2 0 APR 2005 | MPROVED SPECTRAL PARAMETER SUBSTI TUTI ON FOR THE FRAVE ERROR
CONCEALMENT I N A SPEECH DECODER FI ELD OF THE | NVENTI ON 5 The present
invention relates to speech decoders, and nore particularlyégﬁkﬁgﬁgaﬁs
used to handl e bad frames received by speech decoders. BACK : HE
INVENTION In digital cellular systens, a bit streamis said to be 10
transmtted through a comruni cati on channel connecting a nobile station.to
a base station over the air interface. The bit streamis organized into
frames, |iFEPRENER SHRECRAL rRARAMETERMATRSTBFUTIEN HOR(THY e FRRUN ng
transm ssi on depends on bikhg +&han ndit . A speech frane that
is 15 detected to contapﬁﬁggéépEN?sIgaﬁlggbggﬁpﬁgbgeg§d frame. According
to the prior art, in case of a bad frame, speech paraneters derived from
“past correct paraneters (of non- erroneous speech franmes) are substituted
for the speech paraneters of the bad frane. The aimof bad frane handling
20 by mekRimg ssucke ansEdrsén tution is to conceal the corrupted speech
paranmeters of the erroneous speech frane without causing a noticeable -
degradation i4nsherspeREN; Abahtiyn MULES: SPECHHEQHCEScOREF S CalkY
processing a speech _signal in short segnents, i.e. the above-nentioned
franes. PSrRA PyprarlarhietP cAgERCdF wsepebenhipdbe Pad 2Br#8eS whi ch
correspogQgeige&GQysgﬁggghsgggggérsassuning an 8 kHz sanpling frequency.
In so-called w deband codecs, franme |length can again be 20 ns, but can
correspond to 320 speech sanples, assumng a 16 kHz sanpling frequency. A
frame may,d@rdibtdrerus Fatinmhkged i nto a nunber of subframes. 2 0 APR 2005
For every frane, an encoder determ nes a paranetric representation of the

I nput Signal'Igh§i8f£gfeégifuf£§ systems, a bit stream is said to be

10 transmitted through a communication channel connecting a

mobile station to a base station over the air interface. The
bit stream is organized into frames, including speech frames.
Whether or not an error occurs during transmission depends on
prevailing channel conditions. A speech frame that is

15 detected to contain errors is called simply a bad frame.
According to the prior art, in case of a bad frame, speech
parameters dervived from past correct parameters {(of non-
erroneous speech frames) are substituted for the speech
parameters of the bad frame. The aim of bad frame handling

20 by making such a substitution is to conceal the corrupted
speech parameters of the erronecus speech frame without

causing a noticeable degradation in the speech guality.

Modern speech codecs operate by processing a speech
signal in short segments, i.e. the above-menticned frames.
25 A typical frame length of a speech codec is 20 ms, which
corresponds to 160 speech samples, assuming an 8 kHz sampling
frequency. In so-called wideband codecs, frame length can
again be 20 ms, but can correspond to 320 speech samples,
assuming a 16 kHz sampling frequency. A frame may be further

30 divided into a number of subframes.




guantized and then transmtted through a conmunication channel in digital
form A decoder produces a synthesized 5 speech signal based on the
received paraneters (see Fig. 1). A typical set of extracted cadin
paraneters includes spectral paranmeters (so called |inear pred Ht)g?/% 2005
coding paraneters, or LPC paraneters) used in short-term prediction,
paraneters used for long-termprediction of the signal (so 10 called

| ong-term predjct] a ers..o a : var i IL.n
par anet er s, agégf%ﬁg Qy?ggﬁ%ftg i%ﬁb§§?gné?g§%$£€%3tai§£%§#§%%§+inear
predi cti vepredengason widehg dspdt amndnsilicce$héupamanhbdrfoareodi ng speech

for transpaLsskQn - over. o] nLcatiQ annel; _ it repre the frequency
shapi ng a@bﬁgkg?gbéﬁgst§$ﬁtEgg§%§é%£ gagFFoEgb %a?gﬁ% %%?%g%§%n '
char act erhassellhénstageétal Ehemspedt danvdérapsbdutesegnepttbésispéech. The

LPC paraneters can_b epresent g as_either, LSFs £Line Spect.r al )

Fr Squencr BSFChr SLafaRyRRERDS o7 G0e| SPSCLTR PRERRETSHEcI Par BaFr st "1 Sps
are obtai ned Rytdeco osigg 20 %he En erse.filter_transfet fEn tion A(z)
Lo a set of thotYEraRer BPCT GRctrbRES "SRRI HoPErBReETARet PFLARES  he o her
havi ng odgesymaet pyrambeekSPYsocatbanledl hédebhmmpibdneeivEpeetiial Frequenci es
(I'SFs), are the roots of these gﬁ%¥%gnial on e z-unit cir Li ne

t e, ,
Spoct 1 4l PPERPECEAPe 0O85LES| PagaT cuprdl I8, shgehaFesy PERIBEEHER ned in

t he sanepawapedsrknmisbbafee PpagttalmPpiresicthendbEf enenseghetwees t hese
representa&hoas I's the conversion algorithm which_transforns tge LP
flt er cGBLHLFE] ERPE FRED RRGEREFIPBCPRERRRERER PEPHEBeRELPIGRETESP or | SP)

30 Sonet aRSclBEgaeAdphiraRecebrEheagaMiuARcali OBxehaABebn bRi-aMeBewhi ch the
encoded speech paraneters are transmtted 1Is poor, causing errors in the

bit stream iwBatCaystaylédalEneLF PFrsed{ il Cghiisy NG RadildeaReskedTher e
are two kinds of franme errors; lost_frames and corrupted frames. In a -2
and successful method for coding speech for transmission over
a communication channel; it represents the frequency shaping
15 attributes of the vocal tract. LPC parameterization
characterizes the shape of the spectrum of a short segment of
speech. The LPC parameters can be represented as either LSFs
(Line Spectral Frequencies) or, equivalently, as ISPs
(Immittance Spectral Paixs). ISPs are obtained by decomposing
20 the inverse filter transfer function A(z}) to a set of two
transfer functions, one having even symmetry and the other
having odd symmetry. The ISPs, also called Immittance
Spectral Frequencies (ISFs), are the rootg of these
polynomials on the z-unit circle. Line Spectral Pairs (also
25 called Line Spectral Frequencies) can be defined in the same
way as Immittance Spectral Pairs; the difference between these
representations is the conversion algorithm, which transforms
the LP filter coefficients into another LPC parameter

representation (LSP or ISP).

30 Sometimes the condition of the communication channel
through which the encoded speech parameters are transmitted
1ls poor, causing errors in the bit stream, i.e. causing frame
errors (and so causing bad frames). There are two kinds of

frame errors: lost frames and corrupted frames. In a

-o-




2 0 APR 2005 corrupted frame, only sonme of the paraneters describing a -
particul ar speech segnent (typically of 20 ns duration) are corrupted. In
a lost frame type of frane error, a frame is either totally §of rAfR €40%r
is not received at all. 5 In a packet-based transm ssion systemfor

comuni cating speech (a systemin which a frane is usually conveyed as a
singl e packet), such as is sonetines provided by an ordinary Internet

connect i I dei L bl a datka c r ' never reach
Che i nt eogzgtbsed BRAREY! SpiDobofle 8k T pRBCKELhEECr L BlECrbLhg e VSl TES
| at e t hapairticauhnut shbeeobedeghenhudeypficahéyredl 20i me daratéonf speken

speech. SuERuBeghl Aty o SALLCT BnLORLOL! AFEL AnEOLLUBEED, T ERLRE ! o SuCh
situation is ranme that “does arrrve‘tusual 'y " wthin a” single packet) at
t he receetéhebutothallycontraupsedone 15 pacameteisetihat aké.in error, as

