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ISCPFIEC 11 1??-3: ‘I993 [E]

Foreword

IS-D [the International Organization for Standardization: and IEC [the Inter-
national Eleotrotechnioai Commission: form the specialized system for
wertdwide standardization. National bodies that are members of IE0 or

IE3 narticioate in the development of International Standards through
technical committees established by the respective organization to idea.‘
with oa"t'cu2sr tleicla of technical acti~irit*..r. ISO and IEC technical com-
mittees coflal:-crate in fields of mutual interest. Other International organ-
izations. :_io'-irerrimental and nongovernmental. 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, iSClIi'I!EC JTC ‘I. Draft International Standards adopted
by the joint technical committee are circu ated to national bodies for vot-
ing. Publication as an International Standard requires approval by at least
1'5 ‘ii. of the national bodies casting a vote.

International Standard ISDIIEC i‘l1T2-3 was prepared by Joint Technical
Committee ISDIIEC JTC 1. lni'o.rmati'on technoiogir. Sub-Committee SC 29.
Coded representation of audio. ,or'cto.re. n1uli*.«'rnedi'a and hypermedia infor-
matfon.

ISUIIEC ‘I1 17-'2 consists of the following parts. under the general title in-
forrnetfon teohnoiogy —- Coding of rrtol.-ring pictures and associated audio
for digitai storage media at Lie to about 7.5 Maids:

— Part I: Systems

-- Part 2.‘ Video

— Part 3: Audio

—— Part 4: Comorianca testing

Annexes A and B form an integral part of this part of ISO.-'iEC ’E117I'2. An-
ne;-cee C, 2|, E, -'3, G and H are for information only-'.

iv
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*9 |3'3i|E'3 ISCIIIEC; 11‘i‘.?2—3: tsss [E]

Introduction

Note: Rr.-ntlcrs interested in an overview of MPEG Audio should read this Introduction and then proceed to
annex A. tfliagtamsjl and annex C‘ I.'Ii1e encoding process) before reading the nonnative clauses 1 and 2, 
To aid. in the understanding of the specification of use 5tt_‘_tu1::d comp.-cased |;.i15m_-,;1_m and 1;; dgmding_ 3
5-IEIQEJEIICIB Elf encoding. storage and decoding is tlescril:-et:I_

l.'I.1 Encoding

Th.o cncoder pnooesses the digits] audit) signal and produces the compressed l:ti15|_n:a_m for gp;p:agg_ Tug

ettcoder algorithm is not standardized. and may use various rne;.'1J1s for enouditlg such rug estimafion of the,
3|-Id1lDl'1r' masking '|hJ'¢5h-tlid. tiunntizatitrn. and scaling. However. the encoder output must be such that :1
deco-tier conforming to the speeifi cations of clause 1.4 will product: audio suitable for the ltjtendgd
appiitzatiolt.

PCM

audio samples "_"'°°d'3‘i
32 44-1 45 KHZ quantizor frame bnstream

mapping and k.
coding pa: mg

psyohoocoustic
u t

"10 E ISCIHEC 1117'?-3
nncodar

 
attcilisry data

Figure 1 -- Sketch nf the basic structure of an encoder

Figure 1 illustrates the ‘basic strttcture of 3 audio enooder. lnpul audio samples are fed into the encoder. The
mapping creates rt Filtcned and suhsatnplcd rtprcsciitatioit of the input audio strenrn. The mapped samples
may he called either subhond samples (as in Layer I or II, see below} or transformed subband samples {as in
La)-‘er III}. A psycllooeotsstic model creates :1 set of data to control the quantizer and coding. Thtese data are
different depending on the aottlai coder itltpiementntjon. One possibility is to use an 12$-iilflfliiflfl of the
masking threshold to do this qtiantjzer control. The quztntizer and ending block creates a set ofooding
symbols from the mapped input samples. Again. this block can depend -on the encoding system. The block
‘frame packing‘ assembles the scum] ‘nitstrcrtoi from the output data of the oL'|1Br blocks. and fldds OW-‘=1’
inftztm-tntirtn (neg, error correction] if necessary.-.

Tiiete are four differettt modes possible, single eh..'t:1I1ei. dual chflntlfll {IWD illfiepefldeflt 51'-ldifi 51811315 '30?’-‘id
within one bitstreatnj, stereo Ifleft and right signrds o-fa stereo prur coded s_A-'LtJ‘t1t1 one h-I|:_5T.re«?tmJ. and JUITI-I
Stereo {left rind right signals of FL stereo prtir cotlod within one ottstremn with The 515130 II-'1'=1I‘«"-'-'='|-1'1’-'33‘ and
redundancy exploited}.
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JSDJIEC 1'l.1T2~3: ‘1993[E]| @ I504.-[E3

0.2 Layers

Depending on the s.p-plication, tiifferent layers or the ending gystgni with inc;-git-Lg gnggdgr ..mmp],=,d[1.. and
can be used. An ISDHIEC 11I'I2~3 Audio Layer N decoder is able to decode bitstream data

which has been encoded in l_.a3.-er N and all layer: below N,

Layer I

T3115 I-ii-"ET Cflflifi-ills TJIIE basic mapping of Lite digital audio input into 32 subbands, fitted segirientatiun to
fflfm-i-it "it "13i3_i1"i‘-D b'0¢|'=‘-S. 9 psychoaeoustic model to detertnitle the adaptive bit allocation, and
qllanhisflon usmg block conipanding and torniatting. The uieoretieal minimum exicodingldecoding delay for
Layer I is about 19 ms.

I..ayerlI

This layer provides additional eoding orbit allocation, sealefactors and samples. Different framing is used,
The theotetiizel min imum erloodingfdeeoeting delay for Layer II is about 35 ms.

Lo}-er E]

This layer introduces iI1Ct'Et'L5£d frequency resolu rjen based on H. hybrid tilterlinnlt. It adds a :iii'fei-ent
Iinonuniforttfl qua.rtt.izer, zltmptiue seg'rrtetitntion and entropy ending oftlie qurtntized values, 'I'.l-re meet-e|.ica1
minimum ettcodingiideooding delay for Layer III is about 59 ms.

Joint Stereo coding crm be added as an additional feature to any of the layers.

{'1 . 3 Storage

Various slreo.1:ns ot‘ ettcotied vi-zleo. encoded audio, S]i|'I'Il3I'l.l'|.':|l'liZE.l.ii.'I|lI. date, systents data and auxiliary data may
be stored together on H stomge medium. Editing of the audio will be easier it’ the edit point is eeristrninecl to
coincide with an addressable point.

533835 W Slflffitte may 1" '«"D1"a'r- remote access over it conirnuoication system. Access is assumed to he
-Jolltrflilsd by s functional unit other firm due audio deoocler itself. This oontrol unit accepts user commends.
reads and interprets r:lt'tt:1 base st.n.1t:ture in formation. reads the stored infonnetion from the media.
demultiplettes not:-audio itiferinnuoti and passes the stored rmdio bitstrenrn to the audio decoder at the
Ifiquirotlrete.

o.-1 Decoding

The decoder accepts the oompressed audio bitstrertm in the syrntsut defined in 2.4.1. decodes the data elemeolts
aflcflrdilig to 2.4.2. and uses the ilifonnation to produce digit:-tleudio output according to 2.4.3.

POM

audio samples
32 44.1 48 kHz

itw erse

unpaolttng rriapptngreconstruction .
 ISCIJIEC 111'i"2-3 do-eodar

anciiiary data

 
Figure 2 —— Sketch of the basic structure of a decoder

Figure 2 illustrates the basin: strtleture of El studio decoder. EiL-ttream data is fed intfl U16 dEE|I2-dB1'- TD-B
bitsttcam unpacking and decoding block do-:5 error detection if error-e heck is applied in the encoder {set
2.4.2.4}. The hitsuenin data. are unpacked to recover the various pieces of iI'If0-1'III=1I-iD1'-- Tbs‘-
rgcgngtrucuqn block |'g;c|;:|1,5,[_|:‘uc",|'_5 the quantized version of the set of mapped samples. The il'1'\t-'e:l's$
mapping trartsfonns these mapped srtlnples bsrk into Llnifortn P'Ci'-'I.

vi
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Information technology — Coding of moving
pictures and associated audio for digital storage

media at up to about 15 Mbitfs —-

Part 3:

Audio

Section 1: General

1.1 scope

This part of ISOJEEC 111?? specifies the coded representation of high quality audio for storage media and
the method for decoding of high qurdity audio sign.'1.?|s. The input of the encoder and the output of the decoder
are compatible widl existing PCIH-I standards such as standard Compact Disc and Digital Audio ‘Tape.

This part of1J:Ie ISDIEEC 1 1 H2 is intended for application to digital storage media providing a total
continuous lntnst'e:r rate of about 1.5 Pvfhitsisec for both audio and video bitsueams. such as CD, DAT and

magnetic hard disc. The storage media rrtny either be connected directly to the decoder, or via other means
such as communication lines and the ISCIJTEC 1 1172 multiplexed stream defined in ISDIIEC 11 1T2-E .
This part of lSCI.u"IEl'3 ‘i1 1T2 is intended for sampling rates of 32. lvtl-I2. 44.1 kHz. and 43 kHz.

1.2 Normative references

‘I11: following international Standartis contain provisions which. lhrough reference in this Lest. constitute
provisions of IJJi$ part oi‘ IS D-IEEC 11 1'?2. At the time of publication. lJ'l.e editions indicated were valid.
All standards are subject to revision. and panics to agreements based on Ihis part of ISOJIEE‘ l11‘I2 are
encouraged to investigate the possibility of applying ‘me most recent editions of the standards indicated
below. Members of IEC ruld ISO maiiltaio registers of I:ll1'1'cI'lLl:n' valid Interrlalional Standards.

IS D.-'IEC 1 1 172-1:199} Infomiation Iechrtoiogy - Coding ofnwving piclu res‘ cm-cl‘ dssc-:*:'nlen' ea.-‘tilt’-:I_a’oI|'-n:il'ig'l'-I'e:'li
storage nmdia at up to noon: L5 Miiitfs - For: J‘ Systents.

ISELFIEC 11 1T2—2:1£l§l3 figmmmrfou technology - Ceding ofnioving pictures and associated aediofnr digital
storage ntedia at up to about L5 Mbft.-'s' - Part 2: Video.

CCIR Rfinammendafion 601-2 Enxading pdrernerers of digits! leievisionfor studios.

CCIR Report I514-'-1» C.Florac:en'_rn'cs of sj:.rte.nLs_,|"or rnonnrflrome and colour !ei€'vI'S1'fl.rt.

CCIR Recommendation 648 Recording ufnudfn signals.

C313 Repgrt n5,5-2 sound broadcasting by 5.;n.«:1:.§.r.-3for pnrmbi.-3 and mobile receivers. in cluding Annex IV
Sulmrnary description offidvanced Dig Em! -'3}'.l'i‘c:rt N.

CCI"1"1" E?_gou.u1|ne:Jd:11io:1 J,1'.? Pre-empirrrsfs used on Sound-Frog rdrltme Cl'."'Ctl.t'I.5‘.

[BEE D;-af; spguadnrd P11S{3:u'D2 IEIQD Spat‘.-]"ica1:'nnfnr the Einpicntentetion of 3.: 5' invtrre t3'iECi"'e‘Ir£' C-'.'J.!-'1'i'1E
trans_I"onn".

[EC publication 9{}El:1£lEl‘? CD Digital Audio Sysrerrt.
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Section 2: Technical elements

2.1 Definitions

For the ]:Iu1'pos¢s of ISDIIEC 11172. the following definitions apply. if specific to a part, this is noted, in
square brscicels.

2-1-1 9!: Eflefficienl [widen]: Any D-CT coefficient for which the frequency in one or ball: dimensions
‘[3 HCII-IBFC1.

2.1.2 access unit [system]: In the case of compressed audio an access unit is an audio. 5;;-335,5 mm_ 11-.

Hit‘: case of Compressfli video an eeeess unit is The coded representation or a piemre.

2.1.3 adaptive s-eglneotetioo [audi-oi: A subdivision of the digital representation of an audio signal
in vflfiabifi SE-E1'l'.lB|1l.5 Of flmfi.

1.1.4 adaptive IJ-it alioealiotl Elutiio]: The assignment of bits to s.1.|l:tb.:|.11d5 in 9, time and fmqummy
varying fashion ncoording to s psychosoousoo model,

2.1.5 adaptive noise allocation [audio I: The assignment of coding noise to frequency bands in a
ti.tn-e and frequeticy varying fashion aeoordihg to a ps3.rcho."u:ousIic model.

2.1.15 alias [audio]: lvfirrured signal component resulting from sub-Nyquist sampling.

2.1.7 analysis filterbanl-I: [a-udiol: I-‘-'ilterbanJ: in the one-ode: that tr:-uisforms s. brDfl.t1I1t."1.l‘I.-ti. PCM audio
signal into a set of suosorn pied suhbelai samples.

1.1.3 audio access I-mil [flu-din]: For Layers I and II an audio access unit is defined as the smallest
part ofthe enooded hitstreatn which can be decoded by itself, where decoded me.-ms "fu|l3..r reooosu-uoteo
sound‘. For Layer Ill an audio access unit is part of the hitstresjn tl:Lstt is deeodithle with the use of
previously at:qL:i.rex:| 11:Ln.in infomiafion.

2.1.9 audio huffer [audio]: A buffer in Uh: system target decoder for storage of coinpressed audio t1a,ts_

1'..I.1-I} audio sequence [audio]: A. t1.on-ittte1'rup-ted series of audio [routes in which the following
parameters are not changed:

—ID

- layer
- Sampling Frequency
- For L-i'1.3-1:! I i:‘1.T'I|:1 II: BilI!:‘|.EI3'. tide:

2-.'l.II backward motion ‘vector [Video]: A Inotion vector lhflt is used: for motion eotnpensation
from a reference picture at a later time in display order.

2.1.12 Bark [audio]: Unit of critical band rate. The Earl: scale is s. non-linear mapping of the frequency
soaie owe.-r the audio range closely oorrespoliding with the frequency seiectivitg-' of die human. ear across the
bond.

1.1.13 |_-gldlreotionelly predictive-coded picture; B-picture ['|:-"lI.'i.eD]: A picture that is coded
using motion oom pensated prediction from :1 past sndifor future referenoe picture.

2.1.1-1 bttratc: The rate at which the compressed h't‘LsIJ'vEn.I'I'I- is delivered from the storage medium to the
input of a decodezr.

231.15 |_.1u.:t.-. (:(:|'rnpn|:'|di1][_I_ [audio]: Nnnnaiiziiig of the digits] represslitmioii of an audio signal
wi1.hi:n a cnermiti tiuie peliod.

2.1-115 block [video]-. An B-tow by E.—coIum.n urfllfi-gflnfll blfifik Of D315-

1.'l.1'J' bound [audio]: The lowest subband ‘III which i|1l'=H$”-l’ Elf-TED ‘-‘~¢"?1inS 15 U535-
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2.1.15 byte aligned: A bit in a coded I:tits.l.renm is byte-aligned if its position is at multiple of 3~bil;s
from the first. hit in the stneam.

2.1.19 byte: Sequence of S-bits.

3-1-20 channel: A digital medium that stores or transporcs an ISO.-"IEC I11_'.T2 sue:-a;n_

2.1.21 channel [audlo]: The left and right channels of a stereu signal

2-‘I-33 chrotltinance _{component} [video]: A nnttt-ix, block cur single pcl representing one of time
I“ -==°10u=‘ difference signals related to the primary colours in the manner defined in CCJR Rec em. The
symbols used fer the c-ulottr difference signals are Cr and Ch.

2.1.23 coded audio httstreem [end]-n]': A coded rflpresctltation of an audio signal as gpgcifigd in Luis
part ef ISCIFIEC I1lT2.

2-1-24 coded video biistream [video]: A coded representation of a series of one or more pictures as
specified in ISDJIEC 111':-'24.

2-1-25 -Coded order [video]: The order in which the pictures are stored and decoded. This El-l'd.£:l' is net
necessarily the saute as the display order.

2.1.26 ended representation: A date. eietnent as represented in its mended run-:1.

2.1.2? coding parameters [Video]: The set of user-definabie parameters U1-El.L characterize a coded video

hitsueam. Bttsztresms are characterised by ceding pt1ramei.e.rs. Decade-rs are ci1£1rnt::t.e:'isefi by the bitstreams
that they ere capable of clccediug.

2.1.23 component [video]: A Innt.ri:It. block er single pel from one of the three II:IEtLt"tt:E:s {luminance
and two elarc-mi nstnce) that melee up a picture.

2.1.29 compression: Reducfiutt it: the. l:I|Jl'l'|i:lI;'.1' uf bits used tun represent an itern nf t1at.z|_

2.1.311] constant bitrate coded video |s-icleo]: A compressed video hitstrerun with a constant
1"-"E1353 I1|iL|':lI:E-'.

2.1.31 constant bit:-ate: Clperaticun where the bitrnte is constant. from start tn finish of die compressed
bitstrenm.

2-1.3-2 constrained parameters [video]: The Itrnlues of |'J'|.E set of cudittg p:-irnrtteters defined in
2.4.3.2 Elf ISl'_'l.|'1'EC l11'i"2'.-1'..

2.1.33 constrained s;-{sum parameter stream {CSPS} [system]: An ISOIIEC 11112
multiplexed stt'e.-a.m for which the ccmstrnints defined in 2.4.6 of ISDJTEC 1 11'.I*2-1 apply.

1.1.3-I CRIS: Cyclic redundancy code.

1-1.3-5 critical band rate iaudiel: Psychoncuustic function of frequency. at :1 given audible
[rgquency it is pmpnt-tionstl to the nttrnber of critics} hmtds ‘below um: frequency. The. units of the entice]
band rate scale. are Barks.

1.1.3-6 critical band [audio-I: Psgrclloncoustjc measure in the Speetrttl dotnflin which D0-tTESpC-HE'S to CD3
frequency selectivity of the human ear. This selectivity is Express-all in 311-1'k.

2_1.3‘;n" data element; Hut item: of data as represented before encotling 3.11-Cl after dBCDII1iT|£-

11,35 d-c..¢.creff'icieI1t [video]: The DCT coefficient for which Lhe. frequency is zero in bath
rlirnensions.
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Fl-39 |14='4=0fl°Il Picture: 1'-‘I-picture [triden]: A picture that is ooded using Elllhf information from
itself. CIftheDCTeoefftcietttsindteoodedrepu-esentatioo. only the do-eoeiffieients areprwent.

1.1.411 Ilt'.'.'l' eoelrteient: The amplitude of a specific oosine basis fiat-;:tiott.

1.1.dl. delta-sled a1:reat:n: The decoded reoonatruetion of st eon:tpr«$ed hitstreant.

1-1-41 decoder input buffer [video]: The first-in first-out {FIFO} buffer specified in the video
ht:ft'ering "iiE.'l'iflE.'l'.

1.1.-I3 decoder Input r-ate [video]: The data rate specified in the video hoffecting verifier anti eoooded
in Iheeoded trideo b'iIsI:I'enn't.

1.1.4.4 decoder: An embodiment ofe deeodittg process.

1.1.-i-5 decoding [process]: The process defined in ISOJIEC 11111 that reads an input coded hitslrcam
and produces tlenooded picnlres or audio samples.

1.1.-to decoding tinre-stamp; DTS [system]: A field that may be present in ii. pecltet header that
indicatesthe tit‘.-te Ihatnttseeessttnitisdeeodedin lliflfitjfslflliil targetdeooder.

2.1.41’ de—em1:-Itttsis [audio]: Filtering applied to an audio signal after storage or transmission to undo
n linear diel;ot1:i-on due to eu'tplt.a.-5.is..

..2.1.=|-8 deqIII|1.ti.nliots [video]: The puttoess of rescaling the quatttizetfl [JCT t'.'fltE-ffi.Ci.Bl1l3 afier their
f‘E|:l'EGEl.'I[i1tiO'|1 i'lID'Etbil.Sll'|hl.Il'i iII.M'i:|GEl1IIl3i:-tJiIl2'iE«t13.I:I.i:IiJE:ft:1'E:‘Li:I.B}f al'lBp11‘.'S.t‘.'.l]I:IEfl lI3tIi:IE."iI:I.‘|t"t'.'-l'5I§[l|'C".l'.

2.1.-Ii-5| digital storage media; D-SM: A digital storage or transrrtission device or system.

1.1.50 discrete cosine I‘.l"1Il'IEfiJI'lI'I-: DCT [video]: Either the forward dime eosine transform or the
inverse. disetete some onnstornt. The DUI‘ is an invertible. discrete onhogonnl tztansfortnation. The
inverse DCT is defined in amte: A of ISIDIIZEC 1 1112-2.

2.1.51 display order ltrltleol: The octtier in which the decoded pietttres should be displayed. Normally
this is the some orderin which they were presented at the input of the encoder.

2.1.52 dual channel In-ocle [audio-I: A mode. where two studio ohtttittels with ittdepebdelli ]:IrII:tgt'£IIl'Il:I:tI=

eonteots [e..g. bilingual} are encoded within one hitso-eant. The ending process is the some as for the stereo
I|'|Dd-B.

1.1.53 editing: The pmeess by which one or more ootnpress-ed hitsoeants are l:t'|a.I:tlp-t.Ilttl:cat1 to produce at
new oontpttssed hit.-streant. Cottfornting edited hitstreams must meet me t'eqt.1i.t‘et:neI:Lts defined in this
ISUJIEC 1] l'.?2.

1.1.54 elernentary stream [system]: A generic tent’: for one of the coded video. coded audio or flthfir
ooded hitsu-eams.

1.1.55 emphasis [audio]: Filtering applied to an audio signal I::e:I'ore storage or ttanstntsslon to
'tntpt'I:w-e the signal-to-noise ratio at high frequencies.

1.1.55 encoder: An etnhodirnent of an enoodittg process.

1.1.5’? encoding (process): A pcro-oess. not specified in ISCIJTEC 1117?. EH81 |"Ei3='15 3- 5""5fim DE 1'1P"-"-
prictures or audio satnnles and produces a valid ended hitsttenm m defined in ISDIIEC 11 1'11.

2.1.53 ettlropy coding; Variable length lossless coding of the digital represetttaeioo of a sisliiil ‘"1
reduoe .

1.1.59 fast forward playhaclr [video]: The prooess of displaying a sequence. DJ‘ P313 01' '1 '-5fi3iU'-‘-“I73:
ofpientres in display-order faster than real-time.
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1.1.15-I1 FIIT: Fast Fourier Transforntotzion. A fast a.l.goritl:rm for perforating a discrete Fourier transform
{an orthogonal n'ansl‘orm}. .

2.1.61 rillurrlronlt [audio]: A set of band-pass filters covering die entire audio frequerrey range.

1.1.15: fixed segrnentatlnn [audio]: A subdivision oi‘ the digital representation or an audio signal
inoo fixed segments of time.

2.1.6.3 forbidden: The term "forbidden" when used in the clauses defining the coded bltsutam irtdicates
that the value shall nesrer be used. This ‘E usually to avoid eartttlalinn of start t:=EIt:|-es.

2.1454 forced updating [video]: The process by wliidr ntaer-ohiocks are inn-rt-coded from l.i.l1:i-E-'=-I321!-I.i.l:IiIE
r.oensr.u-ethatniismatcltermcrsbetvreen the inverse-D-C'I'proeemesio erreodersaoddeeoderscanoothuildup
excessively.

3.1.65 forward motion vector [video]: A motion vector that is used for motion compecnsetlon from
areferencepictro-eatrrneariiertimeirr display order.

2.1.66 frotne laudiolr A part of the audio signal tliatcorrcsponds to audio Pifivi samples front an
audio Access Unit.

2.1.61 free for-Inat [audio]: Any bitrate other than the defined bitmtes that is less loan the maximum
valid nitrate forceclr layer.

1.1.63 future rererenee picture [video]: The future reference pienrre is the reference picture that
ct-cctrs at at later l:i.I:I1.t: than the ctn'rent'. prictttre in display -order.

2.1.-Ii! granules [Layer II] [Ind]-n]: Tile set til’ 3 tsmtsecttthre subband sronples from all 32 suhb-ands
that see considered togedter before quantization. Tiregr correspond to 96 PCM samples.

2.1.10 gt-an-trlea [Layer III] Ea-Iudlo]: STIS frequency lines ‘that. carry their nv.-'n side it't:I"t:u‘t:t't."ttiott1.

2.1.11 group of pictures [video]: A series of one or more coded pictures intended to assist random
access. The group ofpicnn-es is one oi’ the Iagrers in the coding syntax defined in ISDl'l:EC 11111-1.

2.132. Flinn window [audio]: A tin:-e function applied sanlple-I:I:r'-ml-'I'IP1¢ I10 9- 1110-64: Df filllili-D SRIHFHE
berore Fourier transrorrrntion.

2.1.1-'3 Humnon coding: A specific rnetltod for entropzr coding.

1-1.14 hybrid fllterhank Ian-dial: 45!. serial cotnbinatinn of subbcam-d filterbonk and MDCT.

2.1.15 1'.|'t-'iDt:'1‘ [audio]: Inverse Modified Discrete Cosine Transform.

1.1.76 intensity stereo [audio]: A nterltod of exploiting stereo irrelevance or redundancy in _
stereophcrnic audio progmnuoesbaeed on retaining at high frequencies only the energy ~?-IIWJOIIB I-‘If “I3 111.511‘-
and led. chamtels.

3.1.17 iuterlaee [video]: The p:rnpert'_I.-I of conventional television pictures where alternating lines of

the pict1.u'e represent different instances in time.

3*-]_,",t'3 [mm coding [1-[dag]: Cuding gf gr rnacrnblnck or picture. that uses infnnnation only Bum that
mac-xoblock or picture.

2.1.79 intro-ended picture-, I-picture [video]: A picture coded -rains iflfflffli-H-timl 61111‘ Wm i|i5€~'f-

3.1.30 tsnrntc 111.11 (multiplexed) so-earn [si-stunt: A bitstream ¢'r°|3|1P°=5'=‘1 Of 1”“ “T “*0”
elementary sl:I'ca.ms ooottrioed in the rnatmecr defined in ISCHEEC i 1 1T2-1.
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1.1.31 joint stereo coding [audio]: Any tnethorl that exploits stereophonic irrelevance or
 .

1.1.8: joint stereo mode laudiol: A mode of the audio coding algorlutnt using joint stereo coding.

1.1.113 layer [audio]: {Joe of the levels in the coding hicrnrclty of the studio system defined in this partof IS.t').t'tEC 111‘.-'2.

1.1.114 layer [video and systems]: One of the levels in the data hierarchy of the video anti system
specifications defttted in ISOIIEE.‘ Ill?!-l and ISDIIEC 11111-2.

1.1.35 luminance (component) [video]: A matrix. hloclr or single pet representing a monochrome
represettm.t:ion ofthe sigtutl and related to Iheprimary colours in themanuer defined lu CC.lRRec+5flI. 'I‘ite
symbol used for lutrtiuattce is 1''.

2.1.86 Inuit:-o-hloelr [video]: The four 13 by 8 blocks of lutninancc data and the two corresponding 8 by
ii blocks of cluotrtinance data coming from a. to by to section of the tnottretnee component of the pictt.o-e.
h-ilacrohlcclsz is sotttetiutmosecitoretecrtothepeidsta anttsocmetimestotl.-te codedrepresentaficuofthepei
values and other chtaelem-ettts defined in the ntacrohloci: layer of the syntax tlefilted in ISDIIEC [1 1?2-2.
The usage is clear from the conteatt

2.1.211’ n-upping [audio]: Conversion ofan audio signal from time to frequency contain by suhband.
Eiltcttttg andfor by in-'l2l:IC'l‘.

2.1.38 masking [audio]: A property ofthe htnnan auditory system by Wlliillll an audio signal cannot be
pcrceitretliu thepresuettcecrartotheraudiosignal .

2.1.6? rnoslting threshold [audio]: .9. function in frequency and time below which an audio signal
cattrtot be perceived by the human auditory system.

2.1.90 MDCT [audio]: Modified Discrete Cosine Trstttsforut.

1.1.91 rnotion comperteltinu [video]: The use of motion vectors to improve the cflieiency of the
pJ'etIit‘.'ti-Dill ofpel values. The prediction uses motion vectors to provide offsets into the past ahtlior future
reference pictures containing previotelydecoded pel values that are used to form the prediction error signal.

2.1.92 martian eetitnatiun [video]: The process of estimating motion vectors during the encoding
process.

1.1.93 motion vector [video]: A two-dimetutiona] vector used for motion -t':IJ‘[[lp£!'IS'aLii:'_!Il't that provi-rim
an offset fnrnn the coordinate position in the ctrrcutptctcre to the coordinates in a reference picture.

2.1.95 MS stereo [audio]: A method of exploiting; stereo irt'ele-wince our redundancy in stereophonic
audio ptttgratrtttnes based on coding the sum and dlflerence signal instead of the left anti right channels.

2.1.95 non-lIt.i::rtt coding [video]: Coding of a lnacrohiocit or picttute that uses int‘ort:tt.at:io-n both from
itself and [tom met-::t'oi:£ioei-ts and pi.ch.tres ooct:u1'ing at other titties.

1.1.96 It-on-tone-l component [audio]: A noise-like component of an audio signal.

2.1.9? Nyqttist sampling: Samplittg at or above twice the maximum handwiddl of a signal.

:.1.9B pack [system]: A pack: consists ofa pack hentjer followed by one or mo-re packets. It is a layer
in the system coding syntax described in ISDHEC 11 1'12-1.

2.1.99 packet data [system]: Contiguous bytes of data from on elementary streattt p:reset1t lit :1 pat:]t:e't.

1.1.100 ptu:]-.:el‘. header [system]: Tlte data stnrcturc used to convey infonrtatiou about the E1t=mElI-HI‘!
so-esm data contained in the packet data.
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11-191 P3!’-‘it'll [31|''51BI'I'll1 45* I1-ilfikflt 0DI'ISiStS of a header followed by a. nutnbcr of contiguous bytes
from an elementary data stream. It is :1 layer in the system coding syntart described ‘tn IS(].r[E.t’: 111':I'2.1_

11-191 padding ii!-M10]: A method to adjust the average length in time of an audio frame to me
|5|'-1-I'fl1‘-iflu‘-1 Of the Cflfrfispfindiltg PCM samples. by conditionally adding a. slot to I11e audio fltarm.-.,

1.1.103 past reference [:|ictu.1~e [video]: The past rcfcrcn-at; pigmpg is the fefgfgncg picture that Datum
at an earlier time than the current picture in display order.

3-1-1"‘ Pill |flPB'=t T9"-lfl i'*iI=|BD]‘- T‘-L‘-=2 ratio of Ike nominal vertical height of pet on the display to its
nominal horizctntal width.

2.1.1115 pel [video]: Picture element.

2.I.‘lflI5 picture pet-Ind [video]: The reciprocal of the picture rate.

2.1.101‘ picture rate [video]: The nominal rate at which pictures should be output from the decod1ug
process.

2-1-193 Pi-I31’!-l!'¢ [1"i-5911].‘ 501.l:l"l.‘.C=.. CDIUE-til DI‘ I'E:CI.':II‘|5iJ‘l.lCiE1d image data. Fl. SDUFCE: U1’ reconstructed |:+it':I:I.ll'E:
oonsists of three rectangular matrices of 8-hit numbers representing cu.-. luminance a.n-d two chro-rn,in.a.nc.e
signals. The Picture layer is one of the layers in the eoding syntax. defined in ISD."l'EC 1] 1'.-'1-2. Note that
the term "pi-:t:Ltre" is always used in ISDIIEC 11 172 in preference to the terms field or frame.

2.1.109 polyp-base filterbenlt [nudlo]: A set of equal bandwidui filters with special phase
iuterrelatiottships. allowing for an effieicnt implementation of the filterbanlr.

2.1.110 prediction [video]: The use of a predictor to provide an -estimate of the pol value or data
element currelttly b-eittg doeodetl.

2.1.111 predictive-coded picture: P-picture [video]: A picture that is coded using motion
coinpensatr.-,d prediction from the post reference picture.

2.1.112 prediction error [video]: The difference between the actual value of:-1 pel or data element and
its predictor.

2.1.113 predictor [wide-:-|: A linear combination of previously decoded pet values or data elements.

2.1.114 presentation tirne-stamp; PTS [system]: A field that may be present in a. packet header
that indicates the time that a presentation unit is presented in the system target decoder.

2.1.115 presentation unit; PU {system}: A decoded audio access unit or a decoded picture.

1.1.116 payehoaeoustle model [audio]: A rnsdnematical mode] of the masking behaviour of the
hu.|rta.tI auditory system.

2.1.1]? quantization matrix [video]: A set Elf 5i:|ti}'—fDur ‘E-h-it Valufifi used by ma dequantizer.

1.1.113 quantize-ti DCT coefficients [v1:ieol: DCT coefflcients before dequetntizatiolz. A variable

mngm wags rI:I:|rc§f:l‘|.'[.'E1.I_i.lDn ofqu.—..m;ized DCT coeffictettts is stored as part of the compressed video
hitstrearn.

;.,1,119 q_ua|1ti_zer scaleractor [video]; .-3. data element represented in the lJ-itstrearn and used by the
decoding pt't:lvt3I_‘:'.§'..5. to scale the dequarttizatiott.

2.1-120 random access: The process of tregiml-illg ED rfiad and dfififlllfi U15 C0535 'C'5|15i-''¢3m 9-‘ 3-“ ii‘-1-"mi-'"9"'Jr'
point.
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2.1-12-1 reference picture [video]: Reference pictures are the newest adjacent I- or F.pic1-_1_u_-as [3 111:
current pictn.re in] display o-filer.

3.1-111 reorder |JIlf'l'r-1* l‘i"idI=D]= -‘H buffer in the system target doooder for storage of a reeonsu-ucted 1.
pit:l.ure or :1 reconslructed P-pie ture.

2.1.123 requantization [audio-I: Decoding of coded subbarad samples in ord.¢_r nu 1-egguer '[]]g grigi.-,a|
quantized values.

2.1.124 reserved: The term "reserved" when used in the -clauses defining the coded bitsucam iudicmgg
that the value may be used in the future for ISCI-.I"lE-C detined extensions.

2.1.125 reverse playback [video]: The process of displaying the picture sequence in the rt-,-..-grsg of
display order.

2.1.126 sealefaetor IJ-and [audio]: A set of frequency littcs in Layer III which are scaled by any;
sealefactor.

2.1.12‘! scnleractnr index [audio]: A itumerical code for a. scnlefactor.

2.1.125 scalefactor [nu-din]: Factor by which El set of values is scaled before quantization.

2.1.129 sequence header [1-'iI:leI;a-1: A block of data in the coded bitstream containing the coded
representation ofn number of data elernerlts.

2.1-130 side information: Information in ‘me bitstream necessary for controlling the decoder,

2.1-131 skipped macrehlo-ck {video}: A macrobloek for which no data are stored.

2.1.132 siioe [video]: A series Df1'l1EICl'DiJ1flCk.5_ It is one of the layers of the coding syntax defined in
ISOHEC 1 1 112-2.

2.1.133 slot [audio]: in slot is an elemelitary part in the l:i'itstream_ In Layer l a slot equals four bytes,
in Layers iI and III one byte.

2.1.134 source stream: :54. single non-multiplexed stream ct’ srunplcs before compression ceding.

1.1.135 spreading function [audio]: A function that describes the frequency spread of masking.

2.1.13-ti start codes [system-n and video]: 32-bit codes embedded in. that coded bitstream that are

unique. "1"l':|i.=_',y' an: used for several purposes including identirying some of the layers in the coding syntau-t.

3.1-131’ STD input buffer [s3.'slen1]: .-it first-in first-out buffer at the input of the system target
decoder for storage of couipresm t:lataf'roIn elecm-entary sum-ins before decoding.

1_1,13fl. stereo made {nut-Jjo]: Mode. whert: two audio channels which form 21. stereo pair {left and

right] are encoded within one oitstream. The coding process is the same as for Lil: dual Ii:|1-ru:II1r:1 mode.

2_1_13.§I stuffing {bite}; stuffing {bytes} : Co:Je—words that may be inserted into the compressed
bitstream that are discarded in the decodillg. pure-mas. Their FIJI‘;-054'» is ‘U15 it!‘-’I't3-'i'f= U13 ‘fiiifflii-“J 0f U15 51-l"3i3-i"1-

2.1.14-[I sulrband [audio]: Suhtlivision of the audio Frequeilcy band.

2.1.141 sulziband filterii-an]: [audio-I: A set of band flilfiffi '~’—‘¢*‘-''?|'ii'lS “'5 '51'|i-ire iii-1553 fT3‘l'J351C3r' F3335-

}_n [1115 Pan gf 15[).i’]_E,C 111172 the, subballtl filterbanlr is a polyp-base fllterloank.

2.1-141 sullhand samples [audio]: The snob.-1nd filterbanlt within the audio encoder creates :1 filtered
and '_§'|_|b5.'aJ1'lp1Ei1 representation of the input audio s1-.rca:n_ The filtered samples are called subhand samples.
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From 3-34 tisne-c:onsecuI.i1.re input audio samples. 12 ti:1'Le—oonsecuti~.re subhand samples are ggngramd “I~i_|hjIl_
each r:-fthe 32 suhbands.

1.1.143 syncword Iaudie-1: A 12-bit code embedded in the audio birsmgam that idgntiflgg 3;“: Stan 9.: a
El‘-'d.|3l'|J¢.

2.1.144 synthesis filterbnnlt [audio]: F:'llLE1'trE.t'I|t in the decoder that reconstructs 5. PCM audio
signal Ervom su'ob:a.nd samples.

1.1.145 system header [system]: The system header is a data structure defined in ISDEIEC 111?:-1
that carries infonnntion surnn:I.nrising the system characteristics of the ISCI.I"IE-C l11'i"2 'II'ILI].".i'F,'|1E",|LE.d 5|:.:'e,au1_

2.1.14-I5 system target decoder: STD [s3.'stem}: A hsrpolheticnl reference model of a decoding
process used to describe the semantics of an IS D.I"]EC 1] H2 roulljpiesead biI,sI1'eam_

2.1.141’ time-stamp [system]: A terrn that indicates use time or an event

2.1.148 triplet [audio]: A set of 3- coiiseeurive suhbamd samples from one sebbantl. A triple: from
each of the 31'. subbtmds forms a granule.

2.1.149 tone] component Iaudio]: A sinusoid-like component of an audio signal.

1.1.151} varialsl-e Isltrat-e: Operation where the bitrate varies with time during the decoding of :-1
-:.or:1;:ress-ed bitslserlm.

1.1.151 variable length ceding; ‘ULC: A reversible procedure for coding that assigns shorter code-

WIIIH1-S. 10 fI'E5C]ilE.l‘il E'i-'E'.I'Ii.$ and 1-EHIIEEF C055-WDIUS 101555 frequent EVERES-

2.1.152 video buffering verifier; 1-']3"i-' [video]: A hypometicaj decoder that is eonoeptuelly
connected to the output of the encoder. Its purpose is to provide a. constraint on the -':1r1".'tbi1it)-' of the d."-Ia
rare that an encoder or editing process may produce.

1.1.153 video sequence [1-'ideoJ;: A. series of one or more groups of piclures. It is one of 1116 layers of
the ending syneu defined in ISO.-"IEIZ_‘.' 111732-2.

2.1.154 zlg-zag scanning order [video]: A specific sequential ordering of roe DCT -coefficients from
t:a::IproIir:rLoIe]3.-r) the lowest spatial frequency to the highest.
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2.2 Symbols and abbreviations

The malttelzttatical operators used to describe this Internsttiocrtal Standard are similar to those used in the C
programming language. However, integer division with uuneatjon and rounding are speeifieauv defined.
The bilwise operators are t:Iet'i.netil assuotirtg twos—oomp]et:nent representation of integers. Ntunbering and
counting loops gene:-ally begin from zero,

2.2.1 Arithmetic operators

4- Addition.

— Sttt-tre::tion (as 3. binanr operator} or negation {as a unsry operator}.

++ Immtmetlt.

- - Dotrre-Lnettt.

* Multiplication.

’* Power.

I Integer division with I'_|"l_'|.'nC:'!.ti1:II1. of the result tov.-ttrd zero. Fur-t:J'.EI.I1tplE. T14 fl.11I'.l -Til"-4 $1.1‘:
tzuneated to 1 and -?.t'4 and 'i".I"-4 are truncated L0 - 1.

If Integer division with rounding to the ti-e.1t'est integer. Hnl f-integer will LIES HIE I'DUt1|'5:€fi 3'-i-'35’
from zero unless otherwise specified. For exatnple 3:’-"2 is rounded to 2. and -3-5'2 I5 F01-mdtlil
to -2.

HIV Integer division tvittt E1'|.II'tI:E|.iit}Il of the result towards -M.

I 1 Absolute value. I II: I: :I'. when it :-.- CI
|',!v'.i=D"W'ifll.':I.'ilZ|t==
lit |=-iltv-then:-ntfl

9!: Modulus operator. Defined oniy for positive :nu.1-nbecra.

5igo{ } Sign(3t} = l K 3 0
E} It =- U

-1 it 4 I3

N'IN''I' { 3- Nearest integer operator. Fteturns the Itearest integer value tn the rfifll-valued argument Half-
integer values are rounded away from zen).

sin Sine.

oos Cosine.

fzitp Exponential.

-v’ Square root.

log I .5 Lugarithm. to base ten.

toga Logarithrn to base e.

Iogg I_og.-"|,ritht11 to base 2.

2 . 2. 2 Logical operators

II Logical CIR.

Emit. Logical AN'l3-.

ll]
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I Logical NOT

2.2.3 Ftulntlenal operators

2: Greater than.

3:»: Greater than or equal to.

< Less than.

<'.= Less than or equal to,

= Equal to.

5- Net equal tel.

III?!-K» F.---.." the I'D-'!.1|'.iIlfl.Il1'lI value in the argument lisL

1115“ L---J HIE» I'm'IliI'nu:m value in the argument list.

2.2.-ll. Blrwisa operators

3'5 l'|''«-'0lS CUIl'lD1EI|'|'fiI'II |1LI!t'lbIEl' f'|.":t:|I‘t‘.'.;5-cntaLitJt‘| is assmtled what the hitu-'t'.5:e upenucn-3 are u5ga;|_

Er. AND

I OR

2*? Sltift right with sign. extension,

-0: Shift left with zero fill.

2.2.5 Assignment

= .-fltssigrtment operator.

2.2.6 Mnemenlee

TEE {G-1|D'~r-"Eng tnnetneniee are defitted to describe The different tlata types used in the cndecl bit-stream.

bsibf Bit string. left hit first. where "left" is the enter in which hit strings are written in
IS-CIIEEC 111'.-'2. Bit strings are written as :1 string of 15 and {)5 within single quote
marks. 13.3. ‘IIIJ-Di) [‘.|{IlC-1'. Elanics within: a bit string are for ease of I'E-'.'1t'J=it'lg and have ne-
significance.

eh Chmtnel. It eh has the walnut: U, the left char-Ilelli Gt" ii E-L?-:I'+‘-D Signal W “E 575* Of l‘“"C*

ittdependent signals is indicated. {Audio}

p,.;;t. Number of channels; E.ql.1;‘1.1 ten 1 for ~.=.i:1g]e_et::anne:| mode. 1 in ether Iflfldfl-5-. {Audilfl

E‘ G1-5|_m_[[g of 3. * 32 gubljand S.1,I‘l'L[‘flE:.E in audio La).reriI. 13 '°‘ 32 stlh—b€tI'ti:I samplefi il:I
audio Layer Ill. (Audie)

main rt.-it.-1 The vn w.in__-cl:-.1.-t portion of Lhe birstream eeltt-'1.'II15 the SCELI-efitcl-DEE-. Hufrlfl-flfl EDCWW
data. and ancillary i:1t'en1:tat'te-It. {Audio}

mm u_dm3_b¢E ‘rim Iggfltjfin in mi; b'tL5Lr-5-,a1n of the beginning In-I‘ the m:tin_,ti|ata fer the frame. The
ltfvcatitsn is equal to the en ding location of the previous frames m='|ifl.JL||=i F595 W” 551'
It is calculated from the maitt_datEl.._'-°:|-id VHIUE “F 1115 l'''1T‘-'i'5'“5 fr“-1'"‘L "M-'d'“~v'

p§i_|'L1_] tzngth The number of tna.in_data hi:-.~: used for scaicfa-trots. Ehufiifli

1]
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I'pci1df R.e|naindE:r polynomial cueffi eients. highest order first. {A udi-J}

Sb 5uhi:1anu:I_ [AudiI:J-2|

Sh-limit The number dfflzie lowest sub-hand for which no IJEL-t are allocated. (Audio)

scfsi Sealefactnr selection info-r|1'iELI.i-zin. {Audie}

S"-I-I'1'.|:I'.'|1_ptZtiI1|;_I Number of seslefacle-r ba.I::Id. {Id-Ilg blocl: sctflefacmr band} frmn which point or: wi.;m:|u.w
switching is used. {Audie-_‘.|

swilI::|1_pcIint_s Number of scale factor hand {short block scalefaetdr band} frmn which point on w1'.1:|::l:]-'u.-I
switching is ufi, {Audio}

Ltiliisbf Unsigned integer. most significant hit first.

'u'1r:ihf ‘u"nri able iength code. left bit first. where "left" refers tn the order in which the ‘W.-C
codes are written.

window Number of the actusil time slot in case of b]eck_t3.-pe——-2. 0 s window 5 2. (Audio)

The byte d-rd.-er of multi-byte words is me-st significant. ‘nyte I'Lrst.

2 .2 .? Constants

11: 3,21-I-ISQEISSSSB...
e 2,‘i"'.lS2S 1 E2345...

2.3 Method at describing bitstraam syntax

The bitstrenm retrieved by the decoder is described in 2.4.1. Each £1-1l.E. item in FJII: hitslrtntn is in bold type.
It is clescribecl by its nsune, its 11: rlgth in bits, and :-1. mnetnonie for its Iype‘: :-1nd order of 1IE'll1$iI]1i5SiCI[].

The action. caused by El decoded data e1-e1m:nt1'.u :1 biL5Erc:un depetails 11-11 the 1.-:~_:Ju.e of rim: data element and
on data elements previous];-I decoded. The decoding of the data elements and defi nidnn of The SL':‘I.lt3 variables
used in their dew-ditig are described in 2.4.2. The following cdnsuticts are used to express the conditidtis
when tlaut elemtmls are prt:se:1t, ant} are in manual L1.-'|:IE:

Note this 5}I'Iit."tJI: uses the KC.“-cede emu-ent.i-en Hunt :1 vaxiable or expression evnlu sting to :1. non-zero value is
equivalent to 51 ctzmtlitilznn that is tnle.

while II 'Cl}I1diI'.il;'Il1 In { If the can diu‘:;:n is I'.rui:, then the group of d.-‘its. elemenu occurs nest
data_«elernent in me data stream. This repeats until the condition is net lrmt.

1.

50 i
data_e]en1ent The data element saws;-'5 occurs at least dnce.

} while ( cendiuen J The dam element is repeated until the mnditiurl is HUI true.

:if[ can r:I:'L'u::I1‘_|- { If the cdnditinn is trI.I:.:. ihcn 111:: firsl .g,1.’I:I-up of (lab?! t3=1|'3U'1|=Ut5 GCCI-IFS
data element :]E:l'.I.2il:Il IJ1-I: Ii."-l[="1SLI'IE.'§'II|IZI.

} .
1:15.: .{ If the can-c|.1Liu11 as ]1[}[ LI'I.I-E':. -'.he:Ii mt: sccntid group Of -dEI.h'i EiI2l'J'H.'.|'lL5

dn ta_e-Ierne nt nccurs nest in me data sLrt:nI:1.

12
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*3 ISOHEC Isouso 11 1:2-3: 1ss:a IE)

1'0-' (“P711 “P715 '3"Pr33' { 'B35Pl'1 55 311 '3IPI'I=$5'l'D1'I- Specifying the Ltiitialization of me loop. Nom-tally it
daI'.a__elem.et:t specifies the inititti state. offlte counter. gxl-_n_r2 is, 3 ggtjfljfign gpgcifl,-ins 3 ms‘

- - - III-Efflrfi each ttttfihon ofthe loop. The loop ten:n1naI.es when the eonditiort
} 15 hat but ttxpr3 15 an exprcsszon that is pezfonmzd at the end ofeseh itera.Li.-m1

|:Ift.I:I.e loop. nonnally it increments 5| c:}un1.er_

Note that the most common usage of this consumer is as follows:

['01 If 1= U: i it 1'I'. 5-I-I-TI I The group of Iitlttt elements occurs Ii times. Conditional c-on.-,L1-nets
da'ta_eIt.-rnenI'. within the group of cl:-us. elements may depend on the value of me

. . . loop oontrot variable i, which is set to zero for the rust occun-en.:._=,,
J inerememed no one for the second occurrenee, and so form,

As r-octecL the group of data elements may eo-ntsin nested conditional constructs. For compact:-sass, the {}
may be omi [ted when only one data element follows.

d1fl‘|l_'!'!1“'!'l'|t [I dfl15|_'B|EII'ICIiL [I is an array of data. The number of IEL'iLl elements is indicated B}-the context.

do ta_I:Icn1cnt [n] tiaI‘.En_eII:IJ1eIIt [H] is Ihe I1-I-l H1 element of an array of data,

do ia_eIernr.nt {rn][ I1] d:it..'1,_eIeIII.etit [m1[111 is Ihe m+I ,n+l |'J1 element of a two-dimetlsional E|.'l.‘I'2-.I.}|' of
data.

dnI'.a_clem-mt llllmilni d:I.t.1_e|ement [11[m][n] is the I+i.rn+I.n+l th element of a three-dimensional
array tII['-Elfltfl.

da".a_e1emenl: [m..n| is the inclusive nutgc of bits. between bit :11 and bit 11 in the d.£|.lfl_eIemenL

W1'i1e the sj-rlttnx is expressed :in procedural tertns. it should not be nssumed that 2.4.3 i1.'n;pIe1:nents is
satisfactory decoding pro-eedm. In partieulm. it defines a -|I:.DI'I'1.‘..CL and error-[tee input bitstreatn. Actual
decoders must include a. rI'lt1'.."iI1.S to Iook for start codes in order to begin decoding eorreetig.-_

Definition of hytaaligned function

The function by-tenligned I3: returns 1 if the current position is on :1 byte boundsuy. that is the nest bit i.n the
bits trearn is the first bit in :1 byte. CiTJ1e1'wise it retums U.

Definition of nextbite function

The function ne:-tt'oi1;s [ll permits comparison: of El ‘bit string with the nest bits to be decoded in the
bitstrean1.

Definition cit rte:Itt_5'tar't_-Izoclo function

'1'j:|.:: ne:¢t__5t.1.-r,_cm-_Ie Function re:-no -tees tin;-.r zero bit and zero byte stuffing and locates the next SI.'Lt1'. code.

No. of bits Mnemonie

while I 1b}"LE£'|.ligLBt'l|{} }
It-.:'I:I__bil

while {ltexth-i.t5|:_]I1='U[}C|'3| UUGD [}Cl|D|'J IJDEICI DD-DC! |3IC|C|l'}
zero_'I.1;t-'te 

This 1'um:|_iu:in checks whelhcr the t_'u11&:IIl ]':-I.'JSiI.i.E>1‘. is by-'tt::t]ignI:d. II" it is 11I:r[. 2.E'.i'I:I sruffing bilé 5|-1'3 P535951-
,a.,fi;;,- um: any n1_|_|11b&1_' of zero b-_-.-tcs insy be present before me stttrt-code. Therefore st:Lrt~t:0dt:5 31"?» filwfilfl
In-t3;1J_ig|1ed and |m'|.~_-.-' be preceded by EIJl'_'p"1iUfl1hEr|.TIr1ET‘C| stuffing billi.
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ISDIIEG 111?-':!—E!~: 1993 {E} .9 |5Q,.'1Eg

2.4 Requirements

2.4.1 Epeclflcatian at the coded audio bitstream syntax

2.4.1.1 Audio nnqunnca

 

  
2.4.1 .2 Audio frame

5 EH Nb.Ufbns Pdnmnnnk
munmj
1

|:e:.=J;I::fl
en‘-::r__n;:r-exkfl
amflqjhnfl
a.nv:'Illar)r_1aa;a(}

2 4 1 3 Hinder

3 nlax No. of bits Mncmnnic

haaierfl
{

syncwnrd 12 bslbf
ID 1 |:Is11:rt'

layer 1 hslhr
prnt.-_cI'.i-:m_l:-It 1 bslbf
bflIalt_.nd:x 4 hslbf

san1pHng_frequ2n¢y 1 hslhf
padding_bH 1 hslhf
privaIe_hit 1 bslhf
|nod¢ I bslhf
lnude_extensiDn 3 hfilhf

copyright 1 hfilhf
original-“copy 1 bsllsf
emphasis 3- 13511‘-‘T

  
2.4.1.4 Errur check

cr:_:heck 

14
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:9 scmec ISDIIEC -1 1 ‘IT-"2-3: 1 993 {E}

2. 4.13.5 Audio dala, Layer I

  
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

  
 

for Isb=iIJ: sbcbound: sh++}
fur {I::h=fl; L}|.'I-'.'.l'LIi.‘JI|;, Cl'H-1-]

allm:atlun[cI1][sl:] -I uimshf
for {5b='|1'IDI:JnI'.l;. sh-:32; sh-H-3 {

allocatiu-niflllshl If ulmshf
allncati-nn[1i[5.h-]=al1m:a1:i[:n[{J][sb]

}
for {5h=CI: sh-:32: 5b++‘.I

for |It.‘.h=U‘. ch-snctr, ch+1-}
ifEaIIcx:a1iun[-:J11lsb]!=E}l

scaIeIattor[u:]1][s|J] 6 ullnshf
fur1,’5=D; 5-u:1'.'.?.: s++_‘,|

for I:sb=£_'I: sh-:I:nnund: sb++,‘.I
for -[c-1'L={iI; ::i1e:11ch: 4:11.++}

if (aim-ca1.im:{ch][sb}l==U}
S:|l!|‘!'|:]lIE.-[I'.:I'.lI[SIJ][5] EH15 UIIHSEIT

for ::s‘n=bound'. sh-<32: st:-r+JI
if [all-c-catiu11lt}]fisb]!=£CI

5amF.1..|u][;1,“_;| ..15 uimsht‘
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2.4.1.5 Audio data. Layer II

For {sl:r=II|; sh-:12:-uun-cl‘. 5h++j
for [ch=D: :h=:nc|:I; ch-1+}

all-:1n:a'tln:-n[ch][sl:]
For I{sb=1n::mnd; sbczsblimit; $b++) [

allacntionlflllsb}
aJlcrc1'vLLinI1[1J[.'5.'l:|-]=:i.JI1v:::uI::EI.t.iv:J1'L[|J][s'|:II]

I
for {sh-={:I; sh-+:sblin'u'l: s'rH—+}

for {I:]1=flI: chemch: -I:'.h+-I-‘}
i.l'[ali€:-:::1Ii:J:1[-r:JJ.]-_'5l:]!-—-{J'_I

scf3i[::I1][s1]]
for Ifsl:-=I{I: Sb-=:ShIiII‘|il; sh-H}

for {:h=£]: chctnch: ch+—d-}
if [alI:JuaI.iU11[|:.h][5bjE=fl} 1

if {=5cf5'lE+:h]Fsb]=U} {
s:'_nIeI'acl.nr[u:h][.-ih]{[I}
sca.IeI"actI}rIchI[s|.'IE[1]
s4:::.lel*at.:t.I;.1r[I:h][:slJ|.L2.].

