. DATA FI ELD OF THE | NVENTI ON The present invention relates

process for use in encoding audio data, and in 5 particula

psychoacoustic mask generation process for MPEG audi o encodrngﬂ”BﬂCKGROUND
The MPEG 1 audio standard, as described in the International Standards
Organi sation (1SO docunent ISOIEC 11172-3: Information t ol 0 -

Codi ng of noving pictures 10 and associ ated audio for di gr%ﬂﬂ%mﬁﬂmﬂm&dr a
at up to about |.5Mips ("the MPEG 1 standard"”), defines pr | ossy
conpression of digital audio and video data. The MPEG 1 st andaewoogef i nes
three alternative processes or "layers" for audi o conpression, providing
progressively hi GlEVICENND PROCESSIFORUSE INENOODINGAUDID DATEA €asi ng
conplexity. The second | ayer, referred to as MPEG 1-L2, provides an audio
conpression 15 format widely used in consunmer nultinmedia applications. As
these applications progress fronrprovrdrng pl ayback only to al so providing
recordi ng, . unmer grade and consuner-priced devices

t hat can geﬁggh g’ i@ﬁﬁ{g conp iant audi o data. The reference

i npl ementation for an MPEG 1-L2 encoder described in the MPEG 1 20 standard
i's not sui tBielpeseot invertlontrelates o adeviee awcb]niobcsatfbm in ancbdiregrauidiedata, and in
consi der bIe resources in terns of both .neno

art1 cular PapisaTdy & RoubBaeb e madi e D St OEMHE BRBORMMIE > audi o
encoder referred to uses a nunber of successive and processing intensive
power and energy data conversions that also incur a repeated loss in
precision. 25 Accordingly, it is desired to address the above or at | east
provi de a (BACKIGROUNDAat i ve. -2 SUMMARY OF THE | NVENTION I n accordance
with the present invention there is provided a mask generation process for
use in enc ngr i | r ks r nts
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the | ogarithm c masking conponents The present inventiaon also ovrdes a

mask gerferé{"ﬂoqfs?ﬁlﬁfééég‘ f%fbrdé’é”‘r’ln"@rﬂgéd’i"rﬁ]@f‘ ghép Jo oyt 1io4éns ot MPEG-1
generati ng | I i ]
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encodi ng audi q
g providing progressively higher degrees of compression at the expense of increasing

; e3epLEmMaoA$B| 8CD6DTLEK A  DEVI CE AND PROCESS FOR USE I N EN “‘Wﬂhﬂ“
and

complexity. The second layer, referred to as MPEG-1-L2, provides an audio compression
15 format widely used in consumer multimedia applications. As these applications progress
from providing playback only to also providing recording, a need arises for consumer-

grade and consumer-priced devices that can generate MPEG-1-1.2 compliant audio data.

The reference implementation for an MPEG-1-L2 encoder described in the MPEG-1
20 standard is not suitable for real-time consumer applications, and requires considerable
resources in terms of both memory and processing power. In particular, the
psychoacoustic masking process used in the MPEG-1-L2 audio encoder referred to uses a
number of successive and processing intensive power and energy data conversions that
also incur a repeated loss in precision.
25

Accordingly, it is desired to address the above or at least provide a useful alternative.



15.data, including: generating a global masking threshold fromlogarithmc

. maski ng conponents according to: LTg ~i~ = max~LTqg ~i ~+ nmaxi =1 ~LTtonal
Lz~j~, z~i~~}+ maxi-1 ~LTnoise ~z~.| ~~ z~i~~}, where i and j are indices
of spectral audio data, z~i~ is a Bark scale value for spectral 20 line i,
LT~ona, ~z~j~, z~i~~ is a tonal masking threshold for lines i and j,
LT"o,se ~z~ |~, z~i~~ 1is a non-tonal masking threshold for lines i and j, m
is the nunber of tonal spectral lines, angd n is the nunber of non-tonal
spectral lines. The present invention also provides a mask generator for an

audi o encoder, said mask 25 generator adapted to generate |inear masking
conponents frominput audio data, |ogarithm c maski ng conponents fromsaid
l'i near masiUMIMARYCOFTHE INVERTOORDal maski ng threshold fromthe

| ogarithm ¢ maski ng conmponents. -3 The present invention also provides a
psychoacousti c masking process for use in an audi o encoder, including:
gener at i ng 18 gesagdanga midisthe praserrtduventien theshis e vided amaskogagtaiionPeeeesioni ng
sound pressurgnle\égf val lueagr%tin(ﬁai,d energy val ues; 5 selecting tonal and
non-tonal M&s |?ﬂ§ &gﬁgﬂgn B IR hasi s of said energy val ues; generating
power val ues fdrmeratingilthe@Naaking/nimentd Eroad sdid R@liodstsj ng t hreshol ds on the
basi s of said maskjng conponents and said power val ues; and generating

si gnal td nmsgenestingdogasithmicqnaskingaompenenty fropnsaidlingar sxgsking amaopsnds; 8nd e

%)ORA{/\Ve\IQE!S \IQ?L:‘J gﬁegﬁﬁéﬁg?@%‘%gf‘ ﬁ@%@%ﬁé@?ﬁ? ﬁJ|§rlt%ven [ g‘%%irﬁ Ic%lrp éﬁi enng tE er

descri bed, by way of exanple only, with reference to the acconpanying

dr awi ngs, erein: 15 Figure 1 is a bl ock di agram of preferred enbadi nent
of an audi o REREGREBHNVERtpRalsoprpKidss § magk &?n&@qtaﬁﬁwpacrceas %ﬁua? ingncodipg audie £ o
gener ati ng graski q\gﬁ ita; Figure 3 is a flow diagramof a mask generation
process execut’ecf y mask generator of the audio encoder. 20 DETAI LED
DESCRI PI0 ON OF TadierafRig EeRREH vENBEKInyENEsholds fsdim wgarithnic guasking, coarpoaertds o
encoder 100 |ncludes a.nask erator 102, a filter bank 104, a quantizer
106, and a Y518 &Pf B@ﬁ%?%&f}ﬁeiﬁg{- The audi o encoder 100 executes an
audi o encodi ng pyocesp*hatg ggnegat es encoded audio data | 12 from i nput
audi o data 110. The encoded audi o data 112 constitutes a conpressed
representation of the input audio

The present invention also provides a mask generation process for use in encoding audio
15 data, including:
generating a global masking threshold from logarithmic masking components

according to:
LT, () = max{LT, () + max Ly {07 e [27 200+ 0y {50 () 260
where i and j are indices of spectral audio data, z(;) is a Bark scale value for spectral
20 line i, LT,,,[z(j),z(})] is a tonal masking threshold for lines i and j, LT,,,[2(j),z(})] is a

non-tonal masking threshold for lines i and j, m is the number of tonal spectral lines, and »

is the number of non-tonal spectral lines.