I ndi cated for exanple by a cyclic redundancy check (CRC). This is usually
thé situati onIni B packetubtesdi trhedméesnent sgatenufhrasoamunhodtingn in a
syst em of_t he, gl.gbal stem f ot bi LL.e_conmmunj cat i on onpecti on,
wher ot nePBREre PobvpREl EBerfiel S o ptHa SEor PR e SR L Y s A Fy bel o
5% Thusgingleapabkes¢ensubat achésopbmaalimesr peotided bgsponsedinaap

I nci denc

f _a bad fran%.is di.fferent for.th Emn ases_of bad franmes (the
cor r upt 68" PERE ARG PRE 8B  1fr ARePOSTRERE LPRLR FaFENPSFEShofSEs because
in case ﬁ&a&é)gﬁﬁ&&ph@de&;&?&&h FherentsndaaeréabﬁegknbgrﬂhatoalagFat t he

raneters, and ., n case ,0St franes, no Ln tLon I's val l a .
R@@ordinEaFgthéoﬁr'Gﬁmﬁ t W eﬁrﬁﬁVErFBrgﬁgedgEggtég Fﬁnna%rggep§8§ speech
frame, abscdbskiet bfi @hecafdaluting paOGEEUBE 3BokenbeguBdcht hesapaeah
paranmeters of the b g framg are replaced by attenuated or nDdiLied val ues
fron1thef§9@§i&§sc@g §9 fr aREE ZFEAGughPs ERETYP ERe LFBYS: 1PnSYF aft

par anet ess tha®@ion is a frame that does arrive (usually within a
| single packet) at the receiver but that contains some
15 parameters that are in error, as indicated for example by a
cyclic redundancy check (CRC). This is usually the situation
in a circuit-switched connection, such as a connection in a
system of the global system for mobile communication (GSM)
connection, where the bit error rate (BER} in a corrupted

20 frame is typically below 5%.

Thusg, it can be seen that the optimal corrective
response to an incidence of a bad frame is different for the
two cases of bad frames (the corrupted frame and the lost
frame). There are different responses because in case of

25 corrupted frames, there is unreliable information about the
parameters, and in case of lost frames, no information is

available.

According to the prior art, when an error is detected in
a received speech frame, a substitution and muting procedure
30 is begun; the speech parameters of the bad frame are replaced
by attenuated or modified values from the previous good
frame, although some of the least important parameters from

the erroneocus frame are used, e.g. the code excited linear




the erroneous frane are used, e.g. the code excited linear 2 0 APR 2005
predi ction paraneters (CELPs), or nore sinply the excitation paraneters.
In some nethods according to the prior art, a buffer is usego(hpﬂtgﬁg
receiver) called the paraneter history, where 5 the |ast speech par ters
received without error are stored. When a frane is received wthout error,
the paraneter history is updated and the speech paraneters conveyed by the

frame far ' bad..f j e d i :

chock o PESHZEEIE pAPARLLEgs (ARER) JP0x hOFR, L EndE TEhE exd Paltol e
i s set tparpwetamd.paraneter conceal nent (substitution for and nuting of
the corresponding bad frames) 1is then begun; the prior-art nethods for

par anet er coBveabmenmebbedparagerdingi sbothef priconaehl i agbubfenpied

frames. [0 e recejved._f 1.S SSj{] as a bad
frame (B egggabogﬁguggggggﬁgwsggg%ﬁg gggaﬁgféﬁggﬁ%yh%gtéggd %%%gthe bad
frame; foheelanpl epeenh pheampaspbersckitvednwibhoudr eupbedateagbored.

substitution of _.a. GSM AMR (adaptive,multi-rate) eech_code A in ETS
(or opealin®fh 8 52AM% 5 Fore &FaniAFaSUFSTFBE Y o5 HBoBeRalRr et ER06K o
t he exci tat updavedt andf thm theechapaehmeteral vayseysddby\Vka &rspeech frane

is lost (includi,ng th si;tuation, where,a._frane arrives too_late to be

used,  suBRCalSeRoPoE, SREPELIA - s OB PPRbRedd FEPRRS AP SOFBRCES S ofEF, o

obvi ousl| grCcnehpakaset ebmeabehavakclkr@blredbrenttiba meshofir agebaa beamsed. 25

In _sone priogr-art t he | ast 800d §$ectral Earaneters recei ved are
a

syst ens,
sdfstitu QélFSFOFhéﬁgﬁicﬁﬁaﬁetpﬁpaﬁﬁ Er &ngf PATRAGLEFafBRCEALBF i ng

slightly (shbktedutienards aneonstanly predakecsipedphhaingABear diragesd the
GSM 06.91 ETSI specification, the concealnent is done in LSF 30 format,

and is givehlB} PREUFGI CHG RGIGEGEFFt HREDPEF {LoB PRrRmEter
concealment use parameter history for concealing corrupted
frames. As mentioned above, when a received frame is

15 classified as a bad frame (BFI set to true), some speech
parameters may be used from the bad frame; for example, in
the example solution for corrupted frame substitution of a
GSM AMR (adaptive multi-rate) speech codec given in ETSI
(European Telecommunications Standards Institute)

20 specification 06.91, the excitation vector from the channel
is always used. When a speech frame is lost (including the
gituation where a frame arrives too late to be used, such as
for example in some IP-based transmission systems), obviously

no parameters are available from the lost frame to be used.

25 In some prior-art systems, the last good spectral
parameters received are substituted for the spectral
parameters of a bad frame, after being slightly shifted
towards a constant predetermined mean. According to the GSM
06.91 ETSI specification, the concealment is done in LSF

30 format, and is given by the following algorithm,
For i=0 to N-1:
LSF gl(i)

=q*past_LSF _g(i)+(1-a)*mean LSF(i); (eg. 1.0)




LSF ql1(i) =a*past_LSF q(i)+(i-a)*mean_LSF(i); (eq. 1. 0) -4 2 0 APR 2005
LSF g2 (i) =LSF gl (i); where a = 0.95 and Nis the order of the |inear
predictive (LP) filter being used. The quantity LSFgl is thejZquaPR 2606
LSF vector of the second subfrane, and the quantity LSF g2 is 5 the

gquanti zed LSF vector of the fourth subfrane. The LSF vectors of the first
and third subframes are interpolated fromthese two vectors. (The LSF
vector for thegstikst)_rgphframe in the frame n is interpolated from LSF
vector of fourth subframe in the frame n-i, i.e. the previous frane) 10

The quan{htyePasLL&Fag Ligt Rei V\ﬁ“ﬁ‘ﬁ&'&i‘dég:gg f£hom t BeL - PRENGPUS F&ame. The
quantity nmeanLSF is a vector ose conponents are predeterm ned constants;

t he conpéhBht §ilibenobeidgpeaddon Fhdeqguartitpeb8F_geqientee Thantlzedity
roan_LSFrop L0oEaDSLANtyEOIDNER! 5, 0PDERE! C5d CAOSLANLLIPECERE 15, Spect Tum

Such prior-art systens always s e sbec rum c S towar ds
coﬁstantthaaquantesethSE Vadtoateﬂ ke ﬁeanthSE@bﬁraﬁhe cﬁhsthﬁF

quant i ti 6 goe.cgps P anERRILNG,BYBLago! 00O LhUE, BETLODqand over

bher EE

several sUCCesSive ers. Syste ore’o
conpronl§eomsbhasbonwon0eCaossluthhethaF Vecbprlﬁat tbe &nysparticul ar
speaker orpiltuatlon radeoff of the g het en %eaV|ng

e o ShpEFRHE, L8 EnpErbhBUROLE ShetlBofRERRORLER 1 8F VEREBEGESRY NI

natural Ebulroly sthbEpamdsifi tke fham@5Snqual ityg. othéhprsymbhesfzedespeech)

[ eded IS, g spectral para tituti in case of a
Vgsrupte ?p@&éﬁEFEXnﬁa Eegg bflyt§ EgﬁbgPFPgeﬁgnLﬁ Sﬁ Eo?ﬁean anal ysi s
of the speeclious frame. The quantity mean LSF is a vector whose

components are predetermined constants; the components do not
depend on a decoded speech seguence. The quantity mean LSF
with constant components generates a constant speech

15 spectrum.

