-pass filter.

NR PAR BANDS is the number of frequency bands that can be addressed by the

parameter index, b(k) (see Table 8.43 and Table 8.44).

20 ,10 or 20 stereo bands

NRSPAR BANDS =
\J - 34 ,34 stereo bands

NR BANDS is the number of frequency bands that can be addressed by the
sub subband index, & .

71 ,10 or 20 stereo bands

NR BANDS =
- 91 ,34 stereo bands
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DECAY CUTOFF is the start frequency band for the all-pass filter decay slope.

10,10 or 20 stereo bands

DECAY CUTOFF =
- {32 ,34 stereo bands

NR | ALLPASS BANDS is the number of all-pass filter bands.

53 ,F, <32kHz,10 or 20 stereo bands
,F. <32kHz, 34 stereo bands
,F. 232kHz,10 or 20 stereo bands
50 ,F, >232kHz, 34 stereo bands

73
NR | ALLPASS _BANDS =4

SHAQRT DELAY BAND is the first stereo band using the.short, one sample delay.

71 L, F, <32kHz,10 or 20 stereg-bands
91 ,F, <32kHz,34 stereobands
SHQRT DELAY BAND = ‘

- - 42 ,F 2>32kHz,10 or20 stereo bands
62 ,F, >232kHz, 34 stereo bands

is the smoothing coefficient.

aSmo h

0.6 ,F, <32kHz
025 ,F, >32kHz

8.6.4/5.2 Calculate decorrelated-signal, d, (z)

The decorrelation process:for the first NR _ ALLPASS BANDS frequency bands of s, (n) is based on an

all-pgss filter describéd;in the Z-domain below. Its transfer function for each band, & is defined by:

NR_ALLPASS LINKS =1 Qcht _ allpass (k’ m) Z_d(m) —a (m ) gDecaySlupe (k)

m=0 1 —a (m ) gDecaySlope (k) QFracliallpass (k’ m ) Z_d(m)

Hk (Z) N 272 : (DFract (k)

for 0Sk<NR ALLPASS BANDS .

The fractional delay length matrix, Q ..., i (k>7) and the fractional delay vector, ¢, (k) are defined,
by:

_ 0<k<NR_ ALLPASS BANDS
s s ) =exp (i) (K)o vins oF Livics
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and

Py () = exp(=izg, L., (k) 0<k<NR_ALLPASS BANDS,

where i =+/—1 denotes the imaginary unit. For the frequency vector, f

center ’

see Table 8.35 and Table 8.36. The vector q(k) is defined in Table 8.37. The fractional delay length

the fractional delay length vector,

constant, g, =0.59.
For the filter coefficient vector a(m) and the delay length vector d(m) see Table 8.34.

The vector g5, CONtaINs time invariant factors for making the all-pass filter frequency variant] It is
defined by:

max (0,1— DECAY _SLOPE -(k— DECAY _CUTOFFY)), ., k > DECAY _ CUTQFF

gDecayS/ope (k) = {

1 , otherwise

for 0<k < NR_ALLPASS BANDS .

For the upper bands, i.e. for NR _ ALLPASS _BANDS < kx NR_BANDS the transfer function, H|, (z)
equals a delay according to:

H, (z) =z"™ where D(k) is defined by:

D(k)= 14 ,NR_ALLPASS BANDS<Xk < SHORT DELAY BAND
"\l ,SHORT DELAY BAND <k <NR _BANDS '

8.6.4.5.3 Perform transient detection

To be able to handle transients-and other fast time-envelopes, the all-pass filter has to be attenuated at those
signals. It is done by the following scheme:

First define the input power matrix, P(i,n) that contains the sum of the squared sub subband samples of

each parameter’band. As indicated in Figure 8.25, n runs from n, to n,_, .
2
P(in)= Y |s,(n)] .0<i<NR_PAR_BANDS,
i=b(k)

where b(k) is defined in Table 8.43 and Table 8.44. Apply peak decay on the input power signal according to:

P (l n) _ P(l’ n) H aPPeakDecaerg (l9 n-— 1) < P(l9 ”l)
PeakDecayNrg \"> aPPeakDecaerg (l, n— 1) ’ ot her’wise .

for 0<i<NR_PAR BANDS . a is the peak decay factor defined in Table 8.38.

Subsequently, filter the input power and peak decay power signals with the Z-domain transfer function,
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HSmooth (Z) :

P

m

00thNrg (l’ Z) = HSmooth (Z) ’ P(Z’ Z) ’

PS oothPeakDecayDiffNrg (l’ Z) = HSmooth (Z) ’ (PPeakDecaerg (l’ Z) - P(l’ Z)) '

m

for O <H<MNR—PAR

BANDS where

aSmuoth
1 + (aSmooth - 1) "z

HSmooth (Z) =

,1'

The fransient attenuator, G is then calculated as follows:

TransientRatio

for 0

to bands according;to:

Finally map the transient attenuator, G

TransientRatio

8.6.4(5.4 Apply transient reduction to decorrelated.signal

Let g
d, (2

) is defined according to:

P (i N ) p
. _ . s 7/ : SmoothPeakDecayDiffNrg
GTransientRatio (l9 n) =47 PSmaothPeakDecayD&‘fNrg (l’ n)
1 , otherwise

(i,n) > P(i,n),

<i<NR PAR BANDS ,where y =1.5 is a transient impact factor.

GTransientRatioMapped (k’ n) = GTransientRatio (b(k) > n) s 0 S k < NR — BANDS .

i (z) be the decorrelated signal and s, (z) the mono input signal in the Z-domain for each band. Then

1, (2) = G psiommationsappea (K> 2)=H (2) - 5, (2) , where 0 <k < NR_BANDS .

Table 8.34 - Filter coefficient vector, delay length vectors d,,,,,. (m) and d,,,. (m) .

m
a(m) Ay (m) g, (m)
0 0.65143905753106 1 3
1 0.56471812200776 2 4
2 0.48954165955695 3 5
d,,.,. .F <32kHz
Delay length vector, d =
ssue > Ty 2 32kHz
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Table 8.35 - Delay length vector f

center 20 *

k fcenter_ZO (k) k fcenter_ZO (k)
0 -3/8 5 7/8
1 -1/8 6 2.5/2
2 1/8 7 3.5/2
3 3/8 8 4.5/2
4 548 9 5512
Table 8.36 - Delay length vector f(,emeri34 .
k fcenter734 (k) k fcenter734 (k)
0 112 16 9/8
1 312 17 11/8
2 5/12 18 13/8
3 7/12 19 15/8
4 9/12 20 9/4
5 11/12 21 11/4
6 13/12 22 13/4
7 15/12 23 7/4
8 17/12 24 17/4
9 -5/12 25 11/4
10 -3/12 26 13/4
11 -1/12 27 15/4
12 17/8 28 17/4
13 19/8 29 19/4
14 5/8 30 21/4
15 7/8 31 15/4
1
f e 20 (k)=k to- 7 ,10<k<NR_ ALLPASS BANDS,
1
f e 34 (K)=k+ 3 27.0332<k < NR _ALLPASS BANDS,
t fomr 20 »NR_PAR _BANDS =20
@ M)y 34 »NR_PAR_BANDS =34
Table 8.37 - Fractional delay length vector q(m1) .
" q(m)
0 0.43
1 0.75
2 0.347
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Table 8.38 - Peak Decay Factors «,, ., 241, @aNd O, a51. -

aDecay48kHz

0.76592833836465

aDecay 24kHz

0.58664621951003

_ [aDecayMkHz JF, <32kHz

da

Peak

8.6.4

oo fantar
TCCayTacttor;

- laD@Cay48kHz ,F, 232kHz

6 Stereo Processing

The $ets of sub subband samples s,(n) and di(n) are now processed according to the stereo cues. These

cues
acco
sam

are defined per stereo band. All the hybrid subband samples within a stereo band ‘are” processed
ding to the cues in that respective stereo band. Table 8.43 and Table 8.44 indicate the hybrid subband
les that fall into each stereoband for the (10,20) and 34 stereoband configuration. k'traverses the range

from [0...70] or [0...90] for the (10,20) or 34 stereoband configuration respectively.

8.6.4

6.1 Mapping

The pumber of stereo bands that is actually used for the processing of the cues depends on the number of
available parameters for [ID and ICC according to the relation given in Table-8.39.

In the case the number of parameters+for IID and ICC differs from the number of stereo bands, as dictated in

Tablg
mapy
the n

able 8.39 - The number of stereo bands depends on the number of parameters for IID and ICC.
Number of [ID number of ICC number of stereo
parameters parameters bands
10 10 20
10 20 (i.e., 10,20 stereo
20 10 band configuration)
20 20
10,20 34 34
34 10,20

8.39, a mapping from theClower number to the higher number of parameters is required. For the
ing from 10 to 20 parameters this is realised by duplicating every parameter as shown in Table 8.40. For
apping from 20 to 34 _parameters this is realized according to Table 8.40. For the mapping from 10 to 34

parameters, the 10 parameters are first mapped to 20 parameters and subsequently to 34 parameters. Table
8.41 provides the inverse’mapping from 34 to 20 parameters.
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Table 8.40 - Mapping from 10 to 20 to 34 parameters.

parameter grid parameter grid

34 20 10 34 20 10
idXo idXo idXo idx47 idxy4 idX5
idX1 (idX0+idX1 )/2 idXo idX18 idX12 ing
idxo idx4 idXo idX1g idX13 ing
idX3 idX2 idX1 idX20 idX14 idX7
IM (idX’)"‘iM idX1 iQXm ide idX7
idX5 idX3 idX1 idX22 idX15 idX7
ing idX4 idX2 idX23 idX15 idX7
idX7 idX4 idX2 idX24 idX16 ing
ing idX5 idx, idX25 idX16 ing
ing idX5 idx, idX26 idx47 ing
idX10 idXG idX3 idX27 idX17 ing
idX11 idX7 idX3 idng idX18 ing
idX12 ing idX4 idng idX18 ing
idX13 ing idx, idX30 idX18 ing
idX14 ing idX4 idX31 idX18 ing
idX15 ing idx, idX32 idX19 ing
idX16 idX10 idX5 idX33 idX19 ing

Table 8.41 — Mapping of IID, ICC, IPD and OPD parameters from 34 stereo bands to 20 stereo bands.
For IPD and OPD parameters, this mapping applies up to and.including idx,, and idx,¢ for 20 and 34
stereo bands respectively

20 stereo bands | 34 sterée,bands
idxg (2%id%eidx,)/3
idx, (idx;+2%idx,)/3
idx, (2%idxs+idx4)/3
idxs (idxa+2%idxs)/3
idx, (idxg+idx;)/2
idxs (idxg+idxg)/2
idXs idX10

idX7 idX11

idxg (idX12+idX13)/2
idXg (idX14+idX15)/2
idX10 idX16

idX11 idX17

idX12 idX18

idX13 idX19

idX14 (idX20+idX21)/2
idX15 (idX22+idX23)/2
idX16 (idX24+idX25)/2
idX17 (idX26+idX27)/2
idX18 (idng+idX2g+idX30+idX31 )/4
idX1g (idX32+idX33)/2

The averaging process denoted by e.g. (2*idx, + idx4)/2 in Table 8.40 and Table 8.41 is carried out for the
integer index representation idx, of the 1ID or ICC parameters prior to dequantization, according to ANSI-C
integer arithmetic.