The present invention also provides a mask generator for an audio encoder, said mask
25 generator adapted to generate linear masking components from input audio data,
logarithmic masking components from said linear masking components; and a global

masking threshold from the logarithmic masking components.



25-data 110. The audi o encodi ng process executed by the encoder 100

< perfornms encodi ng steps based on MPEG 1-L2 processes described in the
MPEG 1 standard. The tinme-donmain input audio data 110 is converted into
sub-bands by the filter bank 104, and the resulting -4 frequency-domain
data is then quantized by the quantizer 106. The bitstream generator 108
then generates encoded audi o data or bitstream 112 fromthe quanti zed data.
The quantizer 106 perforns bit allocati amgand quantizati on based upon
maski ng data generated by the mask generator 102. The masking data is
generated fromthe input audio data 110 5 on the basis of a psychoacoustic
nodel of human hearing and aural perception. The psychoacoustic nodelling

t akes i nt o Heqeessht inkentfohedioaprovideep psydrodcotifiicanimhintsprotesh torae heat awde and
a psychoacoustjc phenonenon referred to as maski ng, whereby a strong

frequency &8 Aeludingse t o0 one or nore weaker frequency conponents tends
to mask, the It . to a human
| i stener. Thi nakﬁgg%??&%g%g%ggo e(q'?{)ekom tt edeﬂmga %a{r%éf requency conponents

when encodi ngdeteghiaingasoand pnesburmewelbgalmas lftoavsmdaemﬂrgylealuebc;gr ee of
conpressj on, wthout adve ting the erce of t
encoded Jwudi oSdeatingianel a BO f f‘ﬁaﬁﬂ%ﬁ ‘go Bﬁsé’é‘ di%‘eFﬁ's‘f@tﬂ‘f'eét io

val ue for eacger{eq.ggfé%%r%qgepﬁm Sa{ﬁr@lgpgys\}ag{égl -to- mask rati o val ues
represent the“ampunt of signal masked by”the human ear in each frequency

sub- band. Thegepemaiingaraskingahreskads on the basis of sridatasking comgeminteartdmaidoest t o
use the avail abl nqnbgr of data bits to represent the input audi o signal
110. In knd®or¥YF$ 8P art MPEG 1-L2 encoders, the generation of masking
data has been érfb‘r'zﬂﬁlgt Q%ﬁ%ﬁ th hﬁasmhoscmwhaéﬂu@aabﬁ Yhd PASENST YA d RTR pRREuref
t he encodi ng process O representing up'to 50% of the total proceSsing
resour ctd. WﬁéVWE@IIlSﬂChmd%’lﬂngﬂF@hDM@s two exanpl e inplenmentations of the
psychoacoustic nodel : psychoacoustic nodel 1 (PAM1 ) is |ess conplex and
makes nore conpromni ses on quality than psychoacoustic nodel 2 (PAMR2). PAWR
has better performance for lower bit rates. Nonetheless, quality tests

i ndi cat e t IBRIFABESCRIPHON OFETHEODRAWINGS encoding at high bit rates
such as 256 25 and 384 kbps. However, PAML is inplenented in floating point

arithnetic not im f or Chl -based encoders i bed |

G A Davi dspgﬁf%gﬁﬁ eambodﬂgﬁmaét P PTRICR ARYCHHOR 157, lﬁlﬁ?ﬂ&ﬁﬁﬁéﬁ@@ﬁ&f { DY ¥Rp Of

Coder, 97t *bx@ﬁx@lé&iﬂly%tlpfefé}@ﬂe(lomcﬂ&ﬁ eg?}ﬁﬂwg{g , whiebépirber 1994, it has
an

been estimated that PAML demands nore t of conp ting power per

channel 1530 - Figwreddyablockakizgram of aipreferrebernbeimsnteofanaudior egodsrpe

throughout, the pigReionpherRNEakIaf o USSforak pﬂfaée@@fwlgxnéraﬁxggemam@@aa@f
arithmetic operatlons, each resulting in a_loss of precision at. each step

of the psychoacdiigtiec3 inakileny %gramg%érra@skoaerﬁ%@es@oceﬁﬂxécqigcy biondeaskt i c

mask gener gleheratddlo? tRSMdRhcBagcUt ed by the mask generator 102 provides an
i npl enentation of the psychoacoustic nodel that maintains quality whil st
significantly reducing the conputational requirenents. In order to nost
clearly describe the advantages of the psychoacoustic mask generation 10
process)G0pETATLEIPHESORIPITON OFCPREPREFERRED SMBODIMENTS | of erence to
a prior art process for generating psychoacoustic nmasking data, as
described in the I\/PEGl standard. In the described enbodi nent, the audio
encoder is 4s shawrdarx Kiguiegl,taal augi(gmdgrkﬁﬁéssbdeﬂsn(aﬁsgyn@mhl% aafiltevEBek

series DSP nuf act ur ed by [ nstrunment s aud 0 _encodi nmodul es
205 to 106 WP~ Frasiiferdaf end G EF R pHEFAOTLOR Bt P sGRRRT 10D RA R
of the DSP-fidicencbit@\2bcess thatigbherdtes apaéEaidié dafa latz fr@aShpRRandioadatd DEO.
audi o encodi hg nodul es_ 102 to 108 could alternatjvely be inplenmented as

dedi cat ed hBrdsReeded andieriain §1% gepstifuies p somprassesh reprsentption jof thg inpuk gudio
circui t g5 (Ao,

The audio encoding process executed by the encoder 100 performs encoding steps based
on MPEG-1-L2 processes described in the MPEG-1 standard. The time-domain input
audio data 110 is converted into sub-bands by the filter bank 104, and the resulting