Such prior-art systems always shift the spectrum
coefficients towards constant quantities, here indicated as
mean LSF(i). The constant quantities are constructed by
averaging over a long time period and over several successive

20 talkers. Such systems therefore offer only a compromise
solution, not a solution that is optimal for any particular
speaker or situation; the tradeoff of the compromise is \
between leaving annoying artifacts in the synthesized speech,
and making the speech more natural in how it scunds (i.e. the

25 quality of the synthesized speech).

What is needed is an improved spectral parameter
substitution in case of a corrupted speech frame, possibly a
substitution based on both an analysis of the speech
parameter history and the erroneous frame. Suitable

30 gubstitution for erronecus speech frames has a significant
effect on the gquality of the synthesized speech produced from

the bit stream.




paranmeter history and the erroneous frame. Suitable 30 substitution for
erroneous speech franes has a significant effect on the quality of the
synt hesi zed speech produced from the bit stream 2 0 APR 2003 { SRR QBURE
OF | NVENTI ON Accordingly, the present invention provides a nethod and
correspondi ng apparatus for concealing the effects of frame errors in
frames to be decoded by a decoder in providing 5 synthesized speech, the

frames bging HRAvbAed . Q4ehy @ conmmuni cation channel to the decoder, each
frame prov$%¥ng——paraneters sed by the decoder in synthesizing speech, the
met hod i ncl ud eps detern1n|ngﬁmhether a, rane s, . a_bad, frame;

and providinghgggﬁgéPg Ui b ef8¥e?ﬁ§tpé?§ FEPR RECHE ?ﬁeabﬁﬁ ??gﬁ%n%ased

on an atcbeasbppadihy apgpptrhvesnesp 6bnckheifgecheabf parosebLer srafe a
predet ermi ned nunber of the nos éeF%§c§gtly recei ved good franes. In a

further SSPREE oF FREWFAVERt P8n P08 9PSOYSF Nl uBESViALEt ep of

deter m ngpgtwBet hes btpeebRd Ehénﬁréﬁeﬁoﬁéﬁﬁ§ pratiaearyver aon-stationary
speech, and, in addition, the ste providing a substitution for the bad

frame i sCRBRMBLARBIPR SR@AYSLhEP Hgﬁeﬁ@§°€ﬁrmh%%ﬁﬁrf¥ﬁ%ebﬁﬁov%@éﬂﬁ conveys

statlonaparameBQESShgéaOB9rﬁhépaéebdeknlﬁ sShthbsidihhespaserctteé the
I nvention, in_case_of a frame 20 _conveyling stationary speech the step

of provi BERgod l§9%§ﬁFFEtFBﬁ pEPPEhRLhadeEPERENL BT puhebRABJRUEFABS alfrean of

par amet egspgfy Qraﬁéde&ﬁH”?ESGlawﬂ§e& Qﬁb&ﬂ?tﬁ@%&nrﬁéﬁnEh¥ é?&ﬁéﬂ@ﬁngOd
franmes. In another stil urt her aspect of th i nvent1 on, |n case of a bad

f L8ne coffeyhAighrentseaci baaed 28 §§e@éhle@ﬁ§ E@éblﬁfaﬁﬁBVFﬁﬁn@eén of
SUbSt'tUEhQnsEQEtEQ@ padambEans b$ erEQE§EQrM§hQS ﬁﬁm§§§to§ Eﬁ§d§6§£”1ned

portion of a "nean of paraneters of a predeterm ned of the nost
recent | yreeeakvEdrgeedvedageed frames.

In a further aspect of the invention, the method also
includes the step of determining whether the bad frame
15 conveys stationary or non-stationary speech, and, in
addition, the step of providing a substitution for the bad
frame is performed in a way that depends on whether the bad
frame conveys stationary or non-stationary speech. In a
- 8till further aspect of the invention, in case of a bad frame
20 conveying stationary speech, the step of providing a
substitution for the bad frame is performed using a mean of
parameters of a predetermined number of the most recently
received good frames. In another still further asgpect of the
invention, in case of a bad frame conveying non-stationary
25 gpeech, the step of providing a substitution for the bad
frame is performed using at most a predetermined portion of a
mean of parameters of a predetermined number of the most

recently received good frames.

In another further aspect of the invention, the method

30 also includes the step of determining whether the bad frame
meets a predetermined criterion, and if so, using the bad

frame instead of substituting for the bad frame. In a still

further aspect of the invention with such a step, the




I n another further aspect of the invention, the method 30 also includes
the step of determ ning whether the bad franme neets a predetergnﬁ %
criterion, and if so, using the bad franme instead of substituti é‘ﬁbﬁﬂ@%e
bad frane. In a still further aspect of the invention with such a step,
the -6 2 0 APR 2005 predetermned criterion involves maki ng one or nore of
four conparisons: an inter-frame conparison, an intra frame conparison, a

{ wo- poi N, CAEPALh$As ARYa-SLATL AvAFLEL maRIRA LAGNo: SpBEOT ANl e T

per spect invention 1S a net cea i Ng ects of frane
errors i pohpamresons: ban datededrbmeaCdmpedesonn @novndragfsgmehe5|zed

speech, E:Bﬁ ﬁ§:1EL§BES being. Eég}{'\:dégrﬁ@%{%ﬁséncogHgnéC%Rhgecogéﬁﬂ to the

decoder, rane provid paranmeters use in
syntheS|szgaspsenh the met hod i ncluding the steps of: deternlnlng whet her
a frane is a bad frame; and providing a substitution for the paranmeters of
thé bad frameFram subshetrupevapeatwkiechthastiniventioantis speethall for
frequenc

i ) ed towards a_partly. ada t|ve mean given by: 15
2095 | SEatrreatpas AP eeRErThEIon) FaRR B RrY Yor PR s Mol o = 0 o
| SFq(i) decbhedlby aodponéar mh phevﬁaEngesyntheémzed speeeht thane, :
past _ ISFg&ﬁé IS tge ith o Eﬁgnent of the gectorhfro F gﬁevious
frame ﬁﬁ(P? g PREVI cSXﬁBnénFOBPuPHSa &etor fHat Eonbi nati on
of the adapbidee, meanhafidainbepeonstidn parameters used by the decoder
10 in synthesizing speech the method including the steps of:
determining whether a frame is a bad frame; and providing a
substitution for the parameters of the bad frame, a
substitution in which past immittance spectral frequencies

(ISFs) are shifted towards a partly adaptive mean given by:
15 ISF, (i) =a* past _ISF, ()+(1—-a)*ISF,,,. (), for i=0.16,
where

o = 0.9,
ISF (i) is the i*™® component of the ISF vector
for a current frame,
20 past _ISF,(i) is the i*" component of the ISF
vector from the previous frame,
ISE,, (i} is the i*" component of the vector that

is a combination of the adaptive mean and the constant
predetermined mean ISF vectors, and is calculated using
25 - the formula:

ISFmeaﬁ (1) ﬂ * IS CORSt _ mean (I) + (l ﬂ) * IS adaprwe meciit (I) 4 for l = 016 ¢

where [ = 0.75, where ISF

adaplive _mean

2
(1)=%§past_ISFq(i) and is

updated whenever BFI =0 where BFI is a bad frame

indicator, and where ISF th

wonst_mean@) 18 the 1" component of a

30 vector formed from a long-time average of ISF vectors.