The IPD/OPD parameters follow the mapping for the IID parameters, taking into account the relative amount
of parameters for IPD/OPD as given by Table 8.19. Consequently the same mapping as for IID is applied, but
only for a lower number of parameters for IPD/OPD. For the upper stereo bands, where no IPD/OPD data is
transmitted, the IPD/OPD parameters are set to zero.

© ISO/IEC 2004 — Al rights reserved 61


https://iecnorm.com/api/?name=dcc6c743bd026dd1da4b99ad859f9113

ISO/IEC 14496-3:2001/Amd.2:2004(E)

If the

number of stereo bands changes from 10,20 in the previous frame to 34 in the current frame, the stereo

parameters from the previous frame are mapped to 34 stereo bands according to Table 8.40 prior to further
processing of the current. The frequency resolution of the hybrid QMF analysis filterbank (see subclause

8.6.4
deco

.3) is changed instantaneously to the 34 stereo band configuration. The state variable of the
rrelation process are mapped from NR_BANDS==71 to NR_BANDS==91 configuration according to

Table 8.42. The state variables for sub subbands in NR_BANDS==91 configuration not listed in Table 8.42
are reset to zero.

If the,

number of stereo bands. r\hangoc from 34 in the prn\linuc frame to 1n,')n inthe current frnmn’ the stereo

parameters from the previous frame are mapped to 20 stereo bands according to Table 8.41 prior to further
processing of the current. The frequency resolution of the hybrid QMF analysis filterbank (see subclause

8.6.4
deco

3) is changed instantaneously to the 20 stereo band configuration. The state variable of |the
relation process are mapped from NR_BANDS==91 to NR_BANDS==71 configuration according to

Table 8.42. The state variables for sub subbands in NR_BANDS==91 configuration not listed in Table 8.42

are d

Ta

8.6.4

In or

posit

n=n,+1..n

scarded.
ble 8.42 - Mapping of state variables of decorrelation process between 10,20 and 34 stereo band
configurations
NR_BANDS==91 NR_BANDS==71
Sub subband index k | Sub subband index k
9 0 Sub QMF
11 1
0 2
2 3
3 4
5 5
16 6
18 7
20 8
21 9
26 10
28 “
32 12 QMF (only)
[33, 89] [13, 69]
90 70
6.2 Mixing
fer to generate the QMR subband signals for the subband samples n=n, +1...n,,, the parameters at

on n, and n,, are required as well as the subband domain signals sk(n) and dk(n) for

(see-Figure 8.25). For IPD/OPD, the parameters at position 7, , are needed in addition. n,

e+1

represents the staft, position for envelope e. In the case frameclass == %1 (VAR_BORDERS), the border
positions n, are“obtained by borderposition[e]. In the case frameclass == %0 (FIX_BORDERS), the border
positions n, afeobtained by means of
aumQOMF Slots * (e +1
n,= 0 ( ) -1, e:[O,...,num env—l].
i Num _env ]
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Parameter Parameter Parameter
position n__, position n position n_, ,
‘Stereo’ D Region for which stereo - ‘Stereo’
frame signal is generated frame
boundary boundary

Figure 8.25 - Region for which the stereo subband signals are generated
The stereo sub subband signals are constructed as:

L (”): Hll(k’n)sk (n)+H21(k,n)dk (”)
Ty (n)z le(k’”)sk (”)"'sz (ka”)dk (n)

In order to obtain the matrices H”(k,n), le(k,n), HZI(k,n), sz(k,n), the vectors A,,(b), hlz(b),
hy,(b), h,,(b) need to be calculated first, where the parameter b-is used as parameter index. First fgr the

parameter position #__, the intensity differences (lID) are transformed to the linear domain.

e+l

iid (b)

c(b)=10 > |

where iid(b) represents the decoded IID value* for stereo band b in dB. Depending on the ICC mode
configuration, either mixing procedure R, or Ry is used, see Table 8.22. For both mixing procedures, the

parameters for parameter position 7,,, aréused.

8.6.4.6.2.1 Mixing procedure R,
In the case mixing procedure 'Ry'is used the following method is applied.

From the intensity differences two scale-factor vectors ¢4 and ¢, are calculated.

2
I+ c*(b)
V2¢(b)
9% (b): 5
1+c*(b)
e P~y LOC pararaatar r‘{l\\ o C= PP =T b P lalaotadl Py H-W 3
FTTUINTT UTCOoU Airmu uiv rov HGIGIIIULUI F\U}, e CUCTTITUICTITO ”Xy\”, drc vdivuidadivu avourun |u 3%
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a(b) = %arccos(p(b))

8.6.4/6.2.2 Mixing procedure R,

In the case mixing procedure Ry, is used the following method is applied.

In ordler to prevent instabilities, in the case the value of p(b) is smaller than 0.05, p(b) is set to 0.05. In the
case|c(b) is not equal to 1

(b)) = %arctan(M] ,

c*(b)-1

71
otherwise a(b):z. After modulo correction of a(b), again the value of ¢(b) and p(b) are used to derive

the cpefficients h,(b)

0(
1
2
2

P
)+e

4 —4
(el ()2’

- wetan [
(b)—arctan( ﬁ),

a (b) = \/ECOS(OK(b))COS(]/(b)), :
) (b) = ‘/ESin(a(b))COSQ/(b))a
1, (b) = —\/5 sin(a(b))sin(y(b)),

»(b)=~2 cos(alb))sin(y(b)).
8.6.4.6.3 Phase parameters

8.6.4.6.3.1 Phase parameters disabled

In the case IPD and OPD are disabled as indicated by (enable_ipdopd==0) the following procedure is applied.
In order to obtain Hll(k,ne+1), H, (k, nm) HZI(k,neH) and sz(k,neﬂ) we use the following equations
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Hll(k:ne+1): h”(b(k))
HlZ(k’ne+1) = hlZ(b(k))
H21(k’ne+l) = hZI(b(k)) ,

where b(k) is defined in Table 8.43 and Table 8.44.

8.6.4.6.3.2 Phase parameters enabled

In the case IPD and OPD are enabled as indicated by (enable_ipdopd==1) the following procedure’is ap|
First the IPD and OPD values are smoothed over time according to

L 1 .
@opa(b) = A{Z exp(j-opd(b,n,.,))+ 3 exp(j-opd(b,n, ))+exp(j-opd(b,n, g ))}

1 . 1 . .
00u0)= 2| pexoly-pabn, )+ Sexoly-pabn, ) +exoly- pan )}

plied.

In the case the number of IPD/OPD parameters for parameter position 7, , and/or n, are different from the

number of IPD/OPD parameters for parameter position n these are mapped to the number of IPD

e+l ?

parameters for parameter position n,,, using Table 8.40 and Table 8.41.

? (b): Dopa (b)
?, (b): Dopa (b)_¢ipd (b)

Finally, in order to get to Hll(k,nm), le(k,nm), H21(k,n€+l) and sz(k,nm), the following equs
are applied.

where Table 843 and Table 8.44 are used to translate from parameter indexing to subband indexing.

indices denpted with a *, we use:

==
Rax
S
o
=
~
Il
Rl
S
—
bl
~
o
>
=
|
~
<
S
—
b
~—
=

OPD

tions

For
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Table 8.43 - Mapping of parameters from 20 bands to 71 sub subbands.

sub subband index k QMEF channel Parameter index b(k)
0 0 1 Sub QMF
1 0 0
2 0 0
3 0 1
4 0 2
) 0 3
6 1 4
7 1 5
8 2 6
9 2 7
10 3 8 QMF (only)
11 4 9
12 5 10
13 6 11
14 7 12
15 8 13
16-17 9-10 14
18-20 11-13 15
21-24 14-17 16
25-29 18-22 17
30-41 23-34 18
42-70 35-63 19

Table 8.44 - Mapping of parameters

from 34 bands to 91 sub subbands.

Sub subband index k

QMF channel

Parameter index b(k)

0 0 0 Sub QMF
1 0 1
2 0 2
3 0 3
4 0 4
5 0 5
6-7 0 6
8 0 7
9 0 2
10 0 1
11 0 0
12-13 1 10
14 1 4
15 1 5
16 1 6
17 1 7
18 1 8
19 1 9
20 2 10
2] 2 11
22 2 12
23 2 9
24 3 14
25 3 11
26 3 12
27 3 13
28 4 14
29 4 15
30 4 16
31 4 13
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32 5 16 QMF (only)
33 6 17
34 7 18
35 8 19
36 9 20
37 10 21
38-39 11-12 22
40-41 13-14 23
az-495 10-10 4
44-45 17-18 25
46-47 19-20 26
48-50 21-23 27
51-53 24-26 28
54-56 27-29 29
57-59 30-32 30
60-63 33-36 31
64-67 37-40 32
68-90 41-63 33

8.6.4.6.4 Interpolation

The intermediate values for H,,(k,n), H,,(k,n), H, (k,n) and 'H5,(k,n) at positions n=n, +1..n
are obtained by means of linear interpolation conforming to.

e+l

)Hll(k’neﬂ)_Hll(k’ne)
n

Hll(k,n)zHll(k,ne)+(n—ne

e — 1,
H12(k=”): le(k,ne)+(n_ne)HIZ(k,I’leH)—le(k,ne)

n n

e T Tt
HZI(kan)z HZl(k7ne)+(n—ne)HZI(k’nC’"'l)_HZI(kane)

ne+1 _ne
H,,(k.n) = Hy(k, ”e)+(”—”e)H22(k’ ”:1):”]{22(/(’ n,)
1

8.6.4.7 Hybrid QMF synthesis filterbank

The stereo processed hybrid subband signals /, (n) and r, (n) are fed into the hybrid synthesis filterbpnks,

which are implemented as adders of sub QMF samples. This is illustrated in Figure 8.21 and Figure 8.23. The
two synthesis filterbanks are identical to the 64 complex QMF synthesis filterbank as defined in ISQ/IEC
14496-3/AMD1:2003 subclause 4.6.18.4.2. The input to the filterbank are slots of 64 QMF samples. For|each
slot thedJilterbank outputs one block of 64 samples of the one channel of the reconstructed stereo sjgnal.
Therel_are two independent instances of the QMF synthesis filterbank for the left and right channel,
respectively.