20.As shown in Figures 2 and 3, both the psychoacoustic mask generation

. process 300 and the prior art process 200 for generating masking data begin
by Harm wi ndowi ng the 512sanpl e tinme-domain input audio data frane 110 at
step 204. The Hann wi ndowi ng effectively centers the 512 sanpl es between

t he previous sanples and the subsequent 25 sanples, using a Hann w ndow to
provide a snooth taper. This reduces ringing edge artefacts that would

ot herwi se be produced at step 206 when tjg_tine-donmain audio data 110 is
converted to the frequency domai n using a 1024-point fast Fourier transform
(FFT). At step 208, an array of 512 energy values for respective frequency
sub-bands is then generated fromthe symmetric array of 1024 FFT out put

val ues, acdfegqiieng-ddnaid Qate-isthéXquantiZediby the Yubdtizer 106, WMTRieebidstradm gexérafon) +
i X (n) is the FFT output of the nth spectral line. In this specification,

a val ue or W8tthey genergies enpasied andiq dejararttitsireans ! 13sfreymithe quantizgd data. The

| ogarithm g t

| ogarithmc u&ﬂt??e'rr]gto 6 %’eﬁgw}ﬁ?t Qﬁ(ﬁ%ﬁ‘%‘??@%?ﬁga@%% Ol?e&g?& gﬁ‘%“ {naﬁ{néf )eigt% ﬁér at ed
by the revesysthe apskgeheratoril02] ’thﬁﬁ@klh@ddtaas gknorstad from de 1hpu1n@dimditha 10

| i near-domain. In the_ prior art proce 2 the | i near energy val ues_E(n)

are then cofvtiet basis af 8 Nsyehaceeustie an @m& earingeand ayral peeypw udde
P(n) at st K r
Val s ¢ nyp L chEeoRRE M elthe okes fp aadhnt HeleHedeyepeftar HlEsrol oAby 0¥
step 212. Stceqsg, 24l amﬂsy&i@causﬁcqnﬁehbmdndrr caferrék torms kmaghingy, avherebyp a steag
300. 15 The, next s n ﬁ rocesses |s%5( &enerate sound gr sure |.evel
(SPL) val uefée%ﬁlcye%f&ﬁp‘g’&ﬁt 9‘}? QTROLS, Wesken fequsngk cempongntsisnds, g mask, sp,
~n) is geneth@tveak&oéorﬁﬁ&{eneu PerkiRAp Théh lﬁélfam@ 3.2 RERA qillstaaelt O'ThisSBakdd) it=
MAX ~X SPr (n), l'og(SCG max ~h) 8 -10~ dB and 20 XSp, (n) =10 *

| ogo ~I 1@XI polsmbbr tdBn’nt theevaksmﬁrEqueno{)nt)omwmems wieeniempoding avdie datay awd therebp

factors of s t hi n.an MPEGL L2 a r 1152 stereo
sanpl es,  X(HRIEVE Atights dtefs O EOmpresmite, IO D AR ALY SURIHEE B PR R apgiy
limted to gfahé@scdded %u&iotdutdllﬁybﬂiéatﬂﬂsld'hg dae com}aﬁsé&Ba st ﬁélnib?rﬁas*k%ﬁ@%ﬁxef or
the difference between peak and | evel's. Significantly, the prior art

gener at i on for e@f_froqueney subrbmd/éféleewallgn@lttpﬁgasmvo e'ﬂb@ﬁémrmm thengmount of
| ogari thms &g, ptiSked By B WHdn dRIREAN R fucRQY Slb-NdlaUe e LRardtlAE 16 GASHY

val ues, sum
15 information to decide how best to use the available number of data bits to represent the

input audio signal 110.

In known or prior art MPEG-1-L2 encoders, the generation of masking data has been
found to be the most computationally intensive component of the encoding process,

20 representing up to 50% of the total processing resources. The MPEG-1 standard provides
two example implementations of the psychoacoustic model: psychoacoustic model 1
(PAML1) is less complex and makes more compromises on quality than psychoacoustic
model 2 (PAM2). PAM2 has better performance for lower bit rates. Nonetheless, quality
tests indicate that PAM1 can achieve good quality encoding at high bit rates such as 256

25 and 384 kbps. However, PAM1 is implemented in floating point arithmetic and is not
optimized for chip-based encoders. As described in G.A. Davidson et. al., Parametric Bit
Allocation in a Perceptual Audio Coder, 97th Convention of Audio Engineering Society,
November 1994, it has been estimated that PAM1 demands more than 30 MIPS of
computing power per channel.

30



them and then convert the summed |inear energy values back to logarithmc
. power val ues. Each conversion between the logarithmc and |inear domains is
conput ati onal | y expensi ve and degrades the precision of the result. 5 In

t he mask generation process 300, Lsb (n) is generated at step 302 using the
sane first fornmula for LSb (n), but with: XsP, (n) =10 * logo ~ X ~k) + 96
dB k where X (k) is the linear energy value of index k. The "96 dB" termis
used to 10 normalise Lsb (n) . It will besapparent that this inproves upon
the prior art by avoiding exponentiation. Mreover, the efficiency of
generating the SPL values is significantly inproved by approxi mating the

| ogarithm by a second order Tayl or expansion. Specifically, representing

t he ar gunmemVoRbvér) eedpitd akinghfit @sdduble priebisionit§pd thrsughdot, 1Bd IS dmPlemEhtation
determ ning x such that: Ipt=(1-x)2"', 0.5<1-x51 Using a second, order
Tayl or expdifes 8n, exiremely Jarge. number yof Zrjthmeti) operatipnsy pach Kesudting e a loss of

appr oxi mat : =~ * ), ol ] * logto (e~ [m*
T2y (x Phedion F@LEMB bt i sfifoaldlistt askif Bafépchorthon prochll O

approxi mated by four nultiplications and two additions, providing a
significant_inprovenent in conputational efficienc The next step is

to i dentd f yIler BYGRIRCQULISBaTe BERETAN PRRSRSS mif? B@@aééebn ﬂ%‘maﬂalgpwate; 19
maski ng co fi ' - | i

(noi 50 ol o, af infEnfentdtn ol 1oy WNGEAIEL Tnoddt i ARMAN opANR while,
are identi fsigrificatly peduicirgl the corapufatidgal reguitermoms. t 0 be a | ocal nmaxi num i f
X(k)>X(k-1) and X(k)>-X(k+1) In the prior art process 200, a |ocal nmaxinmm
X (k) thus identified is selected as a

In order to most clearly describe the advantages of the psychoacoustic mask generation
10 process 300, the steps of the process are described below with reference to a prior art
process 200 for generating psychoacoustic masking data, as described in the MPEG-1

standard.