predeterm ned nean | SF vectors, and is calculated using the fornula:

| SFnenn (i) _ /3 * ISFeOns mem (i) + (1 fl) * | SFndap(ive_nmean (i) , for
i=0_16, 30 z where (3 = 0.75, where | SFndnptive_nean(i)= Zpas{ | SF (iéﬁand
is 3 ;=0 updated whenever BFI =0 where BFI is a bad frane ind?@bﬁ@ﬁ,z d
where | SFeensr nean(i) is the ith conmponent of a vector fornmed froma

| ong-time average of | SF vectors. -7 2 0 APR 2005 BRI EF DESCRI PTI ON OF THE

DRAW N t her j s, features and advantages of the
inventfgﬁ%%ﬁﬁ@%%ﬁﬁﬂﬁegcg'ﬂﬁ A i a consideration of the subsequent
detail ed descrhgtion gres nted in connection 5 with accongaﬁging d£amﬁngs,
in which: FigT BO¥epHRBEKOEREYr R BE LR onpBRENFES ofRd 39¥FRI9SR Bt ding to
the priotharinfreatieangmit bBgcRE shpatedtSpestha abfsagdigcsbgnat; Fig. 2
is a graph illustrating LSF coefficients | 10 4kHz] of adjacent franes

nts [0 ... ,
in a cas thSEPEFﬁBﬁﬁFyd§E€éEﬁ? @ﬁ%ch?S%Pg B%?ﬁ@nF?@thnE9n%ﬁﬂt%ﬂ% X-axi s
besng frafes; akb8mpdnyh fgaaghaPAgkl | 4at wALEAY LSF coefficients [0 ...
4kHz] of adj acent ?ranes in case pf non-stationary speech, the Y-axis
bei ng frequengygand tBeaXpaskhk BEhfYam 8REEompPESnELEs 4f hSsfs8EmPh
illustrating absolute spectral deviation error in the prior-art nethod,
Fig. 5 i 8°8O4fapH tPI GBEr BELAY 8B5oFO¥etEPRENLAFINGeOr aFFBR1BE BPERRANL he
present hAMephnos £$hgawnng that the present invention gives better
substitution for spectral 20 paraneters than the prior-art nethod), where

the highest beig.ip tBeagp2apn(indlicathRgntNesiosbepEQRRBhEsT ¢6i dual) is

10 4kHz] of adjacent frames in a case of stationary speech, the

Y-axis being frequency and the X-axis being frames;

Fig. 3. is a graph illustrating LSF coefficients [0 ..
4kHz] of adjacent frames in case of non-stationary speech,

the Y-axis being frequency and the X-axis being frames;

i5 Fig. 4. is a graph illustrating absolute spectral

deviation error in the prior-art method;

Fig. 5 is a graph illustrating absolute spectral
deviation error in the present invention (showing that the
present invention gives better substitution for spectral

20 parameters than the prior-art method), where the highest bar
in the graph (indicating the most probable residual) is

approximately zero;

Fig. 6. is a schematic flow diagram illustrating how
bits are classified according to some prior art when a bad

25 frame is detected;

Fig. 7 is a flowchart of the overall method of the

invention; and

Fig. 8 is a set of two graphs iilustrating aspects of
the criteria used to determine whether or not an LSF of a

30 frame indicated as having errors is acceptable.




approximately zero; Fig. G is a schematic flow diagramillustrating how
bits are classified according to sone prior art when a bad 25 franme is
detected; Fig. 7 is a flowhart of the overall nethod of the invention;

and Fig. 8 is a set of two graphs illustrating aspects of the [ '
used to determ ne whether or not an LSF of a 30 frame indicat23f£@%LZ@F

errors is acceptable. 2 0 APR 2005 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

AccordlngEgrwkgngEvz&&§ %QE%DR‘ frame is detected by a decoder
after traHSﬁ%ss+ﬁﬁ—é§—a¥§%%8@£—s+gﬁa%ggﬁFough a communi cation channel
(Fig. 1), the corrupted spectral 5 paraneters of_ the speech signal are
conceal ed (byACSRESERFUEPNEREt ABYCBpéeRy aFhpBr 8ankRer §XABR LHeHFCBAEEY on an

anal ysi spof ot Bec-sBect bakcpat2gRLRL 8sh8RCBE! ¥ spEBEAI cahRE1 through Ahe
communi cation channel. It is_ inportant to effectively conceal corrupted

spect r al CpEMERECRESOBf Chapagl1dFigamd) nobhenFgrbERhadesPRELER I upt ed

spectral Q%éﬁ@%%%%soﬁaXhecégéécﬁrE& ﬁﬁ&sakéuébﬂkéaiganQE that are obviously
not speech), but al so becatse the 3ubjective qualit subsequent

error-fr egbspesuhingapthedeccpeasssl( nerpmaserahénr Fﬁﬁ@érbﬁs@éu@?ueé
qua”t'za%hgﬂybisusﬁd hel3 é@t??il%ﬁkﬁm@%@ggdE@th@l&Q?oﬁﬂﬁﬁQEé@@dalSO makes

use of ocal i zed nat re 0 e spectral act t he spectral
par anet etrougbhths kommuspeatian ﬁhéqu3ﬁ0|e§t(ESFSWPOThénts§@ctral i npact

of LSFS '%fé@%@v&?y?%oh%%%ﬁiéB%SnggﬁﬁEpéEtrQEepE§E @%?EEB%V al Bagdversely

altered gy a quantrzation an g process spectrumw | |
chénge oﬁrymﬁeapttbalyfbeqaaﬁcythepcesenpe&dbﬁpeh@rESFppaamﬂEBés mpgavi ng

the Test gkt g, SRRELEUT,1AG 830088 e chiLeQLEOBH, B cRgRG fbe for either a

| ost frare
speech), but also because the subjective quality of

subsequent error-free speech frames decreases {at least when

linear predictive quantization is used).

15 An analysis according to the invention also makes use of
the localized nature of the spectral impact of the spectral
parameters, such as line spectral frequencies (LSFs). The
spectral impact of LSFs is said to be localized in that if
one LSF parameter is adversely altered by a quantization and

20 coding process, the LP spectrum will change only near the
frequency represented by the LSF parameter, leaving the rest

of the spectrum unchanged.

The invention in general, for either a lost frame or a
corrupt frame

25 According to the invention, an analyzer determines the
spectral parameter concealment in case of a bad frame based
on the history of previocusly received speech parameters. The
analyzer determines the type of the decoded speech signal
(i.e. whether it is stationary or non-stationary}. The

30 history of the speech parameters is used to classify the
decoded speech signal (as stationary or not, and more

specifically, as voiced or not}; the history that is used can




corrupt frame 25 According to the invention, an analyzer determ nes the
spectral paraneter conceal nent in case of a bad franme based on the history
of previously received speech paraneters. The analyzer determ nes igﬁlezubg/pe
of the decoded speech signal (i.e. whether it is stationary o2 § A
non-stationary). The 30 history of the speech paranmeters is used to
classify the decoded speech signal (as stationary or not, and nore

speci ficall ol ced-or .not)..the hjistor hat,is.u n 0 APR 2005
be deriv% é%Fn §&f%%ﬁg} efr @tt?%c%%?Lvﬁ?ﬁé%£o gfqéﬁaﬁgdnge%%%al

par anet especthalt pamamstatsonary speech signal and voi ced speech signa

are practically synonynous; a voi ced speech sequence 5 is usually a

rel atively st@heonaryssitgaalonali|l spaachngogned asfieeohcsdqepaeehi s usual ly
not. We use the_termnolo ¥ stationarg and non-stationary speech signals
here bec&dg844t Rt ?E?ﬁFﬁg o4y FERABYEOPF écPs¥OTASH ﬁ%eﬁgns BUETSSsifi ed
assvoi cedlsonsuavdicadreandi+81@l seagiahhenagyghal Nokhst 8t aananydiasgor di ng
to the ratio of the power of the adagtive excitation to,thit of the tota
exci t at i BRESE8 ?ﬁ&PEEE%dlﬁnuFHélFYaﬁe f or WEhESEpEBEhECEBFRRSPINdi ng to the

frame. (AthtaBRasonhalNsoRakaBRlBherya6pREEHNE:HAaMI BBrBObAcadast i ve and
total excitation are_15 constructed; after doing so, the total power can be

cal cul at B2} FeraiBpéegl $&8qUeKeePr§Csfqti onary, the nethods of the prior
art by which corrupted spectral paraneters are _conceal ed, as indicated
above, are nof BHEAPPcGRErby gdagpiéierlvas YRiSefsObebalgeCstat fBAary

agphacent ;388CLERL i cRALPTBLERSNALEaERBALLDY §E@$&Min§0tbh€h8r@MEQHSoﬁood
spectral values (not Corrupted or |ost Spectral values) are usually good

esti mat e§hpopowRs RéExthspadppiiveoekriEnEnry, tanghasref the total
excitation, as indicated in the frame for the speech

corresponding to the frame. (A frame contains parameters
according to which both adaptive and total excitation are
15 constructed; after doing so, the total power can be

calculated.)