8.6.5 Start/stop situations for decoding

Decoding of an excerpt has to be started and ended in a certain way. This section explains how to deal with
start and end of the decoding process.

8.6.5.1 Start decoding
The start of decoding occurs for the first frame of an excerpt, or during random access in an excerpt.

No special actions need to be taken for transients.
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For s

inusoids a previous (non-existent) sub-frame must be filled with a zero signal. The overlap-add method

then generates a natural fade-in for the sinusoidal components of the first sub-frame.

Forn

oise a previous (non-existent) sub-frame must be filled with a zero signal. The overlap-add method then

generates a natural fade-in for the noise component of the first sub-frame.

No special actions are required for parametric stereo.

8.6.5

The
deco

For 4
not e
of thq

For ¢
gene

For n
gene

Forp

8.71

[FFT

[Lagt

[Lag

[HIL

[Roth

[Bres

[2-Stop decoding

stop of decoding occurs for the last frame of an excerpt, or during random access in an excerpt (stop
Hing process “manually” (e.g. stop, skip, pause)).

step transient no special precautions are required. For a Meixner transient it is possible that-the tail has
hded at the end of the excerpt. It is advised to stop generating output for the Meixner transient at the end
excerpt.

inusoids a next (non-existent) sub-frame must be filled with a zero signal. The oyerlap-add method then
rates a natural fade-out for the sinusoidal components of the last sub-frame.

oise a next (non-existing) sub-frame must be filled with a zero signal. {The overlap-add method then

rates a natural fade-out for the noise component of the last sub-frame.

arametric stereo no special actions are required.
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Annex A
(normative)
Combination of the SBR tool with the parametric stereo tool

8.A.1 Overview

The parametric stereo coding tool (PS tool) can be used in combination with the SBR tool as“defined in
subclause 4.6.18. In this case, a 1-channel audio signal is conveyed by AAC+SBR (i.e., HE-AAC)and the PS
tool is used to reconstruct a 2-channel stereo signal from this monaural signal. The bitstream elgment
ps_data() as defined in subclause 8.4.2 conveys the information needed by the PS tool and is carried |n the
sbr_extension() container of the SBR bitstream.

The usage of this parametric stereo extension to HE-AAC is signalled implicitly jn\the bitstream. Hence/ if an
sbr_extension() with bs_extension_id==EXTENSION_ID_PS is found in the,SBR part of the bitstream, a
decoder supporting the combination of SBR and PS shall operate the PS-teol to generate a stereo qutput
signal. If no ps_data() element is available in the SBR part of a monatral" HE-AAC bitstream, the nprmal
monaural signal is generated by the SBR tool.

8.A.2 Bitstream syntax and semantics

The bitstream element ps_data() as defined in subclause 8.4.2 is carried in the sbr_extension() container (see
Table 8.A.1 below) provided by the SBR bitstream defined in subclause 4.4.2.8. The semantics qf the
bs_extension_id field are given in Table 8.A.2, which\replaces Table 4.97 “bs_extension_id.”

Table 8.A.1.='Syntax of sbr_extension()

Syntax No. of bits Mnemonig

sbr_extension(bs_extension_id, num_Dbits left)

{

switch (bs_extension_id) {
case EXTENSION_ID_PS:

num_bits_left -= ps_.data(); Note 1
break;

default:
bs_fill_bits; num_bits_left bslbf
num_bits<left = 0;
break;

}

Note 1+p§-data() returns the number of bits read.

Table 8.A.2 — Values of the bs_extension_id field

Symbol Value Purpose

EXTENSION 1D PS| 2 Parametric Stereo Coding
all other values | reserved

8.A.3 Decoding process

Semantics and decoding process for the PS tool are defined in subclauses 8.5.2 and 8.6.4, respectively.
When the PS tool is combined with SBR, a stereo frame is identical to an SBR frame and consists of 32
complex samples per QMF band for 1024 framing of the AAC (30 samples for 960 framing). The initial 64-
band QMF analysis filterbank of the PS tool is removed and the 64-band QMF representation of the monaural
signal generated by the SBR tool as available directly prior to SBR's 64-band QMF synthesis filterbank is used
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as input to the PS tool. The monaural 64-band QMF synthesis filterbank of the SBR tool is obsolete and hence
removed. Instead, the two 64-band QMF synthesis filterbanks at the output of the PS tool are used to
generate the stereo audio signal.

As shown in Figure 4.46, "Synchronization and timing" in the SBR tool description, there are 6 QMF samples
look-ahead available in the low-band buffer, i.e., X;ou(k,/) with 34<=/<40 for 1024 framing. Hence, the hybrid
filter structure of the PS tool, where the lowest 3 or 5 QMF bands (all of which are in the low-band) are split up
further with help of 13- tap Imear-phase FIR f||ters does not introduce any algorlthm|c delay when the PS tool
|s |nC - A a 3 S SSIS aYdat- ~ an 3 3
delay as dep|cted in F|gure 8.19is obsolete and thus removed

Henge, the input to the PS tool is a matrix X,,.(k./) defined according to:

(k,1)= Lw(k 1+tHFAd,) ,0 < k < 5, numTimeSlots - RATE < | < numTimeSlots - RATE +6
" X(k.1) , 0 <k < 64,0 <[ < numTimeSlots - RATE

where Xow(kl), X(K[I), turag , numTimeSlots, and RATE are defined in subclausel’4.6.18 SBR Tool.
Furthermore, numQMFSlots=numTimeSlots*RATE.

The IPS tool uses a complex-valued QMF representation and therefore cannot he‘lsed in combination with the
low power version of the SBR tool. If DRC is used in combination with SBR as defined in subclause 4.5.2.7.5,
DRC]|is applied in the QMF domain to the output of the PS tool immediately prior to the QMF synthesis
filteranks. The same factor(k,l) is applied to both the left and the right audio channel.

8.A.4 Baseline version of the parametric stereo coding tool

In orfer to facilitate implementation of the PS decoder 106l on platforms with very limited computational
resoyrces, a baseline version of the PS tool is definedy"A’' PS decoder implementing this baseline version
always uses the hybrid filter structure for 20 stereo bands and does not implement IPD/OPD synthesis. This
resulis in a reduction of the computational complexityrby approximately 25% when compared to unrestricted
PS tgol. The baseline version of the PS tool supperts the complete bitstream syntax for ps_data(). However,
IPD/QPD data is ignored and reset to IPD=0OPD=0 prior to stereo synthesis. If a 34 stereo band configuration
is used for IID or ICC parameters in the bitstream, the decoded parameters are mapped to 20 stereo bands
according to Table 8.41. The averaging;process denoted by e.g. (2*idx,+idx;)/3 in this table is carried out
according to ANSI-C integer arithmetic_for the integer index representation idx, of the IID or ICC parameters
prior fo dequantization.
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Annex B
(normative)
Normative Tables

8.B.1 Huffman tables for 5SC
The function ssc_huff_dec() is used as:
data = ssc_huff_dec (t_huff, codeword),

where t huff is the selected Huffman table and codeword is the word read from the\ hitstream. The feturn
value data, is a Huffman table index corresponding to a specific code word.

Huffman table overview:

Table 8.B.1 — huff_sgrid

Index huff_sgrid
0 100001
1 11101
2 11140
3 1100
4 1101

5 1010

6 0111

7 001

8 1011

9 0110
10 1001
11 0101
12 0000
13 0001
14 11100
15 01001
16 111111
17 111110
18 100000
19 010001
20 010000
21 10001

© ISO/IEC 2004 — Al rights reserved 71


https://iecnorm.com/api/?name=dcc6c743bd026dd1da4b99ad859f9113

ISO/IEC 14496-3:2001/Amd.2:2004(E)

Table 8.B.2 — huff_sampba

72

index | huff sampba | index | huff sampba | index | huff sampba | index | huff sampba
0 110010010 64 1101 128 | 0110 192 | 110010011001
8 0100111 72 001 136 | 11000 200 | 110010011000100
16 1100101 80 000 144 | 01000 208 | 110010011000101
24 110011 88 1111 152 | 010010 216 | 110010011000110
32 01110 96 1110 160 | 0100110 224 | 110010011000111
|-40 01111 104 | 1011 168 | 11001000 232 | 11001001100000
48 0101 112 | 1010 176 | 1100100111 240 | 11001001100001
56 1001 120 | 1000 184 | 11001001101
Table 8.B.3 — huff_sampbr
index | huff sampbr index | huff sampbr index | huff sampbr
-240 111111110110001000010 | -72 111101101 96 1111111104100011
-232 111111110110001000011 | -64 11110111 104 111111110110101
-224 111111110110001000100 | -56 1111010 112 11111110110000
-216 111111110110001000101 | -48 111100 120 111411110110001010001
-208 111111110110001000110 | -40 111110 128 14+111110110001010010
-200 111111110110001000111 | -32 11101 136 111111110110001010011
-192 111111110110001001000 | -24 0111 144 111111110110001010100
-184 111111110110001001001 | -16 010 1562 111111110110001010101
-176 111111110110001001010 | -8 00 160 111111110110001010110
-168 111111110110001001011 | O 10 168 111111110110001010111
-160 111111110110001001100 | 8 110 176 111111110110001011000
-152 111111110110001001101 | 16 0110 184 111111110110001011001
-144 111111110110001001110 | 24 11100 192 111111110110001011010
-136 111111110110001001111 | 32 1111440 200 111111110110001011011
-128 111111110110001010000 | 40 11144110 208 111111110110001011100
-120 111111110110100 48 111101100 216 111111110110001011101
-112 11111111011001 56 1111111110 224 111111110110001011110
-104 1111111111100 64 11111111010 232 111111110110001011111
6 111111110111 72 111111111111 240 11111111011000100000
£8 11111111110 80 1111111111101
0 1111111100 88 11111111011011
Table 8.B.4 — huff_sampca
index | huff sampca index | huff sampca | index | huff sampca
0 01101101011 88 000 176 0011001
8 01101100 96 1111 184 011011011
16 0011000 104 1110 192 0110110100
24 0110111 112 1100 200 011011010101
32 011010 120 1011 208 0110110101001
40 00111 128 1000 216 01101101010001
56 0100 144 0010 232 0110110101000011
64 0111 152 10010 240 011011010100000
72 1010 160 01100
80 1101 168 001101
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Table 8.B.5 — huff_sampcr[0]