}
if if-[.E.cfsi{ch][s'b]=Ij 1| [5cE5iIchI[shJ£3:|:| [

scale-l'actur[r.:h][_-ih]{lJ]
s-|:nIn.=[actar|ch][.sh|[2}

]
if v[5ct's'L[n:h][sb]=2l'I

scnlefn CT.Dl'|_Ch_][5]}I|{II
}

forllgr-fl:.gr<12: g:r+ +} |
for II;I::=0'. sb~=:boI.n:c1: sI:n+rII

For {chat}: 4:11-e::ru:h: IIJH-+1
if (sill:-caLioI1[chJ[sb]!=O} {

i.f {_gmup=.ug[ci1].[sb5)
sample-:ode[chI[5b[[5;rI

else

for I:s={J; 5-:3: 5++}
sarnple[ch][3|'ul[3*gr+s]

}
for (3I:-=b-cruntl: sh-:5h1irniL1 3h++‘}

if I:f:aJ1nc;«1Iin:1[-l'TI1[:-".1:«]!=C|1I 1
if I{gmup:ing['U][sb}]

sampli-.I:I:IdeIfl']1sbIIEr]
1315!:

for I[s:fl', s-:3; s++}I
5-an1p1e[fl][s'I:-]_[3-"‘gr+s]

1I5
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2.4.1.?’ Audio data. Layer [II

No. of ‘mils Mnern mic
zusiti-1:J_1:h1La:D
{

mai:1_d:ata__l:1 egin
1'.t' I[m%ingl1:_cI:1a.nI1va1]-

pri.1r:nte_|JiI'.5
clsc

pri 1.-a.ta_biI:s
fv:1r(+:|:1=I2I--, cl:-::m:I1: ch-1-+}

fflr {SCfSi_bvand=fl'. raI::f'5i_|:::u::;1~:4: scf5i_l:-:1.11d++}
s«cfsi[v:I1][5cfs:'_bEu::1J

I-:;-r {_gr=C|'. grczl: gr-+4]
for [1:l1-Cl: n:h-.::11c|1: Cll-H-]I [

pa rI'.2_3_le ngt h [g I] [C h]
|ri!'._'v3|l-tslgrilchl
g1oi|.:al_gain[gr] [chl
sca lefaI:_c amp rtss [gr] [ch]
win1:lo1.r_swiIcl1ing_fIagIgr] [ch]
if {w1ndorw_swiLcI1ing_flag[gr] [cl1]]- [

bloc k_typ1.= [gr] [ch]
mix ad_11Im.:l:_,i.'lag I gru-:: I1]
fi::rI[regi1:n-11-=12]; region-=:2.'. ragio-n++j

tahle_sele1.:t|' gr] [::I:][r«E-rg '11:-I1]
fur [wi11dDw=C|; windnwa-.:3: WiI'IdDw-l—|-}

suh|:uluck_gair.1.[g1','[I:h][1.1.IiI11:]I::Iw:
I
else I

for [region-—-D‘. rcginn-:3: regiun++]1
ta'I.1l£_seIect[g:r] [Chflregiun]

re ginn fl_c a uni [ g r} [ch]
regi1:I-nl_£:nu.nl[gr][¢h.i

}
1:-reflas:isrJ1ch.!
51:: Ire !'a1:_s1::a.]e [gr] [ch]
:0 llll ll tahlt_s£-It I:l[ gr'|[1:h]

}
II1:1.I'.11_dm.H I3

1?
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THE 11"-31“ 15'-Bola. '3-'i'l5-|.I'E2I.'m is dflfmefi bait!‘-'«-'. 'I'h¢ mni11_data field in L11: audio-_d.ala{} syntax contains bvtes from mg
l'nfiJ'.n data bi5LI'::aIIl. Huwevecr, because of The variable 1.1a1un.e of Huffman coding used in Layer ]1I. me Enain data, for 3
fmmfi '5"-'-"C5 HUI EEI-‘II’-Wall)’ TDIIOW thfi hcadcr and side lnfnnnntion for that f'r:a.|:ne. The mm'n__-tiara for a frame s1;a.|-ts an :1
195950“ in "13 W15-ll"E=-‘I11 Pfficfifidiflg lhfi hm-def of the frame at a negallive -aff'.se.L given by lJ:IE- value of
Hlfi-iI'l_d3E3._bCg in. (St: dtfirlilion of m:I.1'.n_data._begiI: and figure A,'.F_a}_

 
  

  
  
  

  
  

  
  

  
  
  

  
  
  
  
  

  
  
  

  
  
  
  
  
  

  
  

 

 
 fflr [gr--¢.': gr-=2: gr++]I [

for {-EI1=U'. »::l.1-::m:t:: ch++:| [
if {[window_5witching_flag [g;rJ[::h]=1)

3:3: Ifblnzl-ck_t:p']t5E[gr][c:I1]==”22I}I {
it‘ IIII1l:Iv::1_b|c:-ck_fl:1g[gr][ch]} E

F11-«r(sft:=C|; sfb-r-:3: 5-f'b++}
sI=a|efnI=_llgr][ch]I5I’I::-J Il..a1 uirnsbr

for (sf|::=’3‘. sfhezll; sl'tH—I-}
for |[wiI:Id-Uw=U; wilidow-:3; windnw-H-_‘.I

sc:1le'I'a4::_s{gr]Ic]'L][sFblfwinduw] I] . . d ulnasbl‘
}
else [

For [Sfb=|3|: 5fb+f.l2'. sE'b++}I
for {w'u1duw={}: window-:3: w'u1dn w+-a-J

s-cal¢fm:_sI_gr][ch][sE'b}['-turinclclw] [I ..4 ulmsbf
l

I
zlst {

if E{5cf§iF-:hI[0]=fl} I1 (gr = 0)}
For-[sl'b=fl;5[h<615fI:H+}

sI:aIefnc__1'[gr][I:I1][sfh] Hui uirnsbf
if EEs:fsiIc'h][1]=flI| “ {E1 = 0}}

Fc:m{3fh=5:5f'b-<1 l;st‘t:-++}
sI:aIefaI:__l[gr][I:h][sfh] [|..4 I.lirnsl1|"

if {fiscfsif-:h][2}==U'fI 1| {gr -—- 0}}
fort 511::-=ll:sfh<:1IE-Lsfb-+—+-J

5ca1e!'ac__l[g:rj[ch][5fh] [I I--I-3 llI.rn5I.'|F
if I[{scf5i[::h][3]=-==C|I] II -[gr -2- 0}}

fur(sfb=lIS:5f‘|:H:21;sf‘t:++}
scaIefin:_I[gr] [chjISf|}] I} . .3 uimslzll’

}
Huifmancodcbitsfl

] ‘I
for I{b=v[]-; h«::nu_cf_£Lncl1Jary_bits: tn-++}

a:I:II::.I'Ia:I'3r_IJit 1 H5111?

13

 



PAGE 25 of 158 PETITIONERS' EXHIBIT 1020

 

E: ISO-fl EC ISDIIEG 1 11?:-:3-. 1 993 {E}

 

-'31I1tH-1 No. of bits Mnernumic |
liurrnmmudghiuafi {

for {1=fl'. 1-:big_1«'ai u1:5"2; 1-I-=2) {
he-od[|::f][Iyf] {I .. 19 hslhf
'1fUI|==l5 -3:15’. EiI'I.biL5:>U}|

lilflbilfil '.l..1J uimshlf
if [:1 !.= 0}

signs: 1 bslbf
if (I3,-|==l5 &&. Iinbitsa-CI}

Jinhitsy I ..13 uimshf
ifir I-—— D}

signgr 1 I:-slbl’
i.*.[1] = J:

1's[1+‘lJ = 34
}
fur [: [-c:E:1:ig_valucs"2+cI:JuI1tl*4: I|+=-4} I

hI:13d[|1r|][Lw|]Flr.l][h.-'5} 1 +45 hslbf
i.f[v.'=C|I|

sign? I bslbl‘
iE|{w!::EI]|

slgnw 1 bfilhf
i.fI[x_'=U'I|

sign}: 1 bslhf
1'.fI[:.I'!==U'I|

gjgny 1 bslihf
i5[1] = 1.-'
i5[1+1] = w
'L5{'|:+1] = 1
i5[11-3-]= 3*

}
for 1:; 1-:5?-I5: l+-.-‘,1

 
2.4.1 .8 Ancillary data

 

 
 

Mncm-:uni::

:-I.'1I::iJ.I:iry__IIi.E1.I:."1(}I {
if I{:[Iay1z:r .—— 1} I] {Ia}-‘er = 2}}

for fb=D-, h-:_nc:_:}f_an::illnr;.r_biL:1; I'H—HI
ancillary-_bi.t I hslbf
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2.4.2 Semantics for the audit: bitstrnhm syntax

2.-1.2.1 Audie sequence general

frame -— Layer I and Lester II: Partdf the hitstrcam that is decodtthle by itself. In Layer I it contains
information for 384 samples and in Layer II for 1 151 5amp1g;., I; 513115
with a syncwdrd. and ends just before the next s}I'|:]t:wnrd_ It ctjnsigfi Q-f
an integer number of slots {feur bytes in Layer ]. one byte in Laycr II),

-- Layer III: Part tif the bitstteam that is decedable with the use Ofprevithusly
acquired main infdnnatien. I11 Layer 111 it contains infettnatien for
1 152 samples. Although the distance between the start of censecutiue
syncwerda is an in Inger number cf slots (one byte in I_.a3.-er III}. the
:-l.l]£I:iE|' information: helcutgitig to one Erame is generally not cdnthined
between two sueeessive syncwdrds.

2.4.2.2 Audie frame

header — Part cf the bitstrenm containing synchronization and state itiferm.:1t_it:u:1._

errn:r_c!1ec|t -- Part of the 'bitS1_rc:LI|"t cetttaining infenmnien fer error deteeuen,

attdi-:__tiat.a -- E art of the bitstream centttjtiitig iitfermsttiett on the audio samples.

atIc:i.Ilar3r_t!al‘.: -- Part Elf the bJ'.t.5u'e:m1 ‘mat may be used for :1.l:|C'i.1l’='|l"_I.I' ti:-31a.

2.-II.2.2 Header

The f.1."st 32 hits vffeur bytes} are header iltfdrlnatitm which is eemmeu to all layers.

53-new-urti -- Tle 'h1'tsl.r"ttig'1l]1l11111ll'.

ID — Ci-he ‘hit [-3 indicate the ID of the algt:-r'tthI:n._ Equals '1‘ for ISO.I'1'.EC ll1'?2—3 audio. '0' is reset".red_

Layer —— 1 bits in indicate which layer is used. :I.CCC(1'd.i.I1g he the following.

 
To change the 1:: .'er, :2. reset ef me audit: decoder may be rcq uired.

p:rer.et-_tIu:u:1_lii;t —— One hit to indicate whether redund.-1Ite3.r has heecn added in the audio hitstream to
facilitate error :1: tcctien and concealment. Equals ']' ifrtti redundancy has been added. ‘'0' if redundancy has
heeti added.

lnitt-ate_inde:t ~- Indicates the hittste. The all zero vajue indicates the ‘free t'ern19.t' ed-tlditien. in which :1
fixed hi.LI:"alI: which dcnes not need In be i.11 the list can he used. Fixed lntarls U1-itfl Frame Contains Bither N GU‘

J-:r+1 31.u;3_ ..;|.=_-,-pemjtng an mt: value of the padding t-it. The l:I-iLr.=t.te_i.IJI:lt‘:x is an index it: a table. which is
t:IilTe_tet|[ fi;1rti1etIiffetEI1tJayeI5.

The bi'trate_ittdeIt indicates me ttitttl bitmte irrespective of the Innfic (SEED. jDinT_5LElcI:-. I.‘.|LLEfl_-:h«’|-DTIE1.
s'Irtg1e_cha.nne1_‘.|.

."-ED
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ii? 'S01'1EG ISOIIEC 1 1 1 ?2-3: 1 99:: [E]:

hi.t.r-ate spe::i!'1.-ed fikhitsfsl

'l.‘II}DU'
'::-::u:+1'
'E'_Ifl1EiI'
‘U-U-ll‘
'-U100‘
111-31'
'|.'.H.lE|"

1:11 ll‘
'1flt}t}'
':too1-
‘1Dl{J'
-1011*
'1iuo'
1101"
'1 110'
-1111*

 
II't ortler to provide the smailcst possible delay :1.t1t11:.-t1tn}':-le3t'tI'.y. the decoder "ts I1-I.',|L required in suppo-|'L s
eontin uously trarlrtbie bitrate when in Layer I out Ll. Layer 1lI supports vztiistble bilrrite by switching the
bir_1‘ste_intie:-t. The switching of the I:-itrate_intIex can be used either to ctptimize. storage requirements on
DEM or to interpolate any mean data TELIB by switching between nearby values in the bitrate table. However.
in free fo-nrtat, fixed bitmte is required. The decoder is also not required to support bitrat-es higher than
443 kbitsrs, 3-34 kbirsfs. 3|-21:} I-c‘o1'ts.-"s in re.s]':en:ttoI.a1.rer I. [I and III when in tree fDrrI'1Ftl: mode.

Ft‘:-I L3_'}"l.‘.l' II, nut all cntnbinatinns of total bittate and Inodc an: allnwnd. Sec tin: following table.

hit ntte I.’khELs..'s) A1]-:iwer_'l :t:no-des

all mu-dies

Sin_gIe_Chal?tnE1

2-'.i11gEe_::I1:snttei
s'tng|e_cI1a:tneL

:|JI modes

5i:rtgLe_t:h:ttmE.I
:1]! modes
3J1 m-ndes

sl] uiocles

all modes
21.11 ‘trio-tles

stereo, intellsity stereo, t:I1.t:tJ -t:hEu'tt:E:I
stereo. intensity stereo. dust! -ch:u1I:-ell
stereo, intensity stereo. dual ehsutnel
stereo, iittensit stereo. tiuel t:i'1s1Ime1

 
g.am,P[ing__[:r¢quenc3.r -. Indicates me smnpling frequelicy, at;1_'.1'_1r-rlittg [D the following table.

Ereouene s citieti |.'|-:1-|z'i

44.1
43
32

resetwed

   

  
  

 sarn 1iri;_fre uem: 
 

ft, 1115,31 gf um ;]_u.[_]i_t_‘|- (Leander [nay Inc requtred LU cltzulgtz EJ1.-1:. 5.i‘i:l'|.‘.I]_‘.I|.i[!Ig 1':-':1:t:.

pafl;||ng__|_1[{ -_ If rJ_1i§ bit equals ‘1',_me_fr:u1:te -zontaios an i!.I.|-v|'_'|'iLi.CIi|'lF'l.|. slot to '£|.d_ilJS-[I'LhC mean biLrzt1.:: 11: the
Sfln]p|i|-Lg fr3q|_[g;|1{;3.-I 1_'_1|_her'.,i..'i5|: 1l'|.i5'I'Et|,|_1,.It.It.II he El, Padduig is necessary.» WIL'1 :1 smnpllng l'I!'CCl'-‘I’-‘5|"T»‘.*-' 0
4.4.1 ].;}-[,1-,_ 'P;|_ddi|_}g may 5115:: be requtrcd :11 free l:'C-rtnfit.

2].
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Th-E I13-ddi-IIIE Shlllllti hi: applied [D the hiI5T.|!'E.El.I'J'| such that The Eicculnulaled length ufuje ended ['1-a_n1e;5_ 311:; 3
CE-'I'|131'1'l numbtf Jfaudio frames does I10: deyiale more than {+0. -1 slot} frnm the following compu Led 1..ra]ue:

current frame

11ID|3|.1E|fl'1]ilEE~d fl‘-i-IIIIE lfilflgth = E fl'raI:I'LE:_siz.e 1. 'I::|i|'_r:]|_e: I snmpljxjg frequency!)
First frame

when: "I:ame_s1'.ze = 3-34 fur Layer I,
1 I52 for Layer II or III.

'l'.tI-c fo-|.lowi.ng method can be used to determine whether L1-r nut. in use padding:

for 13!: audio frame:

rest = (1;
padding = no‘.

for ea-:1 suhscqu-I:rL1'. audio frame:

if {Layer == 1} I.11'.1' = (151 "' '|;:iI'.:r'..|le"] ‘in 5..'un;'I-ling_f:eque:1cy;
£19-I: dif = (144 “' h:'Lr:m:] ‘iii; sampiitagjrequeney:
rest r. rem; - air;
if Crest-:0} {

paddling = yI::'i'.
rest = rest + s:Impl1'ng_frequency:

I
else padding = no:

pri.va1:e_h1'I‘. -- ii-it fer private use. This bit wiil not be used in me future by ISIS.-TEC.

mode -- Indleales the made according tn Eh-E. i‘eI1o-wing L.-1'hle. In Layer [ and II she j-::int__sIeree mode is
iI'LI:EnSit)"_.5T.I:l'tO ill Layer III it is inLensi.Ty_5Teren .a:I1d.I'nu' :11:-;_sI:eran.

SI-EFBO

jm'.nl_5lE:re-ca I[iI:1tens1'l).r_s tereo :unr;L|'or 1'n5_sEerE:L1J
u:1unJ_-:h:Lnnel

sine]-e channel 
In Layer 1. in all modes exeeptjuint stereo, the value In!‘ hound equals 32. In layer 11. in all medes except
je-int_s'r.eree. Ihe val ue of banned equals sbl-‘J-niI:_ In _1uEnL_s1e:-cu made me bflulid is determjiied by me
m-::de_exten5ioIa.

mc-cIc_-extuensiun -- These bits are used in jc-:int_5Lereo mcnzie. In Layer I and 11 they indicate which
suhbnnde are in ::1Le:1s.i1y_sLeree. All all-Le: su hhnnds me cu-c'.eLI '::1 stereo.

 

  

nude extension

  
  

suhhamils 4-3-1 in imensity-_s.r.ereu, be-un-L!|=.=4
subhands 3&1 in in1e:IsiLy_sI:eren. ht:und=E
s.ubham;l.s 12-31 in i:11ensily_5Lereu. bound: 1?
subha:|1d.s 16-31 in Entensii _ s.Lcn:.t:. 1'.‘ICl-|J]'l.d=1fi-

.01.

  

in Layer I_T_l they indimte which type ofjoim. stereo ceding meLhe~d is applied. The frequency I-'aIIgr:E DVEI
which the 'mtenr.'Lty_5lerer.1 nJ'H.’l ms_s.teren made!-'. are Hppiied HIE iI:1I.p11'I.:.i.t in lhfiz aJgD1‘ill'lI1'l- F0!’ 11'!-I-'J1'E
iniermauon see 1.4.3.4.

nierle extensin
“El.
.01.

  
 

i11u3:n5i1v stern ms. :~i|IETI'_‘{ZI
- ' utf

DI]
eff
on
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Note that the mode "sacrum" is use-I:I ifthe mud: bits specify §'|:|:_['¢1_j qr equjummuy ifmg made bits spccl-3.
_iDinI stereo and the m+:Jde_e:n‘.ensien specifies inI1:nsir;,r_sterco "art" and J_|'_|5__5,|;grer_} "{;[f"__

eopyeight -- If this bit equals '0'. there is no copyright on me [5-D.-'IEC 11112-3 bjigu-¢a_-m_ -1' means
copjrnghi protected.

"3""iEi'“i-""5993" " T1115 hit Bqllflis '0' if the bitsueam is a copy. '1' if it is an original.

el'"Pi135i5 -- Indicfilcs Ihe type of de-emphasis that shall be used.

IIUi|'l.E'.

SD.-"15 miI:rcILs.ex:oJ1-:13
renene-:I

CCI":['T .T.1':' 
2.4.2.4 Error e-hat.-.I-r.

Cl'C_I=1IEI=3¢ -- lit 16 bit pflfity-Check ‘ll-‘Cl-Id. is used for 13;:-tie-rial error de:e::1.ie:1 within the encoded hi|‘_5lrearn_

2.4.2.5 Audio data, Layer I

fluflfififlfiflithilfihl " Indifiatfis lJ'II= Il1.lIIIb€1' of bits used to code the samples in subhand sh of channel eh.
For subhands in 1|!llt.t151'L}'_5tEIEvU made the bitstrealn cnttlajns emiy one nliucafion data Element par gut-.h;md_

allocation eh sh

 fififififiaemuouemmaa
Note: For code 'I[IliII{iI'.‘I' no samples are Lransferreti.

slzalcfacle-r[n:h][s-1.1] -- ilidiezttes the factor of subbeutd sh of channel eh by which the requantized samples
of subbancl sb in ehalmel eh shall be multiplied. The six bits constitute an unsigned integer. index In table
13.1 "Layer [. II sea1efaetors".

sate]:-lelehlishiisl —— Coded representation of the s—1J1 snrupie in suhband sh elf channel ch. 1'-‘er sul:-lna.uI;i.s
in i.rItensiL:.r_steretJ- mode the end-2:1 representation of the sample is valid for both channels.

2.4.2.6 Audie: data. Layer I]

aflocatin-n[t:11]IsIJI —— Cnn.I..."|.i1'Ls 'mf-.hrr:r1.*1Lir::n emieemiug the quelitizers used For 1114:. samples in suhhanul sh
:11 channel eh. whether the info rmatilz-:1 on Lhree eeiiseeutive smnplcs has been grouped l0 UB8 -9036. and 011
133 number gt-' 13115 used m uncle 111e, g:]1ni]IE5_The m::u1i:1g and !eng1h nf ll".i£. field depends on I113 IlIJ'|IlI'.H_'.C|.' Lt['
113:;-. gubbmgdr me biLr.=|I_e, and the sampling frt:qL:I::I:1t_'3.-'_ The Izlils it‘. ihis field fnrrn 3.11 unsigned integer US$11 as
an inucx Lu Lht: rel:-teem: mute in l;.'1.l:+Ii.=. EL2 "Lay-er I[ b:i|'. alioezuicm tables". which gives the nlumber et'1e'n=l3
used fur qu ami::uu'un_ Fur subhmids in Enielisity-'_5.Lt:II::'.J 1::-urje Lime b:itsLream ccuntnins nnlsr one allflcillifln data
element p-er suiz:-I:-:—1.n::l.

23
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Sdsiluhllsbl -- Scailofaoior selection information. This gives information on the number of scalefaetors
tt'a.n.sferre-tl for subhend so in channel eh and for which pa.|'L§. of un: signal in mi; E.-amt; may age, -.,r;;Jj.;|_ mg
frame is dividctl into rllree equal parts of 12 snhhatttl samples each pen’ subband.

three sealefnctors trnnsinitterl, for parts t},‘l,2 respectively.
two scalefamors transmitted, first one valid for parts 1] and 1, second one for part 1.

one sealefsetor Lritnsrnitterl, valid for all three parts.
two Soalofactors traneI:n'tttetl. first one valid for I}. the secontl one for 1 and '1.
 

sealeI'iu:tor1ehj[slJ]{p} -- Inriientcs 1lIe factor by which the requantizeti sarnpies ofsuhhantl st: in channel
C11 mid of part 13 of 1.11:: frame Should be multiplied. The six hits oonstltute an unsigned integer. in ties; to
table 13.] "Lay:-r I. ll senlefactors‘.

groupinflchllsbl —— Is :1 function that oeterrnines. whether grouping is in effect for ootiing of samples in
sLLl:+‘onru;| sh of-: lannel eh. Grouping means. that three eolisecutive samples {a triplet]: of the current subbariti
sin in channel ch in line t:u:rn:.nt gr.n.nuIe. grnrt: coded rutd T.f'E1.l’I5l1'll.l.l:I:":iEl using one t:ortu1'im'I. codeword and not

using three separate codewords. Grouping,[-ch] fsbj is true. if in the Bit Alto-csttion table eI.tn‘entI;-.-' in use (see
13.1}: the value found under the 513 (row) and the allocation [sh] (colttmnj is either 3, 5, or 9. -l'_'iIl':erwise it is

false. For .1-zubltmitris in :inlt:I:s;Et3«'_,$t|':rt‘:t.'I- mo-IJI: 1J1t: grtlupiitg is vztilitl for l:H::II'J:‘| cltartnels.

sampleeude[ch][:-:b][gr] -- Coded representation of the three eonseeutive samples in the granule gr in
subb:-|,t1d. 51:: of cltrutnel -eh, For sulg:-br|,n::l.i-'. in intensity-_5tet'eu mode. the coded representatioit of the srtmplee-ode
is valid for both channels.

sample[eh][s11-||s] -- Co-tleti representation of the s-th srunple in sat:-‘otllid sh of Chnilnol Ch. For Subbamls
in 1'mensit'_-,-_stereo mode the coded representation of the sample is valid for ho-rJ1 Cl‘:-a.11nI:lS.

2,4.2.T Audio data, Lay-er III

I.'I1ain__dat.u_IJegit'l -- The value of rt'1:a.'in_-cl:ata_begln is used to tletennine the location of me firs: hit of
main I:':.o.l.1 at-‘n frame. The 1n.aj:1_oa.la_l:regin value specifies the location as a negallve offset in bytes from
the first byte of the audio sync word. The number of bytes helongilig to the header mid sitlo infomifltion "IE
not tnlcen into aticount. For EI21Il'l].'llE.., it‘ u1:Lin_rl:ua_l:-egitt 2 0. then main tiata. st.-'1rLs after flat": side
information. E: amples are given in figure .u*'L.'.I'.=I and fiituffi a‘L?-b-

p|_'i't.'ate__b:'_I,_1_i. —- Bits for private. 1_|5.e_ These bits will until he used in the future by ISD-"'.l'E.C.. The number Of
p['j_I|.Ia'[g_bi‘[_5 depgndg on me number ofc]1an|1.e|.s, The nurnber of bits allocated for prit-'nte_htts is tletermm-eid
to equalize the t)t;t|.1 nttrnber of l:ti1_s its-ed For side -i11.Et)1'1'n alien.

sel'si[t:h][sefsi._IJ:I.:nd] -- In Layer III. the scaiefnctor seleeltion information works similarly to audio
l_.a3-ier II. The resin differentee is the use of the variable soft-i_bar-d to iiiitilgut Sfifil 10 EFGLIPE '35 5_~'i3=l=l’-‘-'-[1'l'5'rT-'D'i'5
instead of single scalefaetors. The an-piieauon of sealefnetots to granules I5 Coiilr-filled by SEES-I.

24
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scfsi scfsi bnlul 

acaleiiietorsareuattstninedftn-eanhgranule
seatectaetnrstrrutsmitted for ~ ul Iiarealanu-alidfer ranutel   

Ifshgrt windows are switched on, ie. hlo-:l:_t_~,rpe==2 for one of the granules, then sefsi is always I] [or this

eel'si__bentI controls the use of the sealefaetor selection information for groups of sealefactors
(SI:fsI_I:ra.nds].

eefsi I:-and __ sealbands se=etel:iIel:'l.B _
lJ.l..2.3,4,5.
I5.-I".3.9.l-U."
ll ... 15
16 2D 

IFlil'‘l2-..3'_IEI1:ilI[31']l¢ilI " This Va-lllfl DDIIIIIIIIS the number of I:na.in_t1nta hits used fen" eealefactors std
HuEhnanoodedeta_Beeausetbe length ottite side ittronrtatinu is always the same. this taalnecam be usedtn
calculate the I:-egtnrtittg of the main infomtntion tor the next granule or the pusllioll or the ancillary
information (if need}. Note that single channel audio frarnes eonna.-in 1'? bytes of side infnnnaetjon and dual
ehnhrtel audio flames eontrtin 32 bytes ofside infommtion (see 2.4.1.7 Audio Dam. 141:i'er [ll - syntax for
ainiin__tlrr.a.l;}).

blg_v:IIues[fir][dI] —— The spectra] mines of each gfllfllllfl are coded with diffitrent ]-lufftnan -trod-e
tal:I]es.Th.e full frequency range from zero to the Nyquist frequency is divided into several regions. which
then are coded using difl“erentlal:|e=s.Part1tioning is done accctrdzitig to the maximinn quruttized values. This
is dortewidi Iheassuotptioct dint valuesathigbwfrequetteiesme eitpeetedtohave lowerampfltudesordo
llcll.'l'H:Ed to be oodedntall. Slarungathigh Eeqnencies. 1'J:ve::tai.rs ofqtlaitilieaed values -equal tozeroazre
oounted. This number is n:-tmed '1'£E-1'0“. Then. qundmples ofquantized trainee with absolute value not
exceeding 1 {i.e. only 3 possible qttnntialfinn levels} are oriented. This number isnerne-d “a:tnnt_l". Again an
even nuirth-er of values remain. Finally. the number ofpairs nfitnlnes in the region of the spectrum which
extends dowrt to zero is named "hig_va1ues". 'I'l1e I:I1fl.‘.tl.I:ll.l.ll‘-l'l absolute value in this mnge is constrained to
3191. The followittg figure sh-owe die partitioning:

xxxxxxxxxxxxx— — — e - - H - ~ - - - - - - - --OUDGGGODOOODUDDOOOODUUQHODDDD
I I I I

1 bigvnlues*2 bigvnlun3*2+countl*4 iblan

The values DUI] are all into. Tlteir ntnnher is a multiple of 2.
The outing —-- are -1.0 or +1. Their number is a multiple of-1.
The 'u":l1Il|‘1:$ juttt are not bound. 'I'h.eir1tIL1tnher is a multiple nil
Ihlen is 576.

 
glol.ta1_gain[gr][eli] -- The quantized‘ step size information is transmitted in the side information
we-iable gleI;ta.l__gain. Il is Ingarilhnticnlly t:_pst.nti:ee-d. For the application of glob-nl_,_galn. refer to the fonnttle
in 1.4.3-.-I1-. "Formula fior renquarttizrttion and all settling‘.

gea|,efae_eu.mpnss[gr][nl1] u Selects the number of hits used for the transmission of the scnlefachxs
according to the following table:

1'fl:tIoelc_t}rpe is 0, 1. or 3:
slJort1:lenglJi of scalefncltzrs for the stzaiefnclor been-de U to II}
gienz; length of scalefactors fer the eeaieliaetor hstrt-da ll to Efl

if h]m::|.i_13.-pe is 2. and J:nixed_l:tlut:l:_t'l:-lg is ID:
sieol: length of scaieraetors for the scaiefactor hands II] to 5
gueaz: length of sealetia-etms for the sealefneter bonds 6 to 11

‘f ltlrll-1:]-t_t i 2 ti ' ed_'hlo-ck_flag is l:
I 51:53: lzigfilofq.-:c1:lefaemrs for the st:aJet‘aetor hands CI to 7 (long window sealefaetnr hrutd) and 3

in 5 {short window sazalefaetor hand} Note: Sealefhotodr hertds 0-1 are from the "long window

.5 !-i' 2- .:.:I::_ I. -..I..-:_:. .--' , .: - 25
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scal-efigctor ha:1d"_tabic. and scalar-‘actor bonds 3 to 11 from the "shunt window scaicfacwr band"
liable. Fl!-15 aombiruauon of pa.rI:i1.ians is contiguous and spans Tm: cn1j;re frcqu may specu-um_
$I::n.2: l-etngfll or scalsfactocrs for we scalaractor bands 5 to 11

«ii-¢-hit-IL-il~Jr~JhJ-I--:-L..uc;1cn::u:;n 
wIl1du'W_swiI:crIi.ng_flngIgrI[E:hI -- Signals [hill this block uses an E:-fl'.|l2.r l.|:1..'u1 nurrnaj. (type; 1]}
window.

If windou-'_swir-:l1i:1g_f1ag i.S set. several other variables are set by default:

:I'egiI:I:I'|.'|__I:c-unt = T [in case: of I.1loc]ur._'l}-p-c==1 or I.1|m:l:_l3rpe==3
Dr 1IIoI:.'u:__13'pe£2 am]. InixE::d__hlUck_[1ag]

reginnll_c-3-uni = 8 {in ms: of him:lL_typ¢==2 and m;IL mim:d_bio:;l:_fl:1g}|
l"l‘=~giOl'I1_c.nI:Iunl‘. = 315 Thus :LIl rEm:1irI.i:I1g w-':11u-as in the b'Lg_v:IJue region a.r|.=. contained in

rr.:gi-orL 1.

If windn-w_swi1d1iI1g_flag is :lLL'I|'. sol. ihcn U13 volue of luIcu::1-c_1y|1I: is It.'.FLI.

hII:Ick_'t3'p-e[gr][chj -- II1£[j-:::Ln=:s Ihl: 1.1.-{I1-rlrsw type [hr the grruaulc [sec d.3s::1'i.pL'Ln'n -:11" 1113 l'1ILi:rhank, I.a‘_v3r
Ill}.

l'E$E1‘r'|3'31
start block

3 short windows
and bio-:1-c. 

Bl-:Ic|c_f.ype an-1 mixed_h-Ioc:k__flag gi1..'£:. um: 'mfon.n:=n‘.io11 about assembling of values in the block and
about lE:ngIl1. PI.I'l1I. count nf 1113 tm.|1sf'r;I:1ns {seas figure .='I..-4 I'n-r n schcrnnrjc. a.[1m:J'. C fur Eil‘l. I-'L|.'IE'lJ.}'1.i.I:
descriptin-n}. [F wind.ow_swiLching_fl..'1g_==l, :11-en the mixi:d._'blou:k_flng indi::;Lu:s u.'hefl1-er iower frntquellcy
pol}-‘phase flotr subbonds are coded using normoi window type. The potyphase filierharii-:. is described in
1.4.3.

In the case of 1:113 blocks I['b|ock_I,}-'p|: not equal to 2 or in rho lower sub|:e:a.11ds of blflfiil-r_[}|pe. I if the
mj.xed_b|.c.cL:_flng is set) me EIUID-C'I‘ ge:|1e:rs|_u:s an output uf 35 v:I..'| LIBS evtnjr LE i.:I1.p1.H. values. Tho Dutpllt is
windowed flepenoing on. the bio-cl-c_*.3.-'1:-s and um fi.I’5|'. half is overlapped mm [3113 second half of the block
before. The: ro-s.u]u'ng vector is me im:--uL of me synth-esis pan of the polzrphflsrfiz fi1I:.':rbHnk GI’ One hand.

In IJ:u: (343.54: of slmrrl biunrks {in 111:: uppor subhallds HIT‘ A I}-‘[16: 2 hlfltk if |l'II$ 1-15H|=d_U|-DCk_fl-33 i5 55L 0" 5-“ 311
subbands of a. type 2 h]D-Ck if mixed block flag is :|{:«[ set}. mree tmnsfunnli HIE I!|I1I'fD|!1'm1C| IJEIIJU E511-E 12
DLLLpl:lL values emu. The three vectors are winri-Clwcrfl and D‘-'¢IiflDPEd =fl'31'l- Cfiflfiltclifliing '5 ETD5 '3'“ mm
ends of [.113 r4:su]I.i:-Lg ~.-cotor gi-ms :1 vecmr of length 36. which is processed like I113 GUIPUE 05 51 inns
nransfonn.
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||'I5-K'|i.if|1'Ii|=lI'-._l'13lE[E.?l'IidlI - Indicates that lower frequencies a.re transformed with a window 13.111: 11:13:, is
I3“-‘III.’-"(H11 Ihilfl which is used at highfl If mixetl_bloelt_flag is zero. then all blocks ate

as uitlttntled by blD¢iL_l}FpE[flt'][-Eh]. If mmfi_ is cute. then the Eequency lines
Wflflfipilfllilfli E0 the two lowest fi'equen1::.r polyphasesubbmds are u-m1srcu-med win; um-ma: wmmw
{blI3dt_t:rpe-iii. while the 1e1:nai11.ing 30 subbands are unnsfoumed as 'blocI~:_|IJ1v'PI3[B1‘i['C-ii].

i=fi|=|=_8=|==1[srl[chlirnn;inn] -- Ditfemit Hut‘fm.acn code tallies are used depending on the ma:i.|:|'t|.Ir|

value and the Inca] sitnlistlos ot‘ the signal. There are a. total of 32 possible tables given in table

=Itb|tln=1I.s-inlsrlichiiwludawl -- Indicates the gain offset tquantizzauoni: factor 4} from the global
gain tor one stthtllock. Used only with block type 2 {short windows}- The values of the subhloolt have to be

dwi-filed by 4‘“*""““"-""""'°“'“‘ in me decoder. see 2.4.3.4 - F-zutnula for requantization and all scaling.

|"li'1fl‘L¢0Il|Il|t:ri[¢1II -- A furth-‘:1’ ttaatitioning oi‘ the specu-uni is used to ettttanoe the perfm-mance of
the Huffman co-der. It is an stibtili-rlsiott of the region which is described by I:tig_vtt1ues. The purpose of this
Subdivision is to get better error tohustttess and better coding efficiency. "Three :-egton.s are usesd, Iilvfljt are
llflfllfifli 1'-fifilliflit U‘, 1 and 2. EFLCII 1'Eg'lDI:I- is ended using itditferent Hufftntut code table depemling on the
masimtun quantinetl value and the local signal st.1u'st;ii:s_

"I'll: values n:gionD__count and reginn‘l_onunt are used to indicsite the b0Ill'tt'1:l.l"i.E5 or the regions. Themgmn
boundaries are aligned with the parutinning of the specuum ittto sonle motor hiuids.

The field I'egiOll1ZL-Gountootttains one less titan the nutnb-etofscalefactcrbaitrls in region I}, In the case of
short blocks. eacllsctttlefact-ocrhand Is-on-unt-e::l three un1es.e-nee tnreacnshnnwindow. so time
re3lonD_-pouilt. value of 3 indietttes lhfll. regionl begins at sealealiaetor band number 3,

IIhIoI:l:_1'.:1'pe:-2 and miit-e:d_hlncl:_llag=D. the total amount. of sealefactur bands for the granule in this
ottse is 12""_‘i=3fi. Lt b1ec]:_t3rp-e=2 and mi:ne::l_bt:n;:ls;_t'la.g-I. the amount of st:ttieE£tctor hands is E+£|*3=35.
If bio-ci:_ty1;:el=2. the amount ofscnlecfactor hitnds is 2] .

reglnnl_I:nunt[gr][-alt] -+ region1_oot.tttt oo-unis one less Ihtut the number of soalefaetor bands in region
'1. Again, ifblocl-t_t3ipe==2 the sesleijncnar bands representing different titzne slots are on-untetl separately.

prellaglgrllchl - This is :1 shortcut for addit.ion:t1 high Erequestey atnplifieaaion of the qusntj:-Jed vnlties. If
preflag is set, the values o-fa table ate added to the E?i.=ii.iIE=:tlIi.71t:|l'5{S-‘-:3 tzthle Bali]. This is equivalent to
multiplication of therequsuttizned scalefnetors with table wrnlttes. ll’ hIocI:_t;-pe-H2 (short blocks} preflag is
riet-e:' used.

scaIet“a1:_sca]e[grI|1:h| -- The scalefactms are lo,garithn'ti1:alI_'y quantized with a step size of 2 or H2}
depending on soslefacjcsle. 111-: following table iudintmes the sale tnetnr multiplier used in the
mq oqtntitztrt for-each stepsize.

scnlefat: ili .I

 
onunt.1tahIe_seIet:l|gr][1:I1] -— This flag selects one of two possible Huffman co-do tables for the IE‘-fiiflfi
ofquaflnxpiea ofquntuizze-1:] values with magnitude not eiteeedittg I.

on-unt‘ltal:-'|e selvt-.1: r  _
-J Tame .1’ - A
1 Table E.'i' — B

  
   

51:al¢['m:_|[g:-][eh Hath]. sealefa.e_s[gr]![1:l.1]IsfIJ1[wlt'tdow]. is._:|=ID5[~!if_|J'i -- T_'h¢ 5'-‘£I1=ffi_¢|§UI5 it-Ti:
used to colour the quentizatiott noise. If the quantization tI.Di5B is CE!-i01lI’¢I5| Willi "19 “Em 5'1F|P3_x 11 15 "15-5“-'3
mmplenely, Uitlilte Layers l and I]. the Layer ill scalefscuurs say nothing about the local maximum Of HIE
quantized signal. In Layer [1]. scalefactots are mad it! lbfl dflfifldtf 10 #1 '5iVi-‘-'-'iDfl fflflmfi ['07 SWNP5 05 '-"'-"'-“‘~'3-
In um ease of layer [1]. the groups men over gem-.11 tmqueucy Iin=s.‘I11ese- groups are called =-=a1=f‘aI=I°r
hatids and are selected to resemble I:t'it.lI:'£tl biuifis 35 |2|EIS|=1Jn" 45 P05-57515-
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The st'ahe£ae_r.-ntnpress table shows that. the scnletaetors l]...1-:l have :1 range oft] to 15 firrexirnrmr length 4
bits} and the sealefactous 11...‘l1 have a range of [I to 1|‘ (maximum Iengtlt 3 hits].

I.l'inteI:Ioity_,stereo is enabled lmodel:iIL,ettetts.ion) the scalefaelnrs of the "ztert':u_part" of the tilfierenee {fight}
t.‘.l1Hl1I1t.':C| H‘! used as :iItten.':ity_5tc1'uo positions. i5._posfst'l:|-] (see ‘l.aL3.rl-, ltt[S_steret:t mode}. is_pr:ts[st'b] is
the itttemrty stereo position for sealefacmr l:-and sfh.

The subdivisiort or the spectrum into scalelitctor ltttntis is fixed fir every block length and sampling
fiequaeney and stored intsnles tn tneomdet-artddecodertsee tal:leE.3'l. The scale tttetor f-Cl."fl'oqtlent:._',"Ii.lB5
350'": "115 llifllf‘-St |i|1E- ill HIE lflblts is zero. "-'-I'|1ie|:t means that the actual! multiplication factor is 1.11

The scalefnctuna ale lognttttuztlcailzr quantized. The ti|l.lEI.lll'.iIfl.I‘.itZlf[I. step is set with sea1efitt:_seai.e.

hum-nnneodenttsfl — Huffman encoded data.

The syntax for ltufftrttuteodehitsfl sltows how quatttitteai values are enotnded. ‘Wimitt the l:tig_vn1ues partition.
pairs of quaniltaui Vflllies with an absolute ttttltt-e less tltrut 15 are t:li.reI:tl_'f ended using El Huflfnrtan code. The
nodes are selected fl"DII| hnffrrten tables I] through 31 in table E-.1 all-lwnys pairs of values {1.)r]Ittle ceded. If
quantized tralttet ofrrtngttitude greater than or equal to 15 are coded, the values are ended wlt.'lt a septtrate fleirl

Iolieewétfethe huffinatt node. If one or both values of a rntir is not zero. one or two sign hits are appendedID 1lJt"0I't‘].

The Hufifman :tol:I-les for the hig_vaJues pmjtion are oomprised of three parameters:

ht:-otIl:-t|1['-1-‘ii is the Huffmtut ttotzle table entnt for 1-ra.lues 3.3.
l:tle=t1Il:tII[|1,.-5] is the l-luflftrran length table entry For valtses tt,}r.
linbits is the length -or linbtltstt or linbitsy whet: they are ended.

The syntax for llttI'l'r:ttttttt:t:ttfel:I-its enntaltts lite fnllnttring fields and pnrattteltetst

stgnv is the sign of-r [D it’ positive. 1 i1‘negst.i-re}.
sight!’ is the sign nfw (D ifpnsitjtre, I ifnegatitrel.
sl gun: is the sign of it [Cl if positive. 1 if negative}.
slgngr is the sign of 3' [I] ifposititre. 1 ifnegntive}.
Iinbilstt isus-E:dl.Cl-BIlDDt1Et.IlB'|r".ilIlle ofttifllte megttitudenfxis greateror

equal to Is. This field is under! -only iflttl in hood is eqttnl to 15. if
ljnbita. is zero, so that no hits are aetutuly ended when lstl-:15, then
the value llrtlzrltstt is ti-etlned In be zero.

Iinhitsy is tltestttnenslixtbitstt but for :r.
isl'l] is the qututtieetl value fior fteqttency line number I.

The linbilsx orlinl:tits:.I' fields are only used i.Ea value greater or equal to 15 needs to be encoded. These
fields are inter-preter:l as unsigned integers rm.-.1 added to 15 to obtain the encoded value. ".l"lte linlaitrsx and
litthilsjt Frelcls we never used if the seiectetl table is one for blocks with at tnattirnutn quatttieaetl value l$
than 15. Note tttat a value of 15 can still he-enooded witlt a htlflftnmt table fur winch linbits is zettt. In this
ease. the linbitst or linbitsy fields are not actually ended. since littbils is zero.

Wimjn the enutt tl parnflcnt, quatlrnples of values with mt-tgnatude less than -or equal to one are
Again u:‘tag;ttitud-e values are ooded using at l-lutnnnn node from tables A. or B in table 3.7. Agmn. for each
non-zero value, a sign bit is appended after the l'It.n"Em.'ttt co-tie sytnbol.

The Hutrtnttn tables for tne eourttl prtrtition :u'e eotttprised or die following parameters:

Jar.-od1'|~.'[[[|wl][I:tI}[l3-I] is the Hnlfntan code tat:-Ie entry for values 'Ir.w.x.3.-'.
l:tlen[ltrl}[|wl][l:t|I[|3.r|] is the I-lul'r’|'.'rI1=‘ILIl ltngfll table |'-‘nil’!-' ‘'01’ “M035 '~'~‘-‘l'-H+:I-'-

]-[uffmgn mag, 13131; E is mt n:n113.- 5. 4..1imensi.una.1 code because it is oottstruot-etfl from me trivia] node: B is
coded witlta 1, mid 1 is ended with on U.

Qumtizert mints above the eotmtl partition are zero. so they are not eiimdfi-1

Fer elm-i1}r_ me parameter "et:tr,t11t1" is user! in This docuntent to ittdieatllt tilt: l'IL'IrI'rbE1' Of Hllffiflflfl ¢¢_"5!35 if‘ 71"-
cuuml re_gtocn_ However, unlike the big-values pttrtition. the Ilumbcr of ‘lttllufl-*5 IIIII U15 0005“ 13'“-1'"-‘"5"-" 13 9°‘
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Expiicilly coded by 3 Held in the syntax. The end of the count! pa.-I1it1e-ru is ienewn only when an bits {or
Ihe gmnule (as specified by pe_rt2_3_1engTJ:|j. have been exhausted, and the val mg. of cauntl 13 I::|:'||'_'n.|.r1:1
implieiuy after decoding the cnunti region.

The order ef the Huffinan data depends an the b1e::i:_t3-1:1-e of the granule. If b1dek_t_1_.rpt: is [It 1 or 3 the
1-Iu1T:rta.rI encoded data is ordered in terms of increasing frequency.

If bleei:_t}'1:ve=2{sl1ert blocks} the Huffman encoded data is erdecreacl in the same order as the scalefaemr
mines for that granule. "I1-ie Huffman enmded data. is given for successive sesuefacter bands, beginning with
eeelefaeter band 0. W'u:11in each sealefaeteur hand, rhe data 1'5 given fer successive time windows, beginning
with window {I and ending with window 1. Within each wiitdew. the quantized values are L1'IIEl.'L ammged in
Urdu ufinteeasing frequency.

2.4.2.9 Ancillary data

Anr.illa.:-3-__bit -- Use: definable.

The number ofa_m:i|1a.1')r bits {no_of_rLnciI1;1:"_t-_bits} equ:1.]_s thc awaiiable nuxnber of bits. in an audio frame
minus the number efbits :-1::LI.I:Ll1y used for hEEIL1I3I,. errnr t:|1.e:::ic .=u1r_'| nudi-L1 dam. In Lag.-er I :u1d II the
nu_ef__em:i1lar;.r_bits ram-responds la: the distance between the end ef the audio dztta and the beginning of the
next header. In I,:t;-er 1]] the nu_uf_:tneiiIary_'ttiIs eernespends to the dis tztnee between The end of the
I-lui'f:n:u':__eede_hiL-:. and the Jeeatielt in the bitsuemn where the ne:tt fr.=tn'Ie's :n:u'n_ d.s1trL_begin pointer peims.
to.

19
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2.4.3 The audio decoding process

2.4.3.1 General

The first actirtn is S1.-':I1t::1JJ't:-rtizlltjiitn of the decade: [at um i_11.:.;;m_-1ing bitgu-Egan-L Just after 5“-amp this n-my ha
done by searching in the bitstream for the IE‘. hit synewurd, In some applicafigng mg []:t_ 13}.-¢-,r_ and
protection status are already |t:t1o~.t.vrt to the decoder, and thus mt: firs: 15 hits at‘ mg hgadgr 5h.;.u]_d 13¢ mgmflad
as a 16 hit s:t'tIoworiL thereby allowing a more reliable sg.-nchronirrttictn, 'I'1-it: posiljun of cfinsgcufivg
stm<:wnrdr_- can re calculated from the ittformation provided by the scvext bits arm: the prntccrjr-,q1_'E3i[; me
httstnearrt Is subdivided in slots. The distance betwt-tent the $t,.;"|.,l‘t or two mrtmutitm fiyncwgrds 15 aqua] 1;.
"N" or "N+1" stilts. The value of "IN" depends on the layer.

For L23-er I the Following -esquation is valid;

N = 1:: * —v-rs—bi""“” _
san1pl'tt1g_freq uency

For Layers El and III flit erquhti-on becomes:

N 2 1:4 __ I bin-rtte _
sampI1a1g_ Frequtmoy

If this crt1cI.a1rI.L'It.'n does not give an integer number the result; is e-uncated and ‘p;td.:tjttg' is :-equ_in;t;|_ In this
case ‘HIE number of slots in a frame will ‘t-‘:5|_ry betweelt N mad N1-I_ The pnddmg bit is 5.3:; Lu '0' if the
flufllbflr (15 $1013 cquals N, and to '1' othervtrise. This knowledge of the position nfoonsectitive syncwords
greedy E'at:iIit..'ue s 53,-nt:h.roni1:-ttion.

If the hitmte index equals 'C|t}|Il', the exact ‘nitrate is not indicated. N crtn he detertnttted from l'.I:u'_'. distance
hetwe-art nuns-eel: Live syncwords and the value of the padding bit.

The mode hits 1:1 The hitstream shall bi: rertd and if their value is 'C|I1' the rnodt=:._e:ItteItsion bits shall also he
read. The mod-c__e:-.ten-sion hits set the "bi:-uI'tI:I' its sl'tI:-vtrn in 2.4.2.3 and thus indicate which subbzmds are
coded i11j‘EJiI1L_5'_t3I‘t:D-1l1EJd.Et.

If the protection bit in the header equals '0'. Et CRC-CJ'IIECI: word I'LEL5 been ittserlteti it: the Iztil.-strr;.'1rt1_ju.st rtfler
the header. The ernott detection method used is 'CRC— 15' whose gelterrttor p-oi;-rltomisl is:

-:3[.it:]=:-c” +K‘5+}-C” +1

The bits included into the CRC-check are given by table 13.5.

The method is cepicted in figure A39 "CRC-ctleck diagrrtrn”. The initial state of the shift register is ‘L111
11 11 1'1 11 1111'. Then all the hits included into The CRC-check are input to the circuit shown in figure
.Et.Ei "CRC-cheek: diagram". tfitfter each hit is input the shift register is shifted by one hit. .ritJ['t-er the test
shift opcrati on. the outputs b15...bu constitute a word to be compared with tho CRC-chock word in the
hitsueam. if 111:: words are not identical. 3. transmission error has occurred in the protected field of the
hitsueam. To avoid 1’t11.llI2I}"itlg distortions. appiicrttion ofa concealment technique. such as routing ofthe
actual E|'fi.I:|'iE-' or 'epetition of the previous frame. is Iocommcnricd.

2.4.3.2 Laytor I

pttttar the p:|_|'t oi-' the decoding which is cottturt-on to all layers (see 1.4.3.1} the hit ttllocadott inforlrtatiott has
to be read for all sutrbtutds. and the scrtlefoctnrs renrl for all fiubhrulds wi.il.':t it nonzero bit allocation. Tht:
clot:-ode: FJou.'c]'t-.=-,:t Ls givetl in figure ."I._1 "L.."t}.-‘tar I i't:I‘It1 Ii decoder flow t:l't."I.1't".

24.3.2.1 fiequantization of subhand samples

From me bit allocation TJ'I.I: nutnt:-er orbits nh tltztt has to be read for the saunples in each subi:-and is kII0'WIt-

The order of the sstnples is given in 2.4.1.5 for cflch Inodtt». P.-FEET the bills fill‘ UT“? 5911:1351“ “EVE been iflammfld
from the bit:-iIE:'.:‘LIl'|. the first bit has to be iiwerted. The FEE vlt-HIE fluiflhfif E11“ 153 ‘3'~'*T“i“'1-‘3I‘=‘J 3-‘ 3 [WU 5

30

 



PAGE 37 of 158 PETITIONERS' EXHIBIT 1020

 

a tsdrtsc IS-DIIEG 11 112-3: 1993{E}

eotnpleetsent fractional I'IIJI1t'IIJ¢r,,'tPI'I:|Bl'tE: the M5]! represents the val -1- The ti,-eon
obtained by applying a linear formula: “B mqmn Wu“: can be

... 1|.‘-lit-——— "' - b 1
5 znh I. 1 I‘ (3 + 2 II +J
what:

an isthefractionalnutnber:
s iafl:tcrequt'uIti::ed1ra]t.|e;

t:tb isthenomberofbitsallocatedtosainpleainmtesubhamj,

Saotples in sttbbattds which one in itttensit;-.r_steree rho-de must: be copied to both eharmels. The t'|:qlIi1I.'tI:i1.¢:d.
vaiue has to be rescaluead. The multiplication factor can be found in the table B.l ‘Layer I. I1 st::a.Iefa.ct:ors".
The rmcaletil value 5.‘ is calculated as:

5'-f:n:tor"s"'

2.4.3.2.: Synthesis. suhhertd filter

Ira suhhand has no hits allocated to it. dte samples in that snhhend are set to zero. Each time the suubamt
samples for at] 3-2. subtaands or one eherutet have been calculated. they can be applied to the synthesis
suhhand filter and 32 r:ot1saect.ttl'u'e audio samples can be calculated. The actions in flow diagram figure A2
"5;-.rurhesis subhatd filter flow chart‘ show the reconstruction operation- The ecierfieients Nu: for the,
Ittatriiting; operation are given by

Nii=oDe[[1fi+i](1l:+1]-gtjl fls'..t5fi3,-IJsl¢s31

The eoeffits D; for the windowing operation can be fouls-d in table B3 “Coefficients Dr, of the synumgts
wintddw". The coefficients have beert deri.ved by rtuttterical It:'.I[;tl.i.||.'|iI.:a.LiI_':tn_ Cine {none mutajng. 12 at 32 - 534
suhband samples, which result, after l'I]te.riJ:tg, in 33-1. audio samples.