If a speech sequence is stationary, the methods of the
prior art by which corrupted spectral parameters are
concealed, as indicated above, are not particularly

20 effective. This is because stationary adjacent spectral
parameters are changing slowly, so the previous good spectral
values (not corrupted or lost spectral values) are usually
good estimates for the next spectral coefficients, and more
specifically, are better than the spectral parameters from

25 the previous frame driven towards the constant mean, which
the prior art would use in place of the bad spectral
parameters (to conceal them). Fig. 2 illustrates, for a
stationary speech signal (and more particularly a voiced
gspeech signal), the characteristics of LSFs, as one example

30 of spectral parameters; it illustrates LSF coefficients [0 ..
4kHz] of adjacent frames of stationary speech, the Y-axis

being freguency and the X-axis being frames, showing that the
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specifically, are better than the spectral paraneters from 25 the previous
frame driven towards the constant nean, which the prior art would use in
pl ace of the bad spectral paraneters (to conceal thenm. Fig. 2
illustrates, for a stationary speech signal (and nore parti CQI%rARR 2005
voi ced speech signal), the characteristics of LSFs, as one exanple 30 of
spectral paraneters; it illustrates LSF coefficients [0 ... 4kHz] of

adj acent ti e e Y-axi i engy..and the
Xaxi s bEThe 1P aanaibl QALY vBRGeieni V0 SERN Sratf i KRR
rel ati vebypathionhyy épeechrane to frane, for stationary speech. During

stationary speech segnents, concealnent is perfornmed according to the
i nvention (foPusingesthbionarysspeechpsedméntsesyonseéagmene isl | owi ng

al gorith L= p I n Lrhin [a . _ad Lve _mean LSF
vect or (i ?Elégg%%%iiﬂgcég‘%gk‘%i &LS( gﬂg%ﬁg%nftéﬁﬁoggéfi %E%E?gﬁgéépggt _LSF good
(ip (K- &Orihpt&d EBBmgk) (1ping* phst f&TFogbnd(a)@gOritima) *adapti ve nean
LSF(i); (2.1) LSF g2(i)=LSF qi(i). 15 where a can be approximately 0.95, N
i s the ordérof 4P td iM-LefeleaerdtsKwighiphe fadapt:ation | ength. LSF gl (i) is
the quantized LSF vector of the second subframe and LSF q2(i) is the
quanti zed LSFAREEEFTERUITE—_FEhF Wi subframe. The LSF vectors of the first
and third subfranes are interpolated 20 fromthese two vectors. The

quantity past 90986034 Q) (bpipaSaURr LR MAl Ussef Ldh e auantkty LSF
q%l -1) fro )the previ ous good frame. The quantity past "LSF good(1)(n) is
a corrponen]t 6¥ the vector of LSF paranmeters fromthe n+tlth previous good
frame (i.e. thegrgQod frame that precedes the

=q*past LSF good(i) (0)+(1-a)*adaptive mean LSF(i);
(2.1)
LSF g2(i)=LSF gi(i).

15 where « can be approximaﬁely 0.95, N is the order of LP
filter, and K is the adaptation length. LSF gil(i) is the
quantized LSF vector of the second subframe and LSF g2(i) is
the quantized LSF vector of the fourth subframe. The LSF
vectors of the first and third subframes are interpclated

20 from these two vectors. The quantity past LSF good(i) (0) is
equal to the value of the quantity LSF g2(i-1) from the
previous good frame. The quantity past LSF good(i) (n) is a
component of the vector of LSF parameters from the n+1™
previous good frame (i.e. the good frame that precedes the

25 present bad frame by n+l frames). Finally, the quantity
adaptive_mean LSF(i) is the mean (arithmetic average} of the
previous good LSF vectors (i.e. it is a component of a vector
quantity, each component being a mean of the corresponding

components of the previous good LSF vectors).

30 It has been demonstrated that the adaptive mean method
of the invention improves the subjective quality of
synthesized speech compared to the method of the prior art.

The demonstration used simulations where speech is

-11-




25 present bad frane by n+l franmes). Finally, the quantity adaptive-nean
LSF(i) is the nean (arithnmetic average) of the previous good LSF vectors

(i.e. it is a conponent of a vector quantity, each conponent gfg RPgoﬁﬁﬁn
of the corresponding conponents of the previous good LSF vect

has been denonstrated that the adaptive nean nethod of the inventlon
i nproves the subjective quality of synthesized speech conpared to the -

Tothod OLcLRERPELOR BhlouoTNEndEiRaStEakl ol yoedalILal | S0Sc MG speech

is transm rough™anZerror-1nducin Aii cation  channe ach time
a bad fraaehmasmdeaebaédfraMe waecﬁeaéceedorthasspeatralaﬁeﬁorTm@sspectraI

b b h h
Cpect runtERar RREa SeBEFoPPRCLERRLEFFRD. HEF | AR RECBA | TUREE S HE Sbsol ut o

error i sfroml theatedlghyal akpagtitte, abkel specvatmethaonwibeuspéctonl error.
s. 4 and 5 show hi s r f absol ation _error _of LSFs for
g prloFoﬁF?a ﬁﬂgfépr%ﬂg Eﬁ%v@%& rﬁ@?hod¥£?e§% %Fé%l??r?ﬁel%ptinal error

Concealnealcﬁmahaa B eakmﬁgctneeabeozﬁte,valﬁe fhemn the speetras close to

zero, the sgectr ar ane rs u ed f %onceallng agg ver close to the

A
ori gi nal St Frup?éﬁ or I8§ ) °sP EWrE &P GRErer a@§ﬂ¥BE seen fromthe

hi st ogr agevehtFbgserdorasd QStheoadanélpelaeaarﬂeahadf@f the lnvention
(Fig. 5),15 congeal s, errors better than t 5r|or rt met hod 3

durlng stAVPBharyshbetn tefREREEYeIKs nEREi BRE4MAHOFETOF hECR %% ?%P

ceef fi ci pAESaff ep@Br 8lakkoBar ¥epbgnal 8. (Rhen! €68 BEE6LSEEYclyBY¥OLEed
signals) fluctuate between adjacent franes, as indicated in Fig. 3, 20

whi ch i s?8%§r apRei FPESEFati REFRBRECEF HAPGcERT FPRABRLILAICAEE VEFY

non- statanaéytépeaehor&§§n¥1axbérbapegdfbgqmsgﬁy @Féc&bsl X-axi s being
frames. In such a case, the optinmal conceal nent is not the same as

“in the cR&&2BPLSEA:| oftir f2BpEECHEeY| §HAM. ther NhshograMFoRar figheeth, the
inventi ognRr Vi g88 adaptive mean method of the invention (Fig. 5)

15 conceals errors better than the prior-art method (Fig. 4)

during stationary speech sequences.