index | huff sampcr[0] index | huff sampcr[0] | index | huff sampcr[0]
-26 111001010111000 | -8 0110111 10 01101100
-25 01101101110 -7 001000 11 00011010
-24 1110010101111 -6 111000 12 011011010
-23 000111001011 -5 00101 13 000111010
-22 011010111110 -4 11101 14 1110010111
-21 111001010100 -3 0011 15 0110110110
-20 00011100100 -2 1111 16 0001110011
-19 01101011110 -1 110 17 11100101101
-18 11100101100 0 10 18 01101101111
-17 0001110110 1 010 19 00011101110
-16 0110101110 2 0111 20 111001010110
-15 1110010100 3 0000 21 111001010101
-14 000111000 4 01100 22 011010411111
-13 011010110 5 00010 23 000431001010
-12 00011011 6 001001 24 11100101011101
-11 01101010 7 1110011 25 00011101111
-10 11100100 8 0110100 26 111001010111001
-9 0001111 9 0001100
Table 8.B.6 — huff_samper[1]
index | huff sampcr[1] | index | huff sampcr[1] | index | huff sampcr[1]
-26 100111001011 | -8 110110 10 11011111
-24 11011100010 | -6 11040 12 10011101
-22 110111101110 | -4 1100 14 110111001
-20 11011110110 | -2 111 16 1101111010
-18 1101110000 0 0 18 1001110011
-16 100111000 2 101 20 11011100011
-14 110111100 4 1000 22 10011100100
-12 11011101 6 10010 24 110111101111
-10 1001111 8 100110 26 100111001010
Table 8.B.7 — huff_sampcr[2]
index ' huff_sampcr[2] | index | huff sampcr[2] | index | huff_sampcr[2]
-28 01011000101 | -8 0100 12 0101110
-24 010110000 -4 00 16 01011010
-20 010110011 0 1 20 010110010
-16 01011011 4 011 24 0101100011
-12 0101111 8 01010 28 01011000100
Table 8.B.8 — huff_sampcr[3]
index | huff sampcr[3] | index | huff sampcr[3] | index | huff sampcr[3]
-32 00010101 -8 01 16 00011
-24 000100 0 1 24 0001011
-16 0000 8 001 32 00010100
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Table 8.B.9 — huff_sfregba

index | huff_sfregba index | huff_sfregba
0 101111110100101100100 | 1944 | 110001110
8 101111110100101100101 | 1952 | 111111110
16 101111110100101100110 | 1960 | 10000101
24 101111110100101100111 | 1968 | 00101110
32 101111110100101101000 | 1976 | 10000110
40 101111110100101101001 | 1984 | 00100011
48 101111110100101101010 | 1992 | 11100100
56 101111110100101101011 | 2000 | 10011010
64 101111110100101101100 | 2008 | 00101111
72 101111110100101101101 | 2016 | 111101100
80 101111110100101101110 | 2024 | 01111101
88 101111110100101101111 | 2032 | 01110100
96 101111110100101110000 | 2040 | 111011010
104 | 101111110100101110001 | 2048 | 10111011
112 | 101111110100101110010 | 2056 | 10011011
120 | 101111110100101110011 | 2064 | 10010000
128 | 101111110100101110100 | 2072 | 00110000
136 | 10111111010011 2080 | 10111100
144 | 101111110100101110101 | 2088 | 01011011
152 | 101111110101 2096 | 111011014
160 | 10111111011 2104 | 01001044
168 | 100010000 2112 | 10111401
176 | 001010010 2120 | 10041100
184 | 01000010 2128 | 90110001
192 | 101111111 2136, [~110001111
200 | 111001101 2144 | 01111110
208 | 00010001 2152 | 10010001
216 | 111001110 2160 | 10110011
224 | 111100001 2168 | 111011100
232 | 101010101 2176 | 00001110
240 | 010000011 2184 | 10010010
248 | 1111101001 2192 | 10111110
256 | 111100010 2200 | 10100110
264 | 1110011144 2208 | 00110010
272 | 10011101 2216 | 00001111
280 | 010M1011 2224 | 00011000
288 | 1114101010 2232 | 110101111
296 .[1100010001 2240 | 110110000
304 H['0111000011 2248 | 111111111
312 | 001010011 2256 | 11111001
320 | 1111101011 2264 | 00111100
328 | 000100100 2272 | 00010000
336 | 000100101 2280 | 10100111
344 | 1111101100 2288 | 01101101
352 | 000100110 2296 | 01011100
360— 140666066 2304066606066
368 | 00110110 2312 | 00111101
376 | 010000110 2320 | 01001100
384 | 011101010 2328 | 00011001
392 | 011101011 2336 | 00100100
400 | 00010100 2344 | 110110001
408 | 010111100 2352 | 00111110
416 | 111100011 2360 | 00100101
424 | 110000001 2368 | 11001000
432 | 010111101 2376 | 00100110
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440 | 011101100 2384 | 00000001
448 | 011101101 2392 | 100011101
456 | 1101001100 2400 | 110010010
464 | 1010101001 2408 | 00110011
472 | 100111100 2416 | 10000111
480 | 00011111 2424 | 011001011
488 | 010111110 2432 | 01111111
496 | 1111101101 2440 | 00000010
504 T1T10T0000 2448 101101000
512 | 110000010 2456 | 01001101
520 | 00000100 2464 | 111101101
528 | 00100000 2472 | 00100111
536 | 111010001 2480 | 101101001
544 | 111100100 2488 | 110010011
552 | 111010010 2496 | 111101110
560 | 110000011 2504 | 111000111
568 | 01000100 2512 | 101101010
576 | 10010101 2520 | 00111111
584 | 01010001 2528 | 100100110
592 | 10101001 2536 | 111011104
600 | 101010110 2544 | 010011400
608 | 111100101 2552 | 110110010
616 | 011101110 2560 | 104101011
624 | 00000101 2568_[\101001001
632 | 10001001 2576 01000000
640 | 01100000 2584 | 101101100
648 | 01100001 2592 | 011110011
656 | 101010111 2600 | 100000000
664 | 100111101 2608 | 110010100
672 | 111010011 2616 | 00011010
680 | 101011000 2624 | 01001111
688 | 10101101 2632 | 100100111
696 | 10000010 2640 | 111001010
704 | 110100144 2648 | 100000001
712 | 0000010 2656 | 100000010
720 | 100010100 2664 | 101101101
728 [.001010100 2672 | 110010101
736110101000 2680 | 000101111
744 )1 010111111 2688 | 001101000
752 | 01010010 2696 | 111001011
760 | 011000100 2704 | 1110011001
768 | 011101111 2712 | 1101100110
776 | 111100110 2720 | 011011100
784 | 110101001 2728 | 000110110
792 | 111110111 2736 | 111011110
800 | 110000100 2744 | 110010110
808 | 111010100 2752 | 111101111
816 | 011000101 2760 | 010011101
824 | 1010110010 2768 | 0001111011
832 | 111100111 2776 | 110010111
840 | 01110001 2784 | 010100000
848 | 11001110 2792 | 101101110
856 | 01110010 2800 | 101010000
864 | 011110000 2808 | 1110111110
872 | 110111001 2816 | 101010001
880 | 110101010 2824 | 100000011
888 | 101011100 2832 | 1110111111
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896 | 00101011 2840 | 010100001
904 | 01000101 2848 | 100101000
912 | 11001111 2856 | 1111000000
920 | 01100011 2864 | 110011000
928 | 110111100 2872 | 110110100
936 | 011001000 2880 | 1010110011
944 | 011001001 2888 | 1101100111
952 | 011001010 2896 | 1111110001
960 o110t 2904 00110100t
968 | 101011101 2912 | 1101101010
976 | 000100111 2920 | 11011010110
984 | 00110111 2928 | 110011001
992 | 01100110 2936 | 00101000
1000 | 10000011 2944 | 11011010111
1008 | 00111000 2952 | 011011101
1016 | 011110001 2960 | 001101010
1024 | 110000101 2968 | 1001010010
1032 | 101011110 2976 | 1101101100
1040 | 1111110000 2984 | 011011110
1048 | 100111110 2992 | 00110101100
1056 | 10111000 3000 | 000110111
1064 | 10111001 3008 | 101101111
1072 | 11010110 3016 | 100101004
1080 | 11011101 3024 | 0101110101
1088 | 111010101 3032 | 110041010
1096 | 100111111 3040 | A1\11000001
1104 | 101000000 3048 |70000001100
1112 | 101011111 30567 | 1111101000
1120 | 110000110 3064 | 1001110100
1128 | 110111110 3072 | 01110000101
1136 | 00000111 3080 | 0110111110
1144 | 101000001 3088 | 110011011
1152 | 010000111 3096 | 00110101101
1160 | 101100000 3104 | 11011011010
1168 | 001010101 3112 | 1101101110
1176 | 110111111 3120 | 1011111100
1184 | 00111001 3128 | 0000001101
1192 | 111114001 3136 | 0110111111
1200 | 110000111 3144 | 000111100
1208 101000010 3152 | 10011101010
1216111000000 3160 | 11011011011
1224-| 101100001 3168 | 11011011110
1232 | 101100010 3176 | 0011010111
1240 | 111000001 3184 | 0000001110
1248 | 111000010 3192 | 0111000000
1256 | 01010011 3200 | 11011011111
1264 | 00111010 3208 | 01000001000
1272 | 111000011 3216 | 101111110100101110110
1280 | 1101001101 3224 | 110111000000
1288 | 111101000 3232 | 1101110001
1296 | 110101011 3240 | 10011101011
1304 | 111000100 3248 | 110111000001
1312 | 01010100 3256 | 1110011000
1320 | 111111010 3264 | 0000001111
1328 | 11010000 3272 | 0111000001
1336 | 01100111 3280 | 101111110100101110111
1344 | 01101000 3288 | 110111000010
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1352 | 101000011 3296 | 010000010010