2.4.3.3 Layer ll

1-Hu"=r 11 is 9 met‘: efficient but more countries coding scheme than Layer 1. The flowchart in figure A..1
"Layer! and II-de:t:t:tde.rflt:t'tttI' chart" applies to I;-othLa:,ters tandll. The firststepistoperrorm the decoding
which is common to all three layers (see 1.4.3.1]-

2.4.3.3-.'t Blt allocation decoding

For different combinations ofhitrate and santpling hequeuey uziiffe.-rent bit allocation tabla exist. {table B.2
‘layer It bit allocation tables‘). Note cm: the hitrates given in the table headers are per ehnonel. If die made
is not singie__cI1ann.el, the biT.l7lIE should be divided by two to obtain the bitrnte per channel. The decoding of
the bit allocation table is done in a three-step approach. The Ilrsl step consists of reading 'nbal' {2.3, or -4-)
hits of information for one 5|-lbblilil-1‘-1 from the hilatream. The value of‘obal' is given in -the second column
of the rel-e't-ant tattle B2 ‘Layer Il bit allocation tab]-es". These I.-1-its shall be inteqmetead as an uttsigned
ilftllliflf l3tl.I.tl'IJi’:|'EI:'. Tht EH.‘-1t2III.I5 step IJSCS this lftllmbtl‘ and lhlfl nttmberof the auhband 35 iitd-ii'.‘:5 to point to :1
value in the table. This value represents the ntunher of levels ‘ole!-'e1s' used to -qumuize the se.1:rt;|:Ile-s in the
subbatiti. As a third step. using table B.-l "Layer ll classes of quantization", de: number of hits used to code
the quantized samples, the reqttantizntioo eta-effteients, and whether the codes for three eooseaetttive suhhahd
samples I]l1‘lI'¢ been grouped to one code can be deteatninnetl. II can be seen frotrt the bit allocation tables that.
some of the highest suhhands w:'tI.I never have bits allocated. The number of U1»: lowest. sot:-'o:u1d that unit.
not have hits allocated to it is assigned ID the identifier 'sl:ii.mIt'.

2 . 4 . 3 . 3.2 Sealefaeto-r so-Ioetienn infdnnation decoding

The 3-6 saunples in one subhand within a fI'E|.lTIE are divided in three eqtml parts of 12 Sllhbatlld Samples. Bitch
part can have It.-g own 5t'.*_EJt‘:.'f£h:.‘tl:I.'.. The nut-ntzt-er of seolefactors that has to he read from the hitstreem depends
on 3-cf$'t[SI:I]. The scaiefanztor selection infonnntiorrt scfsilsbl is react from the bitstream fill‘ the suhhartds that.
have anonzero bit allocation- If st:fsiEs't:t] equals '00‘ three scalefactors are I1"€I11S|1l'l.iI'.tGd,. 1‘i:Ir parts 0.1.2
respectively. If s.t:f’<.ti[5b] equals ‘'01’ two st:t=.t1el'nctors are transmitted, the first one valid for parts I] and 1. me

ti :..,;_,-,:: ;. .:.| .... .t.. .. _ 31
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second time for 32111 2. If sct'si[sh} equals ‘1[]-' nne senlefnemr is |;r.,-1n.5mi[u:d., valid for at] Ijjrcr: p.arL3_ If
Scfsilsb] equals '11‘ tw-D scalefaetersere transmitted. the first ene valid fer pan El. the secunrl one for pans 1and 2.

2.4.3.:I.:3 Seslafaeter decoding

For every snbl:-sntl with a neutzere bit allocation the eeriecl sealefsetnrs for that subhsmi sn: mad From the

't1IiLS|‘.I‘EflI!I1. The number Of ceded scaJet’:=u:Ise:s and the part of the snbbrand samples they refer tn is defined by
sefsl[s'E:u]. The 6 bits Inf 3 en-ded seruiefaeter slieulti be 1'.t:Il.I:.1'p:I't°:‘t.I:fi as an unsigned integer index In table 13,1
"Layer 1.. II seslefsetnrs". This table gives the seaiefnetnr by which the relevant subhahti samples should be
multiplied alter reqnaattiratinn.

2.4.13.4 Ftaqusntization ef euhband eamplee

Next the coded S£I]'1'|.|'J-lE'.5 me read. his ear: be seen frcnn 2.4.1.6, the ended samples Il]'J]2l|:.‘-EI.r as tri|:Ilet.5. the cede
CCII1 E31115 1l'I1‘-ct censeeutive samples at a time. From tabie IE‘-.4 "Layer II classes of qu:mu'znLien" it is 1s:nI:m-11
new many hits ‘rave tn heresd fer ene triplet from the hilsuesin for each 5-Hbballd. Also fr-::-u.n table 3.4
"Layer I1 el-asses efqum-:tiza1iun", it is Fm-n'wn whether this ecpde ennsists of three eenseeutive separable
ts:-des for each sarrtplc or of one cmznbineid c:ndI: for the tI'I.n:.a: samples |:gI"EII.J]".tiI.'ig]_ In the 1531'. ease degreuping
tI‘1u$L be perfemled. The eembined eede has to be regru'tle:t.l as an unsigned integer. called '13‘. The fflilnwing
algorithm will supply the Ihree separate eedes sm], s[1]. s[1].

fer t;i=J;. i«-:3: i-H-J |
s[i]= E ‘.39 111E.‘-.-BIS
-e = e DIV nleyels

1

where nlevels i.-. the num bet ef steps as sitewn in table 13.2 ‘Layer Il ‘bit allocation table".

The first hit are see of the. fliree. codes. has In be imrertetl. and the resulting numbers stteuid be regarded as
1-uu-0'5 e-etnpletnt nt frnetiunnl numbers, wl1e:re the MSFJ represents Ihe ynltre -1. The rcquantizcd values can
be obtained by Ihppl}-‘lug ii. linear formula. :

5" = C * {em + D}!

-A-true

s is the ftztetiettal nulnbcr:1:

s is the requnlitizetl value.

The values of u: e cnnstruits C and D are given in uttrle B.4 "Layer 1I classes uni‘ t.]u:It11.i'.£.'|1.itJn". The
requnrttieed values have L0 be resented. The multiplication fneteu-s can be found in the table E .1 "Layer I. II
scalefaetm's". as deseriher] above. The resealetl 1-nJ we 5' is cmeulaled as :

s'=t‘ener*s"

2.4-.:i.3.5 Synthesis subb-an-cl filter

[f 3 gubtyarifi |1,a_-. |;|_|;|. bits, -_1J_Iocau:d to it, 111: ssunples in than 3-tnhbnnd t-tn: set tt} iterfl. Each l'.iJ1'tI: I11: Suhbflnd
sumplgg [gf 31] 32 guhbruadg gf fine r.'_:I1,.'1nn:I h.’n-we been C:l]C1.'l]:ltEI2L H18}! C'.fi.I:'l b-E tip]:-iied LEI: I113 :5}|'l.'I'l]El€.5'lS
gubband Filter sud 31 ounsecuuve audio 5:.1.1'I:1p1¢:s fin: be calculated. Fnr flmt purpose. the ficilfl-1'_I-E I-11 U111 HOW’
qjiagram of figlj 1:. A2 "Synthesis. subhnn-:1 filter flew I:-l1:tt't" have Ill} be I::E.1"|!‘lE=d OIJL Thlit eeetfielents Njk fthr
Lhemauixlng njyeratletl ttre given by

n._k=:os[c1:a+.}(2k+1;é‘—4] D5i5Eu3_I[J<'-l-:53’:

The cu-eE'I'1cir:nt_-: Di fer the Uullttln-'..I.*:it'.g r_1p|:rt1t_iI_‘m t:.rm he Fnltnd in t.':'t5|:-le 13.3 "Cc-I: fiieients D1 of the 5§r't':|'LI1e.E-'I5
windn-p,-"_ One frame ct:-ntnins 36 " 32 = 1 152 sLI.'hl'.Im1tJ. S?'I.tl'IplE5-. which I‘B5li|l'l El-FEE! f|'-[$5192 in ' 152
audio samples.

32
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'9 '5'3~'TE"-'3 ISDIIEG 1-t1?2-a: 1sa:t {E}

2.4.3.4 Layer Ill

altddititrrnal £nequem:y nssntution is provided by the use orm Isylzttid filterbsiik. Every time is split into is
_f|'I=IU=I'«=ir lines by use of an MDC'I'. The wirtdow tengui or the MDC."I' is as Atiapdye winuew switching
is usetito eorttrol time a.rt.il?tI:t.s (pr:-en:hnes},s.ae. the degcripugnn in mm; {j_ 111: mm? ahuofiwhifl-1
3-'5|Dft|=f_I=1Dd€=”|Tb=I1=r flute rs:-olutioitl we used can be selected. Parts one: signal below a n-equeney
If-ependms on mil-ad_bloeit_flfl£" are coded with better fnequemzy resolution. parts of the signal above areended with better time rveoolutinn.

The fiequelicy eolrlpouents are qttamized using a nnnuujfoum q|_'n|1tjz,e:r and .c.3.d.g,.1 ugjng 3 }.[u;[fm2n among,-_
1"he_HufEotan coder usesone or 13 tltl't"erent tables [see table 13.7], A buffer is used in help ¢.-mange nu
eodmg efficiency of the Hotfiitan eedersntl to help in use case of pro-echo eon.-iltions {see the deseripticui in
IIIDBI C}. Tl:-estzeofthe :ttput.bt.|fl't:1'is the size-aft:I:I'Ie frames: thebitrateof lfifl lthitsfs perdtauaei for
.'I..syer Ii]. The short term buffet’ technique used is called “nit resen-nir“ because it uses sbeI'T.-term variant:
‘hilt-ate with it utentimtmi int-e_graJ offset from the mean bitrate.

Each irame holds the data from 2 granules. The indie data in a frame is allocated in the rnliowing way:

- main_.sats_bcsin points:
- side info [or both granule; (st:l's.i]
- side info granule I
- side into granule 2

The head-erand this part-of the audio this constitute the side itiforlnation sue-am.

--§C'aI$fiiClDl'3fll1l§IHllfl'II'LfIlOOd.EtIHIll granule]
+s't:a1efaetorsaIIdHuffrnaaoodedatagrsn.uIe2
-ancillary-data

These data Cflflstiltle the main data stream. The rnain__tiIata_tJ-egin pointer specifies a negative offiset from the
position of the first byte of the Ebeatler.

2.4-3.-‘l.‘l Decoding

‘The first aetiotn is the synchronization of the decoder to the incoming l:tiL-stream. This is don-e as in. the OEIIIE-1|’
lays-is. The lH‘::il.t‘lEI' irtfonnatlon {first 32 hits including syncttrord} is read lnjust as in the other layers. The
iI1ft:trmal:ion about sampling frequency is used to select titesea.lefat:to-r_I:ta.n-d table [see anrte-:.t. 13.).

2.4.3.4.: Side lnlormation

The side l.nt'ta'o'tatii:m must be e:tt:I'at:tet1 fmm Illelzlitstreato and stored for use during the dzeoding oflhe
associated frame. The table select infennatioo is use-::l to select the Huffimm t:Iecncler table and the mnsnliex oi‘

EEC-bits flint-its}. aeeot-ding to table Bil.

2.tl.3.+-1.3 Start of malrt_t:lata

‘Ilse ma.iIt_tlata Iisealetsetors. Hutfinan ended ttataattd an-eillttry information] are not necessarily lot.-atettl

a:ljaoe11t to the side i.I:'lf£ll'lIlfl.l:ifl‘I1. This is described in fig-I:a'e !t..‘i'.a.a.rI.-ti figure A.‘i".l:t. The iiegitlning of the.
main. data pan is located by using me nia.‘rn_dsta_beg'o1 pointer ofllu: t:tu'rent frame. The allocation oi‘ that
main data is done in a way that all main data are resident in the input laotfer when the header of the IIE_-all
flame is alsiyiog in the input buffer. The deeodser has ll: skip Header ant’: Eailifl 'II1fD1'II1-fli‘-ifill Whflfl dfimdmfi 533
main data. It knows theirpositinns from the I:-itt-.tte_insle:It and peddirtg_l:r1t.Tl1e length oftlle Heath-1'_ is
always 4 bytes. the length oi‘ the side information is IT bytes in mode single_el:tannel and 3-2 bytes III the
cam modes. Main t:’|.£l1;EI can span more uusn one block uiheader and side mfnrmmion (see figure A-7-hit»

1'.-1.3.4.4 Butler eortsldnratlnns

The following rule can be used to calculate the maximum number of bits US-Ed fill‘ D11: Era-Ill-lit:

The buffi:1-length is 'al' fififl hits. This value is used as the lIISl.idEIfllII ‘ti:-uffer at I-'W:I'iI' bififiill. Ni ‘bl: hi-Shfifl
possible bitrate of Layer III (310 lsliilsis per stereo signal} and SEl]Il|!|I1lI.fl freaqtiency -4E Id-{1 the trteatt fraote
lung”: is (313 EEJI43 flflflyvl 152 = T '53-IU bits. Therefore Ihfi frilIl:I.E=5 must ht: Dft:ttl15l:B.Til: ltB1lgl1'l at H115
'|;t‘m-mg and mmplmg frequency. At I54 kbilsis (113 Isbilsia stereo} lhe mean granule IB1'l.E|-'I1 13
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{E54 nouns o0fl‘;*5‘.re - 763 bit 31118 kl-lz mtpling fieqoency. This means that there is a maxiuium
deviallnn {shun-t lime buffer} of 1-’ sin] -41-res - 4 sus bits is allowed at 64 Ichiisrs. The actual rleviatian is
equal to themiuiherefb»)rtesdeno4tedherthemain_dats._be.g;in offsetpointet.Tl1eaohJa1ma:IioIumdetrisr_ion
is 2**9 " 8 bit: 40915 hits. For intermediate hcitrales me delayarid hulfer length out be calculated
eeeucdiiigly. The eatchange ofhuiferhetween the lefl and rightcharmet in a sum hitslre-urn isailewed
without I'esl:I‘i¢1i:Ins. Because of I11: eo115tI'-aim on the buffer size ma:in_dam_hegin is always set to CI in the
135% Uf1|i‘lI'3|=_iJdE3t==14.i.£:. data rate 320 kbimfs per stereo signal. In this case all data. are allocated
between arliecerl-: header 1|-'oI1:Is.

4'5lWJ3'PH1'1i fi‘5'i|1-|¢1lI2i55 1'6-‘fi"EI' lllflrl 43 I-CH1 the buffer should be oimstrnined such that the sane physical
buffer size is sluftcieru. as the one eadculated for I:he 43 kHz ease above.

2.43.4.5 Boulefeotoro

‘l'hesee1efaetersa:e deoededaeeurding torn-eslenl mil s'leu2 whidl themselv-essiederennined from me
values ol’scaleIEae__eomp:ess. The decoded values can be used as entries into a rahleecrused to ealeulaue the

faeunn foreaoh ::eaJeliu:mrbau.cl directly. when decoding the seeonnigrrmule. Ihe sofsi has ID be considered.
For the builds in which the oorrespomling sofsi is set in Lille scalefsnztors of the First granule are also used
For the second granule. tJ1eret‘I:Ire tlley are not transmitter! for lhe seeoml granule.

The number of hits used to enoode seal-ef£u:tors is called [:un'l:2_Ie1|gd1. sold is cuJo4.Ilut.ei:l as follows.

For h-lo:|:_t3.-'pe - II}. 1, or 3 (long blocks}:

part2_length=. l1"sIenl+lIJ*sI!en1.

For hloi:k_t3rpe=.-=2 {short blocks} and mi1ed_};1lnek_i'ia,g == 0:

parl1_leIl£l.h = 13* sJenl+1E "'s|en2.

For tI1oI:k_type%'2 {shout blocks} and n|jxed_hlo-cl-:_th.g = l:

pen2_leu.grJ1 = IT‘ slenl +18 "'sle:n2.

These formulas are valid. i.fgr==CI- or if F] and sefsi[ch][sct'si,_bnnd]—-—-=1] for all sa:fsi._'h-er:-:15-. i.e. scalefalctor
seleclion mfomiaiion is not used.

2.4.54.6 Huffman deoo-ding

All necessary inlbrmelion irbciurling Ihe table which realizes the Huffman code Ire! can he g¢I'IE=I'EIt-Dd fI'|J1II
the tables in table EJ. Ersl the l:rig_1.ra.lI.tes data are deood-ed. using the tables with The rllllnbef _
talie_sele::t[gr][::h][n,-.gicn1]_ ‘I11: fruqueuey lines in region 0-. region 1 and region 2 are Huffman dent!-detl 1I'I-
pfi.i.I's tm1':i.| I:ig_vnlues number efline-pairs have been decoded. The remainiig HIJ1°£‘n.‘-aurrtvudnabtils are flwitxlfifl
using the lntule aecordiog to i:ountlIa’o1e_5ei-ett[g:l][eh], Decceling is doc-e until all Hufflnao code hits have
been decoded or until qoe.I1I.ized values representing 575 fI'E13]|JEllIC}|' lines have been deooded. W|J.'I-G11!-"'-rel‘ CDIIIBS
fxst. Ifihere are n'I:prE. Huffman cede hits than necessary to while 5715 values Urey are regarded as stuffing
hits and I:|is.earded. The variable ooontl is iruplieitelyderivetl as the 'u.u.mhel of :'.1,-Iradrunles of-deooded values
using oo-unt1iahIe_selen:t.

2.+It.E.4.l' Flequantizor

The nonuniform quaotirzer uses :1 power law. For each output Va-lLIII=. "is". E|'0'11'| U1-Er H1lfl5|D9|1'l dflmdfir
"1uis'l“""-"' is calculated. This can be done either by table lookup or hry e.-xpuci: eucuiaueu.

2.:t.3-:.‘l.?'. 1 Forrnula for requarrtizatiorr and all sealing

One -I':|:|I:l'l]:II-BIB fonnul.-1 describes all the processing from I‘J1E_HI.Il"|’rI'fflJ’I_ d-flflfifld ‘-'i'-'|J|-|¢5 15 "13 in-P‘-“ °f "'3
53.1-.m¢5j5 fi][,=_-I-|;,.,;mk_ $11 ngncssnry scaling factor; sire eomsmed wiuun lllis ronnul:-1. The output sue
reconstructed l‘rt-tn reousallized saunpies. Global gem and subhleek gain ire]-ues effect ail values ‘W1-|.1-'1!-I1 CHIE-
l'.i.lI1-e window {in the case of hIucl:_typc=1}. Sealernrmrs and preflas ii-II1J1=r 1‘-diufiliifl EH5” “’5“'i“ ‘Each
sealefaetor band. An iIiusI.l'aI.i-on cant be found In fig urn A-3-
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The following is the requanti-{alien equation for slm.-L 1,1;-in.:1|.3u.-§_ The ]-[uffn-L311 dggmdgfi yajue 5; buffer ind“
i is called is-1, the input to the synthesis fillet-ban]: at index i is 1;a1]¢i;| gm;

XII- sigrv{ié1J ah |E§i at 21lF—{E1DhH"-' gain [37] ' 21 0 ' 8' 5“ht'1°‘* - 333“ [“'i'1d“"" HST]:
.2-{fit-11Ef=3£-mu1Lip|ier* scalefacs 5[BI'][¢h][sfb]Iwt'ndow1]

For long blocks. the formula. is:

.1. = .13.-(:.,.}'|a..|§ ...itsI°w—s=nnt2rJ-210:I 1

,,. ;._—|{3°33’3r3-¢— '1‘|1'l5P|i€T "‘[SC=IlP-fac_.1[sfb][:h]Igr] + ]:1ret'I1tg[grJ- pret:1b[sfbl}]
I’I'Elab[sl'I:r} is a value given in the p1't3E1‘I1phEi.5ii:i. table E .5. The oonsuant 210 in this fcmnula is needed 13:.
scale The output appmpriately. It is at system constant. The synthesis filterbnnlt is assumed to be
implemented according to the formulas below. The range of the output values of the -tleeotzler {PCM
sarrlplesjl is between - 1,0 and -1- LE].

1.4.‘-3.4.3 Fleordaring

Lt short I:r1ocl:s are used Ifhls:te}:_t;u];1e.=2}J. me rescaled data ltI'[SCf__hflnd.]['wittduw][fre-q_l5I1-6] |I:L5 described in
huffmnnco-tlebitst} in 2.4.1.?) shall he reordered in subbend order. srfsubbsmdlwinuuw] [freq_li11eI. prior tn
1..1t: 1].-[DC'I' uperatiun.

2--II-.3.-4.9 Star-an Processing

.u'*.fi.er requantization. me rmottstrueted 1:-:11 ues arep for MS ctr intensity ammo modes or both. b-cf-:m-.-.
going to the synthesis filterbstulr. In MS_stereo mode. both channels of a gmnuie must: have Ihe sa::l1e.-
bio-cic_t;rp-e.

2.4. 3. 4.9. 1 .1-'.|'S_5 ta ran made

This mode switch I.'.'l'oLmr1 in the header. mo-cle_exter:sitn1} allows swit-chizng from "i::I.Ieg1entIet|t stereo" to
M.S_stereo. If MS_$Iereo is enrlble-‘J but intetnsity stereo is not enabled the etitire spectrum is decoded in
I":-IS_stereo. If both I"-'13S_S t-ereo .=tI1i:l intensity stereo are enable-d. the upper I:-ou-111:1 of the sesuefaetor bands
deeoded in MS_ster-eo is derived from the "1:et'o_rm.rt" of the ::i.'tt‘[e-rene-e {right} channel. In this ease the
snssleraetor hand in which the last non-zero (right etiitnnel} freq ueuey line occurs is Lhe Last fleraeto-r hand
to which the It-'IS_s tereu equations apply. Above this bound intensity stereo may be applied it‘ enabled in
Lite header. The "zercI_part" of the difference channel is the part of the specmun from
"':1ig-values * 2. + countl * 4" -[see 2.4.2.?) to the Nyquist rate.

2.4. 3. 4.9.2‘ M5 matrix

11:. MS stereo mode the values of Lhe nonnstlized :|'1'l:id(I]EJ5.iLit: t:h.1J'tne1s It-Ii:'Si are tnmsmitlctl instead of the
left.-‘rig tit eI1..'1.uneI 1.'a]ut:$ Li1'R.i. Thus L,'1"R§ ttre reeottstrueted using

_Mi+S, 1'-I--S;_L. and R. = --1-———
' ‘-15 ~13

The values la-'Ija1'e tn1.r1srnittedi:ttheIe|!‘L values 31' are transmitted in the tight channel.

It window switching occurs, then the M :i.11.tl S Chmttiels must switch synchronously.

2.4.3.4. 9.3 In tensity stereo mode

T1115 made 51;.-'u.c|1 [F-:1-tn1:l in the ht::tdt:.1': 1nou:]e_e:ttet1s1'oI1-II allows swir.-thing frflin 'nI:I1'm«'iJ StE=='E0' ‘LU 1'I3|Tvf=DE-iii"
s.'1.=.:-e-e.. In i_.:'p_-,'er II1. iittettisty stereo is not dolls usi-11.3 £1 pair of S-C=l13['=1Et0l' 3‘ 35 151 Lfi11-'I‘-“|''3r I 35‘? '0"-'-i bi!‘
5:,¢.1-§f3..i_.-Lg mg lnagpjfludg fa.-in um sciueractors of the right ::l1.."u1nel as nortnni} :1.11tl a stereo p-ostuott
is _p.._-,55b[5fi3.]_ 15_Pg5.5h[5rh] 1'5. {_r;|,n5]'|:]i_|_L£:d instead of scnlefztelizirs for the right I':hE'|.l1nE13. The stereo
Pusmfln ‘.5 used 1.3 513,-‘; t.-E, :1-.3 lgfl mtg n'g]1[_c11:m.n51 gignnjs according to the ft'_'I:I'I::I'Lu1aS below. The lower
‘noun-tl of the scalefttetot hands dttndctl E11 imi?-115113" SIETEU ‘L5 ‘J-<5l'i"*3"1 5707“ W3» "1‘~'-T°—.l3'9'I'1" Gf ‘-113 7181'“-

35
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ISC-I"|EG111?E-3: 1993 {E} @ iggglgc

CIISJIHBI. hb-DU‘ 3 this bound t1t:t:t:Iti "mg of intensity stereo in applied using [he scajcfacmrg g['u1.3 fight ghanngl
3-5i“t=3|'15iE1-' Sleiflfl 1‘»'E'5'|"-I0-1‘I5— AU imfllfiitl-' 5t'|'»"T-990 P05-1'IiDI'J Of 7 in em: 5-c:alefactm' In-a.nt:1 indicates that this
scalefaemr harul is not nzletleded as intensity stereo,

 
 

ScaLefan:::u: Juan-53

I I I I I I I ! _ _ _ | _
'-=——— nc=nzern_p-art of spectrum tright chart] --—-.»-|-q—-—-- ze:g_pa.:; ¢.f 5_—__.E:t1-um _ _ _ _ __;,|
5-: - - - - - -- I'.'.;".'= an-: 1...": at-Lt-_-re: ceded arc - — - — - — — — —-2-:c;— intensit stergc .:.g:].=_-:1    

For each sealefsclnr I:I9u1L". {Sb} culcd in intensity stereu, Lhe, following amps an; e:[E,:;]J_I'_e,d_;

1) The intensity Stflrefl pusitifln is_pes5b is read from The sealefneter of the right cnann-at,

1) if (i::_posg-D == '3} do not perform the following steps (illegal is_]ms.j.

3] is_ 'a.t.1't:- = t.anI:i5_ pes,b*fi}.

4) |_,:.:.= Li= for all indicesi within me acIu.'I.J S|:‘.£1.]|.'3['.'lC1.IE:I:I' h:Lnd Sb.1 -l is_ mtiu

fill Ri; ~_~ L. =v=_1j for all indices i w'ttJ1.'tn the EICLIJEIJ S£:aJ£:fl'|.c1!m' hm-trl sh.1 1-is_rati{::

2.4.3.-Il.1D Synthesis tilts-rbank

Figure .»*t.4. she ms 5. block diagram iru:Iu-tling flue 3:.-'1'IlJ1I‘.".5'l3 filterbzmk. The frequency lines .a:r-e preprocessefi
by L‘t1.e "alias ret.ut:1.ien." scheme (see the block diagrams in in figure A5 anti In table B3. for the
ct)-e1'f.cients]I an 1 fed into the II!-IIZ.‘H.'.Il" mt=.tti:t. each. 13 into one t:ta.nsfern1 bte-ck. The f'I.1'3I'. halt‘ net‘ 1J.'1t: output
values are adtieul to the stunted overlap -mines from the last block. These values. are new Clutput values and are
input‘. vaJut‘:s [Ur IJJE. pfllyphasc fiIlE:I‘ban1r.. Th-t'.*. 5t31’.‘CItIl'] half I_‘If UH: uulpul 'nr:1lut:~_-'. is stored for UVIZIIELP will] the
next data gI".i'|:|.'ll1iB_ Fur every xecnnd subbanltl cl-E I113 pthlyphase f'L1Lerh.'1.1::J»: every sexzmtd ittput 1.'a,luse is
11:]. ultiplied by -l to :'_'ot'reu:T for me frequency 'tn-'ersinI1 nf I113 poI_3'ph.."L+;E. fi1Ie_rl:ua11Iu:_

2. 4. 3.4. 1' I1 1' Alias reduction

Fer lung ble-ek_t;.rp-e gmtlules Eb-le-cit_t;-Ipe != 2} the in put to the synmesis filterbank is processed for alias
redut::I.'tt1-n 'I::It:fI:Irt: pmccssitlg by lht: 1'h-IDCT. The follclwillg pseude cede L'|est:riI'Jc:«i 111:: alias rtzducfinlt
en:-mpu tatit:-n:

for -[si:r==l: sb<:3'.P.: s.h++‘]-
for (i=0; ‘L-=-:3; 'H—I—] [

:tar[13"'s'b-l-:i] = :tr[lS"5b-I-i][Ts['t] - :t_r[IB“'5.‘t:~vi'|ITI'.rt[':]
:tar[]3*sb+i] = :u[18*sb+i]C:-[i] + :tr[1E*sl:r—].—i]Ca[i]

I

The indiees ef arrays mrj] and MD label the frequency-' lines in 3 granule. :1-nT«Inge:| in order n-Flnwest
freq uency to h'tj:h-tzet freq uency. with arm being the imieat of me Fewest fiequency line. and STS being the
index or the highest, The coefflcientsz l.':s[i] and Cam can be feuntl in table B3. I-figures .-L5 and .-1.6
‘L11 ustret-e the alias reduction eetnputatien.

Alias rcductjnn is not applied fur granules with bit)t:k_T_}.I'pt': _—_- 2 [Sl't1:I1.'EhIDCk'}.

2.4.3.4.'H.'-‘.2 IMDCT

In. the ffllluwitljg, 11 is tt:::nu:nb:roFv.-i:1LLm.»-ct] smnples [fer sh-an blocks. :1 is 12, fer lung blocks 1:: is 36}.
In. the ca.-ze at‘ :1 b'|{J::k of L}-‘pi: "short". each of IJIE 11-.n:u.-: sltttrt blnekt is Lrzuata-Fnnncrfi 5cr-aI=5«tI-°:13'- II-'3 ‘-'E1JL:'-‘:5
2-Ck sue L1:ms1'cu'mec1 to 11 values 13. Th: rutalyticat expression -of the IMD'L'l' ls:

- 1

xi =‘£ Xk-:m.I:3—’;[2i-—1+§]{2i:+t]:. rm-i=t} Lon—1.I=|I|

nul-

36
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@ 45¢-‘*='|EG Isonzc 111:-2-3; 15:93:21

2.4.3.4.. 1'-L13 windowing

'-'J'BP€l1diII.E Em thfl bI|flck_t:rpe diflhrant at of windows are us.e;;1_

G1 bloc-ic_ry,a£=E3fnam1aJw£ndawJ

2; ——-Jr,-siI1(%-{u'+ for i = U to 3-5

N bfri-=l'_I}'pe=4' -|'5m-rr block)

I -7‘. 5i11(%{:t' + fnri = U 1:: I‘?
E = Jc,- t':::«r:i=lEIn23

' 1:; sin{%{:' — 13 + f:}I:i = 24 to 29
U for i = 30 DD 35

4:5 bI.on:'k_r_j.Ipe=3 (imp big;-kj

U‘ far i = 0 IL} 5

x,sln(._i2[::'—fi+%}|} rm':=45:g11
Er‘: .:,- ror~'.=11m17

I,-sin[3—:[:z'-+%D fcri-1:3 to 35

0} b!ac'J'g_£'yp£=2 (short £J£'n:;Ic.i:,l

Each 0f the thin’: short I:-lrldcs L5 windowed Saepétrfltfily.

p'4
3:?’ =x§”sin(4,[£+.i]} fort-=0 to 11. j= In to!

‘I112: u.-illclo wed shcurt blacks IIl1.L5L be overlapped am! cn11{.'au:n.n1e.rl_

GI for i = [J In 5

EH rm 1' = 6 tin 11

arm + yfiflg for 1 =12 tn 1?
Ii = 1-..n';{?E'2 +3-Elfin for 1' = 13 to 23

g,:'§f*,3',, fo1'i=14 l<'.> 29
[II fcuIi=3E+m-.715

2.4.ar.4.m.4 Dlreriappmg and adding mm pram-us btoclr

Tlzu: firs: half CIF t]:I.:: black of 315 Valulzs. is Uvlzrlnppcud w:i1J1 the Sm;-and hall‘ of H13 pu'f.1.-'1'.Uus black. Tht:
second half of the actual block is stored to be 1155:! in the next block:

result. = z,- +3; furi =0 to 1?

5i=zi_H_a ffifinflt-D 1-!

2 . 4.3.4. 1 9.5 Camp 9 nsatfan fa r Iraq tmn .::_-,r in we rsia n or polyphasa rftrarbanlr

The uutput UF the :_11.'v::r]:1]-J add n::on.5ists of ‘IE Ume 5FtLTI;'l1I35 for tach of me 32 pnlyphnse subhand 9». 1f I113
Lime smnple-_5 mg Labeled {] [hrgugh 1'.i'_ wifl: Cl be'[|:g_ me E;1|:'|iEs|;1.'£1l1I;". 5fl.fl‘I]:!Il|2, 2.11:] S-|.lbi'_'IF|:J|'t|Z1S HIE I-5:ibE1EJ.1 U
mrcnugh 3 l, with Cl t:-emg the Jnwestsubbnlld. Ihtil EVEFY 0-dd U'ITl'B 5fl=11P'-"-' M WU? 055 5Ub'3'-“G '3
muIt:ipIi.ed by -1 brsrun: prur=sst11g by 111:: 1m1:r'I=h=:sI= film’ milk-

3'?
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ESDIIEC 'I11?::—3: 199:5 (E) (:1 |5u,.I'1Ec

Annex A

[norrnatiue]

Diagrams

  

 

FNPUT ENCOD ED

5 I" STFI EAM

DECODING OF
E-IT ALLOCATFDN

DECODING DF
SCALEFAGTDHS

FEECJUANTIZATIDN
CI F SAMPLES

STNTH ES I S SLfEiE-P-ND
FLL'.'EF-'l

CIUTF‘ UT POM SAMPLES

  
 

  

  
 

Figure 5.1 -- Layer 1 and II decudlr flaw Chart
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'3' JSCWEG ISO.-'|EG 11172-3: 199:: {E}

 
  
  

  
  
  

|I1|:-U1 32 Haw Sub-band Sample:

a i= U....-31

Shiftlng
T-Gr i-—-‘I 023 down In 54 do

Vlil = ‘u'[:'--64] 5-es: foomule l
  

 lullairlulng
31

fari=::amE-Lida V.-= E M,-k~ 3“
no

Bul-1d an 512 value: vector U

for n'-:I:I- To 3' do

Tnrj=rJtu 31 do
U[i‘64+_[[='u'[i't2S+j]

u[t'6a.+32+§]=\.r[i-1 23-1-QB-1-j]

Wlndaw by 51 2 coefficients
F'ru-d use vector W

IUri=I'JTI:I51'|dI':> 'lI'uI'i=Ui'D|

    
Caiculata 32 Samples

‘F5

furj=U m 31drJ 5 J =E u'»5+._,_2i
|=ID

DI.flpu1 32 raq-.-.-ansiructad

FEM Sample»:

Figure 11.2 -- Synthesis sIJI'.-band filttr ITDW chart

1 V to be initialized wlm zarn-=5 during S|:£I.rl'Li|:I-

39
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ISO.-"IEC 11172-3: 19193 {E}:

4fl

GET BIT STREAM, FIND HEADEFI

DECCIIZIE SIDE IN FORMATION

JIECDDE SCALE FACTORS

EIECDDE HUFFMAN DATA

FIECJUNHTIZE SP EIGTFILEM

REOFID EFI SPECTRUM
IF |[1ia'|ndDw_swi1ching_I!a g} AND

bloc It ‘I a-=32

JOINT STEREO PROCESSING

I[ if applicable ]

ALIAS FIEDU CTION

ETNTHESIZE VIA IMDCT

5 CI"'."EI3'IL.-II.I'-"—.I“'-.EI|'E}

IIMJCT either 15 or 5,6,6 depending on
win:low_switching_f|ag and blocl-:_1'ypa I

OUT P .JT PCM SAM P LES

Figure A.3 r- La}-er [II tittuder flaw chart

 
5‘-r'NTH ES IZ E VIA

PG-LYP H -515 E Fl LTE HBANK

 
-3- ISOIIEC
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55’ '5“-“'55 ISDIIEG 11172-3:1ee3[E}

 

 
  

  

 

 
 
 
 
 

"‘°
s-. 2 3

.E H E E.:-1 .E

E 3 "2 “ .~:
hitsuealn E‘; E E as nudism data lefi: :I13_|:|_neI

5 5 =5 '
3 [5 1-5 3 blocks of 515 :a.mp-[es

.5 = E ' s
I:

g e‘E
ii.

audio data righ. CJ:I.a.1'|n.eJ

blocks of 5-76 Eamples

IMDCT synthesis Subb W1 0
ya}. 1.61, 352, E-'3,....u1,-'1?

subbund J.

)"F|- '%]|-

 
 

 
 

{E1 —|y3. ....1—y1’;' 
 

 
Each IM'D-CT rnaduie

. cllJC1.[1£I.T.:.E IE DU :puI.
Suhbzlnd 3-1 values }'D..g.-1‘! cutcf

13 input. spectra
, — I , 2 — —33‘? £1 31‘ ' fl” "'5*‘“°5-

For even’): n'rJ:1e:'
subband every nher
E1LI'-DHLS-H.:I’!|'-Iplfl should
he 111u]Ij|1Ii:=_-xl by -H, as
shun-u in the ::|i:.-grain.

Figure JL.4 -- Layer III decoder diagram
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ISO.-'IEG111?2-3:199:3|[E} g .3;;,,.EC

|"";"'11"-5-"'I

I‘-a—"||"‘-;~*'1
Figure .EL.5 -- Layer III aliasing reduction decoder diagram

 
I-‘jgure .—L6 -- Ln‘_|.re:r III aliasing-butterfly, dttfllitr

-42
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€'15'3i'FEG ISDFIEG 111:2-3: 199:3 [E]:

head-at
frame «I-

 

 
 

sideinfo3

|:] -1
main inic 1 -- I‘'l‘Iall'I Info 5 main inlo 3 main info 4
 

Figure A.'.".a -- Layer III ltilstream nrganlzatiun

header
1na3m H-

sync sideinfo4  
 
 

-1r-U

main_da.ta_b again 4ii‘

-I:
main info 3 F|"-El-in FIT-=3! -1-

rrIa.in_daTa_i:eg1'n 1

:1
main info 1  

"‘]| I-nair1_d.aIa_i:iagir': 4 :2 EJ : This signifies that main data staris directly after the 5i-:h=.I
info-rmatiun lot frame 4. This is iha lower limit for rn-'a.in_dEIla_|:IEIgin;

rr-aii-._-da'|a cannot start later than this point. Note that dala bytes used by '5;-'n::' and
‘side info‘ aria not r.-.::un1ad by lhe rnain_daia_h9gin pointer.

NI:-ta: 'ir1i‘i:a' means infonnation

Figure A..'.'-'.b -- Layer Ill bitstream organization with peak demand at main infcr 3 indsmall demand at main il1|'IJ 2-
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ISDIIEG 11 1 ?.2-3.‘ 1993 {E} @ |3Q,riE[;

CI scfsi hands 3 I
D .. $¢alv:f:L-ztc-1' bands .. 2E!

CI frtuer-c lines 5?:

 
gIDha1__gaiI1[EI]

Granule {I-

1].. scajefsmmrbands .. 11

.I_ .l I..
lohal am 1

suhhlnck ajnl
Grrmute I

suhhlncl-:_ in" :12

subb] ock_gain 3

Figure .A..l|i -- Layer III fllustrnllnn at granules for frame with IJIa-cl-r._T.}rpe == 0 in
first granule and bl»:-c}:_t3-‘pa == 2 in sac-and granlllt.

 

Data hilfi

 
his ["114 his '32! bl 13'“

Figure $3 -— CRC-check diagram
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‘@ ISCHIEG

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

*5-'E|C|--.lD'\.'5./I-IL'I.nltu.I1—-{:1

1301130 11112431992101

Annex B

[no-rnmativaj

Tables

Tl-BIB 3.1 —- Layer LII sun]-efnctors

 
 
 
 

 
 

0
2.011000000000000 32 0.001230391155029
1.531401051915320 0.000910511250000
1.2599210-4939431 0.000115011310991
1.000001000000000 0.000015111532514

0.19310052593410 0.000433231250011
G.fi1’.§|9I.‘1»l']'."52-I-9*-1-'.I‘-r-1»-'vl [l.DU-[l33'1'5I1-QUE-1-9'5
0.500000000011000 0.010030159191251
0.390350202119205 0.000244140025130
031493020241312 0.0001931-1454243
D.15 U..UC|'[]153'.-'51 B95629

0.193142513149002 0.00012201031250
0.1 514901 3 123 030 0.0000903 3121124
0.12500000000000 0.0000103 9941314
fl,fl‘J'§I2125IS5T4EUI1
D.E}T3‘I-'45D-6561343
fl.UG25 
|3'.fl4§|ISflIS282E T401
E1.1.‘.I3 93'.-'1."'13‘1'.E‘.1II-E|'2‘|.
E|.{I|3 l25 
0.034-E03141-I1-3'1'IDfl
D.CIl'7Jé31S1'.fi64fl4I51
U'.DI 5fi25 
U'.fl|1.24=U'l5'FU'J'IS5E}
GIIJCIQS-=1-31332023-I5!
U.{}CI?E]25E|00CH3{JCI
|1}.DDI52|IHII?E533'§|25
fl'.flCF1-92‘l5|'."r:S6IJII15

[}.D{}3-9Ufi25DU{iD|CJ{}
l}..'Dfl3-1|JIC|3 '5126’.u'9'|S3
|.‘}.fl-G1‘.46lII?333D'G|58
|i]'.fl019fi3l2."i|.'H'10f}E'II
fl.{1-l.'}155I[] 19633931

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

U.C|'UUC|fi-1 E13515 625
U. 3fi3561
C|,DU-{3(}3-E.41—4El?'39I}7
CI.G|DGC|'3-D5 l'F5'II‘S 13
0.0422 ].31‘]"3‘L
D..[I}D{}1 922436954
CIIHJDUI 525 378906
E0000] 2 1 ED903533
-E|.UDflflCHJfi124}4?T
fl.D'C"l'.|CIU?62939-I53
{}..U'O£}D|3|6D5 545445
G.CDCHJO4EUfi1173E-
fl.fl{5UflC|3E1-1fi‘9‘i'2T
U.fl(}U0G|302'?T2TI‘?.3
fl. 3108159
G.DCrUflCI1'£|'flT3-4BIS3

fl,{I".IflflC|I5 1.3-Efififil
U.flDUIDC|11D‘15 5435-
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ISUIIEG 11112-3: 1993 {E} cg |5:3,.r1|_=_.:;

Tabla E1 -- Layer I! hit allucatlun tables

Table 13.2: -- Possible quantization per suhhand

F3 = 48 kl-I3: Bit rates. per n:h:1n:1e:I = 56, 541 30, 9.5, 112, I23, 150, 192 1.:h1r_g,rs_ and free imam;
F5 = 14.1 kHz Bi: rates per channel = 56. 6-4. 80 kbitsfs.
F3 = 32 kHz Bitrates per channel .-= 56. I54, BU kbitsfs,

mwx
IL 12 13

51] 1023 204? 4095 3191 16383
511 [023 1047 4095 SE91 1fi3B3
511 L023 2047 4095 Blfil [6333
12? 255 SEL [023 204? 4095
12? 255 L023 204? 4095
]1'T 255 , IDES ‘I04? d-{I95
12? 255 1023 2047 4095
11? 155 . 1023 104? 4095
12? 255 . 1023 204? 4095
11? 155 1023 204? 4095
12? 255 1023 204? 4095v—|-'-‘I-*|—I.D'l¢I-I-JO‘-Lilqh-Lu-'Ih'lr-C)

-III‘-I-IIWJI-'-D

._.-.._.— |-.N'-.P|'-|'|

muwnumnuuunwwwhacmqmuhumnawmum
mmmmmwwwuuumwmwmwummwmmummw mmmmuuumummmmummmmmmumumuuum qqqqqqqqqqqqqqqqqqqq aawwwwmaeomwmmmwwamemmu

up-

rm-- -'U! BC!CIDDb-3MHH|+FLnl'uUh¥¥9WLH'4JH1'-Hhiifl-F-II-PI-Jlfi-It-F-K-FhJ3
5'|::I1iJI1.i.t - 2'?
Sum of nhal = 83

46
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@ 1311155 lsrcmt-:c 11172-3: 1393 {E

Table H.211 -- Possible quantization pgr gubbnnd

 

F: = 43 kHz —————— ———- mlrere-.=anL——————

F5 = 44.1 1(_1=I2. Bnrates per channel = 95, 111, 1213_ 150, 192 ],:|:.iL5,.'5 and frag fa.-mag
F5 = 321-(Hz. Bilratns per channel = 915. 112., 123. lfifl. 192 ]y:bi|'_'§.I'§ and Eng: rm-ma:

indmr.

_ l 2 3 4 5 6 '1' 3 9 1'0 11 1: 1:; 14
:1 3 ? 15 31 53 I21 255 511 [013 204? -1095 3191 115333 32%?
1 3 1' I5 31 63 1.21‘ 255 511 1023 2041' 4095 3191 111333 32'i‘fi'i"
2 3 TI‘ 55 31 E13 [21 255 51!. 1023 2041-1 dD9'5 $191 H5333 3-1161'
3 3 5 T 9 15 31 G3 12? 255 511 1023 1047 -1:1-E:-5 3l".'-'1
4 3 5 1 9 I5 31 63 121' 255 511 I023 104? 411515 3191
5 3 5 1' 5‘ 15 3-1 I53 211' 255 fill 1023 1041' 41195 B191
6 3 5 1' 9 I5 31. 63 111 255 511 I023 204? «$0515 SL91
1' 3 5 1 5' I5 31 I53 ‘.21 255 51I 1.023 2041' 4095 3191
3 3 5 1' '9 1.5 31 I5] 1.21‘ 255 Sll H.123 2L]-11' 4U95 3191
9 3 5 1' '9 15 31 53 121' 25.5 511 1023 2041' 41395 3191
111 3 5 1' 9 1.5 31 E3 121' 255 5E1 [023 2041 4095 3191
I1 3 5 ".I' '9 15 31 I555]-5
I1‘. 3 5 1' 9 15 3| E553-5
I3 3 5 1' 9 15 Ill 5553.5
14 3 5 1 '9 15 .11 5553-5
[5 3 5 T 9 15 3| -55535
lfi 3 5 1 9 15 31! 65535
I? 3 5 1 ‘J 15 31 65535
[3 3 5 7 9 15 3: 65535
I9 3 5 1 9 15 31 55535
E-D El 5 '3' 51' 15 31 155535
21 3 5 ‘P D 15 31. 55535
21 3 5 '1' '9 15 3! I55535
23 3 5 155535
24- El 5 15-5535
'25 3 5 65535
'26 3 5 fi5.'S35
2'3‘ 3 5 65535
13 3 5 E5535

3- 5 65535

'-I-‘Ir--'| Dub
LJ 

sbli1:n..t = 30
Sum nnf nhnl = ‘-14

4'.-'
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I5-D-.I'IEC 1 I 1T2-:3: 1 993 {E} .3: 150353

Table 13.2: -- Pusslble quantlzatlon per subband

F's = 43 RH: Eitratcs per ::hanm:1 = 32, 48 khi1_-ifs
Fs - 44.1 kHz Bitmtes per chalmel - 3-2. 43 kbilsfs
P5 = 32 kHz —------- not 1'B1f'.'0‘a1‘|.L -----—

méx
11 12 13-

511 102.3 204'.-' 4095 S191 H3383 3276?
511 11123 254? 4095 8191 16333 SETS?

L:-.0-.::~».';Ha~.';H.::n.p..: Lu'.uL.ut..ul.ut..uI..1:...rU1 |—'I—5I—|'|—lI-lI—"fiflfi

48
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~::a-u~..1au.n.11.1...u..11—-1::-'
1—Iu—I-1--1—-I1-1-I1-I- C|"I'U'|vF‘-'--7'1‘-'|'-“'3
1'1‘

EEESHBTSBBEEFSEEEE CJDGDDGDDfiflfifihfihbbfilfihmflflwwwmmwmmmm.h.h

IE1 IS D.1|'[E-C

 
1sr::m=_c: 11112-3; 19513 {E}

Tabie BJII- -- I"I:I.1S1|:I1E Iiuantizaiiun per suhband

F5 = 43 kHz

F5 =44.1|:Hz
F5 = 32 kHz

E

':1 '1-ll":-I-3‘-i-3'4-FL!-Ill-|'l.IJ'LJ-il:J-!.JJL.|J'l.JJ1-I

5b11.l1'l.t = 12
SI.u:I1 -.:IJ."I1hal = 33

'-h'-I'|'-.l'4'J'I1u|'4LI'1'uP'I'..J'iL1P1'i.1|IL1P1'..1|IId ‘-'3‘D‘$‘-Gk?‘-S‘-D\D\DkD\D'-{‘.9H-1
-h-

15
15
15
15
15
15
1.5
1.5-
15
1'7

II—I-—l 'UlLJ1

-+—--- not 11:11:-1-'anL -—---
--— not relevant —--~-

Bi1'.I:‘.i1;c.5 per 1:l1a.n:I1ul= 32, 43 kl:-iT.s.I's.

5-

31
3-1
31
31
31
31
31
31
31
3-1
31
31

I5

E53
E13
I53
E53-
153
IIS3
63
-63
63
I53
I53
:53-

'1'

127
121'
12".?’
127'
I2?
12'?
12]"
12’?
12?
I2?
121'
12?

1l'|{b:l'.

S

255
255-

‘J

511
511.

1|!) 1] 12 13

1023 211-4? 4095 3191
1323 211-4? 4035 B191

14 If

163-33 31 16?
15333 31' 76'?

49
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Is:-nEc 1111-243: 1993 :5} fi3|EHCHiEI3

Table

DI D]: u.uuuuoooco

DI 1l=—n.anou15259
DI E]:-fl.fl0DD3fl51E
DI 12l-—¢.OnuDd5??fi
DI 1s].—n.noau?s294
Di 2D]-—D.DD¢122fl1u
Di 2-ll:-‘D .13|'|3|01.9‘E€3E-I
DI 26] =-cl .-am:-239-91?
n[ 321-—u,ouu¢4z5a5

DI 35]:-D.0¢Dfi2551D
DI JD]--a.uuuHa5n1n
n[ l4]:—U.DDL205iti
nr Ian-—n.uu1sasn11
DI 52]--D.DD2fl141a$
DI 56]:-D.Dfl2d5fi665
nu 501-—a,¢o2a991?n

BI 61]: n.ouJ25a122
at 531: n.uu3453wa5
DI T2]: u.on34119aa
DI #s|- a.uu3o51?5a
DI Efllu D.flD222?1E3
DI E4J= D.UflflB69?SL

nt Ba}.-n.na1o9a633
DI 92]:-U,UD3?231d5
DI §¢1-—D.DO1fiu3T3a
Dl100]=-D.D1GE4B999
n|1o1].—u.n1512115n
n:1ua1-—a.:1a511o2¢
n[11:]=-u.:2391u522
D[1lE]=-fi,J2??1522D
D[12D]=-0.J3US32S3T

n[1243=-a,531a1d575
D[12EI- o.:31ns:;5n
D[132l= fl.}27Bfl151d
n[13a[- n.121S1592n
5:140}: u,:12115419
D[14d}=-U.JDG6EEEdfl
nI14a].—u+a15?na114

n11s2]=-u,:3555297n
D[1S5]u-D,J56533E13
n[15n}=-n,:1ss2ss4n
D[1£d1=-u,luu5au1e;
ur15a}.—u,:2oaa1n2;
Di112I=—&.13T29E5E4
D11?6|=-fl.1&E¢2E2i;

n[1ao1=-u.1s2n59u92
u[1a4r:—u,1453a:3na
Dl1EB|n—fl.12957TE3"
n[192:= fl.1Gfl3112T9
DLl9E]= a.J57fi1713*
D[2flfl]- ¢.3DlnEE;1E
n[2u4]=—a.3e91aBu91
D[2oa]=-n.1522u5421
n::1:].—u,:4a5n513?
u|21s].—n,349ssa71a
u|22o1=-n.a59a72a5a

3:3 -- Cnefflcients D; of the synthesis window

at 1]:-n.onuo15:s9
DI 51=—u,nnuo15:s9
DI 9|:-0.fl¢0D3fl51a
DI 13|=~u.nunuE1u3s
D[ 11] -— CI . II1-I:H:I-[:HJI:I.55E-
nl 21].—n.uunL3?329
ng 25]:—o,uun213s:3

DE 29::-D,Uflfi!2D%35
D[ 33I-—¢,DoulT3n22
nr 37I=—0.DO0EEE64E
Dl J1}:-D.DflflSE13D1
0| :51-—n,on129a991
D4 ¢9]:—D.DD1£9312£
DI 53]:-a.un21:n912
DI 51]:-o.uu257a135
DI 51l=—¢.UD:?9uTz3
DI 65I= $.fl033264Lfi
D[ 69]. u,oa341ann4
n[ 13:: u.un3312192

n| ?1|- n.au2aa1s:1
n[ a11= fl.flD193T86E
n[ as]. D.fiUUdd25flS

n| B9]:-D,flfi1693?26
DI 931-—u,oo44a5na4
as §?]=-D,DflT9191L2
n|1o11.—u,u11aass91
n[1n5]=-¢.n162353S2

n:1¢91=-n,u2n59u91a
D[113]-—fl,D24932fi£1
D1111]:-0.D2I533?3E
D[121Eu—0.fl3LDD5359

D|125l-—O.¢31B45093
nr129J= U.fl30E1T5TB
D4l33]= U.D26E35fl3l
n11a1[= u,a1u53125n
nt14:1- n,on92315¢1
D|145]=-n,Ofli39dE3L
DI;49]-—u.o211?9199
Dl1S3]-—DrDID$34155

n|1511=-u.us199e4au
D1151]:-n.naa1a2139
Dilfifil:-fl.1fl5E191U2
Dilafll-—fl.125259399
D[1T3}=—D,1dDfi701TE
n[;711=—u.15u11$9s1
DLLBII-—0.l515960i9
Dflflfii-—fl.1d32fi#TT1
n[1a9:=—o.123q1¢111
n[1933= o.u9o921;24
n[191]= ¢,n441a4515
n[2o11=—n.u1s22s2T1
Diififil--D.DflE77EE15

Dl2D9]:—D.1T4189£29
D1213]:-U.27159L13T
D[21TJ=-u.3?E$flfl53T
n|221|=—u.4B?¢72534

:_u_- -. -_.:_ ._'

 

DI 2:-o.unun15259
DI $1-n.uoao15259
DI 1o].rn,aooa3n513
DJ 14]:-fl.0ODfl$10i5
DI 1E]=-D.0flU1flfiE12
D1 22:--n.nan152saa
DI 26|-—u,na¢:qaLq1
nt 3a|=-u,nunass211
DI Jar-—D.fla¢5:an5B
DI 3aI=-n,nnn1415a1

DI 41]=—D.ufi1D3155H
at »16]=—n.on:L3sa5sn
n| 5n1.—n.un11s521a
u[ 54:.-o.ou:213o12
DE 5Bln—D,DO2fiE55I1
nr 52]:-uJnu3ua2215
Dl fifiln o.nu33a1451
EL TD]: D.0fl3I1!UD+
DI Til: D.¢D32$D64U
9| 1:]: u.ou:7nusns
DE 321- fl.0D161T432
n[ es];-n.nnno3a51s

Dl 901=—¢.Dfl2334S95
DI 91]:-fl,DDE294$Gfi
DI 93]-—¢.DflEE6535E
nr1u2]=-n.u12939d53
D[1UfiI-—¢.D1T3d$213
n[11u|=-u.n217H9551
Dflldl--0.D259fl942¢
D{11a]=-u.n292fiLfi1a
D1122!-—fl.D313E?329
Dllzfib-—u.¢3113B2fi1
n|13u1= fl.fl29TE51SE
Dl134]= D.fl25D85I49
:|13s1= u.o1125159u
Dl142]: D.0DE13dD33
n|1¢51=-u.una315n4a
DI1SU]=—D.025$L1$T1
p:1541.—a_na5a374u2
D[15E1=-¢.06TS2D142
3:152]:-n,na91u5a21
Dl1fi6]=-D.L1U9EfiE55

DIITDI:-fl.L29Sfi23?E
n[174]=-u,1a3615?5a
n|1?E]=—u.LE13fl6152
n|1a2].—u.15ua9?d3?
n[1a5|=-u.139a5ua?3
D[19ul=—¢.1165?T118
u|19a]= fi.DBOEB1TT
D[1‘3'-B]- c«.n3-1.-a-B2153
u[2o2]=—u,a3231a15u
n[20¢]=—b,1n91611TT
p:2;o|=—n.19ao5au$2
n|2141=—n.29121us93

DJ21BI=rD.4DdflE3?52
D|222|=—D.5L5EU9?il

 
 

DI 3]--D.finDG15259
DI TJ=-fl.0UDfl3D51B
DI LL]:-n,uuun4571s
DI 15!-—fl.0onu3s294

DI 19]:-fl,DDD1D6E12
Di 23]:-fl.flUfi16T8I?
nr 21:-—¢,uou:s9:99
DI 31i=-fl.0DD396?29
D[ 35:;-o.naa519a34
DI 3a|=-u,uuuaua7L5
DI £3]:-D.flDl113E92
Dr 41]:-n.uu1¢Hn1u3
u[ S1]-—0.flD19UT3l9
n| 551-—n,nn2349s5¢
DI s91=-n.nn2?9235a
DI E31=—¢.DD31?3B2E
D[ 67]: u.uo343322a
D[ 11!: &,D¢3d63145
DI fifilu D,D¢31T3E2fi
or :H3|= I::.I:Ia24sr:1a_=.
DI H3]: u,uo125a419

p[ 37]:-o.nun549315
DI s11.—o,on3oa59s1
n| 95]:-n,nus11a?74
U! 99]-—¢.DD9E41919
n:1u3;=-a,u14o22az1
D[1DTJ=—U,¢1Bd63135
n[111a=-u,u22a5?sss
n[;15|.—n.n2aa1n21u
D[l1B]=-U.U29§31T4d
p[123|.—n.n3;5s19s1
pr121]=—n.n31¢1aa32
D1131]: U.o2EEE4$3E
n[135]= o.n23¢222a1
D1139]. n.u1qan1a25
n[1d3]= o.oo2a22a?5
D[1IT]=-D.Dl242flé5d
u|1511.—o,o3usn9;31

D|1s5]=-o.us11322n2
p[1sgj.—o.n73n59o32
Dl1G3}-—fl,D951E9fl61
D[1ET]=-D41L5921U21
D{1?1I:—D.13359Dfi9B

DIITEI-—U,11E255l93
n[1?91=-u,1519s22fiu
n[1s31.-a,;¢a173193

D[1E?]u-n.134aa?695
D[19l]=—¢.1UB$562&1

1:||1BE.'|= o.n-55595337
5.1:.-39]. I:I.DJ.6-EJ.I2|I2I1D

Dl2D3|:-n.DSO35iDfl4
5l2u1!=-n.13aa1uu59

p[211]=-fl.221Bfld$fi3
n[215].—a,32331a¢a1
D[219]=-fl.{31EE5fi3l
u[323]=-fi.E43E232d2
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QIIEEEIHEHS

ISDJIEC 111?2-3: 1993 {E}

D[22il--U.5T2fl3fiT{3
n|22a|=-o.sa391:1a5
n|232|=-o.1912139s9
DI23iI=-u.s9ou5o9a2
D[21o|=-o.9T5a5:q17
u[211|-—1.a4a15s13a
D[21BI=41.1fl1211548
Di2521--1.1339263?!