In the described embodiment, the audio encoder is a standard digital signal processor

15 (DSP) such as a TMS320 series DSP manufactured by Texas Instruments. The audio
encoding modules 102 to 108 of the encoder 100 are software modules stored in the
firmware of the DSP-core. However, it will be apparent that at least part of the audio
encoding modules 102 to 108 could alternatively be implemented as dedicated hardware
components such as application-specific integrated circuits (ASICs).

20
As shown in Figures 2 and 3, both the psychoacoustic mask generation process 300 and the
prior art process 200 for generating masking data begin by Hann windowing the 512-
sample time-domain input audio data frame 110 at step 204. The Hann windowing
effectively centers the 512 samples between the previous samples and the subsequent

25 samples, using a Hann window to provide a smooth taper. This reduces ringing edge
artefacts that would otherwise be produced at step 206 when the time-domain audio data
110 is converted to the frequency domain using a 1024-point fast Fourier transform (FFT).
At step 208, an array of 512 energy values for respective frequency sub-bands is then

generated from the symmetric array of 1024 FFT output values, according to:

30 E(n)=|X(@)| =X3(n)+ X} (),



10 .l ogarithm c tonal masking conponent at step 216 if: X(k)-X(k+ j)>_7dB
where j is a searching range that varies with k. If X (k) is found to be a
tonal conponent, then its value is replaced by: 1 S Xfonal (k~=1 dog,o0
~IOX(k-")i"o + 1 OX(k)iio + 1 OX(x+~)ao ) Al spectral lines within the
exam ned frequency range are then set to - oo dB. In the mask generation
process 300, a local maxi mum X (k) is selected as a |linear tonal 20 maski ng
conponent at step 304 if: X(k)* 10-''" >_X(k +j) If X (k) is found to be a
tonal conponent, then its value is repl aced by: Xl onal (k)=

X(k-1)+X(k) +X(k+1) 25 Al spectral lines within the exam ned frequency
range are then set to 0. The next step in either process is to identify and

det erm ne %ﬁ‘:é?ﬁt@ )@%{]zfr g@gﬁ?ﬁ%‘w Q»f TR Er%l ifhd. hin the

bandw dth of crit For a gl eque -9 the small est
band of frequencies around that frequency V\:hl ch acti vate the sane part of
t he basilar nmenbrane of the human ear is referred to as a critical band.

The critical BigntreridicAtion 7 ¥aluatar eHEY ds described cﬂs\/koa@rltlb\mrorfﬁr being in the
| t
Froquency. peRLAS-dohifin F3HAL bloP peferd AORE AN T8, Mhlodibe R R Binic

st andar Efﬁnatmnt Wiheh aﬂagmlﬁhmroevaﬂxmﬂ ehtty ia eﬂﬁodehhatsahbpltliengveraﬂ: eperdtiom, it is
non-tonal (oi ﬁ)e%l i) onent t:l? ntifjed fromthe spectral |ines

r emai ni ng élché A 1 Qraﬁéﬂﬁ%% g dingaradoqmainy ed as described above. At
step 218 of the prior art process 200, the logarithm c powers of the
remai ni ng spectral 10 lines within each critical band are converted to

linear energythe apricesart uovessl 200d thérdimearoanegy edilizack(n) rdro theh agavértddningo
power val u ovi de the SPL, of the n n onponent,. Xnoi se (.k
Do £ espond AR oS SRRl SISy TAES I BIRK e b TR Oy pserif
the spegir t Q4 b I n
t he masﬁé géeur)llejgﬁa???l odrlls%roﬁrg)ss&go@g 19@%% }g;//mg tEﬁ@ %rgqng?rqillbﬁthdg %l)nec??l gl I nes

wi t hi n eackafifel bteGRIrmARRd 1896 dBUIIRY 23D, step 306 to provide the new
non-tonal conponent Xnoise (k) corresponding to that critical band:

Xnoi se(k) _ ~X(k) k for k in sub-band n. Only addition is used, and no

< G 11 canS g SRR erorB P R B ek ot SR 008 Ui mat & ¢ ne

tonal and non-tonal masking conponents. Decimation is a pr ocedure that is

used to reduce the nunber of masking conponents that are used
The next step in both processes is to generate sound pressure level (SPL) values for each

sub-band. In the prior art process, an SPL value L, (r)is generated for each sub-band # at
step 214, according to:
Ly (n)= MAX|X ,(n), 20*log(scf, ()*32768)-10|dB

and

20 Xspl (n)=10*10g10(210X(k)/10)dB
k

where scf;,, (n) is the maximum of the three scale factors of sub-band # within an

MPEG]1 L2 audio frame comprising 1152 stereo samples, X (k) is the PSD value of index

k, and the summation over & is limited to values of k£ within sub-band »n. The "-10 dB" term

25 corrects for the difference between peak and RMS levels.

Significantly, the prior art generation of SPL values involves evaluating many exponentials

and logarithms in order to convert logarithmic power values to linear energy values, sum



generate the gl obal masking threshold. 25 In the prior art process 200,

| ogarithm c tonal conponents Xtonal (k) and non-tonal conponents Xnoise (k)
are selected at step 220 for subsequent use in generating the masking
threshold only if: X tonal (k) ? LTg (k) or X noise (k) > LTq (k) -10
respectively, where LTq (k) is the absolute threshold (or threshold in
quiet) at the frequency of index k; threshold in quiet values in the

| ogarithm c domain are provided in the NPEG 1 standard. 5 Decimation is
perfornmed on two or nore tonal conponents that are within a di stance of

| ess than 0.5 Bark, where the Bark scale is a frequency scale on which the
frequency resolution of the ear is approxi mtely constant, as described in
E. Zwi cker thémhshidther eohveft thndeld bhear En@gyleﬂlws BARGE 16gakithuigoneakalBands
J. Acoustical Society of Anerica, vol. . 248, February 1961. The tonal
conponent HAacH CORYETHPRY heeeeeawépgarghmemnmeped@menae comUtationalby Sxeapive )
are renove tonal conponents. For this operation,
a sliding %F%ggék?%ﬁPhgﬁ%nglcabgg%gg dormain is used with a width of 0.5
Bark. In the nmask generation process 300, |inear conponents are selected at
step 308 onI if: 15 X ronar ~k) > Fhk) or X horse (k)? LT (k) where
LT9 E~k)J arld themkfgeawaom PFREEFS kaz" »eenaqitted @k stepnt) u&leg) same first
pre- generated fromthe .l ogarjthm c donmain absolute threshold table LTq ~k~
accor di ng tlermylader b, )THuwith:- 96~/ 10 LTqE(k)=10 20 where the "-96" term
represents denormalization. After denornmalization, the spectral data in the
| i near energy domain are converted into the Io |thn1c power domai n at
step 310. In contrast to stepYQQG)eiOThngr D13 ﬁ}f9®dBcess the 25