1360 | 00001000 3304 | 01000001010

1368 | 11000100 3312 | 010000010011

1376 | 10001011 3320 | 10101010000

1384 | 011110010 3328 | 0100000101100

1392 | 111101001 3336 | 0001111010

1400 | 10001100 3344 | 010000010111

1408 | 111101010 3352 | 101111110100101111000
416 T 0101010t 3360~ [ 01000000101

1424 | 111000101 3368 | 110111000011

1432 | 00001001 3376 | 10101010001

1440 | 111010110 3384 | 01011101000

1448 | 111111011 3392 | 010111010010

1456 | 10100010 3400 | 010111010011

1464 | 11111000 3408 | 1011111101000

1472 | 01101001 3416 | 101111110100101 141001
1480 | 01010110 3424 | 011100001000

1488 | 01101010 3432 | 101111110106101111010
1496 | 10001101 3440 | 101111110#00101111011
1504 | 01101011 3448 | 1011111109100101111100
1512 | 110101110 3456 | 1011114.10100101111101
1520 | 10010110 3464 | 101111110100101111110
1528 | 10010111 3472 | 104411110100101111111
1536 | 01010111 3480_[\011100001001

1544 | 01000110 3488} 10111111010010000000

1552 | 111000110 3496 | 10111111010010000001

1560 | 01101100 3504 | 10111111010010000010

1568 | 00001010 3512 | 10111111010010000011

1576 | 01111010 3520 | 10111111010010000100

1584 | 00101100 3528 | 10111111010010000101

1592 | 111101011 3536 | 10111111010010000110

1600 | 00111011 3544 | 10111111010010000111

1608 | 01110011 3552 | 10111111010010001000

1616 | 01111014 3560 | 10111111010010001001

1624 | 110100041 3568 | 10111111010010001010

1632 | 111411100 3576 | 10111111010010001011

1640 |.100010101 3584 | 10111111010010001100

1648:..01011000 3592 | 10111111010010001101

1656, 10011000 3600 | 10111111010010001110

1664 | 100011100 3608 | 10111111010010001111

1672 | 10100011 3616 | 10111111010010010000

1680 | 110001010 3624 | 10111111010010010001

1688 | 0001110 3632 | 10111111010010010010

1696 | 00010101 3640 | 10111111010010010011

1704 | 10110010 3648 | 10111111010010010100

1712 | 111010111 3656 | 10111111010010010101

1720 | 01011001 3664 | 10111111010010010110

1728 | 00100001 3672 | 10111111010010010111

1736 | 00001011 3680 | 10111111010010011000

1744 | 00100010 3688 | 10111111010010011001

1752 | 01000111 3696 | 10111111010010011010

1760 | 00001100 3704 | 10111111010010011011

1768 | 111011000 3712 | 10111111010010011100

1776 | 11000110 3720 | 10111111010010011101

1784 | 11010010 3728 | 10111111010010011110

1792 | 00010110 3736 | 10111111010010011111

1800 | 01001000 3744 | 10111111010010100000
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1808 | 101001000 3752 | 10111111010010100001
1816 | 110001011 3760 | 10111111010010100010
1824 | 01001001 3768 | 10111111010010100011
1832 | 10111010 3776 | 10111111010010100100
1840 | 01111100 3784 | 10111111010010100101
1848 | 000101110 3792 | 10111111010010100110
1856 | 00001101 3800 | 10111111010010100111
1864 | 10000100 3808 | 10111111010010101000
872 01011010 3816 10T T1oT00To 10100t
1880 | 00101101 3824 | 10111111010010101010
1888 | 01001010 3832 | 10111111010010101011
1896 | 111011001 3840 | 10111111010010101100
1904 | 111111101 3848 | 10111111010010101101
1912 | 10001111 3856 | 10111111010010101110
1920 | 10011001 3864 | 10111111010010101111
1928 | 10100101 3872 | 10111111010010110000
1936 | 101100011 3880 | 10111111010010110004
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Table 8.B.10 — huff_sfreqbr

index | huff_sfregbr index | huff_sfregbr

0 0000001011 1944 | 11000101001010
8 101111 1952 | 000011011111

16 10101 1960 | 000011100000

24 11011 1968 | 010100101101

32 11001 1976 | 111100101011

40 10100 1984 | 110001010011

48 10001 1992 | 010100101110

56 01100 2000 | 000011100001

64 01101 2008 | 000011100010

72 01011 2016 | 010100101111

80 00111 2024 | 000011100011

88 111101 2032 | 1100010101000
96 111110 2040 | 0111000000000
104 | 111010 2048 | 0111000000001
112 | 111001 2056 | 000011100100
120 | 100111 2064 | 010010000100011
128 | 101100 2072 | 000011100101
136 | 011111 2080 | 011100000001
144 | 100100 2088 | 100001111040
152 | 010101 2096 | 0111000000100
160 | 010000 2104 | 1100090101001
168 | 001100 2112 | 000011100110
176 | 001001 2120 |.1400010101010
184 | 000010 2128 4.000011100111
192 | 000001 21364 0111000000101
200 | 000111 2144 | 000011101000
208 | 1111110 2152 | 110001010010110
216 | 1111000 2160 | 000011101001
224 | 1100011 2168 | 01001000010001011100010
232 | 1110111 2176 | 110001010010111
240 | 1101000 2184 | 000011101010
248 | 1001400 2192 | 11000101010110
256 | 1641010 2200 | 11000101010111
264 44100001 2208 | 0111000000110
272\~ 1011100 2216 | 0111000000111
280" | 1000000 2224 | 1100010101100
288 | 1000010 2232 | 0111001101000
296 | 1001101 2240 | 1100010101101
304 | 0111101 2248 | 11000101011100
312 | 1001010 2256 | 0111001101001
320 | 0100010 2264 | 0111001101010
328 | 0111010 2272 | 000011101011
336 | 0100011 2280 | 11000101011101
344 | 0001011 2288 | 11000101011110
352 | 0100101 2296 | 01001000010001011100011
36— 0160110 2304 +106041010+++14
368 | 0001100 2312 | 0111001101011
376 | 0010100 2320 | 110001011000000
384 | 0011010 2328 | 110001011000001
392 | 0010000 2336 | 1100010110001
400 | 0011011 2344 | 1100010110010
408 | 0010101 2352 | 110001011000010
416 | 11111110 2360 | 01001000010001011100100
424 | 0001000 2368 | 110001011000011
432 | 11101101 2376 | 11000101100110
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440 | 11100000 2384 | 110001011001110

448 | 11010101 2392 | 01001000010001011100101
456 | 11100010 2400 | 01001000010001011100110
464 | 11010110 2408 | 11000101101000

472 | 11000001 2416 | 1000011110110

480 | 11101100 2424 | 11000101101001

488 | 10110110 2432 | 110001011001111

496 | 10111011 2440 | 11000101101010

504 [ 1TOT1otT 2448 TT000T0T 1010110

512 | 01001001 2456 | 1100010110110

520 | 00010011 2464 | 110001011010111

528 | 11010010 2472 | 110001011011100

536 | 01010011 2480 | 110001011011101

544 | 10000110 2488 | 110001011011110

552 | 01110110 2496 | 11000101110000

560 | 00101110 2504 | 01001000010001011100111
568 | 01001110 2512 | 110001011011111

576 | 01010000 2520 | 01001000010001011101000
584 | 01001111 2528 | 11000101110001

592 | 00101101 2536 | 01001000010001011104001
600 | 00000011 2544 | 01001000010001011401010
608 | 00000001 2552 | 110001011100100

616 | 111100111 2560 | 01001000010004011101011
624 | 111100110 2568 | 110001011100101

632 | 110100110 2576 | 01001000010001011101100
640 | 111100100 2584 | 01001000010001011101101
648 | 00001111 2592 | 11000;1011100110

656 | 00101111 2600 | 110001011100111

664 | 111111110 2608 1100010111010

672 | 101110101 2616 01001000010001011101110
680 | 110101110 2624 | 110001011101100

688 | 100101100 2632 | 01001000010001011101111
696 | 00010100 2640 | 110001011101101

704 | 110101111 2648 | 01001000010001011110000
712 | 111000011 2656 | 01001000010001011110001
720 | 011100041 2664 | 01001000010001011110010
728 | 110400111 2672 | 110001011101110

736 | 100000100 2680 | 110001011101111

744 (100000101 2688 | 110001011110000

752 | 011101111 2696 | 110001011110001

760° | 011100001 2704 | 110001011110010

768 | 100001110 2712 | 11000101111010

776 | 101110100 2720 | 11000101111011

784 | 000110110 2728 | 110001011110011

792 | 011100100 2736 | 110001011111000

800 | 000100101 2744 | 01001000010001011110011
808 | 001011001 2752 | 01001000010001011110100
816 [ 1111111110 2760 | 01001000010001011110101
824 | 1111001011 2768 | 11000101111101

832 | 100101101 2776 | 01001000010001011110110
840 | 010010001 2784 | 110001011111001

848 | 001000101 2792 | 01001000010001011110111
856 | 010100010 2800 | 01001000010001011111000
864 | 1100000001 2808 | 110001011111100

872 | 011110010 2816 | 01001000010001011111001
880 | 1001011101 2824 | 110001011111101

888 | 000110111 2832 | 01001000010001011111010
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896 | 000101010 2840 | 1100010111111

904 | 1110001100 2848 | 01001000010001011111011
912 | 000000100 2856 | 01001000010001011111100
920 | 000011000 2864 | 111000111000000

928 | 1101010011 2872 | 01001000010001011111101
936 | 1110000100 2880 | 111000111000001

944 | 000100100 2888 | 111000111000010

952 | 011100010 2896 | 01001000010001011111110
960 1T1000T1Ot 2904 01000000 1000 TO T 11111
968 | 0111100000 2912 | 0100100001000100000000
976 | 000101011 2920 | 11100011100010

984 | 0111100001 2928 | 0100100001000100000001
992 | 1101010000 2936 | 111000111000011