Dl156]= l.14d9E90L4
fll2iO_= 1,13392a392
D[26IE= 1,L012ll5iB
D[25Ej= 1,fldE15fi133
nI2?21- o.91¢s5241:
n[2?5]. u,s9ao9u942
u12anp= a,191:139s9
Dl2Ed1= D,E$391d1E5
DIZEBTI U.5?2U36713
D[2921= D,d59IT2fi5fi
n[29fi]= u.315aea114
D[3U0]= 0.2dfi50ET3T
IZJIIBIZPI-l= I:r,J.522I:IE-121
DI3DB]= n.nE91sao91
DI312I=-U.DfilOEE115

n[31a]=-a,a515111a1
nnmhogmnuw

D[324]= flJ139E?Tfi3T
n[32a|- a,1as3s23n5
D[332]= u,152a59ng2
DI336I= U.143d222l1
DI3$fl]¥ n,13?29a534
Dl3¢1£— U,L2D69?uE1
D[3dB|r fl.L0fl546lE1
nr3521- fl.¢TEfi2$54n
n[356]= o.u5as33a13
n[35n]= o,n355525?9
D[36l]= o.016TaR31d
D[36E]- ¢.uunsasa4s
u[aT2]=-u.u12115479
n[31a1.—o,a2:5?592a

D[3BU]=-fi.fl2?EG15ll
D[3E¢]I o.u:Lua215a
D[3BE]= D,fl]1B1I5T5
n[3921= u.n3u532331
D[3961n 0.02111522¢
n[1an]= o,o2391n522

D[£fld]: u,n195??n25
n[daB]= fl,¢1512L4E¢
D[4L2]- fl.fl10E4B999

D[IL61= u.uu7un3?B4
DId2D|= U,DD3T23145
u|424]= a.nuL:9as33
D[42B]=-0,UflDEfi9751
n|4321.—a,uu222??93

u|q3s1.—o,ua3n5115s
n[4qu]=-¢.o¢34179s9
D[I44]-—u.0O31fi3?flE
n[44¢]. a,oa325o122

n[452]. a,ou2B9911u

DIIZEI-—O.Ean215721
ntzzs}-—n.11131a9wu
D[233]=-D.fl1Ea54fl14
u[2311=-n,913¢5s¢2u
D[2dL]=-n,99E2as33s
DI2a5]=-L,n63211163
DI119]=-1.ll13?3!01
D[253fn-l.13B?fi312$
D[2E71= L.1442a71u9

D[2é1]= 1.L2??465E2
D|2651- 1,ua9Ts2115
n|2591= L.&3L93E5qs
U12?3I- o.us54a1934
D[2??I= o.a5s3sa52s

n[2a1j= u,?55n299u1
n[:a5}- D.65s2194a2
n[2a9]= n_5a3s23242

class]: n,131555aaa
Dl29T]- ¢.J2331a4a1
n:3o1|= 0.22L9ElB63

n{3n5|. n*13o31no59
n[3n91= a.osn354unn
uIa:31.—n.o1s51on1a
n|31T]=—u.us9595137
n|3211= n,1nsa562o1
u[:25l- 0.134BB?695
n[129]= o,14s173193
n[133j= o.1519522au
n[337]= nJ14a2s5493
DL341]. u.133s9u5a3
n|31s]= n,115921o2;
D|3d9]= fi.G95;59flb1
D1353]: D.UT3fl5?DB2
D!35?i= o.u511322a2

D1361]. 0,D3OEfl9l31

n[3a5|= u,n12¢2n55q
n[3s9|:-o,uo2a22s?a
n[3?3:=—u_n1aan1n25
D[3T1]=-D,fl234222l1
n13aL1=—u.n2aaa1ssa
D[3E5}- G,fl3141E$$2
u[3a9]. u.n31aa193?
3:393]: u,u29u31?:n
DI391|- o,U26E¢fl21D
p:4nL]= o.a22s57aaa

a:4n5|= 0.u1a453135
D:4a9i- a.a14o22a2:
D|lL1]- o.uu9s11919
ni1LT]= u.ouaL1a1?4
Dfdlllu n.0u3nn59a1
nL4251= c.uuu51a315
u[q29pu—c,no;2s5419
fl{l33I=-G.UD213?Lfi3
D[i3?]=-0,UD31?3E2B
u|1l1]:—fi,DD3d53?45
n|ua51=-u.on3433z2$
DIld9]= D,0U31T3&28

D1453]. n,nu2?a235a

D[22fi1=-D.fi2E29539H
n123o1=-n,?3a312sn3
DIZJII:-fl.Bd19d9ifi3
D[235I=-0.935l95523
D1:42I=—1.u14s1192n
512161-—|.a11111¢2a
DI25fl]=-l.l2DE23999
n[2541=-1.1a2211914
u[25a1. 1,1:221191a
D[252I= 1.120223???

DIZEEJI 1,DT?11T92U
IJIE‘.-'0] = 1, m.-1s1?92n
n[2T4J- u,935L95a23
D[273]= fl,Si19494E3
n[232g= n.?3a3?2au3
ntzsal. a.s2a29sa9s
nr29n|= n.515sn97a1

n|294]z u.4o1na3252
DI293]= U.29?21D593
nrauzj. u.19aus9ou2

n[3o5]= a.1n91a13?7
D[31flI- ¢,fl323?915¢
Dl3ld]=-G,D3LflH2153
D|3lBI=-fl.fl$0fiE$d?1
n13221= u,11s51?1aa
DI32fi]= U.l3945flflT3
D[33¢]I fl,15D#97I3T
n[33:|= o,1513ue152
nr33a|= u,143£1s15s
n1342;= u,12955:3?3
p|346]n n,11n?45s$s
p|35u]= u.ns9tna421
n|3E1]= n.nE?E:a142
DI35E1: n.o45s3?1n2
DI352]= D.D25B1T3?l
DIIEEJI D.UUE3LS04D
n|37u]=-n.uua13:u33
ui3?41.—o.n1?25?s9o
D[JT3]=-D,D25ES5£d9

D[332!=—fl,D25?$5156
DI33€]l fi,D31?3E2E1
ulzau]. n,o313s?32a
n|39¢]= u,o29231515
DIJEEJI D.U25§09I?4
n14n2]= n.n21139551

D[lflE]= fl.DlT1492¢3
DIl1D]- D.fl129J9l53
D[d1l1= O.flO#E65356
u|q1a|. a,nos294aoo
fl[4221= fl.DD233#E9E

u[42a]= n,unun3u51a
D;i3D1=-U.¢fl161?fl32
n:a3q|.—n,ou21uasus

D|d3E|-—fl,fl0J2E¢54D
n|qq2|.-n,nu3¢19ooa

D[d16|=-G.D¢31ET45l
D[%5DI= fi.UflJflB22T5
n[45q|. o,no2aa554T

n[22?1.—n.65a2194a2
nt231:=-o,1a5u29su7
D[235l=-O.BEE3é352S

D[239I=—D.9EEdfl1!3d
D[243l=-1+D31935545
D[24T]-—1,fla9?$2115
n[251].—1.1:?1u55a2
D[255]=-L.1cd2a11u9
D[259|- 1.13a7s3q2a
Dt2E3J= 1.1113?39u1
D12ET]- 1.D532171E3
D[2T1]- D.9962I£33$
fl[2?5]= fl.913U5542u
n[2?9|= n.s1sa54o1q
D1233]. cr.?113139r':'u-
Dl?ET1= U,fi0D219121
ulzalja U.iBTdT2E]4
n|z951= n.31eson537
D[299]= U.27L59L1ET
D[3D3]= 0.1T4?B9429

D[3¢?]- e.0E$115e35
nr311|= u.u1522s271
uI3i51.—n,n441s:51a
nI319]=—u,n9o92?12¢
DE323]= fl.121l71121
D[327]= 0.1I32fi4TT1
nL331]= u.151595us9
D|335II U.15U11595T
D[335]= u,14ne1n??5
D|313}= U,125259399
n|341]— u,1oss19?u2
D]J51]— n.ns4;a2?39
n|355]= a_na199a¢5n
DE359]- u,u4us34155
nu5n=u.m1w9u9
D[3$Tl- ¢,dfla394531
D[371|=-D.DflQ23156T
n[375|.—u,o1953L2sa
n[319|=-n,a25535n3¢

D[383|=—D.U3U51?5?E
D[3$?I- ¢,¢31E4S¢93
n[391]- a_n31uu5H59
n[395]= 0.u2s533a36
n[3i!]= a,n24aaza51
ni4u3]= a,u2¢a9u913
n|4u7]. a,n1fi235352
n|411]= u,u11ae5591
1:.|¢15|= u-,uu':919-312
DI41E]= fl.Ufl4¢EEOBd
n[123:= D.flU1693126
nLd:?]=—a.aun|:2Eo5
D[d31]=—fl.D0193?B6E
p:4351.—n,no2s33911
n:a35]=-u.uu33T2192
n14:3|-»n.nu3479oo4
n|iu1].—n.an:32a415
o[g51|. o,nn299u723
p[155|= o.ou251a?35
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ISDHEC111724t1§93{E} ©|SUflEG

:r45s]= a,n:2¢55ss5 n:¢571= n,an23a9a5u c[a5a:= c,an22a3u42 D[a59;: u,Uuz12u9?2
nL45u1= G.na2u:41aa Dii611= u.unL9o134a nt4s2;= G.UDLTS52?B n1aa31= n,un159372a
Dl454]= u.n315a5914 D|455J= D.uu:4$o1u3 5[4£$E= c.un13aa5Su 3145?]: U.UDL29699T
!'.5[=l5E]= 3I.d:I!:I‘J.2|!|EIl-'.-I: Diifi-%]= |2I.'3-|.'.'I111Tl-BEI2 D-'_~1."-'Cu'1= '2I..G|§I‘.-ti?"-'E:E!El I:I[4I‘£'1]= v:l..f.!IZ|IZI9E].3-C-d
n[a72]= u.aunaa5n1n n|:?3J= u,annao3?1s n:a1a1= n,uunTa?aa1 D1415]: fl,flDU5Bfi6flE
nL41a]= n.nnua2Efiin n|a?1]: n.:una1aa3q nj4?a]: a,cnn53ao5a u[4?q]: n,cnn413n22
n[4sn]= n,aaoa¢25u5 :|¢a;|. u,ann395?29 3;4s2]= o,ann355211 D[d33]= a,nnu32ua35
n[4e4]= u.nua2ss917 D|4B5]= u.uuu259399 D 156]; :.aua34aL¢1 n[ua1]: :.¢uu2:3523
D[4$$]= D.nuo19e3aq :|qa9J; u.:nu15?s41 :g49o]= a,annL525aa n[u911= :,cuu;3T329
n:4g2|_ a,nuu122¢7n u[qg3:= a.uan:n5s12 n::941= u,5ncLnss12 D 495]: 3,GUGU9L5E3
]:,I[J19fi.]= IZIIE-CICICI':'E2'9-1 :l|£9'J'|= |J.5IlI||:|-:l'."f52'EI: :5:I1.9-'a'._|: 1'I,".'|II|:||:|E1|Z.'-3'2‘! |_'I[I1§9]= |3,.'3|:l|:II'JEL-i'_'I3'5
3;;uo|= U.EuUn43?Ta u1$c1}: u.DccudE1?a n|5321= n,uccn3os1a 3:533]: e,accu3u5:E

u;5n4|= n.tn3n3c51E urscfi = fl.DGGfl3GE1B D|Efl5]= D.DflCD;S2E9 D:5n?1= :.cnfln152E%
5|5ce;: a,:¢un:52aa c[5c9]= §.n:oc15::9 n|S1u|= n.n$3fl1525§ 3I511:= 0.059G15259

51
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ID IE-DIIEC ISDFIEC 111?2-3: 19913 {E-

Tnbln 13.4 —— Layer I] classes of quantizatlun

E
:9:-‘E5

 S amp les .1 er

dewu:-

Bits per

durd
 
 

 
 

 

  
  

 
  
  
  
  
  
  
  
  
  
  
  
  
  
  

l.33333333333 fl.5 
1. fl,fi 
1.142357-"142Sfi fl,25 
1,T'?Tn'TT'.???'FT fl.5 
1,06-fififififbfifilifi {U25 
1 .T}3225$DI54-52 D.Ufi25 
1.0‘: 53730153? {L93 IZSDUGDGIG
1,|I'.|UT3?4E}1.'5?5 |l}..D15615f'-‘UIDD-D

‘1.E}Cr39“215-E363 Cr,EH.]-TSIESDDOD
l,DIU] 95E:-E34?1I5 E}.fl039Dfi25|.C|I'.}C|
1,fl'EK}9'I'?51'F1l |J.UDl953125-DU
1..'UCI-04335 I 9?? {}.-000'9'.-'65 E150

l,{]-{}[}@1[l'[}'.!.4 f},'[}CI{}-'1-E E23125
1..fl{}U122{IIS522 -[LU-0fl24414|3|IEI3
l.flC|{lflé1Cl3SES C|.'|JD|J111|{]I7|J?-1
l,IJDCIU3IJ5iE51 -IZI.DOflIDfi1fl3-516
1.DO{)'C|1S25‘JCI2 EI.fl0UC|3CI51T5E

  
 

 
 

v-r—~I-—-I---I-—II-In-Iu—II--I-In-—d:.a..!n—ILpJI.,u‘ xnmunmuhgmqu

Table IL5 -- Number of protected audi-u_I:|aI'.n hits

 

  
  

  

F"DE-*1 F~‘='dS __

bit am:-:::t.i{:-nj
hiLs-,1:-'._,_31. cufhz-.41-rjcr
bit nill-0-crafion
5-udufacmr selection itlfm-rrnaL'u:rn
bits 16...?!-1 (1-F header
fiidx: 'u:t'u.::m1aT.ion:

— bits {1...135 of .-nudio_d.nLa. in 5.1'.nglc_-:i1a.n11eI mods:
— bits EI_..2."..‘r of audio data in c-Lner modes

 

Tahle 13.6 -- La}'tr III preemphnsis Epreiab}

5:1: {J 2 3 4 5 13 115 1:5 I? 13 19 20
1 2 3 3 3 2

'.I'E‘3|1I.']1‘| 12
000001111 _

0 n 1::

53
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ISDHEC 11112-3: 1993 [E]: @ $01.55

Table BI? -- Huffman

cudes for Layer Ill

Huffman cud: tabla far Huflrnnn code table 2 Huffman cu-da table 5
quadruple: {A}

[inb-1'I:s=|CI Iinblis.-=0

D D D e
K
 111

C11
E5101
CUC3flGL
110
LG
U011
GUDZU
U131
GJCU
$0105
B00031
300011
00511
DCDELU
HUCCUUD

DIG
600031
511
9U;
DUUDL
9flD11
30010
Dflflflflfi

DfJH43Nr‘GW I'|-PDDDID :j:L..IhJ|—-D f-J‘I\.lI\J|-l'|-|-|-|1',_,l|'_}-{_'j-
M1,.

J'|Ll1Il'|Il'l!JI.:."hI..-
Huflman cndalabm 3

1inI:n'1ls={J

 .—...o___...._.._.g.aG.GO. -I-I--I-c|(_1q:p|:|—--..p...Q. r-I-I-I::.fl——q':1|:;n..n_..QQ._. H-QI--1:]-»—u|3-|:.—gn_.gH_. mthutumIALAfl.$Lnfl1AL4h.§.n '.-"|H".«JLnJf\.|f\.'|I’\.'II\.'I-I-|- wrar-q1¢h1pQy:wp- '\-II:|'\\J'|O'II:|'IL|1-DID-L.I'|.IIftJL.J-.,JI_rI|_.1r_.I
Huffman cuda table for --

quadruple; (B)

 
|"I:|'\.J|"'D|"\-|f"U‘

Q10
fifilfilfl
UUGLCG11
Uflfllfiflflfl
SSGEULDIG
311
3011
DG0111
0G3131G
Dfiflfilfll
DQ000011
UUIEII
2510C
0001101
30010001
DUDCIUBD
DDCDDGIUD
Oflflllflfl
0331511
DDGLCC1U
3flGEUL1l1
330CG1U11
Uflfiflflflfllfl
UDGCILZ
0000120
QCDGLDDI
GCEDDZILU
000003511
Cflflflfiflflflfll
l'fl'I'I'J TIE". ';fJ
Cfiflflfilfifl
CDCGEULD1
SCCUUDEGIL
DESCUUUELE
BGECDUDSQC

Ll
 

Huffman coda tabla 4 r_1u1.n.I,,.1L!|-nut unid

Huffman cacla tabla 5

1inIJil5=El
—I-|—I1—.—I|—I.—.—|.-Iflfi..fifi|:|.figg: '-‘I-'*-1-‘Cf*'DCI|G-v-"---fiII‘1lIDI..'.r ~*HDifih-HDlDr=r*C5DH-wclfl. 

1
51a
u¢u;;a
au:a1o1
B11
cc1
3ce;:u
cuo:1ne
tEfl1;1
c:c1u;
ccna1;;
UDDCUD31
§GUUL1G
uu:uul
9510031
coascunz

Huffman coda table :-

Iil'LbitS=C|

Y hifin

U G 0

Huffman I:uI:|e table 1

.,.. E-_,.l|\_||-'(_]|,|J|-\J|—|'_2'_|J-h.'D—l'J
1i11.hi1'.s=CI \r".-"ML-"filly-‘I-"\-‘I

mrJv
(L-\.||ZI'u-\J'I'I-\JI:|'\-I3‘-\J‘I'L|-||.!-|\-l|'.?"a-ll" .::,_]'|]'\.-_.l|>.,_l1_n-fiuU1:h|.n.|}.}|—l"9-LJ"n.l'h|._|f\.'Ir-I-{_5l_I'I.|'h'.n.|f\J:-

._

 
|.||M'1!H1-! pIJnJp

uumgmmwwwmH¢flfl9fi44WWm4fiTW44@fiW@fimEW“.n.q_n,n.n.nhpma.m&u:aLuaIu:u:MLLNMM-Mia—paaHnnnc-nn'
9 .-4|4|—'
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:; Lscxnec Iscmsc 111'r2-3: 1993 {E}

H"-«|fl'|"I"Ifl!'I Gbdfi tabla 3 Huffman coda tabla 9 Huffman coda tabla 111

11'nbi:s=fl 1jnl;uELs=-0 1inblts=0

K x
0 0 2 11 0 0 3 u c 1 _
CI 1 3 ‘.03 cl 1. 3 0 1 1 n 10
0 2 E 000110 0 2 G 3 2 5 aclnlc
0 3 0 00010010 0 1 E 501110 3 3 3 539131;;
5 4 9 00001100 U H S Cfiflfiilli 0 4 9 ccalouul;
3 5 9 000000101 D 5 9 00000111 0 5 9 uuqc111;¢
1 U 3 '.D1 1 0 3 11-: E: :5. 9 uun:«c:n3'_1:-u
1 L 2 01 1 L 3 100 0 T 1C 3303310001
1 2 ¢ ncln 1 2 1 0101 1 3 3 :1;
1 3 8 00010005 1 3 5 00131 1 1 a 0311
L 4 3 00001031 1 4 E 000113 1 2 5 031000
L 5 3 00000011 1 5 B 00C0011: 1 3 7 0001100
1 0 E 000111 2 0 H 0111 1 4 E 00oLcc10
3 1 4 0011 2 1 4 D110 5 5 000010101
! 2 5 003101 2 2 5 01000 5 5 03001103
3 3 B 00301110 E J 0 001000 T 0 00000111
2 4 3 00000112 2 4 1 :o@;ncn n 5 uq13;L
1 5 9 090000011 2 5 5 00033101 1 6 001001
I 0 3 00310011 3 0 6 001111 2 T 0001111

3 1 3 05010001 3 1 5 30110 3 0 33010101
1 2 0 00001111 3 2 E 00100; 4 9 003103000
J 3 9 000001101 3 3 7 0001010 5 10 0000101000
3 0 9 000001010 3 4 ? }000101 6 0 000010011
3 5 10 0000000100 3 E 0 00000001 7 5 000000110
0 0 0 00001101 0 0 T 0001011 0 7 0001110
4 1 T :nan1a; 4 1 a :ou;11 1 7 :au11n:
d 2 0 00001000 0 2 7 0001001 2 0 00010110
L 3 9 DDflflD1011 $ 3 ? 0000110 3 9 000130010
L 4 10 0000000101 4 4 3 30000100 4 10 0000101110
- 5 10 0000000001 4 5 9 000000001 5 10 00COE1G111
5 3 0 030001130 5 0 0 30001110 6 0 000010010
E 1 0 00000100 5 L T 0000100 ? 10 0000000111
5 2 9 ucuu§u;:c 5 2 3 cuuou1;3 3 H ucu;u1uo
E 3 9 000000001 5 3 0 00000010 0 00025011
5 4 11 0000000300: E 4 9 000000110 9 000100301
E E 11 00000000000 5 E 0 03fl0030E0 10 0000101111

10 0300011011
10 5000010110
-0 000000;001
10 0000030011

9 nn:n:1111
0 000013110

10 0000101031,__-I4.4.;-.1.,_._|-.:.7.a\a\<!\-<l1E'.Dxd~U'|0'|Lfl..flU1U'|U'|Lr|.'|-ll«PI-inn!-uh-.P~lIuJuJLJLuL.J|,uu:Lup-g}\_|p\J|\_;q\_p}\_.}\_.-\_|,_.',.|. _‘_1{l.‘|_.-|_;_.L..|.._;|_.r:.1a~.._||..pu-.,..I|'..,I_.(_1-\.‘d'I|.l'1£\|uPI'\:|I—s'_:-\.|I!'uIn.I.:H;-
0000011910
00000010101

1: 00000010100
10 0000000131
1; 00000000011

0 00001110
3 20001101
0 000001010

10 0030001311
10 0000010000
10 0000000110
11 00000000101
11 0000000000]

0 002001001
0 ??3010DC
9 000300111

10 0000001000
0000000100

11

0000030C133
C|3CC|3E|3C'C13
03000030300

55
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|SD1"|EG111?2-3-:19EI3{E} ID ISDIIEG

HI-lflmflh lludfl table 11 Huffman coda tabFa- 12 Huffman coda table: 13

i|iIlI:I:il‘.5=|.'.'|' ]in'|:IiT.5=C| linbits-"0

H Hlan h-ad __ __m1IEIIEIEHEIIEEEIIIIIIIIIIIII
 

UC;D:l
DflLGGl1
flflfllllflll
iflflllflll

9 SGDULIUDH
1D Uflfifllflficflfl
10 Uflfiflflllflflfl

05000611111

fllfllfl
flD11L1
DDIIDD
OClG¢1D

C 11 G 3 1591 3 U 1 1
1 lfifl U 1 113 O 1 I D101
2 31313 fl ? LUDEU O 2 6 BS1110
3 DGLIUUD U 3 :1U§3fl; D 3 T ¢U1D1fi1
4 39105513 U 1 fl$1fl;D3l O 4 B fl3LflflO1fl
5 UD¢1CUU3L U 5 DUULGCLLI 0 E 9 GGDLIUDLL
E UDJLUIUI D E DflULGflLifi D E 3 Gflfllfllllfi
T 030001111 D ? DHUDIJDJG C T 1D DDDJDOCIJL
3 LDL 1 E 111 C E 9 flflfllfllfllfi
1 UIL 1 1 1C1 G 9 15 U3DUL1UlDD
2 D110 1 2 3110 U I{ 11 §JUfi1UDC1flD
3 DDLOLU L 3 GLUUL U 11 L1 Gflflfiflllfllflfl
1 UDLQQCDD L 1 DULULLL U 12 L3 flfififlfllflflflfill
5 DDD10¢E1 L S HULUDUU D 13 12 Uflflflfifilflllfifl
5 flflfllflll 1 $ DUU;1c13 D L4 13 flflflflfiflfllfllflll
T UEJEICLD ? DUUBIDJL D LE 13 fiflflflflflflilflflil
3 D1311 0 lflflfll L C 3 511
L UUL11 1 CLLI 1 1 d UL§U
2 fifillfll 2 fl1U1; L 2 6 HD1133
3 UU.3D1G 3 CDLLZD 3 7 UC1D311
4 DQ111110 4 UDIULQL 4 H 2U311LL1
5 GflflflL1111 5 CUDIILLJ 5 3 flU3113LC
5 DQ310133 h D3fl;fi:U 6 3 flflfllflllflfl
T DQGEGIDL 7 GDD¢ULL1 T 9 333190301

UU_1GD1 U Glflflfl; E 9 fiGDD111E1
9
G
1

|::""‘ |-I _
1 DDUUGJOGIG cau111ac 1 1? GU30UU1CCU11

fiflfiflllflfi fiflaflillfi 1 12 GU30UU31§llU
-:I:II1:m-::-1::1 IIFI-!2I|JI.'I'.|II1 1 12, -:I.‘.I$I':1l1II2I£II2111EI
ucLnCU1§ 5105200 E nfl1LL1
DGLUCUDL Gfillfll 5 9fl1L31
;.:_::';'_-_'|_1]_]_ .::.c1:11:. " an-.:'.1'_1
flflfllllfilfl 3Cl:GlL 3 05133139
-am:-:;1._111n -:::-:-_1n:nu1c 9 ca:-'_11|:I'_'_

L Dflfifltlflflfifl Gflfilflflflfl 9 ¢U911CD:—
cnuuoclll Gfiflflififii 1D Dfifilflfillfil

1 nuuc:no:c1 UCGU5G1UL 1b UD31UOGCGl
3g¢;11j3 c3;c1DnC 9 flflflfllllfil

1D Uflfiflifilflflfl
1D Uflfiflflllllfl
1] Dfiflflfilfliflfifl
11 DDflD3DlLDl1
11 CUHGUULEOUUZ
11 UDCGUUUIUIGIC
13 Gfiififlfiflfilflflfifi

ficflliflifi
flflfliflflfiflfl
UDEUGIUUII
flflflflfilflflfil
GflflflUDD111L
flflfiflfifllflflfi
Gflflflflflflilifl

3ClDCUL
CDfl11L;1
UUDIILUL
fiflfllflflfll
UDDUDILCL
Eflflfifilflfl
GDDCUUSIU.1«.1-.:-\_|-\.li_7uI:|1uxm|!l\5'|-G-D‘-|J'|L|'|L|'|'Lf'|U'L|'|L|'|\.n'|FI-PI-Fl-F-fin-DIIF-HI—||—‘|—"|-Pi.-II:-‘In-Fl.-'1-u.|hJhJE\.}lU'h.|MI-nil-"I-"I-r>-rl-I-II-I.»-Ic':I|'L't1:‘:II:~|raQ-qjyzlpt l.DIIII:D|'_‘3\.l:|L3lDlEI-CI'|-Cflm-«DI:DC>'m\£|'\-u.|I:|'\-'\-J-l'l‘III-I.l:I€'l":'\-\JIl"uU'|'J'l':1-JI'h<l:I'.I'|hu|.u1i-iI.lTIm|£l:m.-\_ILF'|l..JL_I _J._1._J._l..,J.,_'|g-..g-g\.g'\-pr_r.(_i\:!ul,'|LHLH|J1\.|'«J"U1U|»3-JI-J-F-1-1lI-riI-II-u-|L-'lLn5LJLJlpllnJln(I\JI\.'!}\.}hJhJL#I\.}|\.'!I- _'r.I'I|JI-l:\-I.nJhJI-I-D-1l3|lJ'|¥-Lr|lNJI—D-Jfl'\L|"rF-Lp|h.3l' .._J.___,.___.w.__;._,._.|,._'.|_,._-I_,,|-L,aI_,J-_ab.JMIh2‘IIJhJh.5|\:hJ|'JIhJh.5L5l\.'Il\Jh.-I\J|—-I-r-p--|-|—-|--|—|-I-I--p-p l"1-"'I"l"'." .5,,,m,._1.;-..p;m,_+r.J.-:1-L.'tJ-'LL..-L\J|—-r:-nu-n:n.Jmu1.'LL-JML-I:|Ln.n-1.1

 

armulhHmtmQdmUlhu4hIHUHmulhHMH'Ud:nu1nMFN'HU4u1U1hHlflH'U L-J‘_n.I_-‘"_-’|5‘a-_,.-nn_uf§u'_'un;I$I-\J-\J{fl-\.Dl_'I.'l|l.'.‘fl}l:l:$'\-J-TI|.I:|{'!1-mI'I'\-\I'\-I-D‘u'\-JITIWE-|-\IC"u|T'\'Ia"I'.I".{§l-J-0:I-\J{I‘\|..|'lJ"|-|J'I|_flfi-\.[-\JLf'I..h'.nJI.n.|u'J|flIfi.n:u-u.,]I_|'lLJ.1UDFDIIJU D EGULICIL 1 3013110
-:u:n;|11:ur:- =_ cIJ:I11I:IC '-' El-21E|'.0C
-]|Z|I]'.|IJ:|1 2 -:I:I:I1l2I'.1 3 3015010‘-
ug3g;1g1 3 n§cu;1L1 W flflO11lLG1
Ufiiflfllllfl 4 U33ULU1C 9 335111555
fiflflflflfllfifll 5 D€CU5311L 19 3991331111
uficflcuglcu 5 fljfiflflfllcfl 10 CU31GC1flG1

gpqggflfififil 1 1 flflfiflfiflflflfij lfl DCUlCUUU?3
3Q3g1g;; 3 gggp;;3L1 LE §§Gfl1fl1F:1unjfilcfl ; fiQgu;L§Q L1 GGUU1UU__CU
cm-3::-r:-110 Izm:-I:I'_'.'-:-I: .1 ‘.1 '3'3"1'3'C11'-'3'3"3
::u:3n:I:a'_1;u 3. III:-:I:I:I1]l'.:.‘> 1 1]. CI:I-:--'.':1.¢l2I1D1
;3JQ3;g1;3 ; 333933113 ' 12 L1 UU3CUU11c:3

1 :33g:3fl:g; § flfififififlfiil E 13 L3 3IUU3UC11LLl
1 Dgjasfflflfi T e 2Ufi:flfl' ‘ 3 Li :3 UCfU3UflUL13Ul
1 so:ccn:::c 7 T 1 0333:: an: 1 L5 #3 3¥fifl=“9°3l‘1C

4 3 3 DCJGSCIL
4 1 T CClCCUU
i 2 9 Eflflllllflc
1 3 ? EDGILLDGI
1 4 1G EGULLCUCUE
¢ 5 J3 DDfilU51D1l
¢ 5 ;L EfiflU11l3UlC

56
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E3 ISEIHEC

7
E

ulwwmmm4m<nu:wWWWlfiflfifi¢'0'@¢D*4*|444'444‘444'444'440'0fiimlmdifiiflchfilflmihfltfllmHimmmmLflH1m1fiunu1mm;nu1g.¢_ph.h,.,____h H‘pawHI‘FL,_|t\_;q_..|:pu1'I!.JnJ|—IGIIpm-u1lJ'uIJ1|blniM'|-IIZI1...!

11
10
11

00001011011
0000110110
00001001001
00000110111
000000101001
000000110000
0000000110101
0000000010111
00000000011000
000111010
00011011
000110010
0001100000
0001001100
0001000110
00001011101
00001010100
00001001101
00000111010
000001001111
00000011101
0000001001010
0000000110001
00000000101001
00000000010001
000101111
000101101
0001001110
0001001010
00001110011
00001011110
00001011010
00001001111
00001000101
000001010011
000001000111
000000110010
0000000111011
0000000100110
00000000100100
00000000001111
0001001000
000100010
0000111000
00001011111
30001011100
30001010101
300001011011
300001011010
000001010110
100001001001
0000001001101
0000001000001
0000000110011
00000000101100
0000000000101011
0000000000101010
000101011
00010100
000011110
0000101100
0000110111
00001001110
00001001000
000001010111
000001001110
000000111101
000000101110
0000000110110
000E000100101
10000000011110
000000000010100
0000G000D010000
0000110101
000011001
0000101001
0000100101

 

00000101100
00000111011
00000110110
0000001010001
000001000010
0000001001100
0000000111001
00000000110110
00000000100101
00000000010610
000000000010011L
000000000001011
0000100011
0000100001
0000011111
00000111001
00000101010
000001010010
000001001000
0000001010000
000000101111
0000000111010
00000000110111
0000000010101
00000000010110
0000000D0011010
0000000000100110
000000000000L0110
00000110101
0000011001
0000010111
00000100110
000001000110
000000111100
000000110011
DD0000100100
0000000110111
0000000011010
0000000100010
00000000010111
000000000011011
fl0000000fl001110
000000000001001
0000000000000111
00000100010
00000100000
00000011100
000000100111
000000110001
0000001001011
000000011110
0000000110100
00000000110000
00000000101000
n00000000110100
D000000000111D0
0000D0000010010
fi000000000010001
000D000000001001
0000000000000101
000000101101
00000010101
000000100010
0000001000000
0000000111000
0000000110010
00000000110001
00000000101101
00000000011111
00000000010011
00000000001100
000000000001111
0000000000001010
00000000D000111
0000000000000110
000¢0000¢0000011
0000000110000

Isms: 111?2-3: 1993 {E}

1 12 000000010111
12
13
13
13
15
14
1!
1T
[5
15
15
17
1%
16
12
12
13
14
11
11
15
ll
15
15
1E
15
19
13
10

000000010100
0000000100111
0000000100100
0000000100011
000000000110101
00000000010101
00000000010000
0000000000D010111
000000000001101
000000000001010
00000000D000110
00000000000D000D1
0000000000000100
0000000000D00010
000000010000
000000001111
000000001000:
00000000011011
00000000011001
00000000010100
000000000011101
00000000001011
00000000001000]
000000000001100
0000000000010000
00D0000000001000
0000000000000000001
00D000000000000001
0000000000000000000

10 0000000000000001
 

Huffman undo table 14

nutused

Huffman uncle tabla 15

 

linb'Lt.§=0

0 3 111
1 0 1100
Z 5 10010
3 T 0110101
1 T 0101111
5 0 01001100
6 0 001111100
7 9 001101100
0 9 001011001
9 10 0001111011

10 10 0001101100
11 11 00001110111
12 11 00001101011
13 11 00001010001
10 12 000001111010
15 13 0000000111111

0 4 1101
1 3 101
2 S 10000
3 6 011011
4 7 0101110
5 ? 0100100
6 0 00111101
1 8 00110011
3 5 00101010
9 9 001000110

10 9 000110100
11 10 0001010011
12 10 0001000001
13 10 0000101001
14 11 00000111011
15 11 00000100100
0 5 10011

 

 

5'?
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I54:0tEa:: 11 132-0: 1000 {E} .g.]5g.r1E¢

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  

  
  
  

  

2 1 5 10001 E 10 12 000001000110 11 11 11 00000011001
2 2 5 01111 0 15 12 000000011110 11 12 12 000000011101
1 1 11 0 11000 '1 0 0 001101101 1 1 11 12 000000 010010
2 4 T 0101.001 1' 1 E 00-1101.01 1]. 1.0. 1.2 000000001011
2 S T 0100010 T 2 3 00110001 11 15 13 0000000001011
1 6 0 00111011 '1 3 9 00 1011110 12 0 11 00001 110110
1 '1 0 00110 000 '1 -1 0 00 1.01 1000 11 1 10 0001000100
2 E 0 00101000 T 5 0 001001011 12 2 5 000011110
2 9 0 001000000 T 5 9 001000010 12 3 10 0000110111
2 10 0 000110010 1 T 10 0001111010 12 4 10 0000110010
2 11 1-3 £|DE|1D0_'l 110 T 3 1|: 11001011011 12 5 up m;mg_1_u11_:_u.
2 12 10 0000111110 T 9 10 0001001001 13 0 11 00001001010
2 13 11 00001010000 T 10 10 0000111000 12 T 11 00001000001
2 10 11 00000111000 T 11 10 0000101010 12 3 11 00000110001
2 15 11 00000100001 7 12 11 00001000000 12 0 11 00000100111
3 0 5 011101 1 13 11 00000101100 12 10 11 00000011000
3 1 E 011100 3 14 11 00000010101 12 L1 11 00000010000
3 2 0 011001 3 15 12 000000011001 12 12 12 000000010110
3 3 T 0101011 0 0 0 001011010 12 13 12 000000001101
3 0 T 0100111 0 1 0 00101011 12 11 13 0000000001110
3 5 3 00311111 B 2 8 00101001 12 15 13 0000000000111
3 0 8 00110111 E 3 9 001001101 13 0 11 00001011011
3 T 0 001011101 0 4 0 001001001 13 1 10 0000101100
3 B 9 001001100 0 5 0 000111111 13 2 10 0000100111
3 0 0 000111011 0 0 0 000111000 13 1 10 0000100110
3 10 10 0001011101 B 7 10 0001011100 11 0 10 0000100010
3 11 10 0001001000 0 0 10 0001001101 13 5 L1 00000111111
3 12 10 0000110110 0 0 10 0001000010 11 0 11 00000110100
3 13 11 00001001011 0 10 10 0000101111 13 7 11 00000101101
3 10 11 00000110010 E 11 11 00001000011 13 B 11 00000011111
3 15 11 00000011101 0 12 11 00000110000 13 0 12 000000110100
1 0 7 0110100 0 13 12 000000110101 13 10 12 000000011100
4 1 0 010110 0 14 12 000000100100 13 11 12 000000010011
4 2 T 01E1010 B 15 12 000000010100 13 12 12 000000001110
0 3 T 0151000 0 D 0 001D0fl1L1 11 11 12 000000001000
4 4 0 01000011 0 1 0 00100010 13 11 13 0000000001001
0 5 E 00111001 0 2 0 001000011 13 15 13 0000000000011
4 5 0 001011111 0 3 0 000111100 14 0 12 000001111011
4 1 0 001001111 0 4 0 000111010 14 1 11 00000111100
4 3 0 001001000 0 5 0 000110001 14 2 L1 00000111010
4 0 0 000111001 0 0 10 0001011000 14 3 11 00000110101
4 10 10 000101100: 0 1 10 0001001100 14 4 11 00000101111
4 11 10 0001000101 0 0 10 0001000011 14 5 11 00000101011
1 12 10 0000110001 9 9 1 00001101010 11 E 11 00000100000
4 13 11 00001000010 0 10 11 00001000111 14 T 11 00000010110
I 14 11 00000101110 9 11 11 00000110110 14 B 12 000000100101
1 15 11 00000011011 9 12 11 00000100110 10 9 12 000000011000
5 0 0 01001101 0 13 12 000000100111 11 10 12 000000010001
5 1 1 0100101 0 10 12 000000010111 14 11 12 000000001100
5 2 1 0100011 0 15 12 000000001111 14 13 13 0000000001111
5 3 0 01000010 10 0 10 0001101101 14 13 13 0000000001010
5 4 3 00111010 10 1 0 000110101 10 10 12 000000000010
5 5 0 00110100 10 2 0 000110011 14 15 13 0000000000001
5 0 0 001011011 10 3 0 000101111 15 0 12 000001000111
5 3 0 001001010 10 0 10 0001011010 15 1 11 00000100101
5 0 0 000111110 10 E 10 0001010010 15 2 11 00000100010
5 0 0 000110000 10 0 10 0000111010 15 3 11 00000011110
5 10 10 0001001111 10 3 10 0000111001 15 1 11 00000011100
5 11 10 0000111111 10 0 10 0000110000 15 5 11 00000010100
5 12 11 00001011010 10 0 11 00001001000 15 0 11 00000010001
5 11 11 00000111110 10 10 1: 00000111001 15 3 12 000000011010
5 11 11 00000101000 10 11 11 00000101001 15 B 12 000000010101
5 15 12 000000100110 10 12 11 00000010111 15 9 12 000000010000
0 0 0 001111101 10 13 12 000000011011 15 10 12 000000001010
5 1 1 0100000 10 14 13 0000000111110 15 11 13 000000000110
g 2 3 00111100 10 15 12 000000001001 15 12 13 0000000001000
0 3 0 00111000 11 0 10 0001010110 15 13 13 0000000000119
0 0 0 00110010 11 1 0 000101010 ' 0000000000010
0 5 0 00 011100 11 2 9 000101000 0000000000030
0 5 0 001001110 11 3 0 000100101
5 1 0 00;000001 11 0 10 0001000110
5 0 0 000110111 11 5 10 0001000000
0 0 10 0001010111 11 0 10 0000110100
5 10 10 0001000111 11 T 10 0000101011
5 11 10 0000110011 LL 0 11 00001000110
5 12 11 00001001001 11 0 11 00000110111
0 13 11 00000110011 11 10 11 00000101010
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11155555: 1513555 11172-5: 1555 [E]

lluffmnn coda table 16

151515:-1

1 DOD IE1 III! 109
L Dflfllflflllfill

13 Dflfllflflflfllfififi

I ll HUD IUEIEFU-D11I
I
4 lfl 12 Gfiflflllllflllfl
4
4.

12 Uflfllflflflflflflflfl
12 Dflflflllllfllfll
13 Dflflflllfllfllfllfl

11 12 flflflfllllflflfllfl 13 Dfiflflllflfllfillfl

 ~fl~£I1nu:-.5-an-nu-:1 i-'1:|"fl0O--Jdlmlh
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  

  

x 12 13 5555115551511 13 5555115551515
D U 1 1 13 Dflflalflllllllfl 1. flflfllflllflflfl-flflflfl
G 1 . E101 I 15 13 5555151151515 1 14 55551511511111
D 2 E nolllfi 1 15 5 555551551 9 12 15 5555151155111
D 3 3 Dfilnllao 5 5 5 551555515 9 13 14 55551511555115
5 I‘ 9 Dalnulfilo 5 1 B 111“ 5 DU-0014311130-U00
3 5 9 Dflallllll 5 2 5 555111511 5 15 11 55555551511
3 5 in unollnlllu 5 3 9 Uflfllliflflfl 19 I: ll. flDo1OIJD1I’:I11

I 3 1 in unfllolllul 5 1 15 5551155115 15 1 11 55515555551
3 3 ll uuulnlnlmafl 5 5 11 55515111551 15 2 15 5551555511

.3 Q 11 auulunlnlfil 5 E 11 flflfllnlollfll in 3 11 'UC'|JU'1J.].ll.|:|1

J 10 ll auuluualuln 5 1 12 555155551551 15 1 12 555511115111
0 ll 13 nuunlllluolu 5 5 11 55515551115 15 5 12 5555111315 1
5 12 13 flnoflllluaflul 5 5 13 555511111151 15 3 1: 553211“ 5:51
” 13 12 nnnflllfluuflll 5 1° 12 Dnua111D:ggg5 :3 5 :3 3355115551551
5 15 13 5555151111555 5 11 43 ”°””11”” la 9 i on D a 1 D111
1 L5 9 unflalaoel 5 1.2 13- DEN!-Ellliiafllllflt} in 1.‘ 0 ififilifiooal

- Q 3 all 5 l3 l3 DUUUIUIIIIGIU 1'. Eggélellulfluun
' 1 4 “E9” 5 in L1 uuuaulégllllol 10 1; 5 555551151115151
- 2 5 “"11"” 5 15 in annual an :3 13 15 555551151115515

3 T “Digit”: E E 13 14 14 359501 :LJ.I:I11.1.1 5 55155511

5 *5‘ ‘’''’°“"“’ 2 § 13 333333535 13 ‘E 3 33333313311
5 9 Dflflllulul 55515 11555 11 1 11 55551111555
3 9 °°°L°1111 6 4 LL 1 55 5 11 2 11 55551115115
E in E 5 L1 HD0101: 030 I]. 3 11 flflfifllll GU11.
9 1” °”°1°"1"1I E 3 11 33513533151 11 1 13 555511155511

1” 1" °”°1°°°l°° 5 5 11 555155555551 11 5 11 555511511111
1‘ 11 °°”°1l‘"ll1 5 5 11 555511115155 11 5 13 5555115551155

' 13 12 °°°°11°”1°“1 5 15 12 555511155155 11 1 11 55551511151515
1 13 11 flanullalnll 5 11 12 555511511551 11 H 11 55551511155115
1 1* 12 Duunllaflllli 6 12 13 5555115555551 11 9 15 55551511155555
1 15 9 °”°°l"°l 5 13 13 5555151151115 11 15 15 55551511515551
2 9 5 “"1111 5 11 11 55551511551511 11 11 14 55551511551555
2 i 5 “filial 5 15 15 5555551515 11 12 15 55551511555515
2 2 3 Dnlolll 7 5 15 5551155515 11 13 13 5555511511111
2 3 3 ”“1°°11° 1 1 5 555115555 11 11 15 55555115115155
2 4 9 onloouull ? 2 15 5551511511 11 15 11 55555555115
2 5 9 Gunlllalu 3 3 15 5551511555 12 5 12 555511551515
2 5 1° °°”‘1"°1ll 3 1 11 55515155151 15 1 12 555511155555
2 T 1“ ”°°‘°11°1° 1 5 11 55515511151 12 2 12 555511511115
3 3 11 ”°”1°‘“°°°1 1 5 11 55515515155 15 3 12 555511511515
2 5 1” °°fl1°n1°°° 1 7 12 555155555151 12 4 12 555511511555
2 1° 11 °°“°1111L*1 1 5 12 555511111555 12 5 13 5555115555151
2 11 11 °Uflnl1lnLfi1 1 5 13 5555115515311 12 5 13 5555115555515
2 12 ll Douflllulllu T 15 13 5555115551151 1: 1 13 5555151111151
2 13 13 uflnuiifllflnfll T 11 13 5555151115155 12 5 13 5555151151155
2 1‘ 32 nflflflllflflllla 1 12 13 5555151111155 12 5 15 555551151111555
2 E5 g Daafilnuao 1 15 15 555551151111551 12 15 15 55555115111511
3 ° 5 °°1°1‘°1 1 11 15 555551151115155 12 11 14 55551511555511
3 1 7 ”“1“1°* 1 15 15 5555551555 12 11 11 55555115111555
3 2 3 Dolnntli 5 5 15 5551515151 12 13 15 55555115115151
3 3 “ °"1°”°1°l 5 1 15 5551515155 12 14 15 5555511511555555
3 4 B Dulounaofi 5 2 15 5551515551 12 15 11 55555555155
3 5 1" Duulllunln B 5 11 55515511111 13 5 14 55551511151011
3 5 1° °°°11°flD11 5 5 11 55515511155 13 1 12 555511515511
3 7 1" nflulninlll 5 5 11 55515551111 13 2 12 555511010010
3 3 1‘ °””‘°”1111° 5 5 12 555155555155 13 3 12 555511515555
3 9 11 0001000110” 3 7 1; 55551111155; 13 1 13 5555151115515
3 Lo 12 Daflollllllflg B B 13 5555115151511 13 5 13 5555151111511
3 ll *2 ”””°l1”l°‘°” 5 5 13 5555315515551 13 5 11 55551511511115
3 12 13 ”°”°11°”°‘11 5 15 13 5555115551555 13 1 14 U¢¢D1fi11¢1D011
3 13 1 0000119000311 5 11 15 anpg1n1111;1L 13 5 11 55551511551515
3 1* 33 °¢”°1°1l°l1°l 3 12 1; 55501511015111 13 5 15 5555511511555111
3 L5 3° °°°””11°l° 5 13 11 55551511551551 13 15 15 555551151115511
0 0 9 °°’°°1°‘L 5 11 11 55551511555155 13 11 15 aounnllflllfillfll
4 1 3 ”°1”“1“" 3 15 15 5555555111 13 12 15 555551151151155
0 2 9 °°1°°°1°n 5 5 11 55515511515 13 13 L7 D0000110110000011
4 3 0 001000001 9 1 lg g¢¢1g¢11nn 13 15 15 555551151155551
0 4 1” °°“*11°°1‘ 5 2 15 5551551551 13 15 11 55555555515
: 2 ii ggfl:fifl?ggi1 5 3 11 55515551151 15 5 13 5DflU1D1111D01
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ISDHEC 11 172-3: 1 093 {E}

  
  
  

  
 
 
 
 
 
 
 
 
 
 
 

  
  

14 13- 00001'3r1‘.‘.C00'.
ii 11 00001100110
1'1 13 000010111011

1% 00001311010110
14 00001011010010
13 0000101100110

I-I 4 wMda~U1¢PIQH

 

1inbiL5=4

  

Huffman coda tabla 24

 11 14 nuuu1n11ooc1:1 G 1 1 1 1
11 14 ouon1n11oon1:1 1 1 1 1131
L4 15 ununc11u11cua1: 1 1 5 11.111
14 1a 15 n§ann11n11uuc1:n D 1 1 .D1n1Cn
14 1: 15 nnuon11n11na;;1 Q 1 1 11011111
1a 12 1? n¢9aa11s11aonaa1n D 1 9 .DGuDC1.q
14 :1 15 0C000L10ll00110 G 1 9 511111551
14 in 11 n¢nua11u11cc1u D 1 11 1111115111
1-: L 1‘. 00000000000 11 E 11 _11_:,1_1,11,111_
15 1 9 111911195 u 9 11 a151En111n1
11 1 1 91111111 3 10 11 c1n1ca311n1
15 1 3 91359111 n 11 1' 01013531031
15 3 9 cn:au1n11 1 11 1; 11ng11G11n1
15 ‘ 1 ”3C”°1°11 3 13 11 c1non3:c1o1
15 5 1° 9911111011 5 14 12 U 0000001000
15 E 10 00030010L1 3 15 9 151111111
15 1 1n oou:aa1an1 . U 1 1.11
15 B 11 occnnuc11n: { - 1 .131
15 9 11 oocnnna11n3 1 1 5 11111

1a 11 oocnnno1a1u 1 1 — 1 1191.1
11 11 oocunnc511; 1 3 1 11111P
12 1 uunnnana1u1 1 : 3 -1133113
13 11 cnuuncuun11 1 g B E11..G1fl
1‘ ”””35“”°°”1 1 1 5 n11511oou
15 05111111 1 R 5 &11:1u0o11 9 9 u11n:111e

Huffman .:a._-,I.g, tabjg, 1}‘ 1 10 1-: 01111001111 11 10 u1a1c11mn1
. . ' 12 10 u1cu111111

511111.: as table 115, but ‘:1:1b11s=2 1 ._1 ._,1 11131111111 11 ;u a1uaa1:111
Huffman nude table 13 1 15 :1 -:Iu1c1:I1I:I2 3 5 1n1111

smile as mule 15 bu11'11:Ibi@3 1 1 5 1'1‘ 11'1 2 1 e 1c;nc1
2 3 1 1uu1u1a

Huffman coda table 15 2 -1 7 11:11:-I:I1I:n:
2 a 3 zuaaznno

5.a.1:ne as table 115. but I.i]1h[I5=4 E E 22 9 9 c1;cu1111

Hl..i'"I'I'%fiI'I Gfidfi tflbt-E EU‘ 3 Q 1:] n;1m:.:j1;|'__'_I
2 11 9 n;a11a11:

same :15 1313111 16, I:+uLl111hi1s=5 3 1'- 1'-1 '1'1'1'-'11'1'1'1"_3'2 12 10 o1su1-1a1_
2 11 15 0100100111

Hl.I1'1'|‘I"IEn clillifl tab-IE 2 14 ll fl'_3gu3]_'_'_.:.1
E. '15 '3‘ 0010010

53.l]'I.B£LE tat:l1:lfi,b11:I1'nb:iLs:=3 3 3 1 19199513 1 5 109111
3 “ I 1001011

Huffman coda tabia 22 3 3 1 115.111.,1 4 3 10091110

511111: 11.5 tabla 16.. but Ii:1hi1s=1U 1 5 3 31111-i'3'11 5 a 1:3

Huffman coda table 23 Z '1 9 9

same :15 1:11:11: 15;, but l111h:iu1=l3 3 1:: 9 -1-1:111-1311:3 11 1: :_n1no:121
3 11 1o 11c¢11::11
3 13 1: :1a:;fl:131
3 ;i ;E 0100001111
3 15 1 10101::
¥ G F 10010011
1 1 1 1301203
4 2 1 :n1u1c1
4 3 3 19330111
1 a 3 11111111
1 5 3 11110113
1 a 1 u1113cufl

{I0

 

.n:1::-u'1-urmn:-n'1:|'.-'1:-.'I:-1IuI'rI.:'><£»I!‘H>:J:-DD?-E-II-'Z|='-|*-1'-|'J'-"~—'-5'-|'-1*-‘H-J"-1'-|'-1*-J-JIT-E‘-0'\<J'\I1?-<!~r.r-I:.r-:1-1:1’-1"ma~.a.q.u-1Lnmu-u1_n._,-1Ln,pLn._n.n.;1.._.q._p..1,.1111111,_11£_11_11_-,_lp__p_1,1 HHLAH
|...|h..‘1—-l.‘l1.|:I|II-1J0'*|J'ld'.‘|:1.ul.'1.::'>-

.-1.-1- Hr4r.DmnuM1.QmmHmuhML-HHp....