eval uation of logarithnms is perforned using the /efficient second-order
approxi mati on net hod descri bed above. This conversion is followed by
normalization to the reference level of 96 dB at step 212. Having sel ected
and deci ”Bt\ﬂﬁérémﬁ'l(k)‘gs Ocﬁémﬁi%ﬁlmeﬁer heal®df BHeP A STHe "96NdB'at@m3Gs used to

i ndi vi dual maski ng 't hreshol ds. he orlglnal 5/ 2 spectral data val ues,

i ndexed1®y dormeldeyl , () .11 will be apparent that this improves upon the prior art by avoiding

exponentiation. Moreover, the efficiency of generating the SPL values is significantly

improved by approximating the logarithm by a second order Taylor expansion.

Specifically, representing the argument of the logarithm as Ipt, this is first normalised by

15  determining x such that:

It=(1-x)2", 05<l-x<I

Using a second order Taylor expansion,
In(l-x)~-x-x>/2

20 the logarithm can be approximated as:

logyo(Ipt) = [m* In(2) - (x + x2 /2)] * logo(e)
=[m*In(2) - (x + x *x*0.5)]*logy (&)

25 Thus the logarithm is approximated by four multiplications and two additions, providing a

significant improvement in computational efficiency.



a subset, indexed by i, is subsequently used to generate the gl obal masking
threshold, and this step determ nes that subset by subsanpling, as
described in the MPEG 1 standard. The nunber of lines n in the subsanpl ed
frequency domai n depends on the sanpling rate. 5 For a sanpling rate of 48
kHz, n = 126. Every tonal and non-tonal conponent is assigned an index i
that nost closely corresponds to the frequency of the correspondi ng

spectral line in the original (i.e., bef.ge sub-sanpling) spectral data.
The i ndividual masking thresholds of both tonal and non-tonal conponents,
LTronal ~d 10 LTnotse ~ ~'e then given by the foll ow ng expressions:
LT~anar ~z~~~ z(i~~= Xl anal ~z(j~~+ av~onar ~z(j~~+ of ~z(j~~ z(i~~ dB
LTno~se ~z(flhenex( step+s tnidemily feqlerrcy cdvipomests fer mdsking. Becadde. the tonalifyi of-a dB
15 where i is the index corresPonding to a sPectraI |1 ne, at whjch the
maski ng t hieaskiBr compogentcafgctsiths yaaskings threshpldg fongl #ad wiopgora psisenmaskipg )

is the Bar i&oxglﬁaﬁ&té’ﬁje;dgteﬁrkir%lﬁ?éa%lel pectral line while z(j) is that of the
the tor z

jth line; and'terns o ])] are the SPLs of the (tonal or
non-tonal ) masking conponent. The termav, referred to as the masking

i ndex, is given by: 20 avtonal, _ -1.525 - 0.275 * z( j) - 4.5 dB avnorse =
-1.825 - 0.175 * z(j)- 0.5 dB of is a masking function of the masking
conponerst g, ilceat Akt seiidadifiey. dispéara tihe o ris dberactiouppetocal MALisMuUM
depending on the distance in Bark scale dz, dz = z(i)- z(j) In the prior
art processf2U0, individual nmasking thresholds are generated at step 222

using a masking function of gj gx? : 6}0 f Zh(* +1)-0.4*X[z(j)]-6dB,
for-3<-dz<-1 Bark -12 of :{%(kj é‘(T ap%}x@?d%?szﬁ-k_dzw Bark of =
-17 * dz dB, for 0 <- dz < 1 Bark 5 vf =-17*dz+0. 15*X[z(j)]*(dz-1) dB, for
1<-dz<8 Bark where X ~z( j )~ is the SPL of the masking conponent wth

i ndex, j. N tiepkiontrt BraResoboh,i s |@aneiaiatmi Y@} thus dddBarikd i9Tselated & a
Bark. 10 The eval uation of the nmasking function of is the nost

conput atd orlegdrighmicttend imeskingrcompbndriiasstep 216 iff t he prior art process. The
maski ng function can be categorized, into tvw)ty es: downward maski ng (when
dz < 0) and upward maski ng (when eKz( ‘)dk)"ijﬁ?s scribed in Davis Pan, A

Tutorial on MPEQ Audi o, Conpression, .| EE rpak .o | tinmedja,, 1995,
downnar d e SSCeHR BRI Fies Saly i LGNS EHR Ot to WRCRRgert
Consequent | : ) masking is used in the mask generation process
300. Mor eo&%ern,lilsf ua?%lérré@%%[’i%gis shows that the second termin the masking
function for 15 dz < 8 Bark is typically approxi mtely one tenth of the
first term -17*dz. Consequently, th cond t can he safely discarded.
20 Accoldingly, the mask! gelio=sillem, Og‘g §g+3©8{"’r97‘]érrewa e‘%’ﬁ’Sndi vi dual

maski ng threshol ds at step 312 using a single expression for the masking
function vf, as follows: vf =-17*dz, 0<-dz<8 This greatly reduces the

corput ati 0N sdeRs s WPl RuRIRd A8ty ¥aldelare BRA S B oo iR MRSKI NG

index av is n romthat use prior art process, because
it makes

In the mask generation process 300, a local maximum X(k) is selected as a linear tonal

20 masking component at step 304 if:

X(k)*107°7 2 x(k+ j)

If X (k) is found to be a tonal component, then its value is replaced by:
X et ()= X (k 1)+ X (6)+ X (k +1)

25  All spectral lines within the examined frequency range are then set to 0.

The next step in either process is to identify and determine the intensity of non-tonal

masking components within the bandwidth of critical sub-bands. For a given frequency,