1000 | 0111000001 2944 | 111000111000110

1008 | 1101010001 2952 | 0100100001000100000010
1016 | 0111001010 2960 | 111000111000111

1024 | 0111001011 2968 | 00000010100000

1032 | 1000011111 2976 | 0100100001000100000011
1040 | 1100000010 2984 | 01001000010001600000100
1048 | 0010001001 2992 | 0100100001000400000101
1056 | 1101010010 3000 | 0100100001000100000110
1064 | 1100000000 3008 | 0100100001000100000111
1072 | 0111001110 3016 | 0100100001000100001000
1080 | 1110001111 3024 | 00000010100001

1088 | 11111111110 3032 | 0160100001000100001001
1096 | 0000111011 3040 . ©1+00100001000100001010
1104 | 0111100010 3048¢}*0100100001000100001011
1112 | 0111100011 3056 | 0100100001000100001100
1120 | 0001101000 3064 | 0100100001000100001101
1128 | 0111001100 3072 | 00000010100010

1136 | 0111100111 3080 | 0100100001000100001110
1144 | 1001011110 3088 | 0100100001000100001111
1152 | 0010001100 3096 | 0100100001000100010000
1160 | 110000001100 | 3104 | 00000010100011

1168 | 011001111 3112 | 0100100001000100010001
1176 [ AM1111111111 3120 | 01001000010000

1184, 170111011100 3128 | 0100100001000100010010
1192 | 0010001101 3136 | 0100100001000100010011
1200 | 1000001100 3144 | 0100100001000100010100
1208 | 0010001110 3152 | 0100100001000100010101
1216 | 0010110001 3160 | 0100100001000100010110
1224 | 0111011101 3168 | 0100100001000100010111
1232 | 10010111110 3176 | 0100100001000100011000
1240 | 0100100000 3184 | 0100100001000100011001
1248 | 01111001101 3192 | 0100100001000100011010
1256 | 0000000000 3200 | 0100100001000100011011
1264 | 1001011100 3208 | 0100100001000100011100
1272 | 0001101001 3216 | 0100100001000100011101
1280 | 0000000001 3224 | 0100100001000100011110
1288 | 0000000010 3232 | 0100100001000100011111
1296 | 01001000011 3240 | 0100100001000100100000
1304 | 11100001010 3248 | 0100100001000100100001
1312 | 110000001101 3256 | 0100100001000100100010
1320 | 0001101010 3264 | 0100100001000100100011
1328 | 0000000011 3272 | 0100100001000100100100
1336 | 0001101011 3280 | 0100100001000100100101
1344 | 01110011011 3288 | 0100100001000100100110
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1352 | 10010111111 3296 | 0100100001000100100111
1360 | 01010001100 3304 | 0100100001000100101000
1368 | 11100011101 3312 | 0100100001000100101001
1376 | 01010001101 3320 | 0100100001000100101010
1384 | 110000001110 3328 | 0100100001000100101011
1392 | 1000011110111 | 3336 | 0100100001000100101100
1400 | 11100001011 3344 | 0100100001000100101101
1408 | 11000100000 3352 | 0100100001000100101110
416 T OTT 11001100 3360 01000000000 TO0TOT 11
1424 | 00100011110 3368 | 0100100001000100110000
1432 | 0010001000 3376 | 0100100001000100110001
1440 | 11000100001 3384 | 0100100001000100110010
1448 | 11000100010 3392 | 0100100001000100110011
1456 | 01010001110 3400 | 0100100001000100110100
1464 | 01010001111 3408 | 0100100001000100110101
1472 | 0000110010 3416 | 0100100001000100110110
1480 | 111000111001 3424 | 0100100001000100110111
1488 | 00100011111 3432 | 0100100001000100111000
1496 | 10000011010 3440 | 0100100001000100111061
1504 | 11000100011 3448 | 010010000100010011,1910
1512 | 00000010101 3456 | 010010000100010014:1011
1520 | 10000011011 3464 | 0100100001000100111100
1528 | 111100101000 3472 | 0100100001000400111101
1536 | 10000011100 3480 | 0100100001000100111110
1544 | 01010010000 3488 | 0100100001000100111111
1552 | 010010000101 3496 | 0100100001000101000000
1560 | 01010010001 3504 | 0100100001000101000001
1568 | 110000001111 3512 | 0400100001000101000010
1576 | 00001100110 3520 ,,0100100001000101000011
1584 | 0100100001001 | 3528 |10100100001000101000100
1592 | 0101001001000 | 3636 | 0100100001000101000101
1600 | 110001001000 |c3544 | 0100100001000101000110
1608 | 00001100111 3552 | 0100100001000101000111
1616 | 100000111010 3560 | 0100100001000101001000
1624 | 1100010010610 | 3568 | 0100100001000101001001
1632 | 110001601010 3576 | 0100100001000101001010
1640 | 00101100000 3584 | 0100100001000101001011
1648 | 010100100101 3592 | 0100100001000101001100
1656 (00001101000 3600 | 0100100001000101001101
1664 "|. 100000111011 3608 | 0100100001000101001110
1672 | 01010010011 3616 | 0100100001000101001111
1680 | 10000011110 3624 | 0100100001000101010000
1688 | 00101100001 3632 | 0100100001000101010001
1696 | 00001101001 3640 | 0100100001000101010010
1704 | 110001001011 3648 | 0100100001000101010011
1712 | 11000100110 3656 | 0100100001000101010100
1720 | 110001001110 3664 | 0100100001000101010101
1728 | 110001001111 3672 | 0100100001000101010110
1736 | 111100101001 3680 | 0100100001000101010111
1744 | 100000111110 3688 | 0100100001000101011000
1752 | 00001101010 3696 | 0100100001000101011001
1760 | 1100010010011 | 3704 | 0100100001000101011010
1768 | 00001101011 3712 | 0100100001000101011011
1776 | 00001101100 3720 | 0100100001000101011100
1784 | 00001101101 3728 | 0100100001000101011101
1792 | 110001010000 3736 | 0100100001000101011110
1800 | 100000111111 3744 | 0100100001000101011111
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1808 | 000000101001 3752 | 0100100001000101100000
1816 | 1100010100010 | 3760 | 0100100001000101100001
1824 | 100001111000 | 3768 | 0100100001000101100010
1832 | 0101001001001 | 3776 | 0100100001000101100011
1840 | 010100101000 | 3784 | 0100100001000101100100
1848 | 111100101010 | 3792 | 0100100001000101100101
1856 | 000011011100 | 3800 | 0100100001000101100110
1864 | 010100101001 3808 | 0100100001000101100111

1872 [ 010001010100 [ 3816 | 01000000 000010000
1880 | 100001111001 3824 | 0100100001000101101001
1888 | 1100010100011 | 3832 | 0100100001000101101010
1896 | 010100101011 3840 | 0100100001000101101011
1904 | 000011011101 3848 | 0100100001000101101100
1912 | 1100010100100 | 3856 | 0100100001000101101101
1920 | 010100101100 | 3864 | 0100100001000101101110
1928 | 0101001010101 | 3872 | 01001000010001011011 14
1936 | 000011011110 | 3880 | 0100100001000101110600
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Table 8.B.11 — huff_sfreqc