11“”"“‘mW1;”1;B1‘:1EIEW1W*UWWEDm¢D@~uE15E1011awhommm1r¢1uuJd::EEE§E.aum
-.-|—-1-»- ¢Qu.gwLLDH-UDmDflwwW0$'Dm

€§lSEN1EC3

011010010
011001000
010111100
0101100060
010100001}
0100110010
0100011101
01300011100
0001110
L00000111
1"00010
10000001
01111110
01110111
01110310
011010110
011001010
0;10003Gu
010110100
0101010101
0100112131
0100101101
0100011001
C100000113
000L100
011111001
01111011
01111201
C1ll010L
C11 "1030 1
0l101011L
011001110
011000011
010111001
010101101L
0101001010
0100110100
0100100011
0100020005
01000001000
0001010

 01101101
011020011
011001011
011030100
010111011
010110000;
3101001100
flLDC11lED1
0100201010
0100011011
01000010011
00101111101
00010001
011010101;
011010100
011010000
011001101
011001003
011000021
0;211L0;0
C1D11D001
010101001
0101000300
01EZ10Z'1L
fl;000:1,10
0100301103
E;EOG000?10
00101111001
C00;E200
010100 111
011000111
011000101
010111111
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|-p-pd:-|dHH-HHHH L1”-|p___|.|‘\.,_||.|.rJ-_U“\;.]jlulF|.\,|Jl'\.lI-‘|'_'jLflI.iL|l1’\.||-'I_I|.fl$‘-Ja1.“I"-'.n.'1’\J|-‘|'_3Ul
P

010111131
010110131
010101110
0101001101
0101000031
0100110011
n;nn1uunc;
0L30010011
01000001001
00101111011
00101110011
00001011
E101fi01;1SD
01C111000
010110111
010110011
010101111
0101011000
0101001011
0100111010
0100110000
0100100010
0100010101
01000010010
00101111111
00101110101
00101101110
03001010
01010001100
0101011010
010101011
010101000
013100100
0100111110
0100110101
0100101011
0100011111
9100010150
0100000111
01000000001
00101110111
00101110000
00101101010
00000115
01010001020
0101000010
0100111100
0100111000
0100110011
3100131110
3100130100
0100011100
3100031101
0200000131
01000000000
00101111000
00101110010
00131101100
00131100111
00000100
01001101130
0100101100
0100101000
0100100110
0100100000
0100011010
3103310031
01030D1C1{
01000000
00131111_v0
0010111011?
00101110001
00131101101
13101101001
3$1011CCLUl
D£00Cfl;3
01000C001“01

  

  
  
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

14 1 10 0100011000
14 2 10 0100010110
10 3 10 0100010010
10 0 10 01fl0flE1U;1
1 E 10 01000C1000
14 E 10 3100300 11
14 T 11 00101111110
14 0 11 00101111010
li 9 11 33101110100
14 10 11 00101101111
14 1 -1 00101101011
10 12 11 00101101000
14 1 ll 00101100110
10 10 11 00101100100

3 00000000
15 0 0 00101011
15 J 7 0010100
15 2 1 0210011
15 3 1 0010001
15 4 7 0001111
15 5 1 0001101
15 6 7 0001011
15 7 ? 0001501
15 8 7 0000111
1 0 7 0000110

10 T 3D¢01D0
11 0 00030111
12 0 00000101
13 H 00000011
11 0 00000001
15 4 0011

  
Huffman coda tabfa 25

saxne as table 2-1. but I1'nb1'L5=S

Huffman coda table 26

same as table 24. 't:IuL1inI:r'n;5=t5

Huffman ea-do table 2?

szune as table 24, but 1inb'LIs='.I'

Huffman coda table 23

szlrne :15 table 24, but linbil::=E

Huffman coda tahln 29

'.5E|J1'.|Bi1S tab]: 24, but ]'Lnb'LI$=0

Huffman an-cla table 30

5.:-une 3.: table 24, but '|.i1'Lbi.t£=11

Huffman cada table 31

same as L.'1.b|.c 24.. but Hnb1'LS=13

 

ISC.i.|‘|EC'l11?2-E:1EEi3:E]

I51
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ISOFICEC 1'1 1??-3.‘ ‘I933 @ |SQ5.r|EG

Tabla E3 -- Layer Ill scalefactur bands

'I'h:s-I: tablcs list the width ofcactl scallzfiartor band. Tl'Il:I'¢ are 2] bands at each sampling frequency for 10113
{type 0.1 Br 3} windows and 12 hands each for short window;

Table BEE. -- EIIIIHI sampling rat:

lung blacks.-

..._ wldd
E]
-11-
E

12
16
2'3
24
3'3
35
44
54
65
B2
101

"-'-'-‘|i|0'-J-9~'-I1-EL1.Ai}-.'rI-'C.'- 
short blacks:

ml: ram: r-and wa-eunormm
El 3

 Zfiamumwhmwwc
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IEI ISCHEEC ISCJIIEC 'I‘I“I?2-3'. 1'-993

Table I]-.35. -- -1-6|-.'lkHz sampling rate

Icing blocks:

W W. W11 of hm_
4 -2: 3

§35fi5mmamaALnL

:5-.1:-a-0-..|s::rnI..*.-th-.I....1r.nr-I55
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ISCHLEC 11 1.‘.:"3_‘-3'. 1993 {E} Q |3o,r[E¢3

Table H.513. -- 43 RH! sampling rate

lung blacks:

scale factor band

-""3-‘
-!r'h.*_-:!""!-.‘

_p_,p.gy[)_.p_gga\HC.HflNU\U\-II-hi-B-hh 
slaart blocks:

scale, facrrr hand ___

J
 

1
2
3
:1
5
5
T
E
9

III
I‘..
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® |SO."|ECl ISDIIEG ‘111?2-3: 19193 [E]

Table 11.9 -- Layer II] coefficients for aliasing reduction:

 
The butterfly cc:-efficients csj and mi are calculated as follows:

1 Ci
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ISO.-"IEO 111?'2—3: 1993 [E] .g..|3g_,.r|Eg

Ann ex C

4,’ i |'I'iEll'l'lH‘ii'q.I"E]

The eneodtn 5; process

(2.1 Enecuder

6.1.1 C|1u'£II"U'iew

Fifi‘? 33135 0f U15 13-!r'EI'St 3-11 exaauuple efene suitable eneedcr "J.-'i.lJI me eonespeudixig flew-diagram is given in
lhls annex. Ln subsequenl clauses the arialysls subh-ancl filter and the Iayervspeeifie I:I1£(‘H:Ii:ng technique; an:
dflscfihfld. in ninth D twe examples of |2|3j"CIID.HCD|.lS1.iC models. which are eemmem to all layers. are
de.ia:rihed. A short. intrflductjon describes the overall philosophy,

13-1-1.1 Introduction

The ISCI.-‘TEE 1 ll‘-"2-3 {MPEG-Audie) algor-':tJ‘u:n is in psycheaeoustic alga:-riulm. The figure (3.1 shows me
|:ei:11a11..r pans er :1 pay: huaxenusrie a,1gon'|J1m_

Digital
Audi;

Input
  
  

 

Qumulized
Sunptea

Encoded
Bi.l.s=u'ea.n1   

 

  
  
 

 
BiLsI:ream

Formatting

Hit or Noise
Allacnilnlr

Filter Bani-I

 

|.*s}'4:i1 nncousrjc
Model

Figure CJ -- ISDIII-EC 111'J"2-3 {MPEG-audio} encoder Ialcrck diagram

The four p:1‘.1:r1.a.I‘_'.-' parts of me psyehucmceustic encoder are:

¢.1.1.‘I.1 1'heI'|lte-rbenk

The filterbank (lees :1 time to frequency mapping. There are two fiilerbnnks used in the ISDIIEC ll 1T2-3
{MFEG-Audie} algerilhln, a pelyphnse I]]lU:rb:LtIk and a h;-'I:+r1'r.1 pa];-'phaee!h1DCT filterbank. Each provides
a. specific mapping in time zuid. frequency. These fiilterh-."Ln$L§ are I:I‘iLiC:l.i.i}|' sarupled -tie. there are as many
samples in the analyzed demslin as there are in the Lime dulnain}. These filterballks provide flu: primanr
Ifrequemzy 5:]‘.lEI.l"flI.ilJI1 fer the encoder. and I11-I‘: re-censuuc Hen filters for the decoded". "me output samples of
the flu;-.rban]: are quantized.

G.1.I.1.2 The peyrehuacuustie model

The p5}'ch|::-."Lcn'J5tjc mndcl calculates a just neljeahle noise-Ele-xel for each band in the filterbzmk. This noise
ievel is used in the bit or noise ruleenlie-n te delenniue the he Lu::|] qunmizers and I:JurI.III.iIeI |evI:15-. There are
lu.-ne psychuncnljstjc tn-3-dels presented in ELl'l]1F_':2K D. While they can both be applied 1:: any layer of the
ISO.-'IEC.‘ 111?:-3 MPEG-Audio: .-ugm-iuun. in pra-:u'ce M-::d::i I has been used fnr La:-"its I_ and IL and
Model 2 for Layer III, In hem p§.].-'l3htJEl|2DlI.§[iC mt)-dels. the final e-u1['.-ul Of U16 mfldfii 15 £1 SIETIH-1'10-Iflflfi-Ii
ra1.iu {SHE} for each bzund IIT.a.:.'-ers I and [D OI _E',J‘|3'1-It-‘I Of M4165 LL-‘ll-"BI HI}-

1515

 



PAGE 73 of 158 PETITIONERS' EXHIBIT 1020

 

Ifi ISOIIEG t5t:u'IEo t 1 1 ?2-:5: 199:3 LE]

t':.1.1.1.:t Blt or noise Alloeatlon

Thealloeator loolcsathoth the output satopl-es fi'Dl'.I1 the filtterbanlcatt-d the Slt-t‘.R‘sfrorn the psychoaeoustie
model. and aaltust.-2+ thebit (Layers! ant1I_I‘,'t or noise allomtiott {Layer H1} in order simultaneously
trtrrteetboth t_hebru-at_e teqtnremestttsand the rrtasleatg reqtttrentettts. At low bitratee.tl:Ieee methodsattetnpt
ltlfi-13¢-tlfl 11113 In it fashion that is psyoitoactuttstiely toolfetuive tlrhtert they cannot meet the paychoncmtstic
dennattdatt the required hitratte.

C.1.'I.1.4 Thai hltfiiflflfll I-U-fllliflttir

The bilatreant forrttatter takes the quantized filteritank outputs. together with the bit allocation (Layers land
II} DI‘ 110193 allow!-II:In t‘.LayeI'lII) anti urllterreqttlrerl side ittfemtaoon. and erteodes and formats that
information in art efiicient fashion. In the caste of Layer [IL the I-Iuffrtian codes are also inserted in this
point.

CJ .1 .2 The flllfl rbantt

in 133315 T HIII1 [L It filterbarti: ‘with 32 stthbatttls is until. In each sttbbaltd, 12 or 36 samples are grouped I‘t‘.I
[:n-ooessing- In Layer 111, the filterbmtlc has a sigttal-deport-dent resolution, wt-tote there are either 6:32 or
18:31 B-equeney bands. In the case where there are 6:32 frequency sattuples, the 3 sets ofeaeh frequettcy are
qtlattfiited separauely.

C.1.‘I.3 Bill or llfllflfl alloeation method

'I'he:t1e are two ditfietertt bit:-ate eo-:tuo1 met:-tom eitplalnetlio tl-tis sooett. in Layers land 11 this method is a
bit allo-cation process. i.e. at number or bite is assigned to each ample {or group of samples} itt eaeb
suhbacttd. The rnelhotl for Layer III is a noise-allocation loop, where the qoanI:i::ers are varied in an organized
faeltiort. and the variable ts;-be oontroll-ed is actually the injected noise. In either case. the resttlt is a set of
quantization parameters and quantized output samples that acregivett to the bitstream formatter.

C..1.'t.4 Blttittroam formatting

The bitstrearrt formatter 1"a.l‘i-B.Efl‘D.l'Il layer to layer. In Layers! and lT.a fixed Pt'_'lt-Icode is used foreaeh
su ttband sample, with the exeeptiott that in Layer I1 quantized satttples may be gruttpeti. ln Layer III,
Hutfn-tan codes are used to represents the quantized frequency samples. These Huffmatt cod-es are variable-
length codes that allow for more efiicient bitstream reptesetttation of theqttantized samples at the cost of
additional Dtimplcitily.

C.1.2 Input high-pass illter

The ettoo-ding algorithms |;ti'o1-ride a frequency t'BS-|'J|.‘.Il'ISB down to tie. However. in a]:rt:t|it.:al;'toos wI‘tere this is
ntota r-equirerttent, it is teeorrunentjetzl that s, high-pa.-as filter be included at the inputof t.l'.te etttooder. The cut-
ol'fEt'eq,u-ettey should be in the rangeofi to l.|CIH:t.

The applieatiott of such it high-pass filter avoids an unneccessacrily high bitrate re-quiremettt for the lowest
sublJa.rtd and irtcneases the overall audio ttlttatlity.

0.1.3 Analysis auttbanel filter

Art analysis suhhand filtetbaol: is used to split. the broadband signal witli sampling frequency fa into 3-2

equally spaced subbaods with sampling It-eqtierteies 't‘5.t'32. The flow chaito-E this prooess with the.
appropriate fonnulas is given in Figure [14 “Analysis Subband Filtter Flow Chart". The analysis suhbattd
fI.lLr:I'lJ1g irtclttdes the folilotirirtg steps:

- Input 32 audio sainpl-es. _ _ _
- E.uj|.j an input sample tractor X of‘ 512 elements. The 32 audio samples are shifted in at positions E] II]

31. the most recent one at position 0, and the 32 oldest elements an! shifted DIIL
- Window trecltor K by sector (I. The ooeflitticnls are in bi: ffil-11'|'I'J in llflblfi C-1-
- Calculate the +54 values ‘tr; according to the funnt-in sites in the flow chart _
- Calculate Ih-e 32 subhartd samples 5; by rttatriating. The t=D¢’r'fiI:it=I1tS 1701' T1-‘IE |'|'1fl|-I'll 439“ bl‘: Wkflhfld bl!‘

the ftztllotttrittg form ula: _
It-"Ij]==GDtS[E2.i+l}{k-IIIS-}TEH54]. i'ort=|JtoEi1.ant:l it=C|tDl53»

ti‘.-'
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|scmEc 11112-3: 1993 {E} €3|S{1flEI3

Table
(3.1 -- Cnalfldanu CI or up An.-Ilnlsis winanw

 

 

fl]= fl.0flflODDUUfl
ct :1-—n.nuanuu411
CI E]=-U.DODDDDflS4
c[ L2]--D.Dhfl5o143L
C1 1s]=—a,ooouu23a4
:1 2n]-—¢.onuon3a15
Ci 2!l=-9.DEDDDfiL§9
cl 23}:-u.uEnDDfio6u
:[ 321.-a,u:uu13s2a
CI 3E]=—D.DtDu1§55n
CI 4D]:-fl,fltUD2TEET
ct ¢4]=~fl.Dt0D31é10
ct 43]:-u,ncnaqa5a1
ct 521:-n.ucno52s43
CI 551:-fl.¢¢0fl1ET71
cr 6G|=-fl.flUDfl9U599
cl 6I]= fl,flUDlD1566
CI 58I= fl.flUfllUH2d2
c| 121- u.ona1uas12
cr 761- u.nnuu953s1
:4 an]: u.uuuns95L3
c| B4}: u,nnun2?1an
cl EH1:-a,nnnu34332
cl 521:-u,noa11a3qa
cl iE]z—a,uau21aaaa
CIlDU1I—U+D0fi339D3l
flI1u4]=~u.ucu4125aa
c|1na].—o+uooé117a2
c[1121.—o.uua11?2u4
c[11a]x—o.aoaaaa411
ct11n1=-o.nuo954:51
c[1241=-a,auu99a2u5
c[11aa= u.uuu971311
c[132:- u,uunsaa1a1
c[L3$:= a.uuua1u24s
Elldflle u.uuo31a5u9
Ctidll-—fi.DOun2L45s
c[14a]=-u_uuu522137
c[L52]-—fl.flU1111D31
¢[L56]=-fl,flG1?fifiEH2
c[1aa1-—n.ua24s7142
c[1s43=-n,au3141aac
c[16s1=-u.uu311L?a2
E[L12l-—o.uua:9u5a1
C[1Tfi|=—U,UUl63E195
CILBHI--O,DUdT521E9
c[1sa|=-a,uuq513a22
:r1aa|=-n.ou¢u¢53n1
¢[l92l- 0.0U3134T2T
c[195|= D.flfl1Bflfl53T
C[2fl0l- fl,¢flO0333T9
c[2u1].—n,nn21515n3
c[2us|=-u.uua7s5451
c[2121=—a.uo11o33u4
C[216]-—fl1fl1fl933399
c[220]=—n,fl1435%521
c|2241:—u,u17a?s11a
cI22a1=—D.u1L3?231a
:|2:2].—n.n241z5a31
c|n35]=_u.u27a153a2
Cl2¢D]=-a.fl1U52E53B
C!244t=—¢.U32?5¢$9E
c|24&|.—u,u31112a5L
c|252|=—fl.¢354352Dfl
c|25s:= n,o351an5u7
c12so1= n.o354352uu
C|264]- n.n34412Efi1
c|2es1= fl.D32T5dB§H
c1272]; u,n3n52553a
c[21a]= u,u:1a15342
c[3an]= fl.U:4T2E431
c[2a41= u,u:131231s

o,u:1a1511s 

Cr 1|-~n.oouonun11
CI EI=—n.oouuuua?1
cl 9|-—n.oounun95a
c[ 131:-n4oaunu19a1
cl 1?}--u.uanna2sa1
cl 21]--u.nnunud252
ct 25]:-o.nuoousa15
c[ 291=—n,nnna1oa1q
ct 33]:-u.uunn1u1s:
CI J1]:-D.nnufl21d5B
cl i1}=—fl,flflDD3Ufl41
CI a5I=-n,oonu4n531
CI #51:-fl.0fiflU5292!
:1 5:1:-u,nuuua53su
c| 51:=—n,nonnan5a5
:1 511:-n.uunn934an
c| 551: u,uun1n3951
:1 59]: u,uuuLna?19
C: 731- u.nu¢Los3aL
CE ?7]= 0.flDfifl99122
c[ 31]: O.UDflflEfl5SS
:1 35:: o,uunu13a2a
cr 39]:-u,naao52:z§
ct 93]:-O,DflDLlUl9D
:1 971-—u_naa2¢747a
c[1o1]=—u.nuu3?115s
c[1a51.—a,nou5u1355
c[1uu;=-u.neu545591
C|l13l:—D,¢¢DT19152
c|11?|=-n,o¢nas1as5
cr1z1|=-u.ouu9aa9a3
c|1251=—n,nnn995159
c|12a|1 n,anng51a14
cr133]= u.ouua29a2n
c|1:1I. n.a¢ns1u3s2
C|ll1}* D.flflD28E1BB
CI145l=~u.0un13?339
C|149I:—D.flflDE6LflSU
c|1531=-u.un1259a1?
c|15TJ=—u.uu1a373a9
c|15L1=-n.uu2s3u71L
cI1&5I=-fl.uu31o&as6
c|1a9|=—n.uu3914355
c|1?31=-o.un43959s2
C|11T]-—U_flfl4£9112¢
CI1B1]=-D.flfldT]T3TT
C|1$5]-—O.flfi441TD24
C|1s9]=—0;flU3E5$5fi6
c|193]= o.uu2a4L413
t|15T]= fi.flfl1J9951T
c|2u11=-u.uun1T5sa1
C|2DEi=-D.DG2TT4239
c|2u5j=-u.eu5a52L1u
CL2l3|=-U,DGE&ET225
cL21Tl=—D.¢11T15fi17
cI22LI:—D.¢15233$17
c[1251-—u.u1s15sas5
c[229]=—n.D2222BTL$
ct2331.—o,n25521nnu
:[2311=-o,u2a5329a2
c12a11=-n,n31132a9a
CI245J=—U.fl33225E3E
c|2a9|=—u.n34?1nd34
¢[2531=-u,nJ55a5351
cl25?]= U.D1575B9T2
:12a11= o.u15242ua1
-=:[2551 = :1, 014055710
c[2E9]: n.u322asu2o
c:2?31= n.u29a9uosn
c|2TT1= D.¢2T5T1BfiD
c12sL|= n,o23un11s5
c|2a5|= n.n2u5nss59
c[2HB]= n,u1599a41a
 

Cl :1.—u.nnnuan4?1
ct s]-—a.unnuun411
ct 1n1=-u,a¢aouns54
CI l¢I=-U.Gfl0flD19D7
CI 1BI=-D.flflflflfl333B
c| 22f:-fl,flflflDDd?EE
c: 25]:-o_nnnnn1s2g
c| 1u1=-n,uuuu1;q44
cl 14]-—a.unuu1asa9
CI 33]-—0.UDDfl2J3£5
c: I2]:-fl.flDfin32I25
CE 45::-n.nnnu133s2
ct SUI:-n,unun55?9u
cl 54I-—u.flouo?un95
cl 5a|=-u.unnoaJ923
ct 62]:-u,unna9s321
CI 66]: n.oao1u5a5a
C[ 10}: fl.¢¢fi1Ufi?19
cr 1:1= n,oau1n252n
cl 131: D,flflflDB1lflD
El E2]: u.nnnn5o545
cu B5]:-O,flflflflflD95d
c| ¢u1=—o.uuun?2a5a
:1 9s1.—u_nnn1a54a2
CI 931:-fl.DDu2T1fl12
cILo21-—n.nnudn43sa
:|Loa1.-o.uao5a21s4
Cllifll-—D,flfl¢fiBD§23
c|L14|=-u,uuuan9as9
:|11a|=-u,unu915n51
CIl22|:—D.flflfl9Hfi8EI
::12E|=-n,aunga1a21
:[1Ju|= u.uuuu1u1as
Cllldtn n,uan7a392n
c[13s|— u,uuu5393n3
r:[1-9.2 In I:I.I:|II:|-I:|1!i-1x5EI'EI
:[1451:-n.uuu259a?s
c[15e|=-n.uuu3uaaua
c[154|=-n.nu1432:19
:115a|=—a.uu211ouu¢
cr1a2|=-u.uu2an3325
C[1E6|=-0.D03d6TflB3
c111u|.—n_unaa4ea24
c[11a|=-n,uua439a99
C[l7$|--D.Dfl4T2331?
c[1a21——a_au41u3u:5
c[1E$J=—a.Dfi1351E15
CIIBOI-—u.DD3643U3E
::[:L9+I1= D. nu:-321515
c[15s1= n,uun91131?
c[2u2|=-u.uu1u113aa
C[2U6|:—n.O¢3411293
c[21uL=-u,oua1a93aa
c|211|=-u,ou92a1E3a
cl21E!-—D,D11621En2
cq2121.—a,n1a1L2ana
:|22s1s—o.n19a3¢24T
cI2301-—¢.n23oT115D
c1234];-u.u2a31o921
c|23s1=-u.o:9224a73
c[2q2].—n,n3L1uaa1u
C[2dE]n—D,D1J659935
c[2Sfl]=-D.D15¢O?DfiU
ci2s41=—o,u35a9412:
c1253]: fl.fl3EEBd122
:[2a2|= u,n35un1ouu
C[2fifiLz E.¢33fi5Bfi35
¢121n]= n,a311nss1n
c[:?¢;= fi.D2922Ifl73
c[21u]= u.u2a31n921
c::3:1. o,u23a1a15u
c|:s¢]. a_u1as3:24?
c129o1= u1u1s112an1  

 
cl 3]:-n,unnnuo411
cl T1:-u,nnnnun954
cl 1L]=—n.nuouu1431
ct 151:-n.nnunu23ua
c[ 191.-u.uuuuua33n
C: III--u.ouuuu52a5
c[ 2?|=-n.unnuna1na
Cl 31]:-u,uunu1239a
cf 35}=—D,D0flD1E12D
cf 39]=—u,nnon25212
I: L -I1] .-1-D, D0003: an 9
CI 4T]:—D.fi0flu£5253
c| 5L]=—n.nnun5gau5
:1 551:-u.nuuu13a33
c| 59].—n,ouuna?261
cu £31-—n.onun991a2
c| 51:: n.nnnLn12as
c: ?1|= u.unn1na242
CE 75!: G.GUDo99LB2
cl val: D.GDDDT?T2d
ct 33]. o,nnnn39511
:| a1|.—o,noo¢;115a
ct 311:-o,uuou9193?
CI 95|r-0.DUD191212
:1 99]:-fl.uuG3a15au
c[1u3J-—n.unu43a213
c¢1u11=—o,uuu51a913
cl111]:—D.flDO7143fl2
C|115]=-fl.DDUEJBT5T
c|1191=-u.nuu935s55
CIIZJI-—fl.UDU9B943?
c:121:=-n,unn9a3115
c:131:= u.uuu9o2a53
c[135]- u,onn13;9q5
c[139I= D.¢DU4£2E32
C[143l- D.GflD09$215
c[1411=-a.uuu3a$115
c[1511=-a.anu955535
c[155:=-a,uu159?aa1
c[155:=—u,uu:2s3ua&
cr1s3::-o.uu2914u33
C[1aTI=-¢.DU3EJ2532
c[111;=—a.uu411¢3u9
c[115i=-0.un451aaaa
cL1?9;-—G,flDd?dEE21
c[1a1:=-o,un4$491s2
CIIETI-—¢rDfl42152ln
C[191}=-9.0D34Dl?EE
c[1955= u.uu21?+B54
c:199:= u.anus1593a
c:2¢3:.—n,an15135s3
c|2n11=-u.uu1u721s9
cl211]=—D.flDfi911¢2?
cL21s|:—n,n1U1u37n3
c[219]=-u,U13iB92d5

o.U1$9944TE
u,u:n5usa59

c[211|=—fi.G219¢T1E5
CI235l-—fl.flE7flT38fiD
c1239];-u.o29Bano&u
:|213]=rU.D3224ED2fl
:;241].—u,n3nu55?1u
c|251|=-o.u35212Da1
C2255]:-D.fl3515E972
c[259]= n,u355us35?
c[2s3]= u,u3413a43a
c5251]: u,n3322553s
c:z11|= n.n3113:a9$
:|2?5|= n,uz$53:9a2
c[2?9I= fl.G1552TDflU
C1233]: fi.fl2z32B11B
c[2a7]. n.o1a1553aa
c 291 - n.fl1E23351T
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EHIEECJHEEC3

C[292]- D.O1435B521
c[296J= n.o1u933399
c[3un]- u.an?1o33ua
¢[3udl- d.00i?5E¢51
¢[3flE]- ¢.Ofi21£15¢3
¢[JL2l-—G.&flDD333T9
E{31E]=-fi,flfl1BDO537
cr32u1= n.uu313472?
C1324]: n,nu4u493u1
E132B]- u.no4513a22
c[332]= u,uu1752159
c[33a]= n,un1533195
C[3Ifi!- O,¢¢423u5fi1
c[314]- u.¢o31111a2
C[3IB]= fl.0G3Li1EEO
cI352|= a.uu2151142
c[3s5:= u.oo1?ssaa2
c[35o|= o,uu1111n31
Clifidlu 0.UflD522131
c13sB1- u.unnu2L15a
c|312]=«n,uuu3?n5o5
Ci3TE]-—o,flfiflsT421$
c|3au1=-n,auona3191
c1134]: o,unu9?L311
1:131:31. nu. non-:9.:2n-,3
c|392]; n.uun951151
cases]: u,uous55a13
C|4¢O]: D.U¢¢T1T2D4
c|4u41= D,flDfl611?H2
c[4oa|= n,ouu41251s
cI4121- n.aeo339n31
C[4l6I= fl.¢Ufl21B$6B
:[42u|n n.ouu11a31H
:[q2i]: n_¢auu3¢332
c[42a|=-n.oauu271au
C[d32|--U.flDDDfi961E
c[43ar=-u,ouun9535?
c[a;u|=—n,oua1nss12
c[q¢1|._o,uuu1aa2a2
c[44a|= G,0UU1DL56E
Clfifiiln a.unun9o599
c[455|= n.onun1s711
c[a5up= u,nunuaz9a3
C[d64I- ¢,DflUD49591
c[4sa|= a.uuuu1Ts1u
C[1T2|- ¢,DflflU2T£5?
c[d1al= G,flflflDL955D
C[1BUl= G.DflflflL3B1a
c[dElI= n.uuuuu9o6n
C[dBEj= 3.nnuaus199
C[d921- 5,DflflU¢3$15
C[d9EI= 3.0UflflD23$d
C[5UDl= J.uDUUD1a31
c[5u1i= :,unuuuu95:
CEEUE - J DDUDDDITT    

ct2931- o.u134a924s
CIESTJ: n,u1a1u3?u3
E[3fl1i: n,nna937o21
CI3n5I- 0.un1o121a9
cl3D9I- u.oo15135sa
c|z13};—u,uuu5159:a
Cl31T]=-fl.fl021T4E54
C[321]= fl,D03¢fllTE6
C[325]u D,0D¢2;524D
C[329]= D.0fl¢E191G2
class]. o.oa¢1uea21
c[331]- o.na4s1n4e4
¢[311:= e.un41111¢a
cI3151= 0.nn3a22532
ciaqai. a.nn2914a33
:[353|. n,ua22a3u9a
C|3E?ia u.un1597ss1
C[3E1]= G.DDfl95E535
:1Je51= n,oaa3as14s
:1:a91.—n,oouuaa215
¢E3T3T=-fl,flGflifi2532
C[3T?]=-U,DDUT31945
cr3s11=—n.nun1¢2a5a
E[3B5]= fl.fiDU98JT15
c[3$9]= fl.Guu9a943?
c[393]- n,nnn93E555
tL3§1]= D,DDD33STS?
cr4o11= a.nu¢1113a2
cI1u5i= o.nno5159?3
C|dU9|= fl.Dflfll3fl211
c[413|. o.nuo3u1s5u
cI111|- n.noo1s1212
tld2L}= O,UflflD93E3T
C1125]: D,flfiDD171EE
E1129]:-D,DflDU395?T
:1¢31].-u,aonn11?2n
c|43T1=—n,uuun991a2
c:141;=-u,non1ns242
c|dl5]=—D,DfiU1fiT2E3
c|449]= u,ooun991a2
:1+531= D.DfiDU$T2EL
C|d5T}= D.DDUUT313J
C146L]= u,aouus9au5
:|465]= n.oonn45251
£11691: u,a¢nn34an9
c|dT1]u D.DDUD152T2
c1411]. u.ounn1s12o
C1421]: fl,BGflfl12J9E
c14a5|= u.oeuuos4ns
c1499]; u,oonnos24s
c1493]: a.oonuua33s
C1d9Tl= D,UflUUD23E4
cJ5n11. D,fl0UDOL13L
C|SD5|= D.flflflflfl0?Ed
C SD? = D,DDUUflD1TT

  cl294]= n.oL2521eu2
c|29a}- a.oar2a1sau
c|3u2]= u,oua1s9:4s
cI3D6]= u.nn3111293
cE31u] = -n, c-n.1n11ada
ci3141=-D.0005T1311
c[31a]--u.au2521515
C[322]- ¢.DU3$13D3£
:[J2s:= u.no4351a15
c[33o]= a.ua11o3ua5
Cr33a:- u,na112a311
cr33aI= u.¢¢41asa99
:L3121= G.Dfl{flIBB24
cI346I- u.uu315?na3
cr35nl= n,na2ao3325
c|35a1= u.nn211nnua
C1355]: D.¢01I3241¢
CIJEII: fl.¢¢nBD£HDE
c[3a5]= fl,flflD2598?E
c[3?n]=-o.nnn1u15a9
C[3?J]=—fl.U&D53!3D3
c|373]=-u,unn?a192o
Cl3$2l=—¢,DDu93¢?Efi
c[3a51= a.nnn951s21
C|J9Dl= u.uuu9aaas4
CIJEJI: D.flflD915D51
clans]: n,unn3o9aa9
cL402|= o,Uuu$$0923
Cliflfilz D.00O5l21fi4
-mun]: 0.000-1:11.353
c|4141= u,uoo211uq2
cl41$]: fl.¢¢01fi5452
c|42:1= a,uaou1295s
c|42a]. n,ouunua554
c|43o1=-o.ouua5osa5
c|a311-—u,DnunB1Inn
c[1aaI=-u.uuu1o252u
c|d42]=—a.DDu1DtT19
:|4451=-a.uuu1nsa5a
C[d5D]u o,nnua9e321
c|15+1= u_nnunn3923
crass]: o.uuuu1oo95
c[152:= o,nuuus519n
c[asa:= u.nano13392
c|n1u]- o,nnnn321z5
:[a111= o.uuuu23:s5
c[q7a:. G,flflDflLEEEB
c|1a21= u.uuuu11111
C5486]. u,nnuou1a29
c[49u]a fl.flflflfifl4?5E
c[a9a:= a.uunno333a
c|49BJ= ¢.DuUufi19D7
cI5n21= u.uuunno951
CI5fl6]= n.uuunao171
c 5101: U nnuouaari
  

 

  cr2951- D.u11?15u1T
Cl2a9]- fl.fl¢$1B7225
C13U31= 0.DD54621T0
c|3u?]= u,nu2??4239
CI311]= O.¢0Ol75aa3
C[315]=-D.flfiL39951T
EIJLEJ-U.u¢2a¢14?3
c[323|. u.on3ases5s
c[321|. o.au44?1a24
c[331|- o.on1131311
C[335]= fi,UD4fi91124
Ef339}= G:D0{395962
C[143]- D.DD391I3Efi
c{3i?]= U.Ufl3306E66
c13511. u.uo253n711
c|:551- n.aoL9313a9
:L35fi1= fl,flflL2E9ELT
c|:s3]= u.uous51a5u
c[3a?:= a.ona131329
c3311];-n,nnn2aa4as
c:315:x—a,uaos1n352
c:31a|=-n,onn32922n
CEEEEI-—¢.aflU953514
c:3a7|= a,onn995159
c[391I= o.ouu9aa933
cI)951- n,cuna915a5
c[39u|= o,auu719152
:[1o3|- o,uuua4s591
¢[1DTT= 0.DDD5flT355
cI41L1= u,nou3?1a5a
c[11s]. u,uoo217a1a
C|419]= n.non14n19¢
CI4231x fl.Uu¢fl52929
:|421]=-u,nnnn13a2s
cI4311=—0.Ua¢¢fiu55E
c1435]:-a.ouuu9o122
cl439l=—a.uun1u53a1
CJ4d3]:—U.fl0D1DaT19
c|4411=—u.oan1n3951
Cldsilu n,ounn93d5u
C1dS5]= fl,DuDDBuS35
cI459J- fl.flflflD6fi2$D
c|4a3|= o.onuas2929
c|451|. o.auna4o531
c1471]: U,DUGD3DDl1
Cld15i- O,ouDn2145E
c|u15|= u.ouuo1aTa2
Cin33J= ¢.DnDfllfifi11
c|13?:= o.ouuuuee?5
Cldfilla o.uunn04292
CId95l= o.onnuu2a51
c|49§]= o.oaouuLaa?
clsasl. o,ouunno95q
Cl5OT3= fl.OflGflDD4??
c 5111: n.uuuuuu41?

 

I$I.:mEc: 11112-3: 11993 {E}
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ISDIIEC 1117.‘!-3: 1993 .3, ISQJIIEC

(2.1.-4 Psyehoacoustle Tnotlnla

Two examples of p5:rel:Ioa.cousI.it: models are presented in annex L1 "pgychgagougfic mg..;1.31_.;'-_

12.1 .5 Encoding

6.1.5.1 Layer I encoding

C.1.5.1.1 Introduction

'1"h.'ts t:|-dlnse describes it possible Layer [ enco-cling method. The description is made wiu-T. reference to figurg
(2.5. "Layer 1. II Euooder Flow Chant".

C.1.5.1.2 Psyehoaeoustie model

The calculation of The psrchoamusfic parameters can be done either with Psycmamusuc Model 1 described
in clause D-.1. or with Psyohoseoustie Model 2 as described in E:T_2_ Tho FF-T _5hj_["L'IE1'|g|];| oqoajg, 334
samples. Either model provides The signsl—to-tns.-tlst nttio For every subbano.

I:.1.E.1.3 Analyrele eubbantl filtering

The subhanti analysis is described in the clause (11.3. "Analysis subhnnd filter",

l3.1.5.1.II- Scalefactor calculation

The calculafim of The scalefactor for each suhhttnd is performed every [2 subhsnd samples. The maximum
of The absolute mine of These 12 samples is deTertni.rT.ed. The lowest value in table E.1_ "Layer 1, II
5e:alefactors". which is inrger Than This Trutxirnutn is used as -The so.-t]eFs.oTor.

t:.1.5.1.5 C-5-cling: of so-allotactors

The index in The table 13.}. "Layer 1. II .‘ioa.le:lnotors" is represented by 5 bits. It-{SB first. The 5ca.let'actor is
l'.EE.l2l5l'Ilil[Bl1l only if n I1L'l1'l.-IE.‘r|'_'| tturnber of bits. has been nil-:tt:nlet:l to The suhhnnd.

C.1.5-1.E Bit allocation

Before I.T_sI:rnent to :1 fixed bitrnte_ The number of bits thrtt are available for oecling The 5.."T.:T't1p1e5 and the
stzalfiacto-rs must be there nnined. This nuinber erut he 'I2IhL..“|:i11TEl.‘1 by snhlrrt-cting from the total number of hits
available "ch". the number of hits needed for the header "l:utT.dr" (32 him). me CRC checltword if used

(115 hits), the hit aliocatiotl "label". and the rtutriber of bits required for ancillary data "bane":

adh = oh - I{hl1dr+ here + I:-ha] + bone}

The resulting number of hits cttn be used to code The su it-btarttl samples and the scttlefactms. The principle.
used in The sjlocttdon procedure is Tninimizstion of the Total noise-to-mnsllt. ratio over the frrune with the
constraint tl-tat the l!llJ]J'.l her of bits used does not exceed The iturnh-er of him available for That frame. The

possible number of bits allocated To clrte sample can be to uud in the tnlzle in 2.4.2.5 of The main part of The
audio standard (Audio data. Layer 1]; The range is [}...15 bits. excluding an allocation of I bit.

The allocation prnoedu re is. an iterative procedure. who re in each iteration stop The number of levels of I11:
suhbantl samples: of greatest benefit is increased.

First The 1'!l'.lEl.5k-LI.)-l1I.'?Ii5E ratio "MN'R" for each suhbttntl is cnlculntcd hat SIJhlI'w-':liI1.E'. f'F0f|1 The 5'|ET|-fi1'E*J'I'*0i5l-‘-'
ratio "SD-:1-it" the signs-l—to-Insslt-mI_io "S2vIR':

MNR=SNF.- Elk-iii‘.

The s'LgIml—1n-noise-rrttio one he found in the Table C12. 'L?-3”-"-l' I 31'ET|F'IJ'l0'N'1J'l5'-' Rflli0"- TUE 55311313-H3‘
rnttsk-ratio is the output of the p5y£h0flC0u5liC1n0dfi|—

TI]
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T1331‘ 3'51"” bi''-5 37': fiflflflfilfld *0 T153 5-‘=1-I"'P1E~'i and tilt Scfiltfficlors. The number of bits for the samples "hspl '
H-5 '1": number of bits for The scaiefaciurs '”|=sci“ are set to zero. Next an itE:.I"atti'-‘e procedure is started. Eat! it
itciation loop contains the following steps :

- Determination of the rninirnai MNR of an 5.ubhE'_|"|d.5_

- The accuracy ofihae quantiralion oi’ the suh-hand with tile minimal it-{NR is increased by using the
nest higher number of hits.

- The new ll-IIHIR of this suhhantl is calculated.

- hrepi is updated according to the additional number of hits required. If 3, no-n-zero number orbits is
assigrteti to a SIlbi'.'nEI.|'ld for the lirst time. heel‘ has to be incremented by :5 bits, Then adb is calculate .;|
again using the formula:

adh = Cb - E'b|Idr+ here + libs] + hscf-i l:-csp1+ bane}

Tin‘: iterative pro-cetlure is repeated as long as aclh is not less than any possible increase of heel and bscf
within one loop.

I‘.':.1.5.1.?' Quantization and encoding of aubhancl samples

A li.11c.a.r quantifier with a syrn n'Lcu'it: zero represct:L1.tioIi is used to qttatitine [lie subband .5.FI,Il’Ip].E','§.. This
representation prevents small value changes are-utid secure from quantizing to different levels. Each of the
su'Jl:-and samples is nornrtalizetil. by dividing its value by the 5«C3lf.fEl.CtI:l\:l' to obtain X. and quantized using th :
following formula :

- Calculate 1-\X+B

- Take the H most significant bits.
- Itwert the MSB.

A ma 1'! can he found in table (3.3, "Layer I Quantization (‘_oeI'fieie:I1ts". N represents the taecessalry nutnh-e'
of bits to ettcode the nulrtb-er of steps. The itnrcrsiolt of Ihc Irtotst significant bit {M53} is done in order to
avoid the an '1 ’ representation ctfihe male, because the all ‘I’ code is used for the s_'_-rnchroniration wocrcl.

t'.:.‘I.5.1.B Coding cl‘ bit allocation

The 4-bit code for the allocation is given in 2.4.2.5. "i-5.ur_'lio data l_:t_-,rcr l". of the main part of the audio
sta1I:la1:tl.

G. I .5 .1 .9» Ancillary data

‘1".l:u:. Audio standard provides 11 number of bits for the i]'lt_‘i1_1_5itJrl and transmission t:'tl' 'tr:—‘t.I'i able length ancillai 3.‘
dam wim |ht_=, audio hi|:stre;1.m_ The ant:iiI;1.r'_Ir data will reduce Tile number of hits available fI:H' audio. which
any result in a degradation of audio q1.taiit'_r.

Tl]: prcsctitit. or a bit pattern in the anci1lar_-.' t'J.E'll.:"l tnatching the s;-.-tnewortil may hnrnper synchmnizafien. This
prttbleqn is more likely to occur when the free fonnar. is used.

C.1.E.1.1O Formatting

'I'he_ E-ncuijgfi guhhanfi 1'_|1_fQn;'ng|;j1_-.11 [5 |'_r,a_115fen'cd in f|'E'|_['I'LE5. H.150 2.-4.1.2, 1.11.1 .3. 2.4.1.5 EILEI 2.4.1.3).
The number gr 5195. in 3 man: varies with the. szu-npl-2 freq uency (F5) and ‘nitrate. Each fraine contains
'.1.f{,rma;1.;m an 334 5a,mp1¢5 us me, original input signal, so the frame rate is Fs.l“3E-1.

F5 {kHz} '_ Frame size
' ms]

43 E 
A Emmi: may t:at'I'_',.- audio '1ni'I:Inn aliun frltlln D|.‘i|2 Di‘ EWD |1'»h9l-'|'|-|7if555-
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Thfl length of a slut in Layer I is 31 h1'I.5. The number of slots in a Frame can be mmpu um by mi; fmmula;

hiuate
F5Number of slumffmme {IN} = * 12

If this does um give an integer numbe: 111:: res ult is I.r'un+:m‘.I:ad and ‘p:-Idding‘ is rcq LLire:i_ This means that (be,
number of slum 1113;; van: bet:-we-n:n H and N + 1.

An overview DI’ the Layer I fonnat is given in figure C2:

Frame‘.
{T

Ema SCALEFACTC:-RS Emma
Figure [L2 n Layer I Fnrrnat

 

Table 12.1 -- Layer I Signal-ta-Nu-is-2 Ratios

No. of st: 5

 
 

 
 

 
 
 

  
 

-C|,l‘ifl[}.'3|lJ-l}E]-1'1
-0, 125930000

  
 

 
 
 
 
 

 
  

 

 
 
 
 
 

  
 

 
 
 
 
 
  

 
 

T :1,s75u:;:~:mm
15 u,9375:nn-non -{II .{Jfi25{Jncu:1-£1
31 CI.‘-I|{SS?5-[J|['.*fl4IJ —fl.D3'125fl¢3ID'E|
53 0,9 3437 soon .::n.o15:525:;1uu:+

12? 0392137500 -n.::n:rr3125m
255 1:1.-9r.=+5t:vt)3 150 —:1.+;1I::39D-5250
511 0.993:-46s?5 -0.001 953 125

1 013 0.99-EJ013433 —lZi,L]-E1I{J9‘.u‘45SEs3
2 new n.9=.15:5_11?19 —u.nor::43a::31
-1 13:15 u.99!J‘r5535-:I -0.0-I:J{12«14141
3 191 [1-.Ell.iE1E':‘]'E}3-'.J -{tn.r::-<:)4;n1.=.>mI:J

£}.'J*]I'-}£'I3E€‘}fifi -|3I.'SI[}U-'36]-U35
::_9999594a2 -U.Cu:m-U305 is
  

?2
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13.1.5.2 Layer II unending

C.1.5.2.1 Introduction

T1155 '33‘-“"3 d‘35C1'1'l3"3-5 9 P0555553 I-REEF II Blltfldillg ms-Llmd. The description is made according to figure C. 5.
"Lag,-er I. II tncndcr flow chart".

C‘ .1 .5.2.2 Psyrehnneou stie model

The calculation uf the psychoecnustie parameters can be done eiuner with Psychoscuusfic Model 1 d.E,s.c:|.'1b| ad
in clause D-.1. ur with Psyche-..-zcuustiu: Model 2 described in clause D2. If Psychoflfinusfic. Model 1 is us: cl
to calculate the psg.-ehuaceutic pca.rs.u1eters. the FFT sl1‘LI."Llengm is 1152 Samples. If Psycuuacousuc M::..¢1:1
2 is used. the caiculatiun is performed twice with at shlftlenglh cut‘ 5'.-"6 samples and the largest of each psi:
of signal Lu mask ratios is used. Either model provides the signs]—te-mask rarju for every s1.|l':Iba.nd_

l2.1.5.2.3 AHEIVBIS 5l..II::I|:Ial"H:I filler

The nrlhlysis subbaud filter is described in clause 12.1.3. "Analysis subbsuid filter".

6-1 .5.2.4 Sealalaetar cal-e ulation

The -l'.‘.i’lJ.ClI1fltil!31I'l uf The scslefaclur for each subband is p-erformed ever;.' 12 subbrmcl samples. The maxjmun
of the absolute value of these I1 samples is n:l.eLe.1'1:I'JinI:d. The lowest value in table 13.1. "[33-er I. II
Scalefacturs". which is larger than this maximum is used as the sealefsctur.

I‘.:."I..5.2.5 Ceding 1:1 nealeiaetnrs

A :i1'a.me currespu-nds to 3-6 subbancl samples and metefure contains three scalefactcars per sui:-band. Define
‘sci’ as the index in table E .1, "Lt1_-,.r1i'rI, II Stmlelfatic-rs’. Fl-:1. me two diffenences ds-cf; and dscfg of Ibe-
suceessive sealefactur indices scfi. sefg and scfg. are ealeuiatech

Llscfl = sl.'.'f1 — 5:I:|.'g_
dscfg = set; - SCF3

The class of each of the differences is deaennincd as fblluws:

-3 <u|.":scf'<-E}
:i.scf-—-CI

|3|-ucdscf-:3
d5r:F:=-=3
 

Th-3 pair nf classes of differences indicate the elltry point in Iflhlt 13.4. ''l-3t:r'E-I' [1 SCH-IEIECIDTS T1‘?!-"5|"fl‘155iD11
P*aIterrn.5". The culumn Labelled "scalefactur used in erhcodaer" gives the T.l‘u‘DI: staleffi-Clots which are a.CLufil|:r'
used. "1 "1" and "3" mean n:spccr_iv::13..- me first. second and third scajcfactur wiih-in :1 Frame. "4" means
the maximum of the nurse scalefacturs. If. after this adjusliilg of Scfllflfflctflfs W0 :11‘ I111‘?-E HIE T1‘-I1‘- 53313. 110'
Eu] 5,c.a]effl.|:1:{;-|:'\5 need tn be uansmiltcd [cur 5|. certain suhbrtnd within one frame. Urfly the SCI-l.i-Efli|.I'."II:|J.'S. indicated
in me, "Lr:|.n5mi55iun pattern" column are Imnsunilted. The lnfemmtibn describing The number and the
p-o::jt:i.|::|11 or the 5::¢"I.Jef.'h.":L0r$ in each subband is called "scalefactur R£:|.l1CL1'.D:|'l infurmsl-L'Lun".

C.'|.5.2.B Ceding of ecalafaeteur selection infurmatian

The "scn]r:fac1nr st:l::c'Li-t'J11 i11l'I::-I:1t:IEll.i.tiI‘I" Ilscfsill is codcti by E1 IWP 11'“ Wfilfdw ‘-’-'1'-1"?“ l5 115-'3' W_ '3": ‘Guild in W3 '3
C.-_~ '-Layer 11 5E_-;-|_]_E.f:“:;_m- |-_m_ng;mi_55j;m pm|;ern5."_ 13:1]-_..r the scfst fur Ihc subhsmds which Will get ..'1II.t}nzE.'l‘ID
bit a;l::u.-mi L|Il are Imnsinitted.

C.1.5.2.? Eli: allocation

Bgtbre ;u_1J'.,.5.|;;n1.g:11-_1.:. .-1 [_|_iI'.E.I:I. bitr:':I:E. uichumber bl‘ hits ."ur.ib"._ that are available for coding the samples z.-#1113.: ggalefajfinrs mu-51 bl: :1e|:en'mrIr_'.cl._ This num ber can he eb-tm ned by subt-*aI:t:T1.I1. f|'0EfI H15 ID?-31 numb!” "3'
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available Iliilfi "Ch". the |:tl.ln1bEI't:If bits. needed fill’ the header "bhI1I"" (31 bits}, Hits CRC checktfirurd "l:cn:" if
used (16 hits}. the bit allocation "bl:tnJ", anti the number oflztits ‘bane’ required for :n'|,ci|lar5r dam;

Idh-ch--[hhdr+bt::re+b-l:tal+hant:}

The resultittgmtmberean be use-zltso-codethestabbandsaunptea artdtheacalefi-a:tors.‘Ibept'irtciple usuiitt
the allocation pmceout-c is minimization of the total noise.-to-nttask ratio over the frame with the eottstraint
that the number orbits used ones antetntecad the number of bio available for that frame. Use. is made or
table E2. "Layer [I Possible IQuartt.i2ao'ot:t per sttbb-at:tt:]" that lodmtaa for every suhbanu the ntmtbgr gfgtapg
that may Inc used to quantize the samples. The otu‘hbt:t' ofbit.-t t'equite::I to represeotlhesequantize-1:] samples
can be det-t‘:-tact from table BA, “Layer 11 (31% at’ Quantization‘.

The IUD-catiton 1:-twedure is an itcaative Dl‘t2IG¢dt.I.I1'.'- where. in each iteration step the ntnnherotltwcls of the
sobhattd thu|1a:ttl:te gt'eatesL|:t¢I:I-efttis increneed.

First. tlilve mask-to-noise ratio "MIV|R." for each subhmt-ti is cal-t:t.t|a.tet:l by sttl'.II:raet.i.ttg from the sigtt.t=tI-to-noi.ae-
ratio 'S|‘~l'R" the sigttal-to-roast:-tatio “SMR.":

It-fl'~i'R. - SNR - SMR

‘I11: signal-to-noise-r.tI.lo can be found in table (3.5 "Layer [I Sigttttl-to-Noise Ratios“. The signnl—to—trtasit-
ratio is the IJ-'l.Il;|:|-IJI of the pa}.-ehonooustit: model.

Then zero bits are allocated to the amnptes and the seatefactet-5. The ntnnber of bits for the satt:-1:-In "r;:sp1"
and Illa: number of bits for the acalefaetors "b-st.'f" are net. to Zfl|.'D. Next at it;erat.itrept'ocedun: is started. Each
tterttttion loop contains the followittg steps :

- Determination of the minimal L-INF‘. ofali subbarttds.

- The fl.l1t:Ii.'Bt:'_}' of the qwtnti-.-:n.tion of the sobbant] with the minimal NINE is inezreaaoti by uairtg the
next higher Elttrji in the relevattt table B3. "Layer It Possible Qutttntiratton per Snbb-anti".

- The new MNR of this subbarucl is mleulateti.

- tsp-I is updated according to the additional ttt.ttttbe1' of biLi required. If 11 non-ztero nutrtber orbits is
weighed to a ttubttmt-d for the first: urn-e, bael has to be updated, and bacfhas to be Hpdaled
aeoorning to the nutoher of scalefnetors required forthis subbanti. Then nob is calculated again
using the forntula :

flI:|b=t:I:t- [bhtlr+bt:t'c+bba1+bt5aE:l+btS.Cf+htS-pl+bttn:c}

The iterativeprncedure israpeatndas longasaobisnottess thanangt possible increase ofbttp-Lbaetartdbaef
within one loop.

(:..1.t.-3.2.3 Quantization and encoding of suhbancl ll1‘9l‘I|)I'IB

Each of the 12 sobtttoiti samples is t:tortna.1i2etI by dividing its value by the scalefaotm lift Ublain X and
qullltizfld using the following formula:

-Calculate A *):+ B

- Tait: the N most significant hits.
- Itwert the MSE

A and E can be fut.-mtl in the table C35, ‘Lay-er II Quantization Coeffi.eiett.t.s". N tegnesuus thettecler-San’ _ _
numb-er orbits to -en-oocie the number of steps. The inversion of the M513 is doll: III flfdfil‘ W 3''-'01-'11 113- an 1
code mat is usecl for the s3.rnehroni2at_ion. word.