25.a significant contribution to the individual masking threshold LT and is
not conputationally demandi ng. After the individual masking thresholds have
been generated, a global masking threshold is generated. 30 -13 In the
prior art process 200, the global masking threshold LTg ~i) at the it"
frequency sanple is generated at step 224 by summ ng the powers
corresponding to the individual masking thresholds and the threshold in
quiet, according to: mn 5 LTg (i) =1 Q¢dogo 1 O-T9~' ~~10 + ~

10LT,onall =cJ).z(O / 10 + ~ 1 O.T"anal =(J),=c~)1 / 10 J-1 J-1 where mis
the total nunmber of tonal masking conponents, and n is the total nunber of
non-tonal maski ng conponents. The threshold in quiet LTg is offset by -12

dB for bit that@alley bR KPS uRREeSABRRPIhat ﬁf@qdehcwhich%t@ae%@fﬁnéﬁoittlﬁes

step is conputationally demanding due to the nunber of exponentia

| ogari t hns habidar agrabrenepfithe dwman at isgeferrst tcg enecrtica) rbapd odeswitalbandividsh

eval uations are av Ler.ns not

meking tnredks e gaPs SRR A F RISy Tt T ErigadR f e Brosad o,
314 by conparieggithiige p@mwﬁequeﬁds}e@mﬁadp@md mﬁdaebmmdmsldéy@lbeaaﬁ ke WIPEG-1

t hr eshol ds and the threshold in quiet, as faqllows = max[ LT ))
maxi 1 f5 LTstadard, 26-critical pands-arg Used, for-a #ﬁﬁ%ﬂ%ﬂplﬂ(&;m )Elafa ppntoml %m;se

| argest to !Im:%g felysaaly] O
|dent|f|edQ% é§$gg?gen co?%%?é@ﬁﬂi?%mﬂﬂgsgu§.‘?ggﬁ§%§?%§n1ogﬂﬁﬁ%séﬁ? ree
val ues is seineeécEachclﬁHibﬂ@bO@al maski ng threshold at the it" frequency
sanple. This reduces conputational denmands at the expense of occasi onal

over allocation. As above, the 25 threshold in quiet LTg is offset by -12dB
for bit ratAlstep 2bboktherissertanasase P00, rhe ogasithmaic pesiers of thagempiningospeetrates

are gen atl?n%s %ukﬁﬁ B%I? élqtl(?fll bl&gél Qrdé) {:grﬁ%ﬁgc? 30 l#le%:ﬁéne]:%r %al%g~| sﬂi%éﬁa irlﬁ 19n

| evel ermne eXpressi on:
-14 converted back into a 10gar1thm1c power value to provide the SPL of the new non-tonal

component X, ., (k) corresponding to that critical band. The number k is the index

number of the spectral line nearest to the geometric mean of the critical band.

15 In the mask generation process 300, the energy of the remaining spectral lines within each

critical band are summed at step 306 to provide the new non-tonal component X, (k)

corresponding to that critical band:
XHOISE (k) = ZX(k)
k

for k in sub-band n. Only addition is used, and no exponential or logarithmic evaluations

20 are required, providing a significant improvement in efficiency.

The next step is to decimate the tonal and non-tonal masking components. Decimation is a
procedure that is used to reduce the number of masking components that are used to
generate the global masking threshold.

25

In the prior art process 200, logarithmic tonal components X, (k) and non-tonal

components X, (k) are selected at step 220 for subsequent use in generating the

masking threshold only if:

X a ®)2 LT, (k) or X, (k)=LT,(k)

hoise



LT, m (n~= M n~LTg (i~~ dB; for f (i~in subband n, where f (i~ is the ith
frequency line within sub-band n. A m ninum nmasking threshold S LTm n (n~
is determ ned for every sub-band. The signal-to-mask ratio for every
sub-band n is then generated by subtracting the m ni mum nmaski ng threshol d
of that sub-band fromthe corresponding SPL value: SMRsb (O= Lsb (n~- LTmn
(O 10 The nmask generator 102 sends the signal-to-nask ratio data SMRsb (n)
for each sub-band n to the quantizer 104;qwhich uses it to determ ne how to
nost effectively allocate the avail able éata bits and quanti ze the spectral
data, as described in the MPEG 1 standard. 15 Many nodifications will be
apparent to those skilled in the art without departing fromthe scope of

the presentedpBMARLY, WhehS L'Te(rsk§'1£‘tl-fé%%5rﬂht@@ﬂ*e¥l&o‘ld‘(cfr‘%ﬁ1%§m&ﬁl dfieth Bethe
acconpanyi ng dr awi‘ngs. . generation process for use

in encodi ng}eﬂﬁ@ﬂc‘? dﬁ'ﬁd@x K; bl quU RERRS ifde ﬁdgﬁﬁﬁﬁm%&ﬁaﬂﬂa&%mrlhs
fromsaid au data; 5 generating |ogarithm c maski ng components from said

| i near naslthmMP@&rﬂJ@twdud and generating a global masking threshold from
t he Iogarlthm c masking conponents. 10 2. A mask gener ation process as
cl ai ned laim1, \A,hg{qel n,said step of nerati ngz near

o
componert s HETATHiASis REEBREH PRG™P;d:dBoTe daHAl GRBIRPRCT, that ercsilBites, Atvss Af

from sai d Elék‘é'tﬁmﬁj@tiiBaﬁ@kﬁ{éfré Rk Bafld Sdle %UQSF‘ehuQ{ S@aﬁ bh RAREL FRTREQRALY as
| i near tonal conponents; and 15 selecting a second subset of said |inear

conponent s resolutiomenfithe car-is epptoxinuaigly censtant, & deacnibpsikinds iveviskéro ulpfivisies ©f as
clainmed in , 1 ncl udi enerat.j.n 0 n ressure.l evel s from said
i near - comyBaHPiLT EreRensy Jbeh e QicH £y Jo R RIRIEr ST SAPEaT Pohm o
function. 43, f 298 FeBRABI BIG10ThE k& 86mpsncht dithBHe highestadioWet is KR VIR thei d
| ogarithmc maski ng

10 smaller component(s) are removed from the list of selected tonal components. For this

operation, a sliding window in the critical band domain is used with a width of 0.5 Bark.
In the mask generation process 300, linear components are selected at step 308 only if:

15 X a k)2 LT,E(k) or X, (k)=LT,E(k)

hoise

where LT, qE(k) are taken from a linear-domain absolute threshold table pre-generated

from the logarithmic domain absolute threshold table L7, (%) according to:

I, E(k)=1 OloglolLTq(k)—%]/lO

20
where the "-96" term represents denormalization.
After denormalization, the spectral data in the linear energy domain are converted into the
logarithmic power domain at step 310. In contrast to step 206 of the prior art process, the
25 evaluation of logarithms is performed using the efficient second-order approximation
method described above. This conversion is followed by normalization to the reference

level of 96 dB at step 212.