As mentioned above, the spectral coefficients of non-
stationary signals {(or, less precilsely, unvoiced signals)
fluctuate between adjacent frames, ag indicated in Fig. 3,

20 which is a graph illustrating LSFs of adjacent frames in case
of non-stationary speech, the Y-axis being frequency and the
X-axis being frames. In such a case, the optimal concealment
method is not the same as in the case of stationary speech
gsignal. For non-stationary speech, the invention provides

25 concealment for bad (corrupted or lost) non-stationary speech
segments according to the following algorithm (the non-

stationary algorithm)}:
For i = 0 to N-1:

partly adaptive mean LSF(i)
30 = frmean LSF(i) + (1-f)*adaptive_mean LSF(i);
(2.3)
LSF gl(i)

= a*past LSF good (i) (0)+(1-o) *partly adaptive mean LSF(i);
(2.2)

-12-




25 conceal nent for bad (corrupted or |ost) non-stationary speech segnents
accordlng to the following algorithm (the non- stationary algorithnm: For i
0to N1: partly adaptive mean LSF(i) 30 = /3*mean LSF(i) +2 APR 2005

(1 /3)*adaptive_nean_LSF(i); (2.3) LSF ¢l (|) = a*past LSF
good(i)(0)+(1l-a)*partly adaptive nmean LSF(i); (2.2) -12 2 0 APR 2005 LSF
g2(i)= LSF qi(i); where Nis the order of the LP filter, where a is
typically ap el where LSF gl (i) and LSF q2(|) are two sets
of LSF vectorggbQ - ﬂ'L¥F€¥gg{’frane as in equation 5 (2.1), where past_LSF
q(i) is 2 f reyi o] me r ive
Tean_LorPrEreiete KRR baRe8 BF; CHR LEOS I ER T andbR f BRCHYIBRTRY 0

aver age apﬁonemhaélyand9mhewaeadapswq1rmanahSFLsF gs (i heapeadwof the

| ast K goo ors pdat ed when BFI Ts.not 10 set), and

whor o moafeecBE LR VLR OrE Bhr Bk Git tal ERantsat cthoratRkiat: | no s he

desi gn pr(gc¢$$ Qhekaepagdegsb’eqmg)usgdLst:oqsymp hesbmerapegediiblisi s an
average LSF of sone sgeec dat abase. The paraneter /3 is typically
apprOX|nﬁP@ﬂyf§aV5 1 eVﬁIBérﬁéédaﬁépé%ﬁPe§§théS€%#énﬂst% whi ch the speech

is 15 stabingRakyiss 8@p@ﬁédaHQpEQOESh@&hOﬂQFYVeékbr'§n§0€EE'HGéra§é|CU|at6d
based on the ratio of the long-termprediction excitation energy to the

fixed co@@ﬁoﬁﬁcéﬁéptéﬂﬁowhéﬁérQﬁﬁpﬁﬁveaﬁﬁénpﬂ§€ﬂéély? GbengedReCfoERBl a 1 +
voi ceFacige: % agoWhEE? vectors (which is updated when BFI is not '

10 set), and where mean LSF(i) is a constant average LSF and is
generated during the design process of the codec being used

to synthesize speech; it ig an average LSF of some speech

database. The parameter f is typically approximately 0.75, a
value used to express the extent to which the speech is

15 stationary as opposed to non-stationary. (It is sometimes
calculated based on the ratio of the long-term prediction
excitation energy to the fixed codebook excitation energy, or

more precisely, using the formula

1+ voiceFactor
2

ﬁ::
20 where

. ENEYEY pircn — ENEYEY innovation
voiceFactor = '

energy pitch +ener, &Y innovation

in which energypiten is the energy of pitch excitation and
€nergyimovation 18 the energy of the innovation code excitation.
When most of the energy is in long-term prediction

25 excitation, the speech being decoded is mostly stationary.
When most of the energy is in the fixed codebook excitation,

the speech is mostly non-stationary.)

For f = 1.0, equation (2.3) reduces to eguation (1.0},

which is the prior art. For B = 0.0, equation (2.3) reduces

30 to the eguation (2.1), which is used by the present invention
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voi ceFactor = energy pitch -energyinnovation energy pitch
+ener gyi nnovation in which energypjtch is the energy of pitch _excitation
and energyinnovation is the energy of the innovation code ex&ilt #PiRoA005
When nost of the energy is in long-termprediction 25 excitation, the
speech being decoded is nostly stationary. Wen nost of the energy is in
the fixed codebook excitation, the speech is nostly non-stationary.) For

(3= 1. OcofORLL P2 S) IRONEES | BoETBILER ALy Odenolgh 1o the pror

art. For equ reduces he equa 1on (2.1), which is
used by 1mplgmesEat1onseninoapplscatﬂoAPFWBeﬁé forist atpontayt segnents. * For
conplexity sensitive Hﬁnglenentatlons (in applications where it is

i npor t an¥eEB CREBHEED 9|?yr?%5%n?€é§o%%B fh) | eI e chieed ¥Pxed to

sone CONRLANT S8m¥AbHEse Cvl1ud; 78, foa 99thféiaﬁbeﬂaévaéﬂéna§y”QHdStat'Onafy
gnents Spectral paraneter concea ment "specifically for lost franes. In

e of BONostatianReryoAEYNeRAESinformati on of past spectral paraneters is
avail abl e. The substituted spectral parameters are cal cul ated according to

acriteri ch@gggqgggaigtggrggﬁggélméﬁtogﬁEélggcggﬁ efé?DthEPPP&&@% aﬂgpLTP

(1 ong- m prediction) values; LTP paranheters 1nclude LTP gain and

| ag Val ue. LTEnreaésSSEté §B8CoEEREAL bR OLL 9Hf&§aatléﬁa8§ bQs@ Pprevious
frame. For exanple, the criterion uséd to calculafe the substituted

spectralSpaﬁéﬁéﬂepgrémﬁtQSSdiﬁtaﬁgmléhlgltuﬁhﬁoﬁEbﬂhétEt@ﬁeSPQGFr@bod LSFS
shoul d bg aramet%fsdapx agiadapiLye §Erﬁ§ﬁ§e aériﬁe£98n9559é§?6ﬁ by ~a

const ant ~ nean ternative spect ra par ane concea ment specifi cal | Yy f or
cdPrupt egatpmaber2bivheniasspéefnrf expprie epectpaddandslBBpbdsendto | ost),

term prediction) values; LTP parameters include LTP gain and
LTP lag value. LTP represents the correlation of a current
frame to a previous frame. For example, the criterion used
to calculate the substituted spectral parameters can

15 distinguish situations where the last good LSFs should be
modified by an adaptive LSF mean or, as in the prior art, by

a constant mean,

Alternative spectral parameter concealment specifically for
corrupted frames

20 When a speech frame is corrupted (as opposed to lost),
the concealment procedure of the invention can be further
optimized. In such a case, the spectral parameters can be
completely or partially correct when received in the speech
decoder. For example, in a packet-based connection (as in an

25 ordinary TCP/IP Internet connection), the corrupted frames
concealment method is usually not possible because with
TCP/IP type connections usually all bad frames are lost
frames, but for other kinds of connections, such as in the
circuit switched GSM or EDGE connectionsg, the corrupted

30 frames concealment method of the invention can be used.
Thus, for packet-switched connections, the following
alternative method cannot be used, but for circuit-switched

connections, it can be used, since in such connections bad
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t he conceal ment procedure of the invention can be further optimzed. In
such a case, the spectral paraneters can be conpletely or partially
correct when received in the speech decoder. For exanple, ip@APR 2005
packet - based connection (as in an 25 ordinary TCP/IP Internet connection),
the corrupted franes conceal nent nmethod is usually not possible because
with TCP/IP type connections usually all bad frames are |ost franes, but

for othe inds_of nnect j ons uch as_in the i rcui j t GSM or
EDE conbERTParate b Lerr hpraneShirr aterdc o st heltbar b SR e "
i nvent i onoeanpbedusedmesThus, for packet-sw tched connections, the
followng alternative nethod cannot be used, but for circuit-swtched

connecti ons, Rtcoafiihg tsethestpeeifhcatitbnsofinecEBBnsablaad- idade 0ig\PR 2005
frames are, at, | easi sonetij and in fagct usually y ,corrupted franes.
Accor di ngSBEERE Ehsfi Chl: ohadr e tek TRl ERNERY e ORE BERE PR “ahen
BFE f| agothRegeertol| antagtaofRbechanksmr ubedt bar tker chadetecieondimeghani sm
used in the chann