Givert the tiutttter of steps that the samples will be qualtiizted _l:D. |_3b-IE 114- "L935 11 E13535 of
Quam_iza1iun" 3|-tows whether grouping will be used. If grouping 15 not required. UH! ll?-F33 Sflmfllfifi 313
coded with individttal Dbficwtcnfls.

Ifgfgupijjg is rgquired, t,11|ret: consecutive samples are Cfldlbd as one t3{!tIElI.‘::'|t|-|'I:|tE'i;I.. Uni! Dlllfv ‘I"-‘i-Ill-I5 Vin» “SB
l:'t.I'at.. ia tram.-.=.ot.it.ted for this t.t'iplt:t. The retail-=m5hiF=~ WWW“ "W Wdtfi Value "|"r|1{|3lt=3..5.9}9J1d- the three
'|3UI15E-'CI.Ifl'-t'E- 5l—".'.|]Jfll'Id SEII|TI|:I.IB-5 1.. F. I tire:
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1'3 1-: ‘J2. + 3_'..r + ‘.1: [-23 in '0... 26)

v5 = 252, -I- 53' + It {#5 in fl_..124)

V9 = 312 + 93' + .1: {V9 in t}__.?1EJ

IE:.'I.5.2.9 Coding of bit allucatiun

Fm" the purpose of a more erfi mien: ending, oniy a ]i:I'nite4;1 number of possible q|_1fi::'|'_'|z.a,|',:i:un5. which may )3
different for each subhand. an: E1.HI.'!I'|A-‘Ed. Only the index with wordlength "nl:uaJ" in The relevant table B2,
"J_.ayer Ii Pr:-ssii:-It: Quanlizations per Suhh-and" is Lr:1:1smiLtr:.d. MSE first.

5.1 .5.2.1O Ancillary data

Th: Audi-:1 standard provides a number of hits for ma inclusicm and t:ra.ns:n.:'5si:_':n of 1.-2'1:-ia.tI1|: iengrh a.nci[1: ry
d-i1.|1£?I. with the audio b1'tstre:un. The macillary data will mtlucc the number (‘if bit.-5 available for audio, which
may result in a. dcgnidation of audio quality.

Tm: prm-u:;11t::: of :1 hit pa.Ln:n1 in the :u'u::ilI:-‘try d.."i.t:1I1'I.:'I.lCl'liI1g the symzwur-ti l1'I.?lf_-' llamper sg.rnu:l-rronizatj-0:1. T 1i3
pmhlem is Il'|-L'rIB1:ikE.'.]j" to occur when the free format 1'5 used.

G.1.5.2.1‘| Formatting

An overview ml’ the Layar II I‘cuTn:|.I: can be 5.e.e:I1 in figure (3.3.

Frame
 —#

 EE§jSAMPLES

Figure CJ -- Layer II Format

The. dil't'-erences compared. to Lhe Laycfi Ebnttnt zu-c-.

— The lengdi of a slot equals 8 bits. _
_ A ne1.~».- block scrsi cuntairaing The scajefactm selection in1‘annaLitJ11 has ineen lI1.L1'|;‘~|fl|.ICl‘."|2I. _
- 113;; hi; ;|]1u4_;;.uj.3[: i:|['|;;|:r]:]f|_[j|’_|:[|, srmlefactcnrs and fi‘:‘lI]'l|'.|Il:fi have bccn Eu h_]-I:t:L l.tJ ['I.u'TJ'.n.‘.r codnng {see

the reiatedsl.

The. details can be found in 2.4.}.

T"5
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Table (3-4 -- Layer II scaleractur transmission patterns

Scalefacturs
usad in

-encoder
HI 4.‘!

Lnu-Lat-n'.nJ:-hhhI:-.I..JL..1I..u:...H...'az~.1|-.n.n.nu._:._-._-._-._. <.n-h-E»1-J--Lnh-mMI—Ln-h'.uM:—tunhmmuu.p.m|q._- I-ll-ll-ll-|—II|-|'.|J[A..'Ih.3I«..'lI—|',,p.I|—Iu—II—II—I.h,p-||—||—|—||-up-..p_np_. b-JLI-'rI-Jl*-lI|'\Jt~J'-t1H|l‘~Jb~.'|I—-'.nJI-I->-I—3.‘:-r—'I-II—t-xJI'..n.'I|\.J|u.‘| '74-|‘|.h'-'Ivu'|lHl‘§.:I-""..n|-1'..|-o'f\..||\J[\-dILnJ'.ni-I—Il-lLn.r.£l.I—-r—Il,|JL,pJI;_.|.I|.,J[\.J' wwmML.JL.aL.}tuI,\JL\JLaLa._n._n_.1,;;:..._:,:L,;L,H._H.,;Lu GU‘-BLflDDlNJhJHM-MMhJhJ—hJhJ1-J--:Iu:u:u:t::-
Table (3.5 -- Layer II Signal-to-Noise Ratios

shill: am

 
T5
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Table (3.6 v- Layar II quantization coefficients

 
 
 

D,‘-T3 TSDEIHUD -fl.Ufi25DG|3H3'|]'
C|.‘J6EF?SDODfl -fl.{]3125DCHJC|
0,9343’.-'5|1}E|O -{hill 5IS15CH'.){.'|
[L992] 37500 —{].D[}TE125{!{!

0.996393-'.I' SD -CI.DCI39E}52.5{Il
E}.‘J9BD465'-T5 -{},flf:-1‘}53115
[]'I,'§|§|9GI23-433 —Cl.I3|flfl‘J".I'Er563
D,999511'.-'19 —CI.C|'C'|.?4B323l
D.999T55S59 -U.Dflfl2=‘i4l41
0.9993??? 30 -E|.'.".'|'CI|.'.|l12-EI‘J'CI
0.9999 33965 -0.00-0061035
G|.":19'EI9I5Ei=1-E2 -U.Dfl1.’]|:}3CIS 13
0.9999 8474] -[],UflflC]I 5259

 

 

ISCJIIEG 11172-:3: 1 99:44:51.

I"?
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rs-:mEc 11172-3: 1993 (E; {Q ISO-FIEC

BEGIN

 

  
 

 
 

  

for i=511 down to 32 do

){[i]=}{[i—32}

for i=3‘l down to I} do

X[i}=next__input_auclin_3 ample

Window by 512 Goefiicients
Produce Vectcr 2

for i=0 to 511 do Zi=Ci*Xi

Pantial Garculation

fnri=D1n:| 83 do "'r"i =

 Caiculate 32 Samples by

Matrixing63-

tori=UtI::3l dDSi= ZMIK * Y“k=-C

Output 32 Subband

Samples

E|"-U

 

  
Figure C.-1 —— Analysis suhbnnd fiItE!' |’|fl“' Chi“

13
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© |5C~"|EC ISDEIEC 111:2-3: 1993 .E}

BEGIN

 

 
 

  
   
 

 

E§L.'BBA.N'[.‘I ANALYSIS FI-I ANALYSIS

SC.-5a..[.E FACTOR C.’Ll_.f_.'T_fl_.r5.'TI(I}N' OF

 fiQN I'L-'[ASK_D‘-|"G THREE} IOLD:
 flDNDF

REQUIRED
BET-Al.L:OC.A"IIUN

 

DETERL-HNEHON OFNCIN

CODING CIF ADJ'E_]ST'|!\-'IFNT T0 I=IJ::En

E sew-«mas- “W”
UT.Jafi|..‘If'1'l."{.-flI.1"I(:|N CEF SUE-B.-”a.N'D SALHIFLES

CODING CIF S AIUIFIES

CODING DP BIT-A.I..L.DCAT'IQN

FURL-‘L-'k'I']"]1‘~IG fiL‘~l'D TRANSEHSSIDN

Figure C5 -- Layer 5, I1 Encoder Elm-r l:'h:-1I.‘I'.
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6.1.5.3 Layer Ill encoding

C.1.5.3.1 Introduction

This Clause d{=sm'b-es a possitgle Layer HI eneedmg method. The basic data How is described by the general
P5!”-31Fl€|II'|-15T—1*= mflfif blflck dlflgram. The basic blocks are described in more detail and below.

'l.'-21.5.3.2 F'5yI:hr:iaeau.ei.Ie model

The fillculatifln of the psirehoacoustic panur-eters can he done either with Psyeheeeeustie Model I described
in ciause DJ. or with Psyehnecolislic Model 2 desnitivenzi in clause D2. A description of modificsttietis to
Psychoacousiic Model 2 for use with Layer III can be found below. The model is run twice per block. using
a shit‘: length of 576 samples. A signal-to-mask-ratio is. provided for every eealefeeter band,

C.1.5.:i'.2.i‘ Adaptation of psychenacaustic model if for Layer Hi

P33-cheacoustic Model 2 II-clause D2} is modified as described below for The use with Layer [1] enodding.

Gen eral can 5 ideratiu rts -.

The model is calculated twice in pitr:-1.lIe|. Cine cc-mputnfion is done will: a ahift leuglll I'll-[en of 192
samples {to he used with short blocks}, the other is done with a shift length of STE: samples. For the shift
length of 192 samples the block length. of the FFT is changed to 2.56, and U13 parameters changed
ac:cnn'|i.ng1y_

Change to unpredic tability calculation:

Tl'l.e= caicuiafitrn of the unpredictability I:t1e1_tic in Psychnactlusfin Model 2 is changed.

- Calculation of the unpredictability:
The unpredictability car is calculated for Ilie firsl 206 spectral lines. For the Ulhcr fipcclrfil lines. lhfl
unpredielaltility is stel‘_1'.tJ [L4,
The Imprediciahilily for the F.r:.l 6 lines is calculated from the king FFT fiwindfiw length = IDE-4.
shiftien -= STE-l. For the spectral I'u1-es 6 up to 265. the unpredict1bi1it;..r is calculated from the short FFT
{window length 256. shiflien = 192):

cw_I{w) for I} S w -c 6

cw {iv} = { cw_5((w+2JDT‘.-'4) for e 5 w «q me
D,4 for w 2-: 296-

ew_1 is the mpredictahiltty calculated from the long F'FT. cw_5 is fl'I== uI1t=I‘I=diiIT-Hhilitii ¢-='IJJ-'~'-I1i'-I-t‘-d- fi'U111
The second :;I1ort block out of three short blocks within one granule.

- The speeading function has been repiaoed:

Ifj El Ill‘-|F|'3r'= 3.0 -1}
gm unp}-= 1__5|:j-i} is used.

Duty values of the splcadirtg funcuon greater than l-0'5 are used. All 03151 V-‘1lU€5 3-1'11 931 TD Em-

- For convening the unpredictability the parameters

cotwl = —[},'l'-3'9
t:tJt:n-'2 = - 0.43

are used.

- The parzumrter N.'-*lT {noise masitiiig [one]! is set to 6.0 dB for all ll'I1"¢5h'-D|'~'J Calf Ulfifi 911 Pi“'”'°'1-‘-in Tb“
parmneter TWIN (tune rnasltiug noise] is set 10 19.0 dB for all p:Ll"i.Ii1D!'|-S.
Fm mimri-.1 5:: table "Lh.:'e5h::|-id ea]-eulalion [:a.rriI.iens" [Lat-ie (3.7)-
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E! ISDIIIEC ISCIHEG 11 1 :-'2-3: 1995- {E}

- The psyrcho-acoustic et1r.rop3.I is cslimatsd from the ratio thr.-‘ob, when: Lhr is me um-esJ;m.Id and ct. i5 13,;
energy:

P3 = - E ECbwi-I:|thk- loglfi 1J1r|.;.|'l'I:!ok+1.Il ill

WIZIEII: 1: indexfis IJJC U:-ntshold I::I.Js:u l2II.icn1 partitions and cbwicllh is the width of the fllreshold
1:.-6.11: ullalzion partition (see tables).

- pro-echo comrol

The following oonstants are used for me control of pi-e—cc|m's [see block diagram}:
rpelev = 2
rpe-:|e+.r2 = 15

- The threshold is IIOE spread over the FFT lines. The threshold calculation partitions are oon1.r-3:111:11
-di.I1:::tI:ir to 5-caiefaclor hands. The first parI:it:it:n which is added to the scaiofactor band is weighted wi In
W]. Elli: 13.5! with W1 {see table (3.3 "C0rI:wcr'I.ing Threshold Calculation Partitions to Scale Factor
Bands "'1'. The table ::orIt3.iI1s also the Il|..'I:|'l'll:IE1' of partitions {cow} converted to one scalofactor band.
[oxcluding I11: f'1:_5ta.nd um last partition}.

Thu: partunu-:1-tzrs bu fund bu are shown in lab-11.‘: C3. Tlley aroused fur v::L1u1vt::I1ing rllrnshtild t::‘LJt_'u]t-LI'.:'u_m
parufions to scttlofnctor bands.

- For short blocks asimpiifitd version: of the threshold calculation tooitslant signal to noise ratio} is
used. The constants can be found in tho columns lab-elioti "SNR {dB}' in table IC.1'(det'] below.

31
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JSDIIEC 1 1 11722-3: 1 993 {E} '3! ISDIIEC

Table I‘-3.7 -- Thrtshold calculation partitions with following parameters width,
minval, thrzsho-Id in quiet, norm and hvnl:

Table C.'.':|'-n -- 5nrl1|‘.IIing__I"requem:}' = 45 IEHI long blocks

--E_-ae=a«.I::-L-4u.u.+-.-.:.5 JKEEEEE:-823838....-
LALALHLALA

Dggqgguflfifi-QDQDCIEICEIZBGDEICHD|:?IE'l'C|GICH:DC-I:lCIl:rl:H:II:|CIQCLuLuuJ.udIum
32
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in ISDFIEE IS-CHIEG 111?2-3: 1003 {E}

Table C-7-51- 5=mPiing_lr-mucncy = 44.1 km: long blocks

0.531
4.532
4.532
0.004
I:}.9'E|'4
0.090
0.000
0.029
fl.D|29
0,029
CI.:|I]9
0.369
0.009
6,009
0,009
{L013
13.01 3
0.013
0, D18
0. 013
0. 0: 3
D, G! S
0. 0| 0
0. 0L 3
0. 0| H.
I1 U-l B:
U. U [H
0.01:
3.03,?
0.02?
I3'|.|3I2‘:‘
0.02?
9.02?
0.0::
0.02?
0.030
0,030
0.036
0.045
13.045
004.5
0,054
0.05.:
I:‘.'I.IEIfi3
(3.003
0,053
0.03:
0,03:
0,031
0,130
0. L20
0. L93
0.400
0-1 00-
0.420
L.E'3I$
|..E-U'B-
L399

14,-. :5
14.415
32.554

550. |1-1.
102.110

 

"'3“C"'3*-"~"-""«"0'-A«"'-4|-I5-I-*1-I“?-*'-r1'-CI-€l'-GIL-H~JI-ilutk-nut-0HM-:..rr.:q.J;..I§..1.—.—.—...._...,_.._.,__.,__,_,__,,__i l:'.1vDDG-C!IC5C"-.'..-"DDGDDDUDUGUUUUDDDGDDUDfl-fibficaqvacyagawwwh-.g,{h
E3
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ISDHEG ‘I11T2-3: 1993 {E} :3. |5g,.'|Eg

Table (_'.'.T.I.': -- 5:I.1'rI]:rlil1g_‘I'requenc3r n 32 kl-I1 lung blacks

IdifififisaahhhD-ENG-M|..n|..I.U.L.nJL.IL.hwwuuuumummpuyppuhuunuHh_.N*_,.H,_;,H,_, CHDGDDCIDDGDDDDDDGDUGDCDDUGDDGDDDDIDDDDDGI1‘-ulUJb3|...I-L.l-Elhukfli
B4»
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IID ISDHEG ISOHEC 1 ‘I 1'.-"2-3: 1993 E}

:"‘-3"-J‘-‘ILI'”-'1"-5-5-‘L-I‘-5"-ll-J!‘-'|l*-II“-'|hll-u'!I'\'-'-—r-—--—--I--I-I-1-»---I--—p--..n...|
I53-.?'.‘.".|

E5
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ISDIIEC 111T='2~3:1993{E} lg: |5c;_,r|E:;

Tllhlt C-7-I‘: -- Samp'ling_i'requenI:}r : 4-1-.1 Icflz sllurt ‘block.-a

asessaagmrasrs;;:;r.:;::a‘“=-m~“—=-'=-
L..|-L.JIL..||...II'...‘I oou-.1cnI.I1¢-

n_.«.1._|-_|{_.I|1_,nuu.|1...::.I:..:I.uI_u:.I_,u:..J|_\..|[JumpH...-n——n_.———u..n.-—n..n_.n_.-..n_.._.._n_.

E6
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IE: Iscma: ISCHIEC 1 11?2—3: 1993 {E}

Table C.'.'I".l' -- Sam]:I]ing_fr-e-quEn::}r = 3-2. kl-1: short block:

1   

  
  u:IaI=--.|s;-uI..~u.p.I..H..:--c:u|

aw--1--||:|"-'-ll-UI-I1-|L-h|--|-'Ld|-lL-J|«JIuJI-.1-Hl-JIh.1h1lJhl-->—-—-—-—-—-—-—.—-.—.—-—.-.-.—_.-.._._
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ISCIIFIEG '|11?'2-3:199:3-{E} (E? ISOEIEG

Table CLB +- Tablas for converting threshold calculation partltluus to scalefactor hands

Table C.-Hm -- Sampling_frequtnc;,r = 43 kHz lung blocks.

I-J>—-¢;;:;;::::a”““““*w“EH
|—II—I-MDIJCI--.IClvL:I'I.bLnJIr~..|I-I-:3:

I--GI

f\_)p_||dp—|—n—n|—||-u|—ICl‘~I'J-W--ICE‘-.|"I-3'-“-LIJ}--'1

EH
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6 ISUIIEC ISOIIEC 111?2~a.- 1993 {E}

Table (.3-3.: -- Sump-ling_f:r-.=.quenc3-' 3-2 kHz lung blacks

I-.J'.a-5I~.'l1l-‘L-F-Ln‘!-I-‘-I‘-|..n-1|...-3|:u'II-.1I-II-"-C."'lIKI--.lG\.h|'I-Ii-‘I..-'IhJ--I-F.)
I-‘D
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ISCJIIE-G 1117-"2-3:1:-'.iE|3:[E} Lg |sg..-'|Ec

Till]! 12.3.1 -- 5amp|ing_fr-e-:|uem:y = #14,] kHz short blocks

:5-am-qmuhum--:2
i'99'5'

I

-—-—-cuan:-».Jcru.r.;u1.;:..-L...n..m..-¢:,;|
-nu:

--‘id-lh-chin-H-Lnh-wuamru

DD
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*3 ISDHEG nscmec 11172-3: 1993 'E}

input buffer J

 
  

FFT [long and short}
(winduwsiza lung 1024
windowsize sJ'u:Jn‘. 256)

Llelay cnmptmsaunn for
fjrnrharuk

calculau: unpr-adictahlluiy Ineasure cw

c:IJculnte Ihreshoicl (part I)

calculate perceptual entropy

LIEEE 11:53

IDIIE bifllflifi shun blacks
pI:rI:tp1:I.1..1.1 entropy

N :- switch_pc ‘P ~.l.r

1:-'I1I:LIL:LI'.E Um: mold (part 1) c:‘1:|c-u1:1te: I:l'I.rE;shn]I:l for short black;

flclagr rhreshn-1-:1 (ratio). hlcn-zklype. rterccptusul entropy by one hi-Jck
Lriblackzypetnh = SHIZ'.lRT_TYPE .13; h1ncktypu:n-1) = r~.'0RM_'r":'F-Er:

b1|:|Gk1}'|II6{fl*1} == S'l‘ART_T':'PE:

I: output buffer: hlocl-Hype. t|1.1'E:s.h-3113 {ratio}. perceptual entmp-3.-'. um: signal

I-‘lgurt C.fi.n -- R‘Im_-1:: diagram pstyclnnaclrustic tnndei 2, Layer III: cal-culatr. threshu]-r.
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ISCIIIEC 11172-3: 19533 {E}

-mlculatlt flint Energy and the unpredictability in
the llmashold calculation partitions

eb<hi= Z rt»-:13 2
cbr:h:r= E ¢wtw}° rfwil

convol-we the pfll'LiI.it_'!-fled energy and unpred.ictal:uiJ'1t3.v
wifl] the spreading function

ccbblfbh = eh "‘ sprtiliigf
ctbtbl = cb “' 5.prd.ug,f

calculate the miinliry at‘ each Ihlizsholni ::.n1nuIm_io:|
pa.1'tiu'c:n uhtbl

Efbbfbl
lb-'|:I[b} = ::I:-rn.-'1 + 4::-unvl-lcugi 2 )-

SI‘-'RI{'b} .-— MAX (mint-'aJ(b,'!1.
'I'i-'I':~J{Ifl - lbtafhi + HMT{b_"J - {1 - tbbflfl H

5NFi:[b]|.~''I :-
nbbfbl = ecubrb} - normnt:-:1 - I0

ru:11'rnI{b} is a nonnnlizing u::on.s.L.-int far cash partition

pr:-echo m:I1.I;mI:
compare 111:: threshold with the |n5LLl1rE:‘.5ht:-lcl and
Lhc, tJ1.re5I'u:|1t,1 in quict and take me maximum:

mrfbj - M!-.X[q:1rLrI{5b}, nhbfihi. 11.bb_l(h}. nlJb_1lU:I.‘-III

11,]:.b_1{|3; = 1-pe1ea..- + rmbrjb} from line last block
n|:|b_'.1(b]| = rpele-.."'.! - Ilbbfibj 1'1‘£1:In the blfll-'.'k htffiflb lhfi

last block

 
@ JSOIIEC

Figure C.-5.ln -- Fllu-ck diagram psycllc-acoustic I1‘t-2H‘-‘El 1. L=3'I=I‘ H14 I‘-3'-1"-"»'-"~97-E ”'"9."'3"-'5

'31

{part 1}
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:::~ ISDIIEC ISCHIEG 1 1 172-3: 1 993 [E]:

cclnveai frcrm flueshold calculation: p.-u1iu'a-ns L0 cache: pan.iLim.1s
-Ijsualrzfactur bands}:

energy: in Cash atfailefactur hand:
h = bu»-1

e1'H.’sEfl= wl r ebfbu] + E cbfb} + wzvebfbul
|::I=bu+1.

mreshoid in E:a.=:h scalefacior hand‘.
b -1 |:Iu-‘|

Il1rn(sb}= wl - :1-mzhu} + E mrm]. + w: -thribo}
b = bu+1

Calcul:-ue ratios fur each sL:IlBF:1-cit:-r hzuni:

thmlish)
ratiulisbl =

enisbil

Figure (L6,: -- Block diagram psychoacuustic model 2. LH}'|:I.' III: caiculate tllreaholi
[part 2]

53'3-
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ISDFIEG 11112-3: 15393 (E) .3 [35-._,riEc

subhlo-ck = D

C=flJE'.LtI|-‘III: this chars)’ in flit: Thrcshcrld c.aJ.‘v::L:1a.r.in-n partifinns

e1:r{'I:«} = E. rliv-'} 2

CDHVDWE TJ.’:IE p:a.rLi::i:1ned energy-' a.nc1 unpradicmbility
with the fiprcading funclillm
e4:bl:u[bJ = eh * sprdngf

£‘...'IJElJIElLI: 111:: Il1n:5E1uId I'I:J-1' cash 1.lLr|:.5holI.l I:.a]I.:uIaIiI:H1

‘rmrliti-::I1
SNR{b,‘n" 1 E}

nbbilfl - eclntn-{I1} - nunnfibi - 10

amrmlfib} is a nonnalizing constant fact each pa:1.iLi-an
The SNR for shun hiocks is rand from a table

cnlnparc the dJn.:5l1I:I]L! with U1: East umcsholui and
u1.e[hres,h::nli_'lin quiet

Ln;-(13) = maxilnurnflqlhrfhj. :L1IJb{'|J}}I

con=.re.-rt me Ihrnshuld calculmion pa.rtit.icms ID 5n:a.1-efactucr
hands and calculate ratio for each partition.
[see -::1]-:u1:LLe threshold part 1 black dia,gI‘fi.1.’l'II|I

subblu-ck -I-= 1
sllhhlnck -r:. 3 '5'

Figurg C,fi,¢] -- fllnck dingrarn ]I!i}'EIIl]ZIC|.'II.lStiC ]1‘JDde] 2.. L33-‘ET III: Cfllfllllfltl “‘I1'E3hD1dfor shurt lilo-CR9

‘J4
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fi' IE’-C~'|EC ISDIIEC 1 1 1 :2-3-_ 1 993 {E}

Wind Izwr switchin g 11¢ ::[s1o n :

T1-IE decision '_-vhether Lhc. fllterbank shpuld bc 51»-jltclrcd ID shun windows is deriv-mi from the cajculauon hf
the maslung IJ:In:.s.J:m|d by calculaung the esumsm: of I11: psychuanousuc entropy {FE} and swihzhing
when the PE exceeds Ihc 1-'a1L::: 13011. If This cnnrlitjon is met, me sequence sun-1 (b1uc;|.:_tg,rpe.=1}, gm: [1
'I|:I|-'DCk_t:rpe=T]-, shun. stop {bIuck_1:-rpe=3j is s'la:r1.1:d. Fig,u.re Cf! shows the possible stab: changes. 2'01’
the window switching logic.

  
 

no attack

Figure Cf." -- Window Switching State Diagram

6.1.53.3 Analysis part 1:1‘ the hybrid fllzarhank

The subhand analysis of the pa-Iyplmsae. filterbank is described in clause: C.l.3. "Subl:ta.n1:l analysis filter".
The. gutput of me pol}-phase fiE|'_-nzrhaa-|_'|c is [be input to Um: gut:-cl'Lvi5'tI:In using The: ['1-'lDCT_ A|:L0rdiIlg In the
-nu:pur n-E rha: pay-cl1uas:ou5I.ic mo-dei {variables IJ1ucksplit__flag and lI|0¢kJ3'l2IEJ the Windflw and
|_|'an.5l'1:urm Lyp-cs normal, start. short. or strip are used.

13 cmisacufive flultput values of one granule and 13 ouLput1.-alues of the grzmule before are ass-En‘Jb1Ed to U311
bln-cl: of 36 samples.

Bl-zncl-: T;-{pa 'normaI"

z5=:1’i.'-:.:'L 1'-»::s1'i=-Du:-35

95
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Block type "start"

, . . 1 .

K ,-sln‘%-[1—r-17)) fr::u'1=DI;o J?

   

X’: for i=1E mza
Ii 2

1’-, sin(%[ i - 18. + ['01-i=2-:1 to 29
U fur i=3U to 35

Block type '2: top‘

0 for i=0 :0 5

x'.,s1n{% i—E-+% fm-izfitull
Ii ':

I’; f'I:Jri=l2toI'?

xg sin[3ifi[ 1+ rm i=lE to 35

Black type '':-:]'1 art"

THE block Elf 35 5EI.n'L|'.I1¢5 i5 divided illtlj [hum |'_'I‘|.|'|:'[]£|,|'|-£'_I'i'|_'|.g hlucks:

I3 , _
yr: :'=:: 5“, fnr1=Dt1::-11

_‘_!|"l =X’j+12 fC|['

}"j' = I’i+13 fflf ED

Each of the Th:-er: SITLEIH blocks is windowed scpmamly:

z§m= .‘r'smsir{E( 1+ fnr i=0 to 11. for law In 2
MDCT:

In the following n is the numbur uf wzimlu-wed Saznpltts. Fur shc:-n blocks 1: 1'5 12, for icing blocks :1 is 315.
The analytical expression :11’ 1111:. M'[2ICT is:

r1- l '
:I'.

1'. '-'- Z 3k'9‘~"5[ '1';
k=CI "

n

I 2k+1+f 2  [zi-4|] rur1=n:}u:1-1

Aliasing-B utt arfly, Encoder:

The calculation of aliasing 1'C(l|.lC1.i.I.'."|.'l i=1 Lhc encoder is performed as in the decm1er.Tl'hc .I!..f=I1f=l‘3-1 PIT”-"rE'«d-“R3 35
shown in figun. A_5_ 'l'J:uE: bu11r::r.t'ly detinitlon [D be usveci in "J.'lE.‘. encoder is shown In figurt C3. T113
cc-Bfflcicnrs mi :i.nr'.| :5; can he t'nu.t'.-:1 in tabla: 13.9.

'96
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e: Isomac Isomsc 11112-3; 1993 {E}

  X=
{:5 i

Flgilrc (3.3 -- Encoder Butterfly Definition

'i3."I.5.'-3.4 Calculatlon of avnraga available bits

Tllo average number of bits per granule is calculated from the frame size. The bin-are :54 khims is used a_;
an". example. At bilranc I54 kbiisis at 43 Don samples per second.

(54 DUO * (1 151543 U00} hills par frame} It? granules per fminel = ‘Id-3 bjLt per granule.

As the header lakes 32 hits and the side infonnadon takes 1? bytes (136 bits) in Si:1_g1e:_c112;[m§:| mode, mg
average amount of available hits for the ma:in___data for 3 granule is given by

m'==i1'1J1iL3 = 753 HES P61‘ SIT!-l'III:1I= - |i32+13-I5 hiL5 per frameII.I'(2 granules per frmne} = IS-E4 bits per granule .

Bit reservoir:

The bit rosen-'OiI‘ can provide additional bits which may be used for the granule. The ntcmber of bits whi-c.i
art: provided is determined within the iteration. loops.

E‘.:.1.5.3.5 Gluantlzaticn and encoding oi‘ frequency domain samples

The. frequency domain data are quantized and coded within iwo nested ilcratinn Jeeps. Suhiause 0.1.5.4
co-'1ta.ins a. detailed description of these itemdola loops.

C.1.5.3.E Ancillary data

The Audio Standard ptL'o'u'i-ties El. number of bits for the inclusion and tnmsmission of variable length a.r1-:illa."y
data with the audio bilstresm. The anciilnrg-r data will reduce the number of bits available for audio. which
may result in a d'.i:grfl~tI.E|Lit:n1 of audio quality.

The presence ofa ‘bit pattern in the a.m::iIl:u1.-' data m:Itch1'.ng Ihe sync-word may I1a;n1per s3.rnr:bronizaI.ion. This
problem is more likely to occur when the free t'o1'mat is used.

C. l.5.3.'.~' Formatting

The details about the 1.3.;-.rer III bil.'SlICfi.|:l'L fonmit can. be found in 2.4.4. The formatting of the HLLfEII'I-an 006%
words is described below:

The Hut'fma.n code words are in sequence from low to high frequencies. In the iteration loops the frJU-owing
variables have been calculated and are used in en-codiaig the Huffmztn code words:

is{i 1. i=fl_,_5‘.'5 qunnflzed freq LLenc'_-.-' dornnin ~..-:d1.Ics
T.abIt:_5elct:l[tt:gio|:j }h1l'l'ma.I1 code tahlc used for regions (region 5 0, I. 2}
1-egian_ad:1:.s.5I defines the border between region 0 and 1
:egim1,_am-ass: define.-5 me border i:-ew.'ec11 region 1 .'1:1d 2
ma ;;_~.-a1u¢[rcglg|1] mnxianuxn abscflute 1.'.~.1Iuv:: of I:;1.l1'LtI.1.i.':EI.‘.l I1-1l‘.E|. 511 ft giflllfi {rfigi-0E1 = ‘D. 1. 13

Th.g r_'I_1|'_;1,-Lrc wr':1|:gn to the '|:>il_5Lre:in'L :IIl.‘Cl'Jl'i1l|]1.g to the }ILLI'f:m:iI1 Ende .§_'5-"I'Itfl.=t described in 1.4.2.7

Thu: actual assembly of me I-IufEm:u1 code for I11: big_v::'IJo£:s part is described in E1 Psfiufiifl high 1ii'«""‘«‘l
lsangmaigez

5|?
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iSC1I"iE'C 1 T 1?2'3I 1993 ©|$c1I.I|Ec

for region number from D to 2
ift.a.'Ei1e_se.leeI for :lJ:Lis region is [J-

5'J-0U1i1'|E in dirt. all values in region an: zeroelse

if l‘..‘rlbIe_5l:Ie::t for this region is :,-.- I5
311 EEC-table is usctli look up linhits value ouuneetod to the tabla: used

"3' 5 = 13521“ 05 |'¢'-Eifl|1 10 End of region. count in pairs
at = ism. _r 2 isI[i+I‘,i
if x :> 14

linbitsx =1 -15, 3 = 15
end if

sign: = sights}, 1 =. 3135(1).
if;-' 3- 14

= Y -15, 3|’ =
end 11'

signs = sisnoril. r = ahsi:-vi
look for codeword = huodI:[1]|_~.rfJ} in tabla: t.abII:_sciect

write hen-C I:|,'x][}.-']]I.. beginning with Ilse leflmosl: hit, number of bits is hlen{[:a:][y]jif at :> 14

Write linhilsx to the hitsueam, number of ‘oils is Iinbiu;
end if
if 1 ',= U

write signs. Lo l:iL-so-e.-on
end if

if y s 14
write linbitsy to the bitstr-earn. number of bits is linlz-its

end if

if 3'' != D
wfite signy to bir.sLream.

end if
end do

else

no EEC-words are used in this region:
for 1 = bflgilitiillg of region Lo and of region, count in pairs

‘.0! = Efij. 3-‘ = 'iS[i+'|.}
signs = sign-Ls]. is = abs-(x".|
sign;-' = signfzril. 3-' = abs-[3,-J
look for oodeword = hoods: [x][y]} in table, I:ah1e_seleI;c|;
wriic |lcr:rd{[:¢I[3«']J. beginning with the leftmost hit. number of bits is hlen{[:<] [;-.--]}|

write signs to bitstream
end if

ir 3» != 0
write sign}: Io bitstrezun

end if
end do

end if
end if

-end for

A possible application for lhe pr'wa1e_11't1.s is to use them as frame counter.

13.1.5.4 Layer l|[ Iteration loops

l.'.‘-.1.5.4.1 introduction

The deseripti on of the Layer III loop module is subdivided inlo Three levels. "Th: U313 ltvfil is Callfid "1¢'¢|P5
frame program". The loops frsune program calls a .=.uhrou1.i.nc narned "outer iternlion loop" which calls the
submuune "inner itermion loop". For each level a oorresponding flow tlmgmm Is shown.
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The leaps module quantizes an input vector of spectral data in an iterative process according so 5i.*:t.r¢_|a1
dem.a.n-tls. The Lnner loop qt:La.t1t.'tI.es the input tree tor and increases the quanfizer step size until the amp“;
sector can be eoded with the available number of IJ-its. After ootnpletion of the inner |-nap an outer twp
cheelts the distortion efcaeh scalefaetor band and. if the allowed d'.l.5lt]I'l.it'_|Il is exceeded, a_'|:np]j.fit:-5 rm-;
s:a1efi1I:tor hand and calls the inner loop again.

Layer III luopts. module input;
{I} ‘WEN’-‘ID!’ Df lhe II1ag;m'Iaudes of the apeetml values nLr|Il]..5'i'5].
III?!) III’Ii=l(S|:I}. the allowed distortion of the sealefitetor lrrarttls. ‘.|'.lII.'l-I1 - ratiotse} 1' el1E5b} Ibwtsbj.
El} Wil'lElDW_SWll-EllIlII.E_fl=I.B. wllich. in Dorlj unetion with mixead_,hIocl:_t'|.ag and bit.‘-C|t'_t}«'pE. determines

the number ofscalefaettrbands.

(4) metm-_bit.s Cb-it available for the Humnan coding and the coding of the se:tJefa::t.urs}_
{fl} I1'I-I:1t'e_.bits. the number of bite in addition to the average number of hits. as demanded by the V31 13

of the psyehoaeouetie esrl-l.n:I-py for the granule:
1.'1'lt11.'E_l:Ii.l£. = 3.]. "‘ PE - (at.-ertsge ntunber of biLsj|

Layer III loops module output:
{ll vector of Eiunnlizead values ix{'E|...'1'?5}.
{I} 5-c£I.leF:1e__1(3bII or st:."tief:IE_5Esb]I depending on winrlow_switeh'1Itg_flag, blt.'HI.'k_I}']!lE and

mix ed_b I-oel-c_f'lag.
{3} glo-ha..l___ga.in (quantize: step size i.ttfot1'nttLion‘i-

gII;t-bzt1_ga.'tIt. = qquant. + sysle1n_etJn5I:I:I1t.
5}-stem_oon.st:mt includes all the sealing up-e1'eLioI1s of the encoder and an offset to achieve the
correct output with the decoding process tlestzibed in the main |:IFIl'L

{4} ttu.ml:ue:r of uttum bits available for later use.
{5} preflng {loops preemphnsis omoff}.
{fit Hulfman code related side tttron-nation

- big _\'flll:-[23 {number of pairs of Hufftnan coded values. excluding "oot:Itt'1"]I
- eountl la'hIe_sI:Ie::t ('Hu1TJn:.=I.n end: table of shsolut values «:;= 1 at the upper end of the
spectrum
— 1;ab]e,_5teIe:cL[U..2](HufftnaI1 cede table of region 5}
- regionE'_I__eouttt. 1'egion1_eount (used to calculate boundaries between reagiensi
- ]',!:I_rl2_3 __leItgIh

¢.1 .5.ll..2 Preparatory steps

G‘. 1.5.4.2‘. 1' Rose!‘ of all Itera Hon variables

T]: g 5:;',a_Ig:f;t_1|;_:I_|'_'||‘S. cf the coder p.§|_:1_iti.on5, sr:aJe.Fat:_l[5b] or sealefar:_s{sb], are respectively set to zero.

'I',ht_=, counter qqunnt for the quslntiz-er step size is reset [I:I zero.

Preflag is reset to zero.

Sea1el'ac_seaJe is reset to zero.

The inital value of quttntnttf is set as follows:

qurmtanf = s3,rsu:m_eot1st * Iogefsfrni.

1.1..-he.-g gfir, i3 :1“; 5pecI[_fi|_]_ I;'Ia[_ne;I:g 11_'_|r_:1;1_|_rt: mid quE|.1'|.l.'u‘|f I.‘,l.E|'JE:1'I.d5 I311. IIIC |'.‘UIlTlFll.| iI|I'l.]'.|1|3II'1E5I'iIfl.T.l'Dll fir I 13
en-node-t.

The spectral flatness measure sfrn is given hr

LLIEEDS :It.rfi.}é]
C 

31111 = __

1-: 1ET[l}_El :-Cl
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The value of s:vstem_I:u:Inst is cllesen so that for all signals the first iteration nf the inner loop for an
signals comes out with a bit sum higher than the Iziesired hitsum. By that it is ensured tJ:Ia1,Th.I:. ri-st can at

the inner loop results in the solution which uses as many of the available hits as pnssihte. In order m gparg
cclmputing Limit it is desirable to minimize the number eat iterttrjtms by adapting the value {sf quamanf to ma
hitrate and the signs] slaustics.

c.1.5.e.2.2 Bil reeerreir centre.‘

Bits are saved It: the reservoir when fewer man the i:nesn_bits are used to code one granule, If bits are saved,
fact‘ :1 frame. the '-saline et’mru'n_u:Iata_end is I'm:I'easeti accordingly. See figure A..‘?.a.

The number of hits which are made available for the t:1.ain_d.ata {celled "maJt_h'Its") is derived from Thr:

astual e.st.imatJed TJl.J'E3i:lD1d {the PE as calculated by the psychoaeuusflc model). the average number of bits
IIIIBH-fl_biT-‘SII and the actual content of the bit. reservoir. The number of bytes in the hit reservoir is given by
main_:1ata_end.

The actual rules for the t:e1::tt1:I-l of me hit reservoir art: given below:

- Ifa nutrtb-er of bytes available to the inner iteration loop is not used for the Huffman encoding er
other I:nain_t1a1e,, the number is added to the bit reservoir.

- If the bit reserveir t:t:n11t.ains more than [LE times the maxim um allowed ¢E|1'It|:TlI‘. of the bit
reserreir. all bytes etteeeding this number are made available for rnain_cLata (in addition to
irIear:_hits)

- It‘ mt: re__b'tts is grmter than ltlfll hits, then ma.:t(mrJre_bitsI"E. l]..Ei*ma:in_ti.ata._ent1} bytes are taken
[mm the bit reservuir and nude available for n1."iiI1_t:i.a1a {in addition us rrIt‘:.an__hits}.

‘ After the actual loops Cl3|".'t1|:|'|.Ha1;iDAI1S have been completed. tilt: number of brine: not used fur
:nain_d.ata is added to the bit resenreir.

- If aftuxr the step above the number ot'l-nrtes in the bit reserve-i.r exceeds the maximum ellt:-wed
content, stu fling bits :.u-e. written: to the hitslream and the eentent of the hit reservoir is adjusted
accordingly.

t'.'.'.1.5.4.2.3 Calculation of the seetefeeter selection Information fscfsi}

'I'.h.e scfsi contajtts me itifonnatiotz, 'W]1iCi£|. 3t','.n:|ef;|.t:mrs (_gIt:Iupc:1l in the st:I‘si_l:-rutdslr Elf the-‘F.1'Sl: granule can
also be used for ".h.e sect:-nd granule. These stznlefactms are rhtrtfurc 110! transmitted. 1116 D13 gained can be
used for the Huffman ceding.

To rletermjne the usage of the sefsi. the [ellm-ritig inferrtiatien efeach granule must be stared:

at The blcclr type

b} The tntal energy nf the granule:

. n . 21
en_tut = int leg igii :etrLfi]| ‘

where n is the total number of spectral 1-‘Blues.

1:} The e:tIr:rgy t::i"e:IrJ:: scslefaeter band:

lbilfs b'}+|:HM{5'h]I-i

entsbj = int{1tt:g2( Z |x1~[i}| 3)}
i=Il1i-;s in;

where 1;;1(5‘pj is the number of the first cnt:fTL'it:I1t belonging to senlefacter band SD and hwifib} 55
111.: number of rec:-efficients wi1hin sealefacter harzd sh.

10-D
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II! The tt.1.i:r'tI-red dism-rtiun Dfeach scalefactnr band:

xrnlsbj = l.l'IE{1t‘..‘Ig2 (1min{i]:]}

tuninfisbl is c.ELleu1aI:ed by the psyeheaeeusfie model.

The scfliefactnrs of Hit: first granule are always tmnsmittsd. when coding Ll:-e second granule. the
infnrrnatinn M the two granules is compared. 'l‘l:tere are four czriteria to detertnine if Ll1I.'.= scfsi can be used in
gflnerfll. If Olin: of ll'I.t: four is not Fulfilled. the scfsi is disabled [that means it is set to {} in all scfsi_ha.nds].
TFIE criteria are (index D means ['1:r.s1'_, index I st,=.:::cn1.::l granule}:

all The spectral values aret1v::uta.l.l zero

bjl None of the granules D(Jl1|‘.:l:ilI5 short blocks
:2}

|en_t.m:9 — en__I:nt..I ~=: en__tmk,,-,
CD

2 |f:T1(Sb]u.r enlfisb} , i -: en__difk,.-,,_all scalcfncmr hands

If -uh: scfsi is not disabled after the tests tit-Due. there are two en-iteria for each .=u:Fsi_bm-u:l, which have hath to
be fulfilled to elmhle sefsi [mat means to set it; ‘[0 1 in Unis scfs'L_‘uant:l]I:

3}

Z lenfisb jln - entjs-‘tn J [J -r: fln(SCfSi_i‘l:1n|:i:l]“.“us-.ua ndguna

‘nil

Z |:r:n1f_5b )0 - 1-Lm(sl_1_‘J1l-e: '.|CI'|'ill:SCfSi___h.El.ndjkJ__it.|lu'.ha-"n-Id"I'_bI1d

The cunsnants (wim um index .i:n'.rj have Ln be ehcssen so, that the scfsi is only enabled in case of similar
energyfdlstonjen.

Suggested values am:

en_tntk,“ = ID

en_d'Lfkn-I = HJCI

ent.'5c:"5i_tt:md)kriI = ll} for each SCfSi_b?II1Ifl

sm(scfsi_bmd]-flu == 1!} for each scfs':_b:md

|::_1_5,4,3 Dutnr Iteration loop [distortion control Icon]

11.: flute: i1;gr;1_[_i_|:|-11 mop m.nLr-3.15 me, quanuz:-u-_icm noise which is ‘produced by |.‘.[|._IE|.|!lIiZr‘£-llillflli DI" the _ _
fmquenqr dumain lines u.-'LLhiu the inner iteration lineup. The colouring of the noise. 15 dt.'Il'tf._h)* mulhplltflflt W1
of 111: lines within seaiefacter bands wim The B_CI.'l.LFLi HEIIEFHEIUTE befic:-te fining U“? tll-IIHFIUIB-U011 Th“

following pseudo-crude illusmttes the :rn1.1IIJ'p1it::Lt.icm.

do for each s.c:1Je1':tn:L<;-r t:-mid:
dn fmtn Ln W'C1' index to I.tIII=::I index Bf =‘CEIJs= fEIE'l"~2-1' bfllld

,mm = grgi} H u'{1} 4* {[1 +5.c:|lef.'Lc_sI:EIle} * scaJ::fa::{1-:b})
en-:1 do

eruzl Lin

'-.J'.-"here 5-::a.iei'a:: is ei'.J'I-er s-::;ulE:fiLC_1 Cf 55-"IJI=fHE_5 PIS fiPWDF"5-‘11"3-
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II'|. th-5 H.CTl.IHJ. 5}|'E-IBJTI. ‘HIE i5 dI:]1'I.E: Entfllly 1u:iL]1J'u5|;1_]'|,e ingfgasg gf [ht scalgfactufg
applied in each I:|iSII.')t1.iE!II1 t:'.t.11'LI_rtJI ]t;H:}p_ This is 4:|e_-§,c;r-ibe4;| in u;:_1_5_4_3_5 bg|_g-wl

The limp HJWHFS 3LFI.I'T.Ed. r. g_f[f_]' gflrnt itgfaflnns file rnalmufl-I Inns-Eh
of the scalefaett-rs 'I-I-‘mild be e:tcee:t.It5tl [see st:aJefa,c__cm:npreg5. [algae in 2_4_2_]' and (‘_‘,_1_5_4‘3._5 heigwjf men
s.1:alefa.c_scale ii: increased In the ‘I-'3] ut: 1 thus increasing the possible dytiamic range if |J_'|.E scaflefacflgfgd In
this case the actual sealefaeters a.1'|.-El frequency lines have to be can-ectgd aoc.:.r:1mg|_»,r_

C-'.'.L5.4.3.1 Saving of the seatafaeters

TIJJE scaicfacters ofall sealefacter ba.tLti.s. stzale t':1t;_l (sh) er sL'a.Lefa.e_s(sb_i. as well as the quantizer step size
C]'CI|-131113-‘-'3 Sal-‘ed. If the Dumpuiatien til‘ the outer loop is cancelled. wimeut having reached tn proper result,
this Value T.-Dgflllttf with Ihe quantized speelnlm give an approximation and can be tra.tIst:1ittetI.

B. f-5.4.-3.2 Call‘ of inner ,-‘fa-ration too;

For -Each ULII-E1‘ ilcration ltmp {distortion centre] loop} me inner iteration Le-up {rate t:e-tltm-I loop) is -:.1J.I-etl.
'I'.I'IB parameters .'i.i.'t the frequerucy tit1m.=i;'tn 1.|'F|11]EFi {hybrid filtefbstnk output) with use 5r_'fiJ¢Fan:t-tars applied To
|'J'IB valties withill the stralefncter hands and me number of bits which are available to [he rate ccmtrol loop,
The result is the num her tifhits actually used and the quttntizetl freq ueue;-I lines iittil.

C. 1.5.4.13 Caicuialian of the dis radian of the seainfnclar bands

For each scalefa-:tI:Ir b.EI.tlt:l the actual disterticrn is ealttulated seem-ding to:

i=1hI(sb}+|:rwI{sh)-1

xf.5f{sb} = Z
lbltshli

:3 qqu.'1nt+q::anl.-1:1!
{ Ixrfijl - ixtif * ‘ii: )3

bilndwi |:lth{sb_'l

 

where IIJ-l[5b} '15 Ihe number of the coefficient represizllting Iht: lowest frequency it: 8. sealelhcter I:u'1l'I.d a.l1t:i
bwfisbfi is the nuznber of eeel:TI-cients within this bent}.

C. 1.54.3.4 Free-mp haste

The ]'lre:empha,3.i.:: nption {switched on by selfing preflztg in it value of I] p-resides the possibility I0 fllflplifijf
the upper part el the $pE!I':L|'lJ1.'I1 aaceeldlllg to the preemphtlsis Lflbil-:25. table 3.6.

ifftrcflafill I
ifqstep = 2 "* t|Ci.S'(14-5eaJeI:‘£tc_seaJe} In
:t:I:t1i.:I1.[j} = :ttrI.i11.|[j} ‘ifqstep "‘ I[2"ptI:fti.-C'l{j]} _
fer (‘1=1:u.tr-er limit of sealerncter bal1.tl_j; i -::=up-per limit :1-t'sea1ei'au::1nr ha:|1d.j: i++J {

u-:11 = :u'(if] * itqstepllfmfilfli
I

I

The condition Lt: switch on the preemphasis is up to the iirlplelncnlatifln. Fflr EXHIHPIE 1J|‘G€ElPhi15'l3 C1?"-dd
be switched on i’ in all of-:1-Le I.]p]'IEr 4 scnlefactfir hands the aCl'|.|:E|I -dist-nrtitm exec eds the threshelri after the
flrst call of the inner loop.

If the second granule is being coded: and scfsi is active in. ill least one sv:fsi__bE1nv:l. 1h-3 TIFL‘-¢ml”1fi555 in “J3
scetlnd. granule is set equal to the setting in first gmnule.

t':.1.5.:aI.3.5 flmpiificarien er seaiefactar bands which violate the masking
threshold

All spectral valu es of 11:: scelefactflr bands which h«‘-1'~"?‘- 11 U"5i0fT-'l'~"Ti mm 3353355 Th“ “Howe” ‘J'i-‘‘“:''"fi':’'‘‘' 3”
amplified by a fttcte-r {if ifqstep The value Elf ifqsten iii Uiilifiifllflfid bl‘ 54331“ r1’“3_5'3313-
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iI'{(::m'1n --xfsfl of scalefactor hondj -e U} {
3LrI1it'Il:j} = xminfi} “' ifqstep "‘ 2
ifctii} = ifrifii + 1
for IZi=|owar limit of soalefnetor l:o.rt-2|: i -a-:=upp-er 1i.1:n.iI: of sealefaetrir band; i++} L‘

E. itriift = Ztrfljl "‘ ifqstep

If the seoontl granule is being oocl-ed and scfsi is seti -we in at least one si:fsi_i:tanr:l, me ru]]cm-ing steps hay: _ 1.5bnrioi1.e'.

ta) ifqstep has to be set similar t.I'.'l the first 3_HiIl.'|.|lE-'
b] If it is the first iteration. the sofi.lefactors of soalefaotor hands in which scfsi is enabled have to be

taken over from the first granule. The oorresponcling, spectral values have to be amplified:

iftfscfsi according as soalefaclor ‘titan-clj = l]{

'f‘mi_i = Irqmfirst _g;n=t.t'Lu1e _ _ _ _
for {:=]ower Jiinlt of scalefnctor band: I <= upper limit of scaiefsictor bsind; i4—i~j -[

itrli} = x_'r(i]| "' ifqstep "i 5i::aJr:t':i1::If_i]I
J

}

Where sealefric is either .soalef:ie__1 U or so:i1et'i1i::__s{]I as appropi-itite.

-2) If it is not the first iteration, the itinplifieaiion must be prevented For scalefiieior hands in which
seI'si is enabled.

C.‘-.‘.t‘..‘.i'.4.3.£ Conditions for the termination of the loops processing

15-fori:tia.l.l3t the loops processing terminates if more is no sea] efrictor band with more than the flflowod
dismr-Lion. However this is not always possible to obtain. In this case there are other eonclitions to
termiiitite the outer loop. If

all All sc:-ilefrtctor ‘bands are aireatiy a‘.I‘.t'ip1i.fi-Eli. or
‘n'_i The amplificmion ofat. least one ‘n:int.'| citoeetis the ripper limit which is Lieteritiincci by lilo

traiisrnission fonnat of ihe sea.Jefaci-:-rs. The upper limit is a. sealefactor of 15 for scalufactor hart-:L'i CI
ihrough 10 and 1:’ far scalefttctcirs ] 1 tl'irI:ri.rg]:i 20. In Ihi: case +:Il'I:+II::-cIvl_l._~.t]:x:. == 2 and
n1ixed__'I::Im;1-:__fla_g = CI, the upper limit is 15 for sealeracturs 0 through 13. Lo the oaseof
b1ac|;_[}Ipc == 2 and |'t1j.xed_'ti]t;it:|c_flag :. 1, the upper iimil is I5 for Si.1fl]IE".r&CL|D|!'S CI through 1?.
The upper limit is 1' for other serrlefsclors.

The loop pro-messing stops. and by restoring Ih-I: saved saoa]e:l‘aJ:_lI{sb}I or scaJefrio_s{sb} -3 useful Elutpul is
a~.r:i.iIa.b1e. ]-‘or re;1.Jt,i.|:|'Leiii'i1:i1i2ci1'ient.'itit:ii1_ there might. ‘or: :1 third cotlditiotl added which tBrI1'li1'I:IIE2'- flit‘: ID-OPS
in case of :1 lack of computing time.

c.1.5.4.-1 Inner Iteration loop [rate contrfil MOP}

The, 1',n_-mgr it»;-,n:4ti,q.n 1r_|;)‘i:| dues. mt: aqua] quztntizrition of the frtquiziuijt dotriniii fitiia a.1‘ii'.'i prepaits Tl:-t'.
fcu-ma|,1_in_g_ '|'bi: table selecti rt-11, suhdivisinti of IJ.':B big_‘«t:a.iuI:5 I'Ei.:I'Igi3 i.t'llCI regions and HIE SI;'.1i-331'-'-llfllll Df mi?»
q_i.1;=i.nrjzer step size takes place here.