Having selected and decimated masking components, the next step is to generate

30 individual masking thresholds. Of the original 512 spectral data values, indexed by %, only



conmponents are generated using a second-order Tayl or expansion of a

| ogarithm c function. 25 5. A nask generation process as clainmed in claim3
or 4, including generating a nornalised val ue corresponding to an argunent
of said logarithmc function, and using said normalised value in said
Tayl or expansion. 30 6. A mask generation process as clainmed in claimb5,

i ncludi ng: generating said normalised value x for said argunent |pt,
according to: -16 Ipt=(1-x)2"', 0.5<1-4%.1 and using a second order
Tayl or expansion of the form1n(1l- x) ~ -x - x 2/ 2 to approximte said

| ogarithm c function as: 5 logo (Ipt) ~[m* 1In(2) - (x + x2/ 2)] * logo
(e) 7. A mask generation process as clained in claim?2, wherein said step
of gener at iangbeetgindbdd tvas ks sipsédquecasnabed toneherdsthe gisbahBiakkiflg Sakshold, agar
tonal conpopents and said |linear non-tonal conponents;. 10 and generatlng

maski ng t hrie8stspdlstermyes that sehses %%t@aamplﬁ@aﬁs deserbeckig e MEHG: 1 tndade

decimated |inear non-tonal conponents. 8. A mask generation process as

I d Ki h h I f
ogar ¢ h o et o DiethlshPe SHRRREL RelRRo, BrfB deBf BR% A spbPihe

=-17*dz,5 0¥ ol as8mPlindrave ok 4§ &bl At Ims @ve@etsﬁala&ldqioalwm cothpohéit i3 Zss1gned
wherein said step of generating a 20 gl obal maski ng t hreshol d i ncl udes,

det er mi ni ng‘nﬁﬁ%xrﬁ}hﬁ%%smﬂb@oﬁﬁspwﬂﬁmﬁﬁ% kenieener oé dissiossparding et ling ned
threshold v | as claimed in claim?9,

wher ei n sai gkﬁﬁe&%ﬁw é§\1<}|51;}r?1h§ljé eg‘hg{"@{%g&{@ﬁgﬁt ed according to: 25 LTg ~i ~
= max[LTg ~i ~+ maxi -~ {LTtonaI ~z~. 1 ~~ z~i~~}+ maxi =1 f LTnoise fz(~)~

z(i )]}~ wherg inddidhal nﬁt@@ing rtﬁﬂeglﬁﬁdpaf b&HabAd HH oRAVRAI &ﬁ{ﬂéﬁ&ﬂ@t $7,,Z7iand | S
a Bark fcalnérval ue for power conponent i, LTtonal, ~z-~ Y, z~i

rit
Y~ is a nom%%nﬁWF Z %&%WW&)‘Q@F‘?SFIH ‘c power corrponents i and j,

LTnoi se ~z~j), z~i~~ is a non-tonal masking threshold for logarithm c power

corponents 1 and J Tz‘,m,[zG? 20ILs L0 B ) PR D PG R

tonal

e 20 20)]= X e [2G0]+ @V, [2)]+ v (1) 26)] 0B

15 where i is the index corresponding to a spectral line, at which the masking threshold is

generated and j is that of a masking component; z(7) is the Bark scale value of the /™

spectral line while z(;) is that of the /™ line; and terms of the form X[z(;)] are the SPLs
of the (tonal or non-tonal) masking component. The term av, referred to as the masking
index, is given by:

20

av ~1.525-0.275*z(j)- 4.5 dB

tonal =

av,,,, =-1.525-0.175*z(j)-0.5 dB

hoise

vf'is a masking function of the masking component and is characterized by different lower

25 and upper slopes, depending on the distance in Bark scale dz, dz = z(z')— z( j)

In the prior art process 200, individual masking thresholds are generated at step 222 using

a masking function vf given by:

30 vf =17*(dz +1) - 0.4* X[z(/)] - 6dB, for—3<dz<-1 Bark



-17 logarithm c power conponents, and n is the nunber of non-tonal

| ogarithm c power conponents. 11. A nmask generation process for use in
encodi ng audi o data, including: 5 generating respective masking threshol ds
fromlogarithm c maski ng conponents using a nmasking function of the form

vf =-17*dz, 0<-dz<8 12. A mask generation process for use in encoding audio
data, including: 10 generating a gl obal masking threshold fromlogarithmc

maski ng conponents according to: LTg ~i =13.max~LTq ~i ~+ nmaxi 1 {LTtonal!
Lz~ ~~ z~i ~~~+ maxi =~ {LTnoi se ~z~j~~ z~i~~}] where i and j are indices of
spectral audio data, z~i~ is a Bark scale value for spectral line i,
LT~onQ ~z~j~, z~i~~ is a tonal masking threshold for lines i and j, 15
LT 0, se ~z~j ~, Zzyid{0.48 39200\ bPP@ dBBSkrRg dpregwdd for lines i and j, m
is the nunber of "tonal spectral lines, and n is the nunber of non-tonal
spectral lines. 13. A mask generation process as clainmed in any one of

clains 1 to 13, wireré] hdsdBd Farn@adz sdsRatkg conponents incl ude |inear
energy conponents, and said |logarithm c nmaski ng 20 conponents i ncl ude

| ogarithyric power, compeNent S.c «1d¢. A K geper agl r as clainmed in
any onehégf cl ai rr‘éf_l ?E ?%Tto\'?\l/r?er’éelgzr(uﬁ;g?% pgo@%’s?oirg%a‘%{ge&%?& | ayer 2 audio
encodi ng process. 25 15. A mask generator having conponents for executing
the steps ofhanyk|p6d] fthe SAL WS the thaskink cobfpondut weitidindex n Nlmasking thneshold is
conmponents for executing the steps of any one of clainms 1 to 14. 30 -18
17. A corrptaeé?raﬁeéaﬂdﬁ)‘lfégBﬂm ey m8datkn havi ng stored thereon program code
for executing the steps of any one of clains 1 to 14. 18. A mask generator
for an audi o encoder, said mask generator adapted to generate |inear

naski ngl1®oMpRnsakugtién eNthe Aidking Yehcdiod aF B,thé AOST ddnpuitaioNBSK irtéhsbRrpeand s
fromsaid |inear masking conponents; and a global masking threshold from
the | ogari tstan ef HesRiiorgare orgseprenkhs. maskingfynslion sar dseatesoniaek inlg Hiooees
for use in d%gvnwa %a%f?ﬁ%&d(%fhen IdQQ Hfjlmﬁpﬁpward masking (when dz 2 0). As described in
Davis Pan, 4 Tutorial on MPEG/Audio Compression, IEEE Journal on Multimedia, 1995,

downward masking is considerably less significant than upward masking. Consequently,