index | huff_sfreqc index | huff_sfreqc
0 0010001101110011010010000 | 1944 | 011101111
8 0010001101110011010010001 | 1952 | 11101110
16 0010001101110011010010010 | 1960 | 10011100
24 0010001101110011010010011 | 1968 | 11010011
32 0010001101110011010010100 | 1976 | 00011011
40 10001101110011010010101 | 1984 | 110010111
48 0010001101110011010010110 | 1992 | 111110001
56 0010001101110011010010111 | 2000 | 11001110
64 0010001101110011010011000 | 2008 | 10011001
72 0010001101110011010011001 | 2016 | 111111100
80 0010001101110011011 2024 | 00001100
88 0010001101110011010011010 | 2032 | 111010100
96 001000110111001100 2040 | 01000101
104 | 0010001101110010 2048 | 11110000
112 | 00100011011100111 2056 | 0100111
120 | 100110101011010 2064 | 00001110
128 | 100110101011000 2072 | 01000010
136 | 100110101011001 2080 | 111111101
144 | 0010001101100 2088 | 111101100
152 | 0010001101111 2096 | 00011100
160 | 011001001001 2104 | 01110104
168 | 111101000111 2112 | 01100000
176 | 11000000000 2120 | 10001111
184 | 0111000010 2128 410111110
192 | 0010011010 2136, [~10010101
200 | 11100010010 2144~ | 1010010
208 | 0000101111 2152 | 11100100
216 | 0000001100 2160 | 01010111
224 | 10110110111 2168 | 00101010
232 | 11101011000 2176 | 01110011
240 | 11011100010 2184 | 10101011
248 | 10111101000 2192 | 11011000
256 | 10101001000 2200 | 01111101
264 | 01101011101 2208 | 00101011
272 | 10001011101 2216 | 00110101
280 | 11001104401 2224 | 11000011
288 | 0101100011 2232 | 10001001
296 | 001011100 2240 | 111100110
304 | 0000001000 2248 | 111100010
312_ |.11000000001 2256 | 10010100
32014 01100100101 2264 | 11010111
328 | 10011010001 2272 | 11011101
336 | 0001100010 2280 | 11111111
344 | 001010000 2288 | 10111000
352 | 110001001 2296 | 10110111
36— 0+1640++160 2304 +40064++4
368 | 10101110100 2312 | 01100110
376 | 0000000001 2320 | 11010101
384 | 1000001101 2328 | 10110011
392 | 0111000011 2336 | 111101010
400 | 0011101010 2344 | 110111100
408 | 000110010 2352 | 01001010
416 | 1111011110 2360 | 10000000
424 | 11101101001 2368 | 1010110
432 | 01101000000 2376 | 0001001
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440 | 10001010001 2384 | 01010101
448 | 111101000110 2392 | 01010011
456 | 00100011010 2400 | 01111001
464 | 11011100000 2408 | 10010110
472 | 0000001101 2416 | 10101000
480 | 1001001011 2424 | 01011101
488 | 11100111000 2432 | 11010001
496 | 01101000001 2440 | 11001100
504 TT1010T100t 2448 00100000
512 | 1011001011 2456 | 10111010
520 | 1101010011 2464 | 0001111
528 | 1100010000 2472 | 11101000
536 | 0000100010 2480 | 00101111
544 | 0000101110 2488 | 01110110
5562 | 0110101101 2496 | 11100101
560 | 1001110111 2504 | 10101010
568 | 001110100 2512 | 10011111
576 | 011100011 2520 | 11111011
584 | 001000111 2528 | 10001101
592 | 110000011 2536 | 10000114
600 | 111111001 2544 | 11101100
608 | 10110110110 2552 | 0100000
616 | 11110100010 2560 | 01600011
624 | 1000001100 2568_[\111101011
632 | 011010010 2576 111101001
640 | 100001010 2584 | 00111101
648 | 100100110 2592 | 10101111
656 | 1010001011 2600 | 0010110
664 | 0000100011 2608 | 11101001
672 | 11001111111 2616 | 10011000
680 | 1100000001 2624 | 11001001
688 | 01011100 2632 | 10110100
696 | 00000111 2640 | 01010001
704 | 110001101 2648 | 10100110
712 | 0100100114 2656 | 10100011
720 | 1010100401 2664 | 00110110
728 | 001100011 2672 | 10001100
736 | 0100100110 2680 | 01111111
744 | 0101000010 2688 | 01001011
7521010100000 2696 | 0111101
760:* 1 000110000 2704 | 11010000
768 | 011111100 2712 | 101111011
776 | 110000001 2720 | 110110101
784 | 00110111 2728 | 01011010
792 | 00000100 2736 | 10001000
800 | 11001111110 2744 | 11000010
808 | 10001010000 2752 | 11100001
816 | 11011100001 2760 | 10100000
824 | 11100010011 2768 | 01011001
832 | 111100011 2776 | 111110011
840 | 100001011 2784 | 10010111
848 | 111000110 2792 | 00111000
856 | 1011101111 2800 | 01011110
864 | 11010100100 2808 | 000010110
872 10110101100 2816 | 110010100
880 | 0110010011 2824 | 11100110
888 | 1001001010 2832 | 01100111
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896 | 1111011111 2840 | 111010111
904 | 100100000 2848 | 00001101
912 | 00111100 2856 | 111110100
920 | 1100111110 2864 | 110101000
928 | 1000101111 2872 | 110101101
936 | 1011001010 2880 | 11100000
944 | 00010100 2888 | 111101110
952 | 1111011010 2896 | 00010101
960 1010000100 2904 0010100t
968 | 10101110101 2912 | 011011111
976 | 11001101000 2920 | 011100000
984 | 0001100011 2928 | 10000001
992 | 000110011 2936 | 10111111
1000 | 010110000 2944 | 000000101
1008 | 100000111 2952 | 101111000
1016 | 010101000 2960 | 01100011
1024 | 0110101111 2968 | 111110010
1032 | 10111101001 2976 | 111010101
1040 | 11101101000 2984 | 10100001
1048 | 11001101100 2992 | 101101100
1056 | 0111000100 3000 | 01000100
1064 | 011101110 3008 | 110010000
1072 | 00110011 3016 | 100010110
1080 | 01111000 3024 | 00100001
1088 | 1001110110 3032 | 0041411
1096 | 11011100011 3040 | 01011011
1104 | 0101000011 3048 (011111101
1112 |1 1011110101 30567 | 01101110
1120 | 1111110000 3064 | 01010110
1128 | 1101100111 3072 | 10111001
1136 | 1110001000 3080 | 111000111
1144 | 011100100 3088 | 10110000
1152 | 01001101 3096 | 110011110
1160 | 011001000 3104 | 111110101
1168 | 0111001010 3112 | 111110000
1176 | 1000101001 3120 | 00100111
1184 | 110110010 3128 | 01001000
1192 | 10110001 3136 | 011000100
1200 | 0111004011 3144 | 101111001
1208 | 10011010000 3152 | 00100010
1216 | 0084010111 3160 | 01110100
1224 16100010101 3168 | 110010101
1232, /.11100111001 3176 | 101001111
1240"| 1100100011 3184 | 00100100
1248 | 101001110 3192 | 01100101
1256 | 100111010 3200 | 101101011
1264 | 111100111 3208 | 101010011
1272 | 001011101 3216 _| 110101100
1280 | 1100010001 3224 | 001100010
1288 | 1111011011 3232 | 000010100
1296 | 1010111001 3240 | 1110101101
1304 | 0011001010 3248 | 1001101001
1312 | 0111000101 3256 | 1101100110
1320 | 001001100 3264 | 0010001100
1328 | 011011110 3272 | 1100100010
1336 | 11010010 3280 | 0000001001
1344 | 00001111 3288 | 000000111
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1352 | 1010111000 3296 | 10101001001

1360 | 000110100 3304 | 10011010100

1368 | 010101001 3312 | 0110100001

1376 | 110111111 3320 | 00000110

1384 | 01000110 3328 | 0000101011

1392 | 1001101011 3336 | 1011101110

1400 | 1110011101 3344 | 0000000000

1408 | 010010010 3352 | 0011001011

416 O1TT0 10001 3360 [ TTOT0T00 10t

1424 | 101000100 3368 | 10001011100

1432 | 001010001 3376 | 1100110111

1440 | 011000101 3384 | 1011011010

1448 | 101110110 3392 | 11001101001

1456 | 10011110 3400 | 00001010101

1464 | 10010001 3408 | 00001010100

1472 | 000010000 3416 | 0010001101101

1480 | 1010111011 3424 | 0101100010

1488 | 1100110101 3432 | 0010011011

1496 | 1111110001 3440 | 011001001600

1504 | 010111111 3448 | 001000149111000

1512 | 1111010000 3456 | 10011010101110

1520 | 111100101 3464 | 10011010101111

1528 | 111100100 3472 | 1004101010101

1536 | 0001011 3480_/\00111010110

1544 | 01001100 3488} 001000110111010

1552 | 000110101 3496 | 1001101010100

1560 | 1110110101 3504 | 0010001101110011010011011
1568 | 010111110 3512 | 0010001101110011010011100
1576 | 101100100 3520 | 1001101010110111

1584 | 110010110 3528 | 001000110111011

1592 | 100100111 3536 | 0010001101110011010011101
1600 | 111011011 3544 | 1001101010110110

1608 | 00001001 3552 | 0010001101110011010011110
1616 | 01101010 3560 | 0010001101110011010011111
1624 | 11111101 3568 | 0010001101110011010100000
1632 | 111001141 3576 | 0010001101110011010100001
1640 | 000000001 3584 | 0010001101110011010100010
1648 | 0014.1001 3592 | 0010001101110011010100011
1656 | 00100101 3600 | 0010001101110011010100100
1664, | 11000101 3608 | 0010001101110011010100101
16721 10001110 3616 | 0010001101110011010100110
1680 | 001100100 3624 | 0010001101110011010100111
1688 | 110110100 3632 | 0010001101110011010101000
1696 | 01100001 3640 | 0010001101110011010101001
1704 | 111011110 3648 | 0010001101110011010101010
1712 | 100100100 3656 | 0010001101110011010101011
1720 | 101101010 3664 | 0010001101110011010101100
1728 | 111000101 3672 | 0010001101110011010101101
1736 | 00011101 3680 | 0010001101110011010101110
1744 | 01111100 3688 | 0010001101110011010101111
1752 | 10000100 3696 | 0010001101110011010110000
1760 | 00000001 3704 | 0010001101110011010110001
1768 | 00000101 3712 | 0010001101110011010110010
1776 | 111011111 3720 | 0010001101110011010110011
1784 | 00111011 3728 | 0010001101110011010110100
1792 | 110000010 3736 | 0010001101110011010110101
1800 | 110001100 3744 | 0010001101110011010110110
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1808 | 100010101 3752 | 0010001101110011010110111
1816 | 00010000 3760 | 0010001101110011010111000
1824 | 00010001 3768 | 0010001101110011010111001
1832 | 0110110 3776 | 0010001101110011010111010
1840 | 10000110 3784 | 0010001101110011010111011
1848 | 100100001 3792 | 0010001101110011010111100
1856 | 011010011 3800 | 0010001101110011010111101
1864 | 01000111 3808 | 0010001101110011010111110
1872 00110000 3816 00000 TTO T Too T oot
1880 | 10000010 3824 | 001000110111001101000000
1888 | 00110100 3832 | 001000110111001101000001
1896 | 110111101 3840 | 001000110111001101000010
1904 | 110111001 3848 | 001000110111001101000011
1912 | 01010010 3856 | 001000110111001101000100
1920 | 10011011 3864 | 001000110111001101000101
1928 | 11011011 3872 | 001000110111001101000140
1936 | 110111110 3880 | 001000110111001101000411
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Table 8.B.12 — huff_nlag