El decgdgng .groces . _Error detectioF n&cEan'snB are used
to det ecP*BFF8Fs EFRCFhEeSBhbF&CEi VEFHARLEPSsRERi FPEAntCbPEESCE. 8X P hdse |
bits hayhnghkheupfeatestlef heet enghheiguati bytef ihe.syhbbesbied speech.
In sone prior art nethods, thﬁge nost skgnifiiant 1 bgts arehnot used when
a frame PEViRgi EREeBTEBLHELaSHAG Tt PRNENCHRRAVEFY 3Tt FaReSKRYIASYVE®Snly a
few bit epeets.(ev@nsonBepbebRgaeBomgbhbassethtbe BEktf baghifseahbe whol e
frame could be discarded even thqough npst of the hits are correct. A CRC
chlck dePétEs2EEnpPy WAEEnWReBr andraner fandnA4§2E5% FPoRBoBsPRanes, but

makes noreghknat goRbvibe BERrGREt m8yT Bhvel 8he)- aFEdw Bitl busbiat esveaw bits
are classified accordln%_ to the prior art when a bad frane is detected. In
i

Fig. 6, anesPréPg ePanehi §0sABhntBEi REIcEARhi cEPelheonBObRt T5AME tine

could be discarded even though most of the bits are correct.
A CRC check detects simply whether or not a frame has

15 erroneous frames, but makes no estimate of the BER (bit error
rate). Fig. 6 illustrates how bits are classified according
to the prior art when a bad frame is detected. 1In Fig. 6, a
single frame isg shown being communicated, one bit at a time
(from left to right), to a decoder over a communications

20 channel with conditions such that some bits of the frame
included in a CRC check are corrupted, and so the BFI is set

to one.

As can be seen from Fig. 6, even when a received frame
sometimes contains many correct bits (the BER in a frame
25 usually being small when channel conditions are relatively
good), the prior art does not use them. In contrast, the
present invention tries to estimate if the received
parameters are corrupted and if they are not, the invented

method uses them.

30 Table 1 demonstrates the idea behind the corrupted frame
concealment according to the invention in the example of an

adaptive multi-rate (AMR) wideband (WB) decoder.
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(fromleft to right), to a decoder over a conmunications 20 channel wth
conditions such that sone bits of the frame included in a CRC check are
corrupted, and so the BFl is set to one. As can be seen frpfh EPR. 205 even
when a received frane sonetinmes contains many correct bits (the BER in a
frame 25 usually being small when channel conditions are relatively good),
the prior art does not use them In contrast, the present invention tries
to estimate if the received parangters—are uufruaﬁﬁa%aud +f-ttey—arg not

the inve TFapbl-e—d—derphrsts es-t-he—¢ H=nd t he
corrupte o) | mm%e of
(=

an adap BER miulti-rate (AMR). Wi de P\ )4-WPQP§F5G%’ BafSE3e 2 FER
C/| [dB]|FER 19 18 17 16 3.72%4. 58% 580 7%9@8%1@%09.374@"/1 2P Y504 . 16%
Correct Hpuract speqyal paremeier inddssesB4%F H6BYB4%6 000 $8%al § y64%r r cef0% :
spect r unfiSB KB aeeiApRAbEMabl e 1 Peréé%ta e 38% orBé%t spéé%ra @ﬁ%aneters
in a cor § gech frame,E B esof an :Q B g m 65
kbit/s é;g&% E‘ﬁ%l? &% 8 ug% 5&1 PhE-thafifer e ?]ﬁeltn £o¢| n:'fep Srence
ratlo | STPNTt he range fronlapprOX|nater 9 dB to 10 dB. From Table
1, it can be seen that in case of GSM channel <conditions with a C1I in the
range 9 IBs Q@SQBOﬁsangAMRGNBKdGGQﬁagsiEQGWIh?nﬁﬁ}shithKéﬁiﬁggoﬁﬁdulation
scgene, 1f},2par pxi gggeweﬁ%ﬁgscﬁ%nflsﬁeggggbgédtér pHPS-Pa¥ende! PLELLY

correct spectrum approxi mat e
(C/I}) is in the range from approx1mate1y 9 dB to 10 dB. From

Table 1, it can be seen that in case of GSM channel
conditions with a C/I in the range 9 to 10 dB using a GMSK
(Gaussian Minimum-Shift Keying) mocdulation scheme,

10 approximately 35-50% of received bad frames have a totally
correct spectrum. Also, approximately 75-85% of all bad
frame spectral parameter coefficients are correct. Because
of the localized nature of the spectral impact, as mentioned
earlier, spectral parameter information can be used in the

15 bad frames. Channel conditions with a C/I in the range 6-8
dB or less are so poor that the 12.65 kbit/s mode should not

be used; instead, some other, lower mode should be used.

The basic idea of the present invention in the case of

corrupted frames is that according to a criterion (described

20 below) , chanﬁel bits from a corrupt frame are used for
decoding the corrupt frame. The criterion for spectral
coefficients is based on the past values of the speech
parameters of the signal being decoded. When a bad frame is
detected, the received LSFs or other spectral parameters

25 communicated over the channel are used if the criterion is
met; in other words, if the received LSFs meet the criterion,
they are used in decoding just as they would be if the frame
were not a bad frame. Otherwise, i.e. if the LSFs from the
channel do not meet the criterion, the spectrum for a bad

30 frame is calculated according to the concealment method
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frame spectral paraneter coefficients are correct. Because of the

| ocali zed nature of the spectral inpact, as nentioned earlier, spectral
parameter information can be used in the 15 bad franes. Chan?igﬂ%%ng@Fions
with a CI in the range 6-8 dB or |ess are so poor that the”I2. /s
node should not be used; instead, sone other, |ower node should be used.
The basic idea of the present invention in the case of <corrupted franes is

t hat acc ' Lteri ( I 0.be ann bits froma
corrupt %g%@gg%g_ggéggfopggggogﬁﬁéEkﬁggcégfagtE??&ﬁégyThe@%?iterion for
spect r al crébetfiboi Entsacsebasnd bhet bpepastlvphuesebérsheagpkech :

par amet eq 3, 9L nthe Al g0al bebng decaded, Ve a.bad, f page s det ected, the
recei ved LBFS"6r -5ther spec?raP paranggers BECtORmuRi Eated over the
channel amtculedibh shehcebt er cahcudatieh; oifnthehsp-naildled Cfakhearecei ved
LSEs neet,_the criterion,.. they are_used_in decoding just t hey woul d be
ot he  PanES GBREERaT BigkATEe Ao Ry niPh SEITPIEY bHSE,2PLBE( Mom the
channel daseetteeet meh@retieketingn oft Bpespecisiyalier bgt UaHn38 Deameri s
cal cul ated acc rding to the concealnent nethod. -16 2 0 @PR5280 dﬁ Ekibed
above, uangJ8§HaFr nsHeﬁgff'oﬁngzq D $he PTOpKEEr v oRUPO-SHE ngi E he
spectral ppaganetens.¢an be inplenented by using for exanple a spectral
di stance calculation such as a calculation of the so-called Itakura 5

Sai to spectralrhdi gi-ageeiohSEer hecepxanpl €hepagecdz9loparbmeeeeteftoie
Pr ocessi ng of Sggech Signals bx John R.Deller _Jr, John H L. Hansen, and
JéAn G B SaEpé,PeﬁuSPP Hédbﬁy FEEESt§ﬂ€§s}n2666.Fa?ﬁeoérﬁtéFPBﬁoﬁaFY

accepti ngpbBenspeghkal, PacaABBLGHS ik @7, 18,t keeChpBaekashedke rheivaty
strict in the case of _a stationary speech signal. As shown in Fig. ?, t he
spect r al 2&BeVELY| ShEPLleafBTiBpy as BB CBFEYnFeIUSNSE dRXr feddgdénen) (by

definiti@g) that corrupted LSFs (or other speech parameters) of a

stationary speech signal can usually be readily detected

15 {since they would be distinguishable from uncorrupted LSFs on
the basis that they would differ dramatically from the LSFs
of uncorrupted adjacent frames). On the other hand, for a
non-stationary speech signal, the criterion need not be so
strict; the spectrum for a non-stationary speech signal is

20 allowed to have a larger variation. For a non-stationary
speech signal, the exactness of the correct spectral
parameters is not strict in respect to audible arxrtifacts,
since for non-stationary speech {(i.e. more or less unvoiced
speech}, no audible artifacts are likely regardless of

25 whether or not the speech parameters are correct. 1In other
words, even if bits of the spectral parameters are corrupted,
they can still be acceptable according to the criterion,
since spectral parameters for non-stationary speech with some
corrupt bits will not usually generate any audible artifacts.