15 only upward masking is used in the mask generation process 300. Moreover, further

analysis shows that the second term in the masking function for 1<dz <8 Bark is

typically approximately one tenth of the first term, -17*dz. Consequently, the second term

can be safely discarded.

20  Accordingly, the mask generation process 300 generates individual masking thresholds at
step 312 using a single expression for the masking function vf as follows:
vf==-17*dz, 0<dz<8§
This greatly reduces the computational load while maintaining good quality encoding. The
masking index av is not modified from that used in the prior art process, because it makes
25 a significant contribution to the individual masking threshold LT and is not

computationally demanding.

After the individual masking thresholds have been generated, a global masking threshold is

generated.
30



10 generating energy values from Fourier transforned audi o data;
determ ni ng sound pressure |l evel values from said energy val ues; selecting
tonal and non-tonal maski ng conponents on the basis of said energy val ues;
generating power values from said energy val ues; generating nmasking
t hreshol ds on the basis of said masking conponents and said 15 power
val ues; and generating signal to mask ratios for a quantizier on the basis
of said sound pressure |evel values and.saLd masking thresholds. 20. An
MPEG- 1- L2 encoder adapted to execute the masking process of claim19. 20
. ASL. A5. Al Ye. Al . Al'l 9. A5l . A5| . AHYe. Al | . Al . ASY. A5l 2. AHY?. Al I . Al | . Al 9. Al . Al 4KZ
\ " (+%°
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In the mask generation process 300, these evaluations are avoided and smaller terms are
15 not used. The global masking threshold LT, (i) at the i" frequency sample is generated at

step 314 by comparing the powers corresponding to the individual masking thresholds and

the threshold in quiet, as follows:

LT, (1) = max|LT, () + max_y (L7, g [0 2G) ]+ max’)_y (L7, 20 200

20
The largest tonal masking components and of non-tonal masking components are
identified. They are then compared with LT, (/). The maximum of these three values is
selected as the global masking threshold at the /™ frequency sample. This reduces
computational demands at the expense of occasional over allocation. As above, the

25  threshold in quiet LT, is offset by -12dB for bit rates > 96 kbps per channel.

Finally, signal-to-mask ratio values are generated at step 226 of both processes. First, the
minimum masking level L7, (n) in sub-band » is determined by the following

expression:
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15 selecting a second subset of said linear components as linear non-tonal

components.

3. A mask generation process as claimed in claim 2, including generating sound pressure
levels from said linear components using a second-order Taylor expansion of a

20 logarithmic function.

4. A mask generation process as claimed in claim 1, wherein said logarithmic masking
components are generated using a second-order Taylor expansion of a logarithmic
function.

25

5. A mask generation process as claimed in claim 3 or 4, including generating a

normalised value corresponding to an argument of said logarithmic function, and using

said normalised value in said Taylor expansion.

30 6. A mask generation process as claimed in claim 5, including:

generating said normalised value x for said argument Ipt, according to:
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global masking threshold includes:
decimating said linear tonal components and said linear non-tonal components;
10 and
generating masking thresholds from the decimated linear tonal components and

the decimated linear non-tonal components.

8. A mask generation process as claimed in claim 1, including generating masking
15 thresholds from said logarithmic masking components using a masking function of the
form:

v ==17%dz, 0<dz<8

9. A mask generation process as claimed in claim 7, wherein said step of generating a
20 global masking threshold includes determining maximum components of said masking

thresholds and predetermined threshold values.

10. A mask generation process as claimed in claim 9, wherein said global masking

threshold is generated according to:

25 LT, 0)= max{L, 0+ macy (T 2+ mad L7, (220
where i and j are indices of logarithmic power components, z(7) is a Bark scale value
for logarithmic power component i, LT, ,[z(;), z(})] is a tonal masking threshold for
logarithmic power components i and j, LT, [2(;), ()] is a non-tonal masking

threshold for logarithmic power components 7 and j, m is the number of tonal
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using a masking function of the form:
vf=-17%dz, 02dz<8

12. A mask generation process for use in encoding audio data, including:
10 generating a global masking threshold from logarithmic masking components

according to:

LT 0) = max[LT, () max {17,y (27 20+ max’_y (LT [2) 20)D)
where i and j are indices of spectral audio data, z(;) is a Bark scale value for
spectral line i, LT, ,[2(j),z(})] is a tonal masking threshold for lines  and j,

15 LT,.. [z( 7),z()] is a non-tonal masking threshold for lines 7 and j, m is the number

of tonal spectral lines, and # is the number of non-tonal spectral lines.

13. A mask generation process as claimed in any one of claims 1 to 13, wherein said linear
masking components include linear energy components, and said logarithmic masking

20 components include logarithmic power components.

14. A mask generation process as claimed in any one of claims 1 to 12, wherein said

process is an MPEG-1 layer 2 audio encoding process.

25 15. A mask generator having components for executing the steps of any one of claims 1 to
14.

16. An audio encoder having components for executing the steps of any one of claims 1 to
14.
30
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masking components.

19. A psychoacoustic masking process for use in an audio encoder, including:
10 generating energy values from Fourier transformed audio data;
determining sound pressure level values from said energy values;
selecting tonal and non-tonal masking components on the basis of said energy values;
generating power values from said energy values;
generating masking thresholds on the basis of said masking components and said
15 power values; and
generating signal to mask ratios for a quantizier on the basis of said sound pressure

level values and said masking thresholds.

20. An MPEG-1-L2 encoder adapted to execute the masking process of claim 19.
20