index | huff_nlag index | huff_nlag

-512 | 100010101101101100 | 4 110

-508 | 100010101101101101 | 8 1111

-504 | 100010101101101110 | 12 10010

-500 | 100010101101101111 | 16 100001

-496 | 100010111010000000 | 20 1000100

-492 | 100010111010000001 | 24 | 10000000

-488 | 100010111010000010 | 28 100000010

-484 | 100010111010000011 | 32 1000101000

-480 | 100010111010000100 | 36 10001010011

-476 | 100010111010000101 | 40 100010111001

-472 | 100010111010000110 | 44 100010101110

-468 | 100010111010000111 | 48 1000101011010
-464 | 100010111010001000 | 52 1000101011110
-460 | 100010111010001001 | 56 10001010110111
-456 | 100010111010001010 | 60 1000101001000
-452 | 100010111010001011 | 64 1000101011001
-448 | 100010111010001100 | 68 100010104411100
-444 | 100010111010001101 | 72 100010106010010
-440 | 100010111010001110 | 76 100040111011110
-436 | 100010111010001111 | 80 100010100101110
-432 | 100010111010010000 | 84 10001011101110110
-428 | 100010111010010001 | 88 100010101111101
-424 | 100010111010010010 | 92 100010100101111
-420 | 100010111010010011 | 96 1000101110111110
-416 | 100010111010010100 | 400 10001011101110111
-412 | 100010111010010101| 104 1000101110111111
-408 | 100010111010010410 | 108 1000101011011000
-404 | 100010111010040111 | 112 100010111011100111
-400 | 100010111016011000 | 116 1000101011011001
-396 | 1000101440410011001 | 120 10000001100000000
-392 | 100010411010011010 | 124 1000101011011010
-388 | 100040111010011011 | 128 10000001100000001
-384 | 100010111010011100 | 132 10000001100000010
-380 K400010111010011101 | 136 10000001100000011
-376° 100010111010011110 | 140 10000001100000100
~372° | 100010111010011111 | 144 10000001100000101
=368 | 100010111010100000 | 148 10000001100000110
-364 | 100010111010100001 | 152 10000001100000111
-360 | 100010111010100010 | 156 10000001100001000
-356 | 100010111010100011 | 160 10000001100001001
-352 | 100010111010100100 | 164 1000000110000101
-348 | 100010111010100101 | 168 10000001100001100
-344 | 100010111010100110 | 172 10000001100001101
-340 | 100010111010100111 | 176 1000000110000111
-336 | 100010111010101000 | 180 10000001100010000
=332—T196010++1616464060+ 184 +6660661106610661
-328 | 100010111010101010 | 188 10000001100010010
-324 | 100010111010101011 | 192 1000000110001010
-320 | 100010111010101100 | 196 10000001100010011
-316 | 100010111010101101 | 200 10000001100010110
-312 | 100010111010101110 | 204 10000001100010111
-308 | 100010111010101111 | 208 10000001100011000
-304 | 100010111010110000 | 212 10000001100011001
-300 | 100010111010110001 | 216 10000001100011010
-296 | 100010111010110010 | 220 1000000110001110
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-292 | 100010111010110011 | 224 10000001100011011
-288 | 100010111010110100 | 228 10000001100011110
-284 | 100010111010110101 | 232 10000001100011111
-280 | 100010111010110110 | 236 10000001100100000
-276 | 100010111010110111 | 240 10000001100100001
-272 | 100010111010111000 | 244 10000001100100010
-268 | 100010111010111001 | 248 10000001100100011
-264 | 100010111010111010 | 252 10000001100100100
=260 [ T000TOTT1oToTT 1ot 256 000000 TTO0TO0 10
-256 | 100010111010111100 | 260 10000001100100110
-252 | 100010111010111101 | 264 10000001100100111
-248 | 100010111010111110 | 268 10000001100101000
-244 | 100010111010111111 ) 272 10000001100101001
-240 | 100010111011000000 | 276 10000001100101010
-236 | 100010111011000001 | 280 10000001100101011
-232 | 100010111011000010 | 284 10000001100101100
-228 | 100010111011000011 | 288 10000001100101101
-224 | 100010111011000100 | 292 10000001100101110,
-220 | 100010111011000101 | 296 10000001100101144
-216 | 100010111011000110 | 300 1000000110011,0000
-212 | 100010111011000111 | 304 1000000110014.0001
-208 | 100010111011001000 | 308 10000001100110010
-204 | 100010111011001001 | 312 10000001400110011
-200 | 10001011101100101 | 316 10000001100110100
-196 | 100010111011001100 | 320 10000001100110101
-192 | 100010111011001101 | 324 160600001100110110
-188 | 100010111011001110 | 328 10000001100110111
-184 | 100010111011001111 | 332 10000001100111000
-180 | 100010111011010000 | 336 10000001100111001
-176 | 100010111011010001 \\340 10000001100111010
-172 | 100010111011010010.} 344 10000001100111011
-168 | 100010111011010011 | 348 10000001100111100
-164 | 100010111011040100 | 352 10000001100111101
-160 | 10001011101101011 | 356 10000001100111110
-156 | 1000101004611001 360 10000001100111111
-152 | 100010441011010101 | 364 10000001101000000
-148 | 100010111011011000 | 368 10000001101000001
-144 | 100010111011011001 | 372 10000001101000010
-140 |[(100010111011011010 | 376 10000001101000011
-136. |-100010111011011011 | 380 10000001101000100
-432*°| 10001011101101110 | 384 10000001101000101
-128 | 10001011101101111 | 388 10000001101000110
-124 | 100010111011100000 | 392 10000001101000111
-120 | 100010111011100001 | 396 10000001101001000
-116 | 100010111011100010 | 400 10000001101001001
-112 | 100010111011100011 | 404 10000001101001010
-108 | 100010111011100100 | 408 10000001101001011
-104 | 100010111011100101 | 412 10000001101001100
-100 | 100010111011100110 | 416 10000001101001101
-96 | 1000101001011010 420 10000001101001110
-92 | 100010100100111 424 10000001101001111
-88 | 1000101001011011 428 10000001101010000
-84 | 1000101110111010 432 10000001101010001
-80 | 10001010010100 436 10000001101010010
-76 | 10001010010101 440 10000001101010011
-72 | 10001010110010 444 10000001101010100
-68 | 10000001101100 448 10000001101010101
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-64 | 10000001101101 452 10000001101010110
-60 | 10001010111111 456 10000001101010111
-56 | 1000000110111 460 10000001101011000
-52 | 1000101011000 464 10000001101011001
-48 | 100010101010 468 10000001101011010
-44 | 100010101011 472 10000001101011011
-40 | 100010111000 476 10000001101011100
-36_ | 10001010100 480 10000001101011101
=32 f000000 11 4384 000000 TTOTOTT 110
-28 | 1000101111 488 10000001101011111
-24 | 100010110 492 10001010010011000
-20 | 1000001 496 10001010010011001
-16 | 100011 500 10001010010011010
-12 | 10011 504 10001010010011011
-8 1110 508 10001010010110000
-4 101 512 10001010010110004
0 0

Table 8.B.13 — huff_nisf

index | huff nlsf index | huff nisf | index | huff nlsf

7 10110011 | 14 1000 24 1011010

8 101101110 | 15 00 22 10010011

9 101101111 | 16 11 23 100100101
10 10110010 | 17 01 24 100100100
11 1001000 18 1010 25 10110110
12 1011000 19 10111

13 100101 20 10011

Note: Values smaller than value 8 are represented by 'escape' value 7 followed by a 3 bits unsigned integer
containing the real value. Values greater than value 24 are represented by 'escape’ value 25 followed by an 8
bits unsigned integer containing the real value.

Table 8.B.14 — huff_ngain

index | huff.ngain index | huff _ngain | index | huff ngain

-13 010011100 -4 0100010 5 01000111

-12 010011011001 | -3 010010 6 010011001
-11 010011101110 | -2 01011 7 0100110111
:10 010011101011 | -1 00 8 0100110100
-9 01001110100 | O 1 9 01001101101
-8 01001110110 1 011 10 010011101111
-7 0100110101 2 01010 11 010011101010
-6 010011000 3 010000 12 010011011000
-5 01000110 4 01001111

Note:Values outside the range [-12 ..12] are represented by 'escape’ value —13 followed by an 8 bits s|gned
integer containing the real value.

Table 8.B.15 — huff_scont

index | huff scont index | huff scont index | huff scont
0 1000 4 001 8 0000

1 0100 5 1001 9 11

2 101 6 0101

3 011 7 0001
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Table 8.B.16 — huff_nrofbirths

Index | huff_nrofbirths Index | huff_nrofbirths Index | huff_nrofbirths

0 010 21 000001001 42 000000100001110
1 1010 22 00000101 43 000000100001111
2 1110 23 000001100 44 000000100010000
3 011 24 00000001 45 000000100010001
4 110 25 0000010001 46 000000100010010
S 100 26 0000011010 47 000000100010011
6 001 27 0000011011 48 000000100010100
7 1111 28 000000100000100 | 49 000000100010101
8 0001 29 0000011100 50 000000100010110
9 10111 30 000000100000101 | 51 000000100010111
10 10110 31 000000100000110 | 52 000000100011000
11 0000111 32 000000100000111 | 53 000000100011004
12 000010 33 0000011101 54 000000100011010
13 0000110 34 000000100001000 | 55 000000100041011
14 00000011 35 0000011110 56 000000100011100
15 00000000 36 000000100001001 | 57 000000100011101
16 000000101 37 000000100001010 | 58 000000100011110
17 0000001001 38 0000011111 59 000000100011111
18 0000010000 39 000000100001011 | 60 00000010000000
19 000000100000010 | 40 000000100001100

20 000000100000011 | 41 000000100001101
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Table 8.B.17 — huff_iid_df[0] and huff_iid_dt[0]

Index | huff_iid_df[0] huff_iid_dt[0] Index | huff_iid_df[0] huff_iid_dt[0]

-30 011111111010110100 | 0100111011010100 | 1 010 00

-29 011111111010110101 0100111011010101 2 0001 01011

-28 011111110101110110 0100111011001110 | 3 01101 010010

-27 011111110101110111 0100111011001111 4 011101 0100001

-26 011111110101110100 | 0100111011001100 | 5 0111101 01001100

-25 011111110101110101 0100111011010110 | 6 01111101 010011011

-24 011111111010001010 | 0100111011011000 | 7 011111100 0100111010

-23 011111111010001011 0100111101000110 8 0111111100 01001111001

-22 011111111010001000 | 0100111101100000 | 9 01111111100 01004110000

-21 01111111010000000 010011100011000 10 01111110100 010011101111

-20 011111111010110110 010011100011001 11 011111101011 010011100010

-19 01111111010000010 010011101100100 12 0111111101010 0100111101010
-18 01111111010111000 010011101100101 13 01111111101010 0100111011000
-17 0111111101000010 010011101101101 14 01111111010110 01001111010111
-16 0111111110101110 010011110110001 15 011111111010000 01001111010000
-15 011111110101111 01001110110111 16 0111111110101111 010011110110010
-14 01111111010001 01001111010110 17 0111111409000011 010011110100010
-13 01111111101001 0100111000111 18 0111111,4010111001 010011100011010
-12 0111111101001 0100111101001 19 01141111010000011 010011100011011
-11 011111101010 0100111101101 20 011111111010110111 0100111101100110
-10 011111111011 010011101110 21 01111111010000001 0100111101100111
-9 01111111011 010011110111 22 011111111010001001 0100111101100001
-8 0111111011 01001111000 23 011111111010001110 | 0100111101000111
-7 0111111111 0100111001 24 011111111010001111 0100111011011001
-6 01111100 010011010 25 011111111010001100 | 0100111011010111
-5 0111100 010011111 26 011111111010001101 0100111011001101
-4 011100 0100000 27 011111111010110010 010011101101¢010
-3 01100 010001 28 011111111010110011 010011101101¢011
-2 0000 01010 29 011111111010110000 010011101101¢000
-1 001 011 30 011111111010110001 010011101101(001
0 1 1
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