5'. 1.5.4.411‘ Quantization

The qunniizaooti of the complete vector of spectral values 55 thine flCCDI'-’35nE *0

o.'t5

51”?‘ = ‘*i“‘(( ) ‘ “~“'9‘”"5*)2

1-33
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I:.I'.5.4.-4.2‘ T33!‘ of THE maximum of thy quanflzgd Vgfugg

The ma-limum 331°‘-*"BI1 Elufifllizfld '-“H1115 55 limited. This limit is set to I:on.st.t'ai.nt The table size if a table

i°'l'3i‘-"JP '5 "535 "3 "flll'*nii2¢ U13 iluiiflii-1'35 FFEQUEHCF iilII=S- Thfiiirnit is given by the possible values of the
length identifier. "1in|=-"us". of values flagged win: an EEC-code. Therefore before atw bit, oountittg is done
the quantize-t stepsize is 'i.I'JI:l'EaS$d by '

qqLlEl.I'l.1 = qqIJi'1.I1t+1

until the ma.:titttt:I.tt:t of lime quantized values is within the range of the largest }1|_|1Tm,a_n amt: ;abt.:_

G.t‘.5.4.-1.3 Gaieuiation at‘ the run length of zeros

The run length Fzerfl of pairs of spectra] coeffieients quattljzed to zero on the upper end of the speeu-um iscounted and called "rz.e.ro".

c:.t.5.4.:t..:: Calculation of the run tat-tgth at‘ values less or equal ana-

The run length -If n:]LtndrI.tpels of $].'vE1;“i.F-I-1] coeffieients quantized to out-_ or zero, following flit: me:-o pairs of
zeros, is calculated and called "oou11tl"_

t"..‘-.‘.i'.5.-14.5 Counting the hits necessary‘ fa code the vafuas less or equal one

One Huffman code word is used to code one of the "eountl " quatlrupels. 'l‘E:uet'e are two i:liti"ere:nt lluffman
eotie bo-olcs with cort'esp-ontiling code length uthles (table A stnti. table B in clause Et.'.|']. The numbes of bits to
erode all the countl qua-tlrupcls is givett by:

hitsum_-count] = min{ hiLsum_tnl:I1eD . I:ritsutt'L_t.aI:-lel ]I

when: eountl tel:-le_fl is IJ-5ID|.‘i to ‘p-Dim: to table A

|t=fi:'stt:ountl+t:ountl—l

bil$I.1II'.l_L:1i.‘ri == 2 eouittltttb-Ie_t} { i:tI{4itf:I+'£'.*ix(4k+1}+4*i:~:-[4k+2}+S*itt(4k+3] )-
It=t‘tr:st.::cuu:I1tl

and t:tt-urttltttlzli-t:_l is used {Lt pttittr. Lt: tElI2|-i.E. B

|t=t'trsteount1+eouttt]-1

‘uitsut:tt_tabIe1 == 2. cuount‘ltn‘ule_l { i:t(4I-ti+-2’‘'ittE4k+1l-+4*ix[4ir+2}+S*i:t['4k+3lI )-
l-:=ft:rstI:ount1

Cou1ttlta‘ule_D :15 well as eoutatlt£tble_1 have to include the number of bits Itecessanr to encode the sign.
bits.

The infortt'I.nt.1'ott which table is used is trttnstnittetl by eountltt-tb-le_seleet, which is "-3" for table A or "1"
for tattle B, resrectiwely.

t‘3.1.5.-4.4.5 CEIH DI’ subroutine SUEDIINDE

The number of pairs of quantized values not eountetl in "ct:-untl " or "rzem" is called higuttlues. SU"EI'JI"I-"Ii"JE
splits the sealefsetur bttntis corresponding Lt't this ‘It-'EiJ1JE'.'S into three groups. The last one. inc0Inp1_Ctfi
_ge‘ner.a_I1y_ CEJLLIILS as n eornplete one. The nutnb-er of‘ sealefnetor bands in the first and second regions are
Ct;‘J1'it."tir:IEtE1 in ttuegio-n[lI_eoun1+1l ttntl (rt.-gitu1l_enunt+lJ respecti ire‘.-3'. The nutnbcr OF scaitfafilclr hands 111 fill:
third region car. he cnleultttetl using l:uigvnJues_ The split 5LF:‘l.L¢g:~' is up L0 the 'Ifl1DiE"1E=fll~''-'|i0'"- 3- ‘-_'*‘«|'}'
sitnple one for .rts‘.ttnt:e -is 1J.'i nssigtt U3 of the scttleftuzlm‘ hmtds to 113:: |5'u'5t and '1-'4 10 11“: I351 1-’f1E|'3T|-

5-u’b.d[1,r'.d.3 in case gf blag]-:5pIi_:L is dmtc a'.]::1jn;tguous1}' but there tttc ‘UIIi.}-' two sul:1regi.orI.s_ Regionl_r:o1.tnt is
set to a default in 1J:tis ease. Tins default is is in the ease of s]'JIIl_]1t::u11L=[} and '3' I11. the ease of s1:Il1t_|:I-o1t'It=l.

Bum mesa 1.-alues po-in1.tt:I.he satne absolute frequency.

I'll-4
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62.1.5.-1.11.? Calculation of the nude bank for each subraglan

T1:IE:I'E are 32 difiE'.I‘E.nL Huffmazl cod: IEDIBS available for ma: coding of pain of quanlizcd 1.ra1u¢:,_ "['he,3,,r diff 3-
from each cube: in mi: mmiimum value that can be coded and in mg signal statjstjcg ffir which mg}: are
upIi.n1.iz£ad. Dnljr codes for values 1: 16 are in me T.:ib1I..‘._ For valuca :;..=1f. mg;-.3 am I_“.'[) m];..|¢5 P|1j1,-idg:d_ “,1 are
the largest value 15 is an escape character. In unis case the value 1515 ended in an additim-..a1 word using E_
linear PCM and: will: .1 word I!:I1giJ‘I -c::iJ|r.::l Iinbils.

A simple way to choose a table is to use me maximum of 1112 quantized values in a subregiun. tables
which haw: L31: saint sin: sin: -aptiinizv:-::1 fur diffcrent signal sI:aListJ's:.s. 'I'he1.'3f'0-re additional (‘.0-ding gain ca: be
anemia ‘and for exanlple by T.I'}"iIlg all of mast: I;ai:I-Jes.

C. T.-5.4.4. 5' Counting Elf THE bits H56 9558!’? fl‘) I’.-‘ONO Th-E VHFHOS H‘! ifliifi
5|-I'll‘-l'flQ'l'_fiJ'I5

The num her of bits nx:c::55ar_',.r [.0 mail: I'J1L-. qu:LI|.I.izm,!| 'u':L'lL:I::.s uf a. subnsgiun is givcn by.‘

I-.'.=n '1-1

biLsumI{’_j] = hitz-[Lubleselcct-fijl, min(15. ix(2k+fe{j)J), Inin{15. i:LI[2k—-—fe(j}+l}))|u:=II2I

+m§H( su.’ i:r.{2k+I’c{jJ} — 15) + 5:; ix(2k+fi:{j}+1j - 15)) 4- ljnbirsfijju
l:=n

npfi}: number DI" pairs in :1 sub region
reg}: number of me first qumitized value in :1 sub-reginn
I:-iLz: table with Huffman code Length

sf ,3: step Euncljc-n: if in: 2-: {} 3(1) = 1
if I. -4: '3 5.111} = 0

Note. rhztt the I-Euffinzui co-dc 1::ug,:h Inhles have In iI'H2IlJdE. die lII1JIl1I'.ICI' nf It-'LI:5 t:IccJ:.55:I.r3r to encode the Sign
bits.

D5
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Calculation of :wa.'L].':Lb1E:. hits

Rcsat of iteration variahlea

All spectral valuncs zero ‘.3’
Fl

Outer Iteration Loop

Calculate the number of unused bit.

Figure C.9.a. -- Layer In ihll-"H"-5"“ 19°F
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Inner Iteration Loop

Calculate the distortion ft)!‘ each
scnlefactor hand

Save scaling factors of me. scalcfacmr
hands

Amplify scalefuuttrr bands with more than
the. allowed disttirtifl-n

All scafefactmr bands amplified ‘.3’ 3.
fl

Amplification t:nl'a.ll l:.-ands belnw

upper limit ? y n

 
 
 

  
  
   
  

 

At least -tune. hand with more than th-3

allow-u:l distonion '? “

Restore scaling Fat: ti_'iI's |

RETURN J

1:1?

Figure ('.'.5|'.b -- Layer ‘III outer iteration loop
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BEGIN

Qt: antizatien

[W33-111'-|1UTT1 Off 3-” E11-lfl-|:‘ITi2aE-d values Increase quantize:
within table range ? 3" step sizen

 

 
 

 
 

 
 

Calculate runlengrh efzeres at the upper
end of the spcsctrum

Calculate rurtiengfl-1 of values less or equal
42:11:: at the upper end -of the spectrum

Bit count for the coding of the values less cur

caqual one on the upper end of the spectrum

Divide Ihe rest of the spectral values inn: 2
er '3 sub-regions 

Cheese c;-mic table for cach sub region

Bit cnunt for each subregimt

Overall bit sum less than available hit ,1 IJ'l"3TG<‘1-53 <3|.‘-151?‘-‘$1331’
step size

C

C

C

133

 

RETURN

Figure C.9.c -- Layer III inner iteration loop
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An nex D

{informative}

Psych oaeoustie rn otlels

I11. Peyehoaeoustie model 1

The calculation of the psyehoaeousfle model has to be adapted to the corresponding layer, This example 1 ;
valid for l_.tI:.rc.rs 1' and II. Themodel can be adapted to i_J33«'I:]' II].

There is no pritteipel difference in the at-rplieati-on of psychoecou slit: model l to Layer 1 or II.

Layer 1: A new bit allocation: is ealeuleteti for eael: I:-lo-tslst of 12 Subbiifld -or 334 input. PC}.-1' samples.

La3ae1'Il.' A new bit allocation is ealeulatetl for three blocks totaling 36 suhband samples eorresponding
to 3"'fiBI'-'v|- [1 151] input PCM salnples.

The hit allmation of Iile 32 suhhands. is calculated [:11 due basis of the sig1't.1I-Lo-ma,5It ratios ctfall lhe
suttbantis. Therefore, it is n.t:-tzesst-t.r'_I.-I tn detennim: for each st:I|;|-hanti, fl'.|l.'. 1na:Iti.11'iurn signal level and ‘me
minimum masking rhrestholtl, The 1:ni:t'ti.tnu::n maslirittg Ihreshtjld is deritred Frnm an FF"'['t:;f the Lnpul: F‘C!i.l'
signal, followed by a P53-'CI1ID:tCt:Iu5llC model r:.a.lt:u:lat.i-nn.

The PET in parallel with the subbaarl filter -eompertsates for the lack of spectral selectivity obtained at lo-tr
frequencies by lite sttbhantl :FiItet|1anl:. This technique provides Ir.-nth a sufficient Lirne I.'l:'S—CliLlI.ll'.|l1 for The ended
audio sign:-t.l {Polyphase filter with otzi-tilnizevtl window for minimal pre-echoes} and 8. sufficient spectral
IE2-5-D]1.I.l.iEl-ll [or the calculation of the tnasl-ting lI1lE=5J‘It}Ili5-. The free ueneies and levels ofaliasittg distortions
can be calculated. This is neeessan-' for calculating a tninimurn hiltrate for those subhands which need eonu-.
bits lt;:I cancel the aliasing compo-neaits in the decoder. The additional eornplexity to calculate the better
frequency resolution is 1'tut:t:e55.a:I'3-' art];-' in r11-t: cttender, and inn-otluees no additional delay or eemplettlty "III
The deaeocler.

"['l1e: calculafioit of 1',."1e 5:ign:tJ—m—I:I'ta3.k—ntLIu is based on me l'|':I1]IJwiI'ig steps:

Step 1
- Calculation of the FFT for time to frequency eon--ierainlt-.

Step 2
- Determination of the sound press Ltre level in each subhand.

Step 3
- Datcflnillafifln of the tltresholtl in quiet {absolute thresholtl ]I.

Step 4
_ 1:.i._-Ming 31' me mnflt (mom 5mu;.:.1'd.1ik..:} and 11Ij|1-[final {ma-re‘: neise,-liltej components of the aurlm sign-ta .

Slmitt 5
. Dccixrtauon of the :|'|."I:I5kE.:|'5, tu obtain Gilly the relevant: maskers.

Step IS
— Cialeulaliou. of the individual rttas|r:i:tg thresholds.

Step 7''
— [Ietersninatitta of the gloh-'-11 making thrE*:~hfi1i1-

Step 3 _
- Iii-eterrninati on of the tttlttirrmln Jnilsl-ii1I.I_E, '-lift-*5-hflld 111 E39“ 5'-lb"-'?'J‘-d-

Step 9 _ _
_ ('_‘_a_1.:u]a1jm-. of mg signal -to-1na5ls.' ratio 111 each s1ll3Ibi'I.ttt.'|.

139'
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THESE SIEPS will be further discussed. A stuttpling frequettoy oft-‘I3 kHz. is a.ssurn.ed, For the attic: two
sampling frequtiwics all frequencies mentioned slloultl tie sealed accordingly.

Step 1: FF'|' Analysis

The masking Lillfislmld is derived from an estintate of the power density speeuttnt that is calculated by a
512-p-oi1ttFFI‘t'oct Layer I. or by :1. 1 D24-point FF? [or l_.a;-,re.t' II. The FF I is calculated t:|i.ret:tl;I.r from me
input FCM Sign il. windowed by a Hahn window.

F0!‘ 3 CDinC1C|E|1II'f- in liim! bE=tWBEn the bit allocation and the eonespending subhttrid samples, the PEM-
sauzttpltis t5I'lLt.'..'l'iI:l1: the ITT have to be delayed:

all The delay of the analysis stthband filter is 156 samples, eorresptimdittg to 5.3 ms at the 43 kHz
Sampling rate. A Window Shifl oflfifi samples is required to oompensate for the delay in the analysisSub-bfllld ziiter.

Is) The Hahn w1't1dow mI:l.':iLCDIi1!1CidB witlt the subhatttl samples of me frame. For layer 1' this amuunts
to an edtiitional window shift of 5-4 samples. For Layer II an additional win-dew shift oftttinus 54
samples is requiretl.

Technical data of me 1:-‘FT:

Layer I Lay-er It

- t.t'a.ttsl"o:'tt1 length 512 samples 1 I324 samples
Window size if is = 45 kHz 10,5‘! ms 21.3 ms
Window size if Es = 44.1 Itiiz 1l,tS ms 23.2 ms
‘Window size if l's = 32 kHz 115 ms 32 ms

- FIEI[l.1¢Ilt:jI' resolution s:tmpling_l"req LlE:|flC}' F512 srtrnpli.ttg_IE'requene3.r J’ 102.4

- Himn ‘ll ittdew. it-(ill:

l'tl{i',t-r“HE“U,5'H.—I:U-3[2':I'E*{:i}u"i‘I]] El«:=ie=N—1

- power I:lEIlSiL1~" spectrum Kik ll:
1'.

1 N—‘l I
I-c-{ta} = 10 -= log“) 52, titty * s{1}"‘ cf-J*1="l"1*==iNJ dB 1: = o___Nr2,

where :.-[I} is the input signal.

A m;iru1.aliz.-ttion to the reference level of S16 tlEl- SPL {Sound Pressure Level] has to he done in such :1 way
that the tzttattimum value eorrespottds to 96 LIE.

5tBP 2: DD1B2I'I'I1il'l:a[iDl1 Elf the Sflluihd FIFGSSUFB IBUGI

Tlte sound pressure level 1.5;, itt subhttnel tt is computed in-':

Lsbfin} = MAJ{[ .‘-C{1t:‘,'I. 2E|"|og{s::fmuI{n}I“32 763340 ] :13
Xfkl in suhlzmnd H

where EC-[_i:‘,| is the sound pressure level of the spectral line with index k of the H4 ‘P-'iTh U1-C maximum
amptitucle in the frequency tttttge eonespontling to sttbbmld 11. The El-trite:-5-i-On Scfmuxifll LE 111 T—-3':-tiff I 131*:
sealefrtettr. and in LEL:-‘er II the tttzutlmuttt of the three sertlefrletors of eubhmtd II willtin Fl f:I‘ELm€. Tht "-19
rJ.Es" term eorrer: s for the diffetetiee between 11-ettk and EMS level. The E-ULI-ild I3"-"355"-lW'*1'3"""'31I-sl::«'L1'?|} ifi

computed for every‘ 1-aubbiutd It.

the following alternsttive tnerhud of catcutaung. Lsbnini offers a r-tr-tenfial for better cncoflcr Pcrf01'mEIII'==- but
‘big g_g._-;hm_qu.: 1-H5 nut [3¢._-:1 5|_'|bjE,C1_t:[] to a t't:trrrI.rt.I audio quality’ test.

110
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TIIE. a.'iIE11'I..EI‘ti'I.-‘I: sound pressure level Lsh in subbnnd n is computed by-:

L5_b[lI} = I‘I-‘L-5tJ{[ XSPJEII}, 2{l|“log{s.t:fm;u[n)*3’2 TEE}-'1l]] :13

with

xsp1tn:u=1n*|.:.gmc E, 1e"“‘i"' my :13
It

1: in suhh-and n

WIIEFE Xspl-I11} is H113 alternative sound pressure level oor1nes-p-nntiing to :51.lhlJH.1'|d :1.

Step 3: Coneldnrlng the threshold In quiet

The threshold in quiet LTHEI-tll. also eailed absolute threshold, is available in the tables "Fn=_-.quenci:,5_ r_',|'i|',:Lt; 11
hand rates and absolute uireslnolcl" (tables D. la. D_1b. £3.11: for Layer 1; mums 13.1.3, [)_1.;, 1')_1[-'fm-
Layer ID. These tables depend on the sampling rate of me input PCM signal. Vaiues an: available for 35...; _'|
sample in the frequency domain where the It1.:1sking tliresnold is calculated. An offset depending on the
in-'=I‘all hit rim: is used for the absolute tilreshoiti This offset is -12 113 For bit rates 1-.-= 96 kbilsis and 0 dB
:t'o:- bit Ialcs -=: 96 k|;niI'.s.:"s per CI'IE|I1.II|:.i.

Step 4: Finding oi‘ tonal and non-tonal components

The tonality of :1 masking component has an influence on the masking threshold. For this reannn, it is
wt; rthwhile to discriminate between [one] and non-tonal components. For calculating the global masking
threshold it is necessary to derive me tonal and the non-tonal components from the FFT spectrum.

This step £I.'I.TIS with the L'|e.1e:t1'.tIirn1u'oI1 L1!" Iotrai m:I.1:imz1.. then extracts tonal Components {sinuso-ids] and
calculates the ilttensity of the non-tonal comp-oltents ‘IA-'ilJZ1il.'l a. bandwidth of a critical hand. The boundaries
of the criticrtl bands are given in the tables "Ctiticni bFt.1'tI2l I:-ounclstries‘ {tables 1129. D.2l:r. DJ»: for Layer 2-,
tables D.:2d. D.2e. D.2f for Layer lI‘.I.

The bandwidth of the critical I1-liIl-IIS varies with 111:: IIIBIHET frequency with a |'J-ttndwidth of about only [},1 5:} jz
at low frequencies and with El haitdwidth of about 4 kHz. at high frcqueltoies. It is l:t1ow'n from
p5:=ci1o:I.eottstit: experiments Him 111:: ettr has 3. better I"ret.|uertt:y resolution in 11:15 lower lI.'LFL1!l in the higher
frequoney region. To detecnnine it’ it local mnximtttn may be a tone} eomponent. a Erequerteg.-r range df a.I‘0u1lI1
the local mtuimuun is. examined. The Frequeitcy range or is given by:

Sampling rate: 32 K]-Ir.

Layer 1: tlf = 115 Hz 0 kHz < f ~::= 4,(lk]-iz
tlf = 1315 Hz 4.42} kl-E2 «r. t" «:= 3.0 kHz
(if = 3'35 Hz S.IIl'kJ-|t'. -6. f -='.:-—- 15.01:]-lz

Layer II: (If = 62.5 Hz Cl kHz -: f -:= 3.0 J-LH1
tlf ={J3.'I-'5 Hz. '_1.[lIkJ-I1 c: f <:: 5.0 kHz
{If = 183715 Hz. 6.0 kHz -6. f --:= 12.12] kHz
tlf : 335 H: 11.0 kjriz «C: 1'' -:.'= 2¢.'[l- kl-iz

Sampling rnle! 44,1kJ-lz

]_.ayerI: :1!‘ = 1'.I'1'.,1tSEnHz t3|kl-i1 :: f «:2: 5.5'11k.Hz
or = 131.25 H: 5.512 lti-[2 -at f <——- 11.024 [die
11!’ = 551.50 H7. 'i1,i.'l14 kl-E1 c: f <:= 1‘J'."3E1l-CH1

I_,:t-_-,-£3: II: tlf = 36,133 Hz Ukilz =: f -::= 2,755 ILHI
:11‘ = 19_iJ_}'§l9]-12, 2,'.i5tf:l-cl-II -c I -:=: 5.5l'2kHI
.jf =258.35][1‘.]-I2, 5,51'2kI{z -: f -=:= 11,014 kliz
ujf = 515,19? l-I2: J1.C|?.-1- Lt}-[I -: f -:= 'i‘_l,'§|E?.kHE

111
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Sampling rate: 43 kHz

L.a;-.~.=.-.rI: df = 131.5 Hz CI kHz 1: f n:..—_ Ei,[]'}:]-Iz
-CIT = 23115 Hz 6.0 kHz -: f «:= 12,12} kl-[z
df = 562.50 Hz 12.CJ-1:]-la: -r: f -:= 24.13 1:11:

[.a.:.-Er III: df = 93,'F5-El Hz Elk]-[z 4: E <2 3,:] kHz
df = 140.63 Hz 3.0 id-It -: [ 1:: 15,0 kHz,
1'” = 131.15 Hz 6.0 kHz < E «:= 11.0 kHz
df = 552,50 Hz 12,0 ILHI .: I .:= 24,0 kHz

Tu lIIaJLE:.' 115:5 DI' ‘the. spectral lines Xlfkjl Ihal are tonal or nun-tunsu, me fuliuwing uu-ee opcralions 3:13
pafurmnd;

Ii} Ln1'HEIliI1g ul" lu-cal maxlma

A 5]:-€:::tr:1J line X(k‘,I is Eabelled as a local maximum i.f'

Xfikj 23- 15-(flu:-13 and Xikll :=-= X(!::+1}

I1] Listilsg of I'.u:|1aI components and calculation of the sound. pressurc level

A local maximum is put in Ihr: list ml" tonal componcnls if

KIIII} — Kfl-<+j}I :.-+= '5‘ £13.

whzzrcj is clmseu acccnrtling m-

Layerl:
j=-2.+T. for 2:}:-.1 I53
J = -3-. -2. +2. +3 for -53 -‘:= I: < 12'.-'
J = -6,... -2. +2,.... +5 fnr 12'?’-::= k-s:= 25!}

layer II
;=-1+2 for 2«=:k<:fi3
]= -3-. -2, +2, +3 for 153 ¢:= I: -:12?
;= -5,... -2. +2,___. +5 for 11'.’ <=k -: 255
J = -11,... -2, +1.___, +11 for 255-=:= k-::= 500

It‘ KER} is found to be a Luna] mmp-onE:L1t, men: me. fuI:luwi|1g parameters are ilsted:
- II|:12::I'. nurnber Ir nf L113 5['lE-ILll'H.I line.

Js:-:1:.:1 xuq J-C[b:+11

Snund p11:55,ure1eve1 ){,_mI{k]| = 10 "'l(1g:fl-{ I0 10 -1- 10 10 -0- IE! I-0 }.i11. dB-

- Tn-nal flag.

Nam. all 5pBCl:I'EI.1' lines within fin: cxrunlnccl frcqucnq mugs are set to —-=4: :13.

C} Listing of nun-lanai D-nmpnnents and calcululiun -.If the [JIO-WEI‘

The m}n—u:JI:1:-1.1 1,':1uis4.-J L:L‘.l'I:Ip(;IIlI_‘l'ILK an: calculmed frcum the relnaining srrcclral lines. Tn cal E:LL1aT.E lht 1'I-UI1'I-
mnal comp-cInenLs from These 5peCl:l'El.I Lines Xlik}. thr: L'n'Lic£Il bmlds 2-(it) £1111: deterrniawd using the tables,
”Cr'n;_i|;aJ_ hand I;g;1.un[_'l.-_u-leg" {tables D_2a_ D_2b, D11: for I.:Lyer I; L.'1hIc5. Did, DEE, D.1'.f fI:I1' Layer II}. In

I.a3..-cr l, 23 criti-ml l:+21.11.v:J.5 are used for I'J1r.: samp-1iI1g mic of 32 KHZ. 24 Ilritit‘-511 hfllidfi TGIF 4431 ‘VH2 and 15
;;;-us.-_;;3_1 bmjdg are used [or 4:5 Lu :1, In Layer [1, “.14 cri1j-c:1J buds are used for 3-:.?._1:]-I2. smnplmg mm, -'mIJ 2-IS
c:ri1ica1 b:I.I:1£l_1: :-1:: us-1r:t] fnr 44.1 Bill‘: and 43 RH: s:I.:rLpli:'.g mic. 'W1'Ll'I.i11 each L'l'!L'|Cfll bfllldu 1113 PUWET 91- U3“:
5p.;;.cu-31 lines {retnaijaing afrer U11: Le-::aJ compollearts have been zeroed) a:I'E 5IJItIJ'nEL'| L0 TONI! U16 SEHJDE‘
pressure. level 01' the Haw 11011-:unrL1 cumpmacnt J-C.1_-nil!) cDrres11n11I:l'II1g 10 Elm‘. I:1"iliI:«'!l band.
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9 '90-"lEG leorlec 111?:-:3: 1-993 :5}

The following parameters are listed:
- I-|'|-dflflflmhbHkDfmfl5pBflfE]uIEEBfl.rE5l[Dth5g¢Dumuic|ncanfiffl5gm-ifica]hand_
- S-ound pressure level Xnmikl in dB.
- NI:eI~tcn1al flag.

Stop 5: Daclrrtatiun of tonal and non-tonal masking eornp-ononta

Decimetim is a pro-ced:.tre that is used! to reduce the number ofmaslters which are considered for the
::alt:ula.tioo of the global masking threshold.

3} Tonal Xqmtk} orn-nnonal carnp-unents xmnn are nortside-red for the calculation or the masking
threshold only in

I-C...1tI:J=-«=LT,.,no or x.,,,.n:} :=.=LT.,_,n.-1

In this ¢I[Jfl‘.55i.Ul:l. LTQ-I:lt_',l is the absolute threshold {or threshold in quiet] at the fieqtteney ofindex 1:, These
yaltztee aregiven in tables D‘.1a. D.lh. DJ: for Layer 1; tables D.1d, Dale, D_1t‘:ror Layer IL

bl Declination of two or more tom] components within a distance or less then 0,5 Bart: Keep the
Gfimpflllent with the highest power. and rem-otre the srrtaliereomponenttsj from the list of tuna!
components. For this openation, a sliding window in the critical hand domain is used win: a width
of (1.5 Berle.

in the following. the index] is used In irrdieate the relevant tonal or non-tonal ntasl-ting oornponettts Ermn.
the oombcined decimated list.

Step 6: calculation oil‘ individual masking thresholds

Of the original NI2 frequency domain. samples. indexed by It. only a subset ofthe etrttltt-Iee, indexed by i.
are OOI'l5:i|1E’l'B:I'.'I. IOT UIIB glfibtll masking U'l.t'EhDId |.'3IClJIi'I|.'i|.'lil1.. TIIB E-tI.ll'I|3Il-E15 B5341 31¢ Sliflwtl ill 'l":'ib.lE'3 D.l3r
D.‘lh.. D.1r: for Layer I: tables D.ld, Dale, DJ E for Layer II.

Layer I:
For the frequency lines oorrespondirtg to the Erequeney region which is ootrered by the first six subl:-ands no
suhsampling is used. For the fleqtlency region corresprztnrling to the next: sci: staihhtlmis every 5-econri spectral
line is considered. Finally, in the case of 44.1 kHz amt-ts kHz saturating rates. in the frequency region
oorreepondlng to the remaining suninhends, every fourth spectral line is considered up toflfl kl-It. [I1 thecase
of 32 Id-In sarnpling rate. in the frequency region oorteepotnding to the remaining suhhaods. every t‘ot.tn‘.h
spent.-ra] line is oottsidered up to 15 kHz [see also tables D.1a, D. ilh. D.1e for Layer 1).

Layer 11:
Her the frequency lines -oorreaponding to the frequency region which is em:-ened by the first three suhhrands
no eubemnplittg is used. For the frequency region which is eo-u-ered by neatt three subbarlds e'tI'ery eeoood
s.pec.t.ral line is oonstdered. For the frequency region  ogto the next six euhearlds every fourth
specu-al line is. eonsiclererl, Finally, in the ease of-=1-4,1 kHz End 43 kHz seunpling rates. in the rem.a.ining
suheancts every eighth spectral line is cnntsidered up to 2:?! kHz. In the case or 32 kl-Ezsanlpliltg me. in the
frequency region corresponding to the retrtnini.ug suhbanrh. every eighth aper:t:rai line is considered up to 15
kl-11:. (See also tables D.ld.. Iltle, D.ll' for [nyer II}.

The number of samples. n. in the sub-sampled frequency domain is di.lTI=|'='l1l depending UT! "15 5-‘M1913-11.! 1'31’-'35
and layers.

32 kHz samplittg rate: It - 1'03 for Layer I 111-1 Tl = 131 FBI‘ 1-fi!r''E=|' 11
44.1 ld-lz sanmling rate: It - 10:5 for Layer I mt] I1 = 130' fflf 1-I13"-5" H
43 k]-[Z Sarnplilyg rate: 1| = rflf I_,"'|:."E|' I {Iii 11 — fflr layer II

Every tonal :tnr.I non-tonal eotnponent is assigned the value of the indcfc I that mustcluselzr WI‘I'¢${1-0|H15 "3
mg ffigqugncy of the original spectral line Kilt). This index i is giyett In tel;-Ies. I119. I111). D.1¢ fill!‘
Layer I; tables D.l:L D-1:1 D.1E for Layer II.

The individual masking thresholds of mm tuna] and non-tonal mmpnnclats are given by the fcrlinv-fine
expression: —
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ISDIIEG 11 1 ?2-3: 1993 LE} g |scmt_=_::

LTrm [z{i}.2'Ei]|]
LTum[z(i}.Zlil']

Jc.,,.,[z:;j}] + air.m[z:;m + uim;j:._zti)J as
7"-'nn1lIl.i3i+ 3‘-'m«.-il7«'§i7|] + VflIl.iI|,IlE}] I13

1|1 U11-E f|3|F1'I'1-Llla. I-Tm. and LTM1. are the individual masltjttg thresholds at critical bend rate z in Earl: of the
II'J-‘E5-1dJ7IE CIDIIIIDC |.'=|EI'lE at the critical baud rate Df The rnaslcer 2m in Hark. The values in dB can be eiL]:|.n.=,r
PDGiT-i'|r'G BI‘ |1JB:EFIf-W3. The l¢ITI1I Km-. [DU 1-] is the sound pressure level of the masking ttntnponent with the

index numberj at the corresponding critical band rttte zljjj. The term av is called the tnaskirtg intieit and of
11“: ma-i-king EH1‘-FUD“ Of the masking oomponenl Xunlelfiil. Tlte masking intieit a1-- is different for tonal and
rton-tonal mask-arr. (avm and avnm}.

For tonal 1:n.asit't:rs it is given by

avun = - 1.525 - 0,275 " zfi} - 4.5 dB.

and for nenvtynnal trtnsln-::rs

an-M-, = 7 L515 — 0.175 '* zijl - [L5 £13.

The masking l‘L.'I1‘|eli.I'_'ttt1. vf nfa maslcer is Cl.'Ifi.I':«1.Ctel'iZE.l'.l by different lu-we: ;1.1:H;l unzzuer slopes. which depend en
the tiislruztoc. in Earl: :17, = zl_'i:I- zfij tn the Inmtker, [:1 this ea-tpressiult i i3.t]1e.i|1r]ie:-t of the spenztral line at
which the :trI.rLsk:.ng function is calculated antlj that of the mttslter. The criticttl ‘nzuitj rates zlijl sin-:1 ztil can be
found in tables Ella. D.1l:r. [lie fer Layer 1: Lables Did. D.1e. D.ll‘fnr Layer I]. The masltitig funeI.ion.
which is I111: sa.r.J.e for tonal anti non-trrnr-I rrtnslrers. is given by:

~.rt'= 1'.-‘ "‘ IIt:lz.+ 1} - v[-ll.-1 "' Xlsijll -t- 6} dB for -3 -:= dz -: -1 Bar]-1

ut=to.4=-x[-L-Lil] +IS-}*t:lz :13 for-1-:=tlz-C2UEEu‘k

1.rf=-l7*|i'-E I:_lE ['IJr|LI-r:=r_!z{l}3El.t‘k

Vf= «I312 -1]‘ [17 -13.15 *X[2.-l'j}]} - i? dB for] ¢:=I.1I-i:RB:I.rk

In these expressions 1-C[.1{jl] is the sound :press1.|.re level of the j'IJ1 tnasking eoinpotlenl in (113. For rsflns 01'
itnpletnenlatinn compiexity. Lhe tnnsking its rm lrittger enttsidered {LT';m and LT.m-,_ are set to -00 KIE Outside
this rttnge} ifdz -: -3 Ettrlt. ortlz :-- El Bank.

Step 1': Calculation -of the global rnasitlng threshold LTQ

The global masking threshold LTEI{ij at the id: freq ueney 5-El.lTI.|J|-B is derived |.'re-Eu Ihe upper and lower slopes.
of Llzte individual II1aslr.it1_Er_ rJ1rt:sl:1tJId.5. of L':.t-r:1't L1-E mej tuna] :t:t1.r_l IIDII.-|I£JI|.F|J ]'[I£l.:‘il|C-&I'5- and from file dlrefihflld in

quiet LTq(i}. This is also given in tables Illa. ]J.1l:r. D51: for La:rerl;mb1ee Dhld. 'D.1e. Dhlf for
Layer II. The global masking threshold is found by summing the powers eorresponding to the individual
masking thresncalds and the threshold in quiet.

m Tl

LT-E“) = ‘U ]_DE1U( lDLTq':i','I»"1EI + Z 1fl,I—-Ttmlzlill-2':i-:':l"'1-'5' _l_ E 101-Trtml1U}~2{1}J*'1U}

The tom! number of torial maskers is given by 111. and the total l'I.LJ.1't1l:I-er tJ-frI.D\Ti—[Il:r1lEl| I1‘-iiS1i|3I'S 55 E1‘-‘-‘€11 l"-'5" T3-
Fnr 3. given i, met range at] can be reduced tn jusl encompass [nose tritiskittg eemponents Lhet are wiihifl -3
to +3 Ear]: from 1. Uutsitie of unis range L'1';_.,-, fll'LI11LTm-HFLFE -on I:1E .

step 3; Determination of the minimum masking threshold

The minim um. tnflskillg 1:1.-Ill L'l'rninI[:t}- in su bbE|.11I.Tl :1 is detertninetl by the following espressiol‘-I

LTm-,,,(n] : M1‘N[ LTg(i3' l ill’!
{Iii} in suhbttttd :1
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Q ISDEIEC ISDJIEC 111?-"2-3: 1993 IE‘;

where t‘(1'} is the frequency of the T111 frequerlcy sample. The ffiil are tabulated in tables I111, D.1b, D.1e hr
I.:-qyer 1'; tables Tlld, D_Ie, Ddffar Laycr II. A 1:I:u'nin'I1.:rn masking 1-Itvti LTm_in{rI} is canmputeacl for every
subhand.

Slap 9: Calculation of the signal-to-mask-ratin

TI:-e signal-to-mask ratio

31"’1Rabfn} = L-abftlll-T—Tm'm'I1'l]' =15

is Ilumputefl for every subb:-Ind n.
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ISDHIEC 11172-3: 19133 Q |ScUr|EC

Table D-1m -- Frequencies. critical band rams and absnlute 11..-e_..1....1d
Table is Valid fill‘ Layer I at £1 sampling rate of 32 kHz.

I'r-equeuc'_r- Cr1'.t.Bn::u:I ..l|.|:;:.uIu|.¢
Rat: Thrash,

HI I: an] _
£2.50 0.6]? 33.44

I25.00 1.231 19.20
“-7.50 1,341 1 E|_$.'i'
250.00 2.-1-15 |1_u1
312.50 3.031 9.111
315.00 3.610 ?.'§|4
43?-‘.50 4.105 2.00
500.00 4.135. 5.211
562.50 5.212 5.20
025.00 .S.'IB9 5.11
682.50 6.2110 $.30
350.00 -5.730 4.45
!|2.5C| 7.233 4.1-:
325.00 1.151‘? 3.315
031.50 3.103 3.6‘.

I 000.00 0.511 3.:I‘.*
Ii 002.50 51.901 3.15
1. 125.00 9.215 2.93
l 133.50 9.632 2.13
1. 250.00 9.034 2.53
1 312.50 10.301 2.31
1 375.130 10.-E114 2.12
1 133.50 10.91? 1.01
1 500.110 11.199 1.11
1 5152.50 1:.-1.14 1.49
1615.00 11.136 5.21‘
1 6112.50 11.903 1.04
1 T50.-‘JD 12.2.30 0.80
] 312.51] II.-'1-I51 0.55
1 015.00 12.634 0.29
1 931.50 12.19:: 11.02
2 000.00 I3.1I::4 -0.15
2 062.50 13.302 -0.54
2 125.00 I3-.41-E13 -0.53
2 1871.50 lI|.0-3'3 -1.12
2 250.00 I3.3-55 -1.43
2 312.50 14.021‘ -1.'J'_1
2 335.00 14.1513 -2.04
2 -'1-3'J‘..!I'1J 14.35! -2.34
2 5:-0.00 14.5419 -2,-5.4
2 502.513 14.600 -3.93
2 $25.03 14.313? -3.12
2 637.50 14,949 -3.11-9
2 150.00 15.03? -3.14
2 312.50 15.22: -3.93
2 335.00 15.35! -4.10
2 9371.51] 15.11-3'51 -4.50
:5 000.00 IS.-502 .4.S‘.'
J 1.25.00 15.311 -4.32
3 2513.01] 10.01551 -4.96
2-1 315.00 115.211‘! -4.07
3 500.00 16.496 -4.30
3 615.00 16.69? -4.63
11 T3000 15.891 -4.19
3 875.113 1'n'.|Z'.|E- -3.5?
-1 I:II:.'.H3.II2I 1":‘,2E'9 -3.39
:1 12.5.00 1T.43-1 -2.55-
-d 250.012! 17.505 -2.31
41 1'-1T."..I3CI 17.770 -1.37’
-1 500.00 17.932 -1.21-
4 625.00 13.089 —0.'-'-|-
.1 150.00 :37.‘-11'.‘ -0.I‘.'J
d 11.15.00 10.?-'91 0.11
5 000.011 13.539 0.15
E lfi.00- 13.15112 '3'.‘-W
5 150.00 13.313 1.115
5 315.00 13.0150 1.29
: 500.00 19.095 l.-W
: 1SI5.[:0 19.226 1.6-5-
: 750.00 19.356 1.51
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@ 15311513 13151151: 11122-3: 13331121

Tahlt I}.li:I. -- Frequehcles, critical hand. rates and abgulutg -threshold
T912119 15 Valid for L331-er I at a sampling rate of 44.1 kHz.

 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
   

Nilnlur Rate 'r1.r..1.. 11 21511,-.15
1 Hz 1: 431 3 313.22
1 33.13 11.53 25 _ 3 1151-51
1 112.27 1.1594 14.35 5' 1-111-114
3 253.411 2.525 13.22 1‘ 549-“
4 344.53 3.333‘ 3,512 11' 991-41
5 439.55 4.124 2.19 "3' 33519‘
3 513.39 4.332 5.11 10 550-4?
3 532.93 5.333 5.31 '1 015-0'1
3 539.35 53.51 ‘I-19, H 3611.53’.-
9 ??5.29 5.959 4.32 ” 71"-'3"5

-.9 351.33 3.53: 2.92.1 943.415 3.139 3.53 -

:2 1 13311.59 3.223 3,25:3 1 1111.73 9.2.1.; 2,115 .
:4 1 21:15.35. 13,134 2,51 13 4315.1‘?
I5 I 191.99 13.195 2.39 13 “[35
I6 1 3:13.13 113.329 2.11 1" 1355"“
11' 1 434.25 11.93‘: 1,311 "1 47°-31
13 1 5513.19 11,421 1,53 1‘ 514-54

19 1 656.52 11,333 1,23; $2-S?I 1 ‘£22.96 12.125 11.913 -
:1 1 303.79 12.443 3.55 15 3‘*_3-4‘*
22 1 394.92 12.253 0.21 '5 1'-‘_f~5"""
3 1 931.115 13,332 .1:1,n 1'1 53*-5°
:4 2 1157.19 13,313 -1155. 15 5111-D3
25 2 153.32 12.573 .3311 17 235-55
26 2 259.45 13.315 .1.33 17 511-'3'?‘
2'1‘ 2. 325.59 141.962 -1.19 3"" “[5-53
23 2 -111.12 14,233 -2.21 "1 350-115
29 2 493.115 14.534 .2533 ”‘ “"”"‘~"'9
5:21 2 535.913 14.311 .:1,1:13. 19 9'‘9-22
11 2 519.12 14.939 -3.41 19' 293'-E5
32 2 755.3 15,199 41.3“: 19' *53f~~"
53 2 342.33 15.234 .2539 19' 9'3--31
34 2 923.52 15,451: .4.32
55 3 914.155 15.531 —4,e.o
33 3 130.33 15,245. ..1_-13
3? 3 135.91 15.955 —-1.91
33 3 235.135 115.119 -4.9?
:19 3 559.13 15.233 -4.911
413 3 -145.31 15,335 -4.92
41 3 53:.-15 1.5.5.12 .4,g1
42 3 511.53 115.535 —-1.155
43 3 393.111 15.323 -4.43
44 3 139.34 115.95: -4.12
45 3 325.93 12.939 -3.31
.15 :1 952.11 111.235 -3.54
4? 4 043.24 111.321‘ -3.19
45 4 1:14.33 12.44? -2.32
-19 4 3015.154 13.1539 -2.915
5:: .1 423.91 111.995 -1.32
51 3551.13 12.12-. .r_1.5.1
52 4 323.44 13.33: -0.94
53 4 995.119 13.534 9.47
54 5 151.9? 13.731 9.119
55 5 349.231 13.922 1.23
55 5 512.51: 19.1113 1.51
53 5 :'.5.4.33 19.233 1.14
53 5 351.133 19.454 1.93
59 9 1:1-29.31.} 19.3.15 2.11
an 5 231.513 19.331 2.23
51 5 333.513 19.953 2.45
5.2 E 5.113.:-; 20.129 2.35
:33 5 213.35 211.213 2.32
5.4 15 399.33 211.421 3.33
:35 5 032 39 213.535 3.25
as 3 225.15 213.135 5.49
er.‘ 3' 4117.42 243.3-an 1'14
133 :1 5'.-9159 213.932 4.92
159 3' 751.95 21.999 4.112
31:. 3 924.22 21.122 4.54

11'?
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ISCJFIEC 1 1 1 ?£:-3: 1 993 [E] @ 13:3.-'|E.;3.

Tami! D-'-llh -- Frequencies, critical band runs and absolute thm.-.s|m|I:1
Table is valid fill‘ I.:B}':.r I at a sampling nit; 9f 43 |I;[[3_

Frequency Crit.B|nIi. Absolu 1.:
Halt Thrash.

"1 . 3"‘ ["1

  
   
 
   
  

   
 

9'3.'I'J 0.915 24.11
1B’.|'.5I;ZI 1.3112 13,111
231.25 2.“-'-52 10.01
315.00 3.010 1.94
-i511.'i"5 -1.403 6.62
562.50 5.232 5.30
1550.25 0.041 5.00
150.00 0.110 4,45
11411.15 1.451 4.00
937.53 3.103 3.61

1031.15 0.100 3.26
1 13.00 0.115 2.03
1 213.15 9.305 2.153
1 1-11.50 ItI.3I:I-I 2.3.2
1 406.35 Il:I.'I'I55 2.32
I 531.00 H.199 1.1‘:
I 501.15 11.500 1.30
I 001.511 11.000 1.0-1
I 101.25 12.341 0.01
I £15.00 11.630 0.19
I 000.15 11.002 -0.1:
2 050.50 11.30: -0.54
2 156.25 13.511:-Eu --11.9?
2 250.00 11,055 -1.40
2 1-1.1.15 14.111 -1.00
2 431.50 14.354 -1.34
2 531.215 14.51115 -1.19
2 025.00 14,001 .:1.22
1 110.15 15,010 -1.02
1 £12.50 15.211 -1.90
2 906.15 15.013 -4.312!
3 000.00 15.502 -4.51
3 003.15 15,103 -4.11
1 101.50 15,055 -4.01
3 201.25 10.12:: -4.00
1 115.00 10,201 .431
1 400.15 10,445 -4.00
3 562.50 16.595 4.'.i‘I5-
:1 050.3 16,145 -4.55
3 'J'5.'ZI.|:}U 16.391 -4.29-
1! B-13.".'E 11.032 -3.99
3 031.50 11.100 -1.04
-1 031.15 11.303 -3.20
4 1.3.00 11.414 -2.00
4 110.15 11.503 -2.45
.4 112,50 11.000 0.04
4 406.25 111.1111 1.143
4 500.00 11.932 -1.24
4 001.50 10.100 -0.01
4 015.00 10,192 0.12
5 052.50 10,011 0.04
5 250.00 10.023 1.00
5 -131.50 19.013 1.39
5 025.00 19.220 1.00
5 312.50 19.4119 1.00
0 0-00.00 19.000 2.00
0 101.50 19.100 2.21‘
-15. 335.00 19.3‘-5-1 2.40.
-6 5151.50 2EI.|'35 2.155
0 150.00 10.300 2.11-5-
:; -011.50 20,401 3.09
1 15.00 20.010 3.33
1 112.50 20.100 3.00
1 500.00 20.012 1.00
1 01.1.50 21.052 4.21:
1 015.00 21.103 4.54
0. 11.52.50 21.110 -1.01
3 15131.00: 25.445 5.31
R 431.50 21.56‘? 5.13
0 525.00 21.6114 IS.lE
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9 '5‘?-"*"'E*3 151:11IEI: 11112-2: 130.3 {E}

T'h'° D-1'1 " F1'°"l"1*'-'|'=iE¥1 critical hand rates and absolute 1111-eahutd
Table is valid for Lunar [I at a sampling rue gr 3: [:1]-;,

Fr-I-:1u-near Crlhflnnd 511001014: 11 2 031.50 15,412
llau Tlu-uh. 1'2 3 0113.00 153503

I __ H: __ 411 1: 3 125.00 15.3411 51. 0.300 33— 3 1-10.00 10.000
2 525g DIEIT 331.1‘ 15 3 3'i|'S,DD
3 03.15 0.025 24.11 7'5 3 500:0” 151496
4 123.00 1.232 10.20 7'7 3 535-W 15.691
3 150.25 1.533 10.05 75 3 75°-W 15591
0 1111.50 1.34: 13.31 79 3 W5-W 11.013
*1] 213.15 2' 1211.5 M I -01111.00 I.7..25§‘
3 250.00 2.445 11.01 31 4 135190 '7-434
0 231.25 2.142 10.01 33 "1 15°19” '7-W5
Ifl 31150 1.131 930 33 4 375.3 ]'1','.1‘ Tl}
||_ 3‘3_j'_5 3.319 S4 " 5lII|D.EI3I 517,9 32
12 315.00 3.013 1.04 35 4 535-99 E34159
13 495.25 3.9.53 TF4‘ IE -I 'F5fl..D1'.l 1I,241
14 421.50 4.135 1.00 3"’ 4 375-0° 15391
[5 4,5.3l'}5 4'46: fiifiz -$3 5 flflflflfl I.5,53'g'
10 500.00 4.130 0.23 *9 5 W5-'3'?’ ‘$531
11 531.25 5.000 5.01 W 5 15"?’-'3'?’ 131333
13 502.50 5.212 5.10 '5" 5 375-“'3' 13195“
10 503.15 5.533 5.44 91 5 5°53” '93?’

1. 023.00 5.130 5.21 93 5 535-“ “'11”
3. 55.”, H.“ Mm 04 5 150.00. 10.350
22 031.50 0.230 4.30 9‘ 5 37510“ 19-"32
:1 113.15 0.5 32 4.02 9‘ 5 9”“-W‘ '‘3'-‘'-‘'”5
24 150.00 0.110 4.45 9'7 *5 1’°'~°° *9-5‘?
25 131.25 1.004 4.20 9“ ‘5 5991"“ 3“-“W
20 312.50 1.233 4.14 ‘*5’ 5 7591'” 3”-3””
2? $43.15 -Ifidfi-Ir ‘'00 100 T IJDII|-.I2|I2I- 10.513
23 315.00 1.011 3.30 "3" 7 3595"” 3”-7'7
20 000.25 1.302 3.13 "33 7 59°-W 3“'*‘3"*
30 031.50 3.103 3.01 “*3 7 75319" 311093
31 303.15 3.300 3.40 "3" ‘ °'°'°-°° 2'-375
32 l mm 3'31 ":5 3 2-503” 2L4‘!
13 1 031.25 3.103 3.20 "35 5 5"“-M 3'-5°“
34 I 95250 3 9.3. 3 .5 101 3 150.00 21.100
15 1 003.15 0.000 3.04 "33 9 '3"3'°~'3’° “-995
10 1 125.00 0.215 2.03 ‘"9 9 3591"” 21°45
21 1 150.25 0.450 2.33 '1“ '5' 5°°~°'° 13-1"
3:3 1 131.50 0.032 2.13 “I 9 “D19” 22-3“
10 1 213.15 0.305 2.03 “3 "3' '3-"°~°° 32-*1‘
40 1 250.00 0.014 2.53 "3 "3 ”°="” 22-5“
41 1 231.25 10.130 2.42 ”‘ 1“ 5°°~“'° 121545
42 1 312.50 10.301 2.32 “5 "3 '5”-W 23-7“:-‘.
43 1 343.13 10.450 2.22 £32]44 1 315.00 10,014 2.12 -
45 1 400.25 10.105 2.02 "3 ” 5°”-'5" 23103”

40 1 431.50 10,013 1.92 {E
41 1 4-53.15 11.053 1.31 In 12 mm 23+”:
43 1 500.00 11.100 1.11 in .2 MIN 231345
40 1 502.50 11.414 1.40 123 '2 ml” 23-4.55 1 515.149 ILTEE L3? '
51 1 031.50 11.033 1.04 12‘ *3 °'°°~°” 33"”
:2 1 150.00 12.230 0.30 135 13 359*” 23-545
:3 I 313.30 12,401 0.55 *1‘ 13 5'-"0-“'7' 33-5'”
:4 1 315.00 12.034 0.20 '3? 13 '’'5°*°° 13-555
:3 I 031.30 12.303 0.02 '2‘ “‘ “"9-W‘ 33-"22
30 2 000.00 13.104 0.25 '39 " 255-” 23''”
51 2 002 50 13 502 -0.54 *3” '4 -’”'°-°'" 231“?
53 2 125.00 13.403 -0.33 m “ 75°-'5'“ 3””
50 2 131.50 13.013 -1.12 1“ '5 °'°°""° 2”“
00 2 250.00 13.333 -1.43
01 2 312.50 14,021 -1.13
112 2 515.00 14.103 -2.04
1.5 2 431.30 14.354 -2.34
114 2 500.00 14.500 .2254
05 2 502.50 14.500 12.03
00 2 025.00 14.301 -3.22
111 2 031.511 14.040 -3.40
03 2 130.00 13.031 -3.14
0.0 2 312.311 15.221 -3.93
10 2 315.00 15.351 -4.20

: .-:'I..-Z-I:.: .- :" Q3 I..I. -I :- I.-.. .: ...-.
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1‘11?2‘3I 1 993 E.