30 According to the invention, the subjective quality of the
gynthegized speech is to be diminished as little as possible
in case of corrupted frames by using all the available

information about the received LSFs, and by selecting which
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so that corrupted LSFs (or other speech paraneters) of a stationary speech
signal can usually be readily detected 15 (since they would be

di sti ngui shabl e from uncorrupted LSFs on the basis that they ZvGufABRdZ0ber
dramatically fromthe LSFs of uncorrupted adjacent frames). On the other
hand, for a non-stationary speech signal, the criterion need not be so
strict; the spectrumfor a non-stationary speech signal is 20 allowed to

have a | 26981 (Xa0L8!La00: BN 000,S! BHLADAL Y, 1 SPESSN, B! @8l spLley exact ness

of the correc spectra FS"i$No n respect 1o audi ble
artifactbgingi nopvépednon-stati onary speech (i.e. nore or |ess unvoiced
speech), no audible artifacts are likely regardl ess of 25 whether or not
t he speech pathuet eatthoegbothecinvéntbbheinchodds, aevenhod Hdts of the.

spectral .RaLanel 8y ScBLEUEELA PSR they,gag ?&%nﬁ'reﬁgn{i‘gcggtég' e _according

to the crlﬁerlon SInce* spec parane ers non-stationary speech with
SoBe coaluprnatnsemubhngoa usmaétyogemnraaeeaoy audobtrepaedi faahs. 30
According to the invent] subj ecélve qugllt¥ of , t he, ?ynthesized

8sf

. 0

Speech | Sotiekisy; AT EhahLabdFy s FPRE  BeEacki b SePFept ed
frames byhdsdagodék tbeuaeathabberruptednﬁtame abous; the oenefvadrang and
by selectln 2005 LSFs_to use acco

characte?lg OBthHB AE ch® ﬁﬁant%Sngﬁﬁﬂa.w*ig gga??ﬁ UQhT?ﬁe i nventi on
|nc|ude3calﬂetmed fier incesseateng enreppbed tissgeso dissisguesnprehends as
an 5 alternative u5|ngua criterion hn case of gécorrgpted f conveyi ng

nof- st at PEREF§sBeECRI YREFENITRIe nEPAt WP UEGERES BR aﬁﬁoﬁé?ttbsuse t he

corrUpteﬂoEraﬁﬁeaahkéshbmdoaBebaweadén néweRuthovgl tpecBrhlis set, the
franme will be used. The. criterion_.is in essence a threshold used to

dlstlngupgﬁaT9t8§Fm€§ntaeCSPFHBPEEdfﬁéﬁ@etﬁéﬁf?§ G¥eRpFReafBe6hE3hat s
not; thephbhamebekd bs basedogR bPewenUeh thecspeat fabd frames.

The use of possible corrupted spectral parameters is
15 probably more sensitive to audible artifacts than use of
other corrupted parameters, such as corrupted LTP lag values.
For thisg reason, the criterion used to determine whether oxr
not to use a possibly corrupt spectral parameter should be
especially reliable. In some embodiments, it is advantageous
20 to use as the criterion a maximum spectral distance (from a
corresponding spectral parameter in a previcus frame, beyond
which the suspect spectral parameter is not to be used); in
such an embodiment, the well-known Itakura-Saito distance
calculation could be used to gquantify the spectral distance
25 to be compared with the threshold. Alternatively, fixed or
adaptive statistics of spectral parameters could be used for
determining whether or not to use possibly corrupted spectral
parameters. Also other speech parameters, such as gain
parameters, could be used for generating the criterion. (If
30 the other speech parameters are not drastically different in
the current frame, compared to the values in the most recent
good frame, then the spectral parameters are probably okay to
use, provided the received spectral parameters also meet the

criteria. In other words, other parameters, such as LTP gain,
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paranmeters of the corrupted frane differ fromthe spectral paraneters of
the nost recently received good franes. The use of possible corrupted
spectral paraneters is 15 probably nore sensitive to audiblggﬁrépggﬁmé
than use of other corrupted paraneters, such as corrupted LTF l'a S.
For this reason, the criterion used to determ ne whether or not to use a
possi bly corrupt spectral paranmeter should be especially reliable. In sone

embodi MepLy, pht uL8aadya0hagaaNs; 20,1 OcUSB RSt NEoCLLE LR BRKES
spectral "di'stance ?fron1a correspondirng-spéctral para F in a previous
frame, begpoddtewhinh whetheaspectnspetbrakbephhanmeeeeiiradnspetbrde used); in

such an enbodi pent, t L1 -known_ltakura: Saito distance l.gu i on
coul d bePsd eggrEUan?ﬁ?yﬁ%ﬁgogge8FrgﬁedPngﬁcgpﬁgc opﬁga%%ggggeég%ﬁth t he
threshflue Abeeaﬁatiimpﬁovéﬂxegc?gniadgptbfespﬁathsthas?ofesbaticaI -
paranet ers_cou e u or eterm nin et her, or .no use, possi bly
P T upt oHSEpBEPMRRS. pERGBERFTVAREE Bentro8ptBoneRarantpeP et P ole as oai n
par anmet etieccded! dpbechsedqghiencgenasati Bgathienakist exi aon-gthtidfAathe ot her
speech paraneters.are not _drastjcally different | he current frane,
conpar caChgTEHETARbaS | niERE hbS: PrUpERFiog000 FRanbcceRn FREcthact s al
par anet esggaeacpr akabkyoakayitoisueasipiorbdagtebe peeeived spectcal
paranmeters also_neet the «criteria, In other gprds, ot her ,paraneters, such
n

as LTP gSPRCTI2d PagampRe3E05TEUNthE GOEHUREeHn FXalrt PBfal FcoipbREAET Lo set

preper Ckbt @gkdmate @BhLEr wing Wﬂebﬁéthélnﬁbrhﬁeﬁéﬁ hgueeceairged spectral
paraneters. The history of the other speech paraneters can be used for

i npr oved ©XBESERFL F6nhaT es FesEN CORYPYEHerPsfi €eC51ksE ERRFHPES he history
can be ugedpkoydeci de whether the decoded speech sequence has a stationary
or non-stationary characteristic. Wien the properties of the decoded

speech sequefpgec2EenkNe@Wnchil ih$eBR3bAr iho tHat pebrressibkmpeanneat,

and now referring to Fig. 8, the criterion for determining

15 whether or not to use a spectral parameter for a corrupted
frame is based on the notion of a spectral distance, as
mentioned above. More.specifically, to determine whether the
criterion for accepting the LSF coefficients of a corrupted
frame is met, a processor of the receiver executes an

20 algorithm that checks how much the LSF coefficients have
moved along the frequency axis compared to the LSF
coefficients of the last good frame, which is stored in an
LSF buffer, along with the LSF coefficients of some

predetermined number of earlier, most recent frames.

25 The criterion according to the preferred embodiment
involves making one or more of four comparisons: an inter-
frame comparison, an intra-frame comparison, a two-point

compariscn, and a single-point comparison.

In the first comparison, the inter-frame comparison, the
30 differences between LSF vector elements in adjacent frames of
the corrupted frame are compared to the corresponding
differences of previous frames. The differences are

determined ag follows:
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spectral paraneters fromthe corrupted frame and it is easier 10 to
estimate what kind of spectral paraneter values are expected to have been
conveyed in a received corrupted frane.) According to the i vEtARREM t he
preferred enbodi nent, and now referring to