Table D..lE.. .-- Frequencies, Critical Band R31-gs and Ahsututc Threshold
Table I5 valid for Layer 1]’ at .4 ianlpling 1-an ._-.f 4.1.1 kHz_

ZFTBIII-|l’"'=.'F Cril-B-Ilnd Ahan-ILI1.c TI 4 0145.221 11327 .315.
Rule Thrtsh. T2 4 134.33 51.44} _2.E2

. Jflz _. ___ .13 _ 1'3 4 3116.154 11.530 -2.06
1 -12.133 11.135 41...; 1-1 -1 -1111.91 11.9115 4.3.2
2 EG.l3 0.5511 25.31 75 -1 551.11 12.121 42.154
3 1211.211 1.113 13.11;. 7'5 -1 823.44 12.331 .-3.04
4 112.11 1.1.94 1.1.35 '1'? 4 995.10 13.5311 9.41
5 215.33 2.112 .1.“ 1'3 5 161.511 13.131 1.1.3-:1
5 253.411 2.525 111.12 ‘P9 3 3-10.23 111,922 1.23
1 2111.45 2.93.. 9.,” an 5 512.51: 19.11.12 1.51
3 244.53 3.331 11.50 31 5 634.11 11.2111 1.12
9 351.110 2.133 1.13 31 5 35‘-‘.02! 19.4154 1.-13
[El £30.65 11.112 111:. 33 15 0211.30 19.635 2.11
H. 413.13 4.5911 5.55 34 6 2'E|I.5fi 19.301 2.23
[2 513.35 4.331 5.11 85 E 3'.|'3.33- 19.961! 1.4:.
L3 559.1115 5.2.19 5.22 3'5 '5 545-” “-13” 2.62
l-‘- 6-02.93. 5.51111 5.31 E? 5 'i'lE.31‘5- 211.273 2.132
15 15415.00 5.515;. 5_«_;.-.- E3 11- £90.63 20.421 3.03
15 as-9-.13.-, .533. 4.7.; 119 1 11:52.59 1::-.5155 3.25
1'.‘ 1:32.13 5.53.: 4.55 9'9 1 235.15. 23.31-1:15 3.45!
111 115.113: 5.959 -1.32 '91 T" 407.42 20.310 3.14
19 sL1L_2.5 1.21.1 .4... 9'1 1' 519.69 211.912 4.112
21] 3553-_1. 11.53]. 3.92 9'3 7'' 73.95 2|f.I'.I|§'§F -11.32
21 9:14.39 —.r_g-19 3.34 9% ‘J 914.22 21.222 -1.64
‘I: 941.15 a.|.5g. 3.5? 95 3 995.43 21.3-11 4,93
1.3- 9111.52 3.45:: 3.2:: 95 3 253.75 21.45’? 5.35
213 1 1133.59 11.12: 3.25 9? 3 5l3.2B 21.611 6.1.5
25 1 01.5.5.5 3.5137 3...; 93 3 99.51 21.332 1.11?
25 I. 1I'9I_T3 9.2.11.1 3.51.5 9'9 9 302.34 22.|JT|'4 3.10
2'? 1 1151.19 1.3.493 2.31 ICIIJ 9 645.58 22.253 9.25
25 . 1.;._5_g¢. 9.73., 2.5, 11:11 9 991.41 22.42-:1 10.54
29 L 222.113 9.9152 2.53 193 1" 335-94 22.5115 11.91
30 1 2111.111: 111.195 2.39 I03 ll? 630.41 22.121 :3.:'e
31 1 335.015 111.4115. 2.3; I04 H 015.00 22.351 23.31
32 1 312.13 1.314529 2... IDS 11 359.53 22.934 11.13
33 1 .s3|.1g [.3_g3.5. 5.9-; ID-.6 1|. TI:-1.|3|15 23.11212 '.'i|..3-L1
32] | 4.5.1.11, |.|..fl3'.',I L33 IUI 12 053.59 23.:'.l3 IJ_{1-'1
3.5 1 5:31.32 11.232 ...... 1:12 12 4113.13 21.311 24.15
'35 1 3513.39 |1__.q2|_ 1.53 139 1'2 '?4'-".6-Eu 23.415 16.418
31' 1 591.415 11.5.13: L3,; H0 13 091.1% 23.506 111.114
33 | 15.‘.-115.52 11.113. 1.23 lH I3 -1-36.'.'L‘2 2.3.592 33.05
39 | .5".|9.5I} |1..9.5'.'.' 1.4.]? 1.11 I3 :|'fl|...23 13.573 35.52
.10 1 131.55 11.15 .:.,..9..:. 111 124 135.113 23.149 .—:c1.'.:.'!
.11 1 15.5.}; 32.139. 5.14 114 Li 470.311 13.321 14.27
-12 1 £011.29 12.-1.45 1:155. 115 L-1 S1-I.B-1 23.13311 -213.55.:
-1:1 1 2151.135 1:,_.5.c.3 (3.39 116- L5 159.3-3 13.5152. 521.22
44 1 594,92 .2353 M. 111 L5 5:13.91 2.1.1313 511.111

| g_']j'.I§g |.z.g.|}D 0.0-__u. IIS [5 34344‘! El: 0?‘: 53.49
1931.35 1.3.043 _U.l-.|- II‘; [5 l92.97 2'1-.|.25 159.50

1. 022.12 13.1111 .c._3.5. 120 L15 53-'-‘.51: 24.116 611.110
:1 11151.1-.1 -.3.31'.I ..;.__5.5 121 L15 331.03 24.125 151.1210
:1 153.32 -_3.513 0.9.5 112 L7 226.56 2-i.Z‘.|'l fifl-.ECI
3 ;I.3g.4.5 [3126 _1.3E I33 I? 5'.-|':.0'9 I-|1.3lfi 53.50
.3 11.5.59 |.4.c.62 _].T? '24 [7 9.5.1513 II1-.353 EIJJU
.1 41.5.1‘: L4.-Z33 _1.E|. :25 [3 150.15 2-5.3?! EEIICI
.3 491.55 :..1_._-5.5.1 _1..6:|. 125' LS 595.59 291.435 53.30
:: 53:|..gfi -.¢.-.[-ll. _3..D3. 13-? L3 9§9.'22 2-I-,4'.'|'3 $3,CU
3 6-...;..1r_3 H.909 ,3.“ J23 L9 I5|3.?"5 24.503 L:iE.EiCl
2 1515.25 '_5.11:1-t:- .3..1n-.- 129 19 635.211 2-2.5-1.2 63.130
2 342.33 ._5.1...,. 4...... 131:: 1»: 9112.111 2.1.514 11.2.1:-I12 1122.52 15.460 4.31
1 I1‘.-1.fi§ 15.1531 --1-,5-I21
3 10121.11: '_5.195 .4_1:=L
3 1215.111 15.955 -2.121
3 213.05 -_fi.-.10 ..1.~:.-.-
3 3551.111 1-5.25.0 .-5.9111
'1 1-45.31 111-1016: -4.92.
3 531.45 35.541 --1.31
3 511.53 115.555 -4.55
1 1113.11 113.2211 -4.4:
3 739.34 16.951 -4.1‘!
3 1115.111: ]'I.U'.F9 -3.13‘:
3 961.11 17.205 -3.54

1212]
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‘K’ |S'3flEG 100.000 11122-:3: 100:3 {E}

Tllllllb D-1f+ -_- Frequencies. critical hand rules and absolute threshold
Tibli 15 VEIII5 Mr Li-yer If at 0| sampling rate of 48 kHz

In-1|-:1: Frtquentf CriI..Band Absnlute Tl -1 406,25 y,I'I,a1|
NI1|I_1I|Mf Rut: Th:-uh. T2 -5 500,00 [7332

I _ _3 1: _ [031 T3 -1. 003.50 10,100
I 45.33 0.303 42.10 7‘ ‘ 3'-'5-0° 13-391
2 53.15 0.025 24.1: ‘F5 5 052.50 15.521
3, ]_4o_53 llsgj l-I|__,1_-If -if 5 25U.|I| 13,323
4 101.50 1.342 13,111 "" -5 437-59 |9'-'D13
3 234.33 2.295 11.00 "3 5 535-90 W315
0 231.25 2.332 10.01 75' 5 3”-5° '94”
1' 323.13 3,134 3,34 3“ '5' 990-09 l9-5'3'fi
fl 3",I'§ID.:] 3.513 -L94 3' I5 '|.5?.5U l§I,7EE
'3 -1-2I.0E 4.045 7.22 *1 5 375-09 l'-‘‘-5‘'5'’«
[.3 45335 ‘I463 5'52 33 fin 302.50 29.135
I1 515.03 3.312 0.12 5" *5 759-0“ mm?‘
I2 502.50 5,212 5.70 55 5 §‘37-5''3' 39-451
I3 009.33 5.001 5.33 5'5 7 -if-'3'?‘ 13-5”
;4 050.25 0,041 5,00 3"‘ "' 31-+59 35'-755
.5 203.15 0.-HI -1.7: 33 7 5°”-Dc‘ 23-913
_5 jsuyofl 6"'f‘lfn 4.45 39 7 657.50 21,052
.1 390.33 3.110 -1.21 5"} " F-"'5»'3'3 31-133
.3 543'” .I,‘“., 4'0.) 0: 0 002,50 21.313

9 000.03 3.735 3.35: 5'2 3 -50+“? 31-“?
3'. 933.50 3.103 3.01 93 3 ‘*3’?-5'3 31-5'-‘*’
3'. 334.33 3.410 3.03 9" 5 515-00 31-2“
22 1 031,5 3.30:: 3.20 95 5 313-5“ “~97
3'. 1 030,13 3,000 3,00 95 9 99°35 3'-9'35
:24 1 125.00 3.235 2.03 97 9 E75-W -1'-3'

: I 131.3: 0,534 2,10 93 '5' *5“-“'3' 313"?‘
::0 I 213.15 3.305 2.03 99 "3' '3-W“ 3?,-4”::'r I 200.03 10.053 2.42 1”“ ‘” 5”°~”° 3--545

::3 1 312.50 10.30: 2.32 :3}, 1“ 13-795‘
:5 l 350.33 10.53? 2.11 In; 6:5-W
5-0 1 -300.25 10.205 2.02 “M 11 C30-W 13-] 52.: 1 4.53.13 10.930 1.30 ~ - 5'

E2 1 500.00 11.100 1.31 "'5 3'1 ?,E5='5'° 13-399‘:3 1530.33 11.400 1.55 ‘W’ 11 -*'3'«'3"3' 13-4”

_--i 1 503.15 11,000 1.35. lg; lg 23-5'-5
E5 1 040.03 11,000 1.21 L39 :3 mgm Egg::0 1 033.50 11.00: 1.0.1 r - _

:3 1 333.33 12.170 0.30 :1
_-3 1 131.25 12.34? 0.03 H2 :5 mo-m -3353
:9 1 020.13 12.513 0.03 H3 :5 315110 :1-9,“
«-0 1 375.00 12,034 0.20 1” U Tm-no E43,,‘
-.1 1 311.33 12,345 0.00 “,5 ,6 ‘arm “-15”
"1 1 955'” ”":'°1 ":"“ 1:0 :0 50000 24'11:
«=3 2 015.03 1:I.I54 -0.32 1” m s_I,5'W -4-224
-:4 2. 002,50 13,302 -0.54 113 H, zfidm 343,5
«.5 2 100.33 13,440 -0.15 H9 H flgw 24322
"5 1 "5525 ”'5''5 "EN 120 :3 00300 24003
«-2 2 203.13 13.22: -2.20 12, la 3.5-no 24-“,
+3 2 250.00 13.355 -1.43 [22 H Harm “-4.2
as 2 343.15 14,111 -1.32 In ,9 ]“=m 24-4;]
:0 2 433.50 14,354. -3.34 In W 50;:-W 243“
1" 1 53"” “*5” '2'“ I25 19 33500 2-(50.1
1:2 2 025,00 14.301‘ -3.22 I15 2,3 255% “'59.,:0 2 713,15 15.010 -3.02 ' '
1:4 2 312.50 I5.22:I -3.03
::5 2 900.25 15,315 -4.30
50 3 000.00 15,002 --1.5".‘
.01 3 003.35 15,333 -4.1‘?
1:13 3 132.50 15.-350 -am
.00 3 235.25 10.124 -5.03
0.0 3 335,00 10.233 -4.03
3.1 3 403.35 10.445 --1.00
0: 3 502.50 10.505 -4.135
03 3 050.25 10.340 -4.55
04 3 250.00 10.001 -4.29
.-.5 3 3.13.35 11,032 -3.00
.55 3 :13-1,50 11.100 -3.04
01 4 03I.25 11.303 -3.20
.53 -1 125,03 12.434 -2.30
09 4 213,15 l‘.'.5fi1l -2.45
-10 4 312.50 I.'!.-50:5 -1.0-3

111
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ISO.-'IEC 11112-3-. 19513-{E} tm ISO.-'|EG

Talflla D.2.a. -- Critical band boundaries

This table is valid for L33-rer I at a sampling ran: of 32 kHz,
Tm.-: irequerrcius represent. me top end our cash critical hand.

E-"~::-::..:9.'..I-.4'..'.4:..'I-—.:

1.22
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9 ISDIIEC Iscwar: 11112-3; 1993 :5}

Tflhlt D.1b. -- Critical ha nd bnundaries

This table is valid for Layer I at a sampling ran: of -14,} kHz,
The frequencics rapcrasem 11:: Lap end ofeach r.-ritical band,

36.133
I7?-.156
253.393
430.564
516,997-'
639'.fl63
"£75,195
'9'-1>'.I".-151

1 119.92?
1 291,992
1 454.253
I 521,555
1 ‘JELDS5
2 315.535
2 155.259
3 155.914 15.955
3 395,97? 17.099
4 41"E..9DI|5 11,904
5 349.13.: 18.921
:5 373.323 19.953
7? 5'.u'9.If-SB E'C|'.9'.|'l
'9' 302.344 22.D'J'4

1] 369.531 22.934
15 503.906 24.13‘! 3
19 992.313 24.593

113
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ISOIIEC 11 ‘i?:2-3: 1993 {E} .3 3593153

Table DJ 1:. -- Critical hand boundaries

This table is valid for Layer I at :1 sampling rate, of 43 k_H_z_
The frequencies rcpntscnt the nap and of each critical band.

indexuf frequencylfiz] Bark[z]

Tah1eF8.-CB _ _
9'3-']|'5U' [1925

137.5% 1.842
231.250 1142
'.’r'II'5.D'U'U 3-.613
46-E.'.n'5fl 4.4-53
5I52_5tE|fl 5.2‘:'2
656.259 5.041
3-4-3.'?5|Cl 'i'.45'i'
93-T.5Dfl 8.1 [13

1 125.000 9.2?5
1 312.500 10.301
1 SDCHDGD 11.199
1 731,230 I234?"
E E56-3.???-El 13.002
2 343!-,'J'5-U 14,111
2'.u'1E,TI"5|[J I5.U‘1S
3 EELESEI 1-5.124
Flu B43-,'.i"5fl 1'."-"1132
4 I5S'.I'.5DCI 15.165
'5 at-3-'.I'.5DC| 19.023
15 3'."5,l)['.|C'JI 19.964
'3' fi3'.I'..'iDCII 11351
9 3":"5.l}DCI 22.113

1 1 525,000 2.3i.l}?1
15 3T5.|E|flCI 131991
20 25D.D[JCI 24.59?

114
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63' ISWIEC rsculac 111?2-3: 19233 {E}

THIJIIE I}-14L -- Critical hand hnunda ries

This table is valid for Layer II in a sampling ram: of 32 k_H2..
The frequencies l'B|J:I‘B.SCI-'Il the T.IJp :3-:nr_1 at‘ each critical band.

 ind-ezn:-all’ frequency-'[H1I Bark[:]_ . _ _ T3519‘-?= __. _j . ..
1 ,
3-

3 1.1.50
§|3.?5D

13'J',SDfl
311.50}
405.250
5 3 1.250
656.150
TI‘ 81,250
53 3-7.5 DC!

1 -EF93..Tr'5CI
1 231.250
1 463.7!‘ SD

|uCI'!Il--.'l‘O'|."..|'1$x!..lJt'I-.JI—IvCJ

125
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ISDIIEC 111?2-3:19-931E} @ 150,.-'|Ec

Table D.2-e. -- Critical band 1:1-n-u ndnries

This table 1'3 ‘valid for Layer II at 9. salnpling rate C-F4-4.1 kHz.
The £reaquc:ru:ie.a I'E|!|i'C-S-Cl‘IL 111:: nap and ofeach critical harld.

Index-:Il" frequeru:5r[Hz| Ba1'|u:['z.]

43.066
36.133

129,199
215.331
301.965
439,564
559.363
639,063
313,292
94146-1

‘I 1'l9,'.'1‘3‘
1 291.992
1 591,319
1 722.555
1 931.055
2 325.536
2 ‘€56,250
3 213,947
3 3'.I'519'1"?
=1 493.995
5 349.234
6 F3313
7 599,533
'9 3C|2.34-EL

11 359,531
15 503.906
19 992,313

S353$355533553535517352‘:-‘“=°='*-4'59‘-"4=-L-“'14-'*=*
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1:: ISCHJEG ISDIIEG 11112-3: 19921 [E]

Table D-2f. -- Critical hand Iammdaries

This table is Valid for Layer II at a sampling rm: of-43 k_Hz_
Thc Ercqucrhcits 1'E|J¢l'l:5l:I|'|.|; me top and attach 1::-iLi-12:1] hand.

 index I)!" frequency IH:] Bark [1]_. ____. _ __.__ __
46.E'I5 (1.463
93.750 0.925

1411.-5:15 1.335
234.315 2.295
323.125 3.1114
421.31: 4.1145
562.500 5.272
6515.151} 6.041
196,815 1,119
93'1".5[J'lJ 3,103

1 125.000 9.2'.:'5
1 265.625 I-|.'].|35'.I'
1 54111.1:-11:1 11.199
1 '.I'34.'_'-\'."5 13-!,I‘1'E}
1 '§HS3,'II‘5fl 1?+.'|'.'|CI2
2343.151: 14,111
2 113.150 15.1113
3 231.251} 15.124

117.032
13.155
19.021.
19.954
21.052
22,113
13.13111
23.991
14.591

‘-DUO”--I:|’1U1.-8:-hIlb-JI-I‘:I

.2‘!
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ISCIIIEC 1 1 1 I-'.'J_-3: 1 9-93 (El .3; |S(j_,I'|Ec

I12 Psyohoaeoustit: model 2

D. 2 . 1 General

Fsychoacoustic Model 2 is an independent psychoacoustie model that can be adjusted and a,t;[a,p[fi,fl as any
ISDIIEC 11 172-3 layer. This annex ptreserus the general P53.-chusooustie Mo.«.1¢1 1 a_m;t pfgyidgs _;,uffi,_-tam
ittIot1'tu1tion for lmpleoientadon of Model 1 with Layers I and IL The L33.-gr II] psychgaggusfig mode] is
based on this lrnplementation. with adaptations as deseriba-_l in the I_,.a;.rt=,1- I]_[ ::m;od.:_r_

The threshold generation process has three inputs. They are:

all

bl

The sh.-.t't length for the threshold calculation process. t'J:I£en. where 33-4-El'.iJti-drl.-{(5-41], This eaten
must rc.IrLa.in CDll5'lE|.tIl over any particular application oi‘ the dtreshol-tl calculation process. If (as in
Layer Ill}, it is necessary; to calculate thresholds for two different shift lengths. two processes, each
running with a f'I.m:d shift lcngdl. will be necessary. Tn thecase of titles outside the range of 334
to 540 it may be necessary to calculate the psychoacou stic diresholtls u.-ith a different window
length as well as shift length. There are two ways to do this:

- Use :1 diffecrent length transform. and recalculate the startup coefficients for the mode], or

- Use the same length t:n=t.r1s:Fnnn, but at subs tan |'_'l.E|J1:p' shorter I-Linn window, stpprnapristtc to
the tlztta and problem at hiutd.

The choice of these is left to the itnplemetttation.

The newest ihlert samples of the signal. with the stunpiles delayed (either in the filter bank or
psychoaooustic cttlculationll such ‘mat the wi.n-Llow of the t1s:rcho:tcc-ustlc calculation is centered in
the ti1.ns-window of application.

The satnpling rite. There are sets of tables provided For the standard sarrlpling rates. Samplittg
rate, 1iI-:e is-ten, must necessarily remain cort.st::u'tto'.re1' one implementation of the threshold
calculadon process.

There is [me output from Psychottcoustic It-‘lode! 2. aset of Eigltitl-Lo-Tulaskitig Ratios, .S'."t-i"Rfl_ wI1ir_'lI arc
Eil:t.}:I'lt'.rJ lo the 1a_t.rt:rs its described below.

Bt:.t"t_1n_-, 1:1_ttt.|:'mg the xnodel initiitllyl. the Elrray used in hold the precodirtg FFT soiute d.at.1 window and the
arrays used to hold r and :' should be zeroed to provide a known stzu'tI'nt_z, po'u1L

In Layer II, the Il5}'C|1-EIfi.Cl'lIll stic masking ratios must be calculated twice during each coder frame. The more
stringem of east; pair of ratios is used for bit allocation as shown in the software simulation model for
L.ayt:rs'. I am] [I with Psychoacoustic Model 2.

D-2-2 Comments on notation

Throughout this threshold calculation: process. three imliccs for tlzl-Ia values 2111: used. Thcsc art:

128

0.1- indicates that the oalculati-on is indexed by Ereq uency in the Fl-'I' spectral line domain. All

index of 1 corresponds to the DC term and an index of 513 conespcnds to the spectral line
at the Nyquis: [rt:.q'.Je:tt.t:y_

{J - indicates ‘that the calculation is indexed in the threshoitl I::IJcu1aLiDI'l ptartitictn dc-mfiill. In
the case where the calculatiott includes a cont-'o1uI.i=JIJ fir sum in The Ulreshald mlculflfion

partition domain, hi: will he used as the sulnmatinn '-mfifllirlfi. F"3I'til1'EI11 Tlu1'1U'~'-‘="|”E 55'-IL‘
Eltl.

,1 _ jjjdjczufls mm the ggtlg-utgttinat is i]‘|_I'_It;3.'_5t,|;Et’] in the co-tier hit {or L'Iot_'|t‘:i.'JUC«k'.",I allocation I'.'II:r1Tt.t't.in.
,-am t11.;j¢,,¢ gt‘ 1 ntrrcspsnds to the lowest hand in the subband filter hank.
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t'.'I.2.3 The "spreading function"

5 3'-"E1'El-I points in tho following description refer to the "spreading func|;iun"_ ]1-_ i5 Qalgulated by [he
following iznetliod:

Imp: =1.ClI5 (j-:‘ J,

"Wh|3I'E'.II' is the Enrk value of the signal being spread. j is the Earl: value of me, hand b|:i_]_'|.3 gpfeflfl i.11|'_.g1 35.1
rstpx is a LEIIIPU-t'a.t'y va.1'iab]e_

.==E mt'r1r'.-mtrn fftmpx-0,512-Efirmpx-D.SLU}

"r‘-'hEI'c I is a temporary 1-I:-u'ial:rIe, and minimum {ab} is :1 function retnming the more ncgaflve at a or 1;.._

tinny: 15.31 1 3 saw. sr.-mp;+n.=rr4_1-11,st 1 ,o+rrmpx+t},4?411;.l1»5

wln-ere tn-Lp_v is another temporary variable.

I-1

15 (l'mP}‘<'1'U‘l3}| than -[J-',g:I.n:fr1,.1;'._.|"nl".e'.,r'l=|C|} else I .rpra‘ng,r'riur'J= 1 at +10“ }

I'.'I.2.-II Steps In threshold ealeuiatien

The following are the n.eoessa.I'_I,I steps for calculation of the S.'H'R,,_ used in the coder.

3} Reconstruct I 0241 samples of the input signal,

i'IJ-fie.-t new samples are made available at every call to the threshold generator. Tl-in: 1lu-:_-.sl:1.eld
generator must store 1 'E|14—t'.‘:!e.-1 stun piles. and cotteatennte those satnples to soeurstelyr reconstruct
1 G24 consecutive samples of the input signal. 5;. where 4' represents the index.
I -e= t‘ -r:= I 024 of the current input strecun.

bl Calculate the complex spectrum of the iltptlt signal.

. . . . . . 1:31‘ - 0:51
First, If is wtnduwerl by :1 1 {I24 point Hnnn window, 1.,e. so-rf=.s,' "' {Cl,5-fl,5t:os “.114 3;}.
Note that in Layer III, a sh nrter window inay be used when window sv.-itching is active, wifll
appropriate centering of the window, per the Layer III encoder description.

Second. a standard forward FF-T oI'sw,- is calculated.

Third, the polar representation or the Lra.nsfonn is calculated. rm. and fa; represent die magnitude

and phase components of me trnnsfonned 319.; respectively.

ejt Calculate a pre-:!|i-cred r rutdfi

A predi-;:ted rrutgiiittule, fig . and plmsefm are mleulated from the rite’-ceding two tl1II:shI:Il-IJ
calculation: l:-1o1:l1:s' r andj‘.

1%. =*2_nrfi, r:- it -rmuft -2}

fm =2.qr¢, n—; l—j,;._1 ft-2}

W:-[.31-E; I-cl-;J_v.;_s_;E1-[:3 [ht {;|_u-n3[|_|_ |:p]1_j¢L; nu_|_'|:1_bq::|'_ E-I E.[Ldc:-LE5 U11: previous h||3IC.'n'.'S -IIHIH. Elilld. I-2 IIIIIE-135
um data 1':-am the 1;-irestiold cnleu Lntion tilt‘-cit before Ll1:l.L

1:1; -C.-:.1t:u1:itt: die utilnetlictabiliiy rnlcosur-3 -3.9;

cm. the utiptedictabilily measure. is:

.29
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= ‘~I"ni=°$furi‘apusi‘m12+(r.:.:e'-ilif.:tr1".-nsini“aiI1}"3r5Ca} J‘
|'u:I'i"3«i?'5-iii’ tail

3}’ sacriiiciiig performance. This measure can be calculated on only 3 lower portion of the frequaency
lines. Calculations shouldbc done from DC to at least 3 kHz and preferably to ‘lid-lz, An upper
limit of less than 5.5kH1 niay oonsiderahly reduce performance from that obtained during the
r-tlhjective testing, of die audio algorithm. The en, values above this limit should be set to (1.3.
Best results will be obtained by calculating ca, up to 20 kHz.

ei Calculate the energy and unpredi ctrthilittr in the threshold crtlculetion partitions.

The energy in each partition, eh, is:

nhighb

ab = Zr”?
t;o=::ulowb

and the weighted un]_'irBdi|:tEIbilll.}|', Cb, is:

flitllghh,

'31} = 21'R12‘: :11-
tn=nJlo-urn

The threshold calculatiott partitintts provide a resriltnion ofapproximately eidi-er one FFT line or

%c:.-itiral band. whichever is wider. At: low frequ encies. a single line of the FFT will oonstitute n
calculation pru't.'Lt.'ton. AT. high frequencies, many lines will be combined into one calculation
p-':u'tititin. A set of partition values is provided for eztch ofthe three eamtilillg rates in table
D.3."CalcuInti-on partition lithles". ‘These l'.t1.H|.-t: elements will be used in the threshelei calculation
protein. There rue several elements. in each table e:nt:1_r:

1 _ The inr_1-eat of the l1'.E'I.l|'_1_lI£Il'_iClI'l partition, E1.

2. The lowest frequency line in the prtrI.it_ion. ruiowt,-.

3. The highest irequency line in the partiljort. n.I.ii.r'gi’t,5._

4. The rnedinn bark value of the partition. bvalbd

5, A lower ll'|!l'|it fur the, 5‘_\"R in the p:Lt1_'i1it:t-It that controls stereo unrnns]-ring effects, mi'mr.t;t.l,5.

6, The value for tun-I: masking noise {in dB] for the partition, TMNQ.

A. largest value of h. bmflx, equal to lJ:tE: largest lndeit. ettisu for each sampling title.

f]: Cvonvc:-lve the partitioned energy and ttnpt‘edicLlhi.]i‘.1I' Willi the Spl"B5i-Eli!-‘IE, f1JI'ICU'-Elllh

bmnit

.«_=cl:,-, = 2.25,, at .S'lt!IF‘£l'J1‘l,'_fl't'_?Ut'I.l,I;,I;,i'Jl':lIt,J
.!'Jf,1:)'

brrtm:

Err; = 25:21; - -'=P'”Ii'J“+.|5'f|'i*WI4’t:t:.-‘N-filial
ilbzf

Eggnu 5,3 5-;rb_ is weighted by me sigttrtl e11.e.-rgy, it must be renonrtnlired [GI C-iJ'g;_

130
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CI},

*5” ‘ Eb;

At “it 5531‘: lime, dl-1: to the non-normalized I1a1;u.1‘fl DI’ the spreading function. ecbb .s.J:.s;u_:1d be
rE11Bm1aIi2E:d and Ihe m:JI'I:I'1aJizeu:l energy cub, ealeutated.

any = ecbg, * mormb

Tlzuit n-zhrrnalizafinn I:r:IefI'1eienI:. money}. 15:

mflmlb = Irma: 1'
E.spr:b1g,rfbvaJ,5.g,,bva!1;J

b£?=0'

g} Cu-n vurt r:b-5. to 311;. . ‘me tn:-nality index.

Ebb = —fl,2*.‘i€|I — E]-.43 leg: (ebb)

Each FM, is limited to me range oft]-=:i-Lu, <1.

II} Czuculale the required SNR. in each partition.

NMT5 = 5.5113 feral] b. NMT5. is the value for noise masking tone -[in dB} for the parlifion.
The required signal to noise ratio, SNRE; ,1's:

Sh-‘R3, =m£Lxilnum[minva£g;, Ibb. "' TMN5 -I- 1'.’ ~££:,b JI ‘F NMT;,}

Where maxhnum (EL, h) is a funcdm-n ren.|n1ing 11:: least negative of a or I}.

i} Calculate me power rafiu_

The power r:'u.iI;.'r. bag, .15:

am. -1o—"'

j,‘J Calculation of actual energy threshold. n-be .

-r1uEr;-,.=«v.'1'I3,-. DC;

1:} Spread the threshe-Id energy over FF'I'11'.1:1e5. yielding rt-Em, .

 —

whighg;-a:Iawg_.+I
Ham:

1) Include atumlute thresholds. }'1EId.i!|1.g the final energy ll1.re-.-'.hn1d ur a.1JLIi|:I-1'.]il}'. 11:.-ra,

;hr,;.,= maxtnbfi, abstizrag

The :13 values of aJJ_r,r.‘1r shown in EHIJIEE 13.4. ".'-"Lh§o]LI'.I: IJ'I.I:'e5|1L1lIfl tables" HIE 1'B'«1flI.i'-'E'.E(J 11.111: 1I=\'' :1

mat a sine wave. of i % lsb has in me FFI‘ used fer uareshelni calculation. The FIE valllcs must be
|_'_:|;;.n\,r|:,|'l_13:'_'_ mm. me cnesgy :;',o:-n.-.-.,iu :u.f1_I:'r r.-erns1'.r_1-ering The FF [' numassllzadun actuzdly Lased.

mj Pn;-eehe e::nI1Lr-::l

E-"er Layer I1'I , p-re-echo eeumrol occurs :11 _|hi5 P_0im- The 5'91"“ ‘3°m-T'3'] i5 d3$C1'“3*“-‘j 5'5 P3-IT '31-'13‘-
L.a;.'er II] eluceder specification. This step 15 D-II'uT.I-Ed T01’ LEYETS I 3”“ “-

151
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fl} Calculau: the sigrml-to-niaslz ratios. SHE”.

Tabla I15. "Layezr I and [I cndxzr partifion table" shows:

1. The index, n, of the coder parutinu.

1 The Icrwer index flown, (if the coder partition.

3. "H1: uppcr index. Er.IFIIgFi_;-1 n-f UM: codnr p:1.rL'It1IuI1.

4. The width index, wy.'.d:.F:_.,, where w.;'d:Ir,._.=1 for 2 psychoacousticafly narmw scalefaclur band. and
wid.'r.P:n=CI for a psychoamusficafly wide scalefactor hard. A psycboacnusfically narrow scalcfacxn-r

band is one whose width is less man appmnimamly band.

The energy in time. scalefactor hand, spam; . 15:

afltighfl

Epfiflfl : Era-,2
cu: mI‘cI wn

'1'h::n_ it‘ Ijn.-:'.n'.r.F1,, = 1], Thu: 1-misc Java] in ma scalcfactnr band. nparin is calculated as-:

clsc.

apart” = Jninixnulnfirflarmfgwn ......”I-rfi-_y,P“'gJE” ]I "’ (ct?-'JI'g-hag - £rJu|'DH-‘:1 + H

where, in this case, minimum I[a,.._.z} is a function ratuming. th-I: smallest p-Dfiiu“-'-B El-rgumellt OF
me a.rgLIm4_-,11[$ :1___2._

The raljus tn be. sent to me curler, SMR,-1. 1111:. culculmed as:

apart”
rip-.'ir1_.;SMR,;=101og1{]f II

131
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Tahlt DJ-a.. -- Calculation partition tnblt
This table is valid a1. a 5.a.mp1'.i:I.g rate at 32 kl-lz..

133
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Table D.3I:. -- CaII:1.IIaticIl1 pnrtltl-on table
This table is valid at asampljng ran: of -1.4,] Id-I2.

13-I
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Tahlt D.3c. -- C311: ulztlon pnrtil E1511. table
T1113 13111113 is valid .51 3. siunpling rah: of -48 kHz.

1 9-00 24.5
2 -1.41 24.5
3 11.94 24.5
4 1.41 24.5
5 1.33 24.5
11 2.54 24.5
1 2.31 24.5
3 5.23 24.5
9 5.15 24.5

111 4,211 24.5
11 4.35 24.5
12 5.155 24.5
15 5.44 24.5
14 5.35 24.5
15 -3.19 24.5
111 -3.52 24,5
11 3.3-5 24.5
21:1 1.4:: 24,5
25 3.411 24.5
2-15 9.24 24.5
29 9.91 24.5
32 lfl.f>5 25.1.
55 11.23 25.3
53 11.33 211.4
41 12.39 25.9
45 12.93 21.3
49 15.53 23.1
55 14.12 23.11
51 14.32 29.1
1.2 15.14 29.3
1.1 15.31 511.2
12 15.15 50.1
11 115,511 51.1
33 11.112 51.5
39 11.44 51.9
95 11.34 52.5

1115 13.24 52,1
111 13.411 55.2
1211 19.111 53.15
129 19.41 54.11
I38 19.85 3-4.3
149 211.25 54.1
11311 211.155 55.1
115 21.112 55.5
131 21.411 55.9
2111 21.11. 55.5
219 22.12 53.3
133 22.4? 3'1".C|
251 22.33 31.5
235 25.111 51.1
5119 23.55 53.11
555 25.33 3B.-4
51.5 24.25 53.1
391 24.53 59.1
4211 24.93 39.4
435 25.2 5.9.3
5111 25.31 411.1
515 25.31 40.3

155
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Table D.4a. -- Ah.-m-lute threshuld lable

This table. is valid at :1 sampling rats of 3-2 kHz.

A ‘val uc offl dB represcnts a 1:»-cl in the absolute lhJ'B.5J'I.|JId. calculaliun at 95 dB below L113 energy of a sin-e
wave. of amp-linlde +—32 T60.

fi$fifiL...'uL~»J--::_H.:iv:no-.3-:3~.l.n-h-Luhé-LC:knmqmmgmmwmmmummfimpua"'"""'“"""_
13-I5
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Tuhie 13.41:: -- Absolute threshold table

This table is valid at :1 samplirig. ran: 0E4-4,1kHz..

A value of E} dE rcprcscnts a level in the absulute thrr:-.sI1nld Calculatifln at‘ 9ficI:B btluw the exuergy of :1 sin:
wave of axnplimde +32 T60.

--IIMHw~uwuu---H—~am4ounmmHflfifitflfiEfiflfififl$fifi3EcEuHmpmwucmmqmmnfiwua
4:- HI

‘H?
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TIIJIIE D.-|1-4: -- Absolute threshold tab]:

This table is valid at a sampling rate of 43 kl-[:..

A value of U dli represents a level in ma abs»:-1uLE: uireshold calculation of '§|fiu:|B below the aruergy afa. sine.
wave of amplitude «-32 '.-‘ISCII.

133
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Table D5 -- Layer I and l.a3.-er [I coder partltion table

.39
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Annex E

[informative]

Bit sensitivity to errors

E.1. General

This antic: illdi-Calf.‘-5 the sensitivity! of individual bits to random errors ifapplicalifln Specific error
protection: is ru:eI:le::1_This sensiuvity is given for each. bit by a. value from {J to 5. indincar.-ing the amount of
degradation resulting from one isolated emcrr :

5 catastrophic
4 very mmoying
3 annoying
1 slightly a.urI:;:-g,ri11g
1 aLI1'ib-it.
D instnsilj we

The 1.-Ialuea are not me results of precise measureaneaats. rnmer ti:-:_'r rely upon icluwledge of the codee. They
assume the error dereeljon sebelne is not in use.

Same fie|d5 in me hit 5u'e..'1m do not imve a fixed length. A11 hits in these fields are rated for error
5-Bnsitivity, eve:1. if not in use.

Fourall layers. 'r.t|.e: header and error check information defined in 1.4.1.3 and 1.4.1 .4 art Cflflfiideftd ID have
the highest. s.:rI.:iir.i~.-'it_1.-'.

E.2. Layers I and II

Bit E’|1|oC-flliun
Scalefacto-rs 5.6115421 iI::fr:-n'n:'ll.iI:n
Sealefaclszrrs

D (Est!-i'

Suinhancl sa.Inp1£'.i |I"‘3I 3-%|5(I1'l!-Ii‘-J5-

3 ,4
'fi shit)-2

5
5
4
4
4
3
2
1
3-
2
l
U

 
{*3} according to me bit allocation

140
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E.3. Layer III

Pa :ram I: ta 1':

scfni

parI2_3_I::ngtJtI
big__va.lLLes.
gI:1::a1_gaiL1
flcfau:_+:om|:rre.55
wi1'.duw_swi'L-:-.hj ng_flag
blc-:l:_typ£:
1:n.i:uad_b1oc1:_flag
tahJe_5elect
region-E|_cou11t
rcgEun1_c0unt
P1'f=¢|1=13
5caJefau:_r.c£Ila
countltabl-E:_mIecL
Sui:-b1I;:ck_ga.in

 
 
 
 
 
 
 
 
 

 
 
 

 

  
  

  
  

1 {Insb}
l

0 {lab}
3 {l;I15hJ
2
1

D {Isl}?
{}...n—]

sca]e_fa::: I?‘ '1

  Huifinanoodchits II

II."‘”"I- lJ1l:- scalafac length depends on sc:IJefax:_cu1npre55.
The bit sensitivity values refer to The s:;a.lefa:c_s—cal& value 1 {if I3! the Va} ue is in pa.Ienl'.|'-esis}.
I,’*"""} Ii‘ n is me number nrmu: for Hu['f1'n:Ln ending in on: block me bi:l S£:I15i\'iE}' decreasas linearly from 3
to E as the hit number vafies from IE] up Do 11, Iffmln low LI: high frequency}.

Note:

Rearrangement ErfU'lE H'L1ffI1'LEL1'| coded values:
To gel: better implicit arm: mbustncss for Ihr: Jnw Fmqu ccnc;-r part of me spectrum]: the Huffman coded values
can be [.l.'a.l‘|SI'.¢l:iLIBd nm 1'I: Lheci: Jczaagical order, buL in an interleaved t"=L5l1i£J-II.

If |;'.n:|:._h|en is the maximum Jengun of :1. Huffman codeword over [her table: which arc used [0 code the
particular block and II is the nu mbcr of bins. used four Hufflrmn ending of data in H1: block (nut framt}. thltn
int(:1.Fma:-r._h1cn} slots an: filled with U1-c firs: codewords. beginning fmm I-ow frequencies. The re.ma.im'.ng
c(:u::]..3wurds .-u-e, filled ‘mm the rem-a,:'n:ing place, n.g:1.in arrmlg-21:! from lcrnw [D high frequencies.

Am,-.r bi: interleaving, um IJi.L sensivity orbit k+i*i.I::[n.f|na:t_hIe11} decreases I‘1ne-.:LrI_l,r Fmm 3 113 {II as L:
varies from [I up 1:: i|:tE:1..'nL:Lx__t:1eIn‘J-1. where i.=0.....ma.x_h1en—'1, and n is £111: numbfir E‘.-l' him ffir iluffman
cc-cli.:1g in cue block.

T|1i.; is the n-.-.cummc:1d:,Ll prncficc for Layer III u:L1I;:!. for all char-nm:ls whtrc Error rohufimess is impOIt-'3I1l-

1.5.1
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Annex F

{informa1iva}

Error cunceaiment

A-It optional fesuure Df Iht: cudcd bit 5t:'enm is the EEC word which provides sunae, error detecflan facility Lu
the decoder. Th.=: Hamming :1i.st:am:;e of this error detection code. is ti=-'1. wI1ich allows fur the detaction ofup
tt) 3 sing]-E. hit ::1rcIr:; ur fur the deteactiun of one error burst. :1-fup in 16 bit length. 1113 atnount artd the
pnsitlun of the protected bits within one csrtmdcd audio fmm: gcnerally dtpends on the. layer. the mode, data.
rate. and sampling frcquency.

This can be user. In control an error I;:I:;mc.e.aJ.|.'nI::r:t st:-utegy in order to avoid severe. ilnpa.-'Lm'n::nL1=. of the
rbcunstructbd signal due. ID E:t‘I'IZ:t'5. in the must scnsiljvc information.

Some basic techniques can be used for ::onr:ea.1me.-nt.. fnr :'.nst.zt.I1:::3 inf|.‘.HI'ma1.iDl1 suhstitu ticm. rJ-r muting. A
simple 5ubst.ituLi::nn Leclmique. consists. when an errnnanus fmrne occurs. of replacing it by the previous one
(If error f':re.:]I.

142
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Annex G

[i nformativa]

Jolnt stereo eoding

G-1. intensity stereo coding Latter I. ll

4'11‘ flfiijflflfil jflifli Sb-'3I'E0 CD-Cling Incfllod used i.I1 Layers I and I1’ is intensit}-' stereo ooding. Intensity stereo
Coiling Call be used to increase the audio quality nndfor reduce the nitrate for steroophonie signals. ‘The gain
in lnitrfite is tgrpiuully about It] to 3-D kl:-Etsais. it requires negligible additional decoder complexity. The
increase of ettooder oomplexity is small. The t:rLt:r1u:I.t:.r and deco-derdelay is not sffec ted,

Psychortctaustie results ittdicate that at high frequencies {above about 2 kHz] the lo-rznlization of Lhe
stereophonie itringe withtn a eritioal hand is determined by the temporal erwelope end not by the temporal
fine structure of the audio signal.

The basic idea for intensity stereo coding is l1'LE|.L for some sub-l:Is.nds. irtstend of Ll'£t.1‘IS|Ii.'I.i|:Liflg separate let‘: an-1
right subband samples. only the sum -signal is transmitted. but with sealefaetnrs for both the left and right
channels, thus preserving the stereophenie image,

Flow diagrntns ofa stereo enooder and deoeder. including intensity stereo mode. are shown in figure -Ci.1
"General stereo eneoder new-chart" and figure Ci}. "t]ener:tl stereo decoder (‘low-r:l:I.srt'. First. an estimstie 1
is made of the required ‘nitrnte for both left and right channel. It‘ the required bitrate exceeds the nu.-ttilnble
birrste. the req uited ‘oittme can be decreased by setting :-t number of sublzutntis to intensity stereo mode.
De]:-ettdirtg nrt flit: hitrttle itoor!|e.tf|.. suhbt-tttds

I-15 to El.
12 to 3-1.
8 to 3].. or
4 re 31

can he set to intensity sue:-can mode. For the qu nntizntiott of such eo mbined sub-hrutds. the higher of the bit
alloestjetts for left nnd right elttinnel is useti.

'1l:|.e left .'u1d right suhhnntl signals of Hit: subhattds in joint stereo Int)-do ttre added. These LIEW subbartd
signals an: sealed in the nu-ntttti way. but the originally detenniner] senlefnctors of the left and right subttand
signals are transmitted neoording to the b-itstrenm syntax. Qu:‘I.tI1.i2al:'-all Of Common Subbflnd SHIIIIPIES.
coding -t'_'|fCD]11,lI|l:In snm pies, sutd coding of enminurt bit allocation EIIE. perfnnnetl in L111: some way as in
indr-.pe:ndent -es:-ding.

G.:2. l'|tlS_5teret:t and Intensity stereo coding Layer Ell

In Layer III a r:t:r1nbin:ttit:m of ms_5tt:reo mode {5I.JIr:..I'tJif|3't:rt:I:I.t:‘A‘:'.I arid iuteusityr stereo mode can be Ilsa‘-‘Ed.

af} It-'IS_stt:.ren switchittg

I-.-tS_stereo mode is switched on ifin joint stereo mode eond.iLio11.

511 51]

[H53 - rrizl -: 0.3 *‘ 2, [ rl.-F + rrig J
i=0 'i.‘¢U

is |_rue_ The .,.;._1u¢5 rt-L and n-1 cgrfggpgnd so me ettcrgies ef the H-'1'1i1te spectrum of rlie left and
right channel sale utatetl willful the DSYCNGRCDUSWI m3"-’1‘3'~-

tyj Ii.-IS __5[e:‘er;i fnncessirig

— MS 1:rIaL'ri:It

1-43
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In MS__3LeI'eo mode the val ues of the nun-rnalized middldside channel Myfli are transrnined i.[1.5r.I3'.£uJ.
Of the |-t‘..l'I.-'1‘igI:L channel val ues l_.i.!R,-r

Mi=R"+Li and S1=Li-R-I
‘H *5

- I.ir:I1|'I'.'a1im1 of 5; channel band-u.-iu:1.

A1] 51 values above the highest scalefactor hand 3.11: Eel La 2-emu.

- Spraning of Si eh£u1I:Iel

1'1 '3‘-‘EFF Sflalcffictflr hand Sb all ]J:IJ'.r5 of small values (31.3,-3,1} are set to zeru:

if (Si? + Sm?) < 55b * (Li? + Li-I-12 + Ril’ + Ri+13I '3
Si -0: Sin = G:

1

The lellerwing djrfemnee channel tllreshelqi r:oet't1c:ienLs am-.uI;.r [CI 111:: 5:2;-L]::l':u:tor bands. I‘n:r black uypc
!=- 2 Hang MDCT 'LI11:I'I.5fl)nnS '11:

3 El 1 2'. 3 -1 5 15 T E 9

55h CLU fl.C| GI] |El..D Cl.El 'E|.1CI IEI.Ifl ['I.]fl l.'J_l-U 0,10

5 ID 11 12 13 14 I5 ‘HS 17-‘ 18 1'9 20

355 0.2.3 0.10 0.30 0.40 0.50 0.60 CLTII} 0.50 DEC! 1.00 1.50

1:) Int-e:r|5iI_*_|.r ste-rL:rJ prc:r_'e.-3.5iug

— Calculation of mien 5iI:.-' SIE.'I‘E:IEl position

For cash scalcfflctur hand sh coded in intensity steren the following steps. are executed:

_ L_E

— Is_pcs5b = 1~.rLr~."1"( 51% * arctanfi 1,’  .
- Ll = Li + R; rm :aJ1im:lir:e:-'. Ewimin um actual scalefacmr band 51:

- Ri = D in: all indiues i u.-main the actual smlefaemr band sh

— the ‘mu-:n5:'L;gr stereo ]'JOsiI.'Iv:}1:l i5__pos3b. is tr:u1smiLted insle-at] of me scalefnctor of the right
channel (3 him always. stereo positielu. 11.6, ?=iIlega.1 stereo posifian}

where ]_._Energ}r5b.|'R_Energ}r5|} -denote the signal energies of the Ieftfright channel Wilhin lh-E:
actual scalefaetur muid and Liflii are the lransfonnetl val ues.

Scale factor 1:12:11-[L5 ml’ 111.: |!‘.i.gh.Udi.ffC.l‘c]1.E|: ch:|:I.':m:[ CUl1L'1i[llII_g Ui1I_'f zeros after coding which {JD IIIDL
belong to the 1'.11[I(.‘.|:I:-Ti.'l_'5-' coded pan: Sh-Duld be m1.r.s1n'LL:ecl w':1h the Scalcffitlfir "'1' ' 10 FTEVEUT
in1Lc:1:=,i1;.- 5Leree- (Jen:-r.-a:.1i.:1g.

14-4-
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I9 ISDIJEG JSDHEG 111??-3.’ 1993

BEEN BF
LEFT CHAN Nil.C

lE|'-'||H fl!
HKIHTGI-Ha

|u—AIIuH.-u.-ru “'95”
; 4 _ _. I|'rH.A.'I'E

J‘ 0'1" 'u""
nuu rmman

|:¢ll.ICl.ll.A:1'K1I~lI'.|+'In|I.'II|:lIKl I:I.I.l.7I.l.11'I:Il-W flalnlfl
1'IIRECllI_Dl.lQH@I-IL TU

I11-Bl Iluhnl
'|'|'I|ll-“'flI.I'.| Alli!-|9l'|AL 1'9|u:I.I:|IuI11cIl IVE!-IFTIWI fiiiiflbfiflllifiHit: or ocujqu wxqpfi.

=I-l-I-I-I-'!'$l¥|.EF-‘Fill HI-hull
:1-Inn-I:ua.:.qI4_pau.

|.‘.DfihIW'EILE
Filcnmi .I.I!u|.|I.'IIfll'I' fuIII:l.|:IIrrIu.1:

min

 
.-u.----1-1--u.-:----—-—---—_.

  

 

  

 

lfilrllllfifflfl H.|AN'|'fl'.n'IIIId llfi
I3DC$|i|$

IHIIIJJ Stilt!
|-I:u|.u.u..u.|.n|:I-I. qIuIu'I1:I!A'I'I:HIHu-nIHIBIDHB if fiumlnn

ll-|Hl-VI} iA§I..EI
EIDIDIIIIIF

iuII.I.u:I su-I'll!

an-nun fiFIl'I'u.|.|:-Ialrrnoni rill

I I:|:I:IIn|:I= Ill’ u.I.:na:|.na-on nun. Fratiml ll1.-\---u--—--.

Ijhfiflflhl l.l.lHI1 run:

|--------u-.-.-
I J I I I I I J

n.--u--u-.-.---

‘ , Thin: p-nu-I.u:|.-I-1:: -anhr In1111- ' fl $-
"_-I‘ I ‘I JOIFII fl'UO-l'|'|-O

flow chartGen eral stereo E ncud erFigure G.I

 

(El

 
 

 
 

|i'lnI
rpcrulu

ucJl|.|n|_u.n11anq, n|_|nq1ug,1'|q_-ghppu

b:|bnuI:urIrrnu.nI:.I.nauru
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ISDIIEC 1 1 1 I2-:3: 1 993 (E) 13:: 13cm Ec:

INPUT ENC-‘GI BED BET
ETREILIIT

LIT‘! channai High I: channel

DETEF IIINATIDN BF
CD MEINE D 5-UH E-I-N D5

 
  

 
 
 

 

 DECDEH NB OF E IT
ALLDEIJITIDNS

DECODING GF HIT
ALLDCATLCIN5

 

DECDDINI3 BF SCALE DECDDING CIF BIT DECODING OF EICHLE
|=p,_r;'|'c|::g5 ALLC|C.I.1'II.'.IN5 OF FJICTDHS

IIOMBIHED ELI BB ANDS

 

  
 

IIIEEILIANTJZATIDN UIF
EAIIPLES OFIGCIMBINED

SUEBANDS
|.‘.1|F.E:|.|.II.Nf'J'IZ.1|1'I'|II-'Ihl

OF 5.MulPLES
DEGU A"l1'|Z.I.'I'|I3H

CIF SAMPLES

 
$l..| BEAND SYNTHESIS 5'19 3-I-ND 5""NTH E5’-'5

FILTERIMG FILTEFIIHG

OUTPUT FISH SAMPLES OUTPUT PIIIIII SAMPLESHHHHHH
This part 15 used only
In iolnt starau made.

Fig.4;-g (3,: -- General stereo decnder flow cllart
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Annex H

{in-formativ on}

List of patent holders

Thu: user's attention is called to tho possibility mm - for some of tin: procasses specified in this part, of
ISUIIEC 11 [T1 - compliance with this Interrtatiotlai Standard may require use of an invention covered by
patent rights.

E}-" publication Offliis part of ISUIIEC 11'l'TI“2, no position is udren wild] respect Lo Line w.-'aIidiL5,r of this
claim or of any PELICIII rights in oonnection therewim. Jiowovcr. E-.a»:h cotnpam.-' listed in this am-u::nt has fin: :1
with the II'Lft2Il.'1'|!'IEl[ItJIl Technology Tstsit Force I:['I'I'F: a 5l£LLt':t1'lE;tIL of willingness to grant a license, under
such rights that they hold -on rensonabis an-:1 noittliscfimintttory tonns and conditions to an-plicattts dosiring
to obtain such a Iioettsra.

Information regarding 51.: ch patents t'..'1.11 be i:J'|:it.'1.i.:L1cd :|'roI11 :

AT.&T
32 Avenue of IJIE: Ameficas
New York
NY ]DG|l3-2-I12
USA

Await
I Memorial Dri ‘WE.

Canthfidge
U21-I2 Masrztchusettsi
USA

Eelloore
2943 ‘W Mount F'Ieastu1t .r‘H-’-E-HIJIE

Livingston
HI UTUE9
|_J'S.r=..

The British Erondttttslitig C.‘orpou'aliot:
|3ro:.c1::a_sLi.ng House
Lontion
W115 ‘JAA

Unit.-:i:t Kingdom

E1-itistt Tclecomm unit:.tit'Lon5 pit:
Intellectual Property Unit
13m Floor
151 Gower Siren!
Louttoti
WC: 1-". I513! A

Unitsd Kingdom

CCETT
4 Rue du. Cling‘.-CCI1.u'tfl|
BF‘ F39
1-'-35512

Ce55»:;u1—S evign-3 Codex
Frt1:I1L'I.:

14".
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I$Df1EC111?2-3: 1.993 {E1 1:1 ISO.-'|EC

CI‘-Tl3'I'
33-4-I) Rue du G-me-.ral I_.ecIe:n:

F-9'.‘-1131 l5sy—le.i-M-::uli:u::-nu)‘.
FraIK:r.:

Cmnpnzasion Labs, lllcurpuratcd
2360 Junction .-9' wen ue
San .105:
CA El 5 13-1-
USA

CSELT
Via G Reiss Ru-:nuJi Ti‘-4
I-lfllrl-S TuI"I11.EI-

Italy

Cc-mpuS-mics CDl'pO1'E|.lifl||fl
F-‘CI Box I510]?
Palo Alto
CA 94306
USA

Dnianlcr Benz. At]
PO Box BUD ?.3{L

Epplestrassc 225
D-'.I'fl0U Stuttgart ED
Gcrmmy

Dornier Gmbh
An der Eundassunsse 3]
D-799C! 'Fried.I'il:l'5EIa.fi:nl

-C-cmmn;-r

Fnmuh-afar {3<:55.L:|i5ci1.:1f'. 2'.-.1r Foer'cJ.eru|1_g filer .-’\.ngerwaI:dt=I1£-'un:chLrng I»'."v'.
Leunrodsuasse 5:1-
SDGU Muenchcn 19

G1BrIrL:u'L_~r

Hitachi Ltd.

:5 I{zu:da-Smugaazaj 4 ch-am:
Chiyodn-lru
Tokyo 101
Japan

lnstirul fill‘ Rund Funh:L|:L'l1nik Gu1bh
Flurinnmuhlstrntie ED
3000 IN-Iunchen 45

["1t:rr:I1rIJ13«'

Inntmauinnal Bu: iness .‘-i[rLc:hin:I::-'. f.'.L‘uI"pCrI':lLi0n
.-fiumnnl-:
New ‘lurk 10505-
T.JS.-'55

KDD ETUITJU-mI.icI:
2-3-2 }~'is1'.i5hi:1j.1ku
Stzilijuku-ku
TL1-kyu
IE'|.p!:'|.1'!
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I.:'+:emi.EL Patent-Venvaltungs-Gmhh
Tlltc-clot-Stem-Kai EL
D—IS«U[ID Fra.nk_fu.rt TIE!

Gennany

Mimsochusotts In.5.Litut= of Technology
20 Amos Strcct

Cambridge
1'«'i:is5a£:hu5-E115 U213?!
UEEA

Mntsusjuita Elana-‘L: Industrial Co. Ltd
10015: l’3laza-I-Cmloma
Kadolzla
Osaka 5'?‘.l

Japan

Mitsubishi Eloouic Corporation
2+3 Marunouchi
2-Chaim:

Chi}-Dda-Kn
Tokyo
IIEII} J:—1p-an

NBC -Corpormjon
‘P-1 Shiba 5-L‘.ho-Inc
Minato-1.-cu

To k:}nu
Jagan

N1'|:-pon Hoso Kyokai
'2.-'£_~'I Iin.-nan

Shibuya-ku
Tokyo 150—L'_‘II
321.]:-an

Philips Eloctrordcs NV
Groonmmudseweg 1
51511 BA Eindhmren
The Net11er*L-nnds

Pionoor Elocuoillc Corpomtion
4-1 Meguro 1-Cllorno
Meg.Lu'o—ku
‘Tokyo 153
Japan

Rico]: Co, Ltd
1-3-IS Na.l-talnagome
[JhLa-I.'.LI

Tckyu 143-
Japsrn

Ex-:1a;u.-.-::rl.-. EI1gll1CI:ri.I'I.g, £5 Design
15 E--n-okin-ad Court
San Carlos. CA ‘J-I-l'|'-"Cl
USA
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San;-.-' CorpI:ImLi-::n
6-'1'-35 Kilashinagawa
Shinagawa.-ku
Tokyo 141
Japan

5 ymbittmics
St John‘: Inniws lion Centre.

Cflwley Read
Canibridge
CB 4 =1-‘F:-‘S

United Kingdom

Taleflml-:En Furnish und Ruudfunl: Gml:-H

Gulfingcr 'C1':flIJS'i-ti:
D—30DC|I 1-Ia.m1ruw:r 9]
Germany

Timmsu-n Consumer Electronics

9, Place des Vosges
La De'1'ens.e 5
924D{I C-uurbcvcic
France

Toppan Printing C-2:, Ltd
1-5-] Tzjm
Tait:--Ru

Tokyn 1m
Japan

Tushiha Cctrrp-or£.I:jDn
1-1 Shibaru. 1-lZ'I.1-an-re,
Minna:-kn:

Tokyo 105
.Ta|1:-m

Victor Company of .T:np:Ln Ltd
12 Mmiya-chn 3 chome
ICanagawa—1um
Ynknhmna

Karlagawa 221
Japan

1.50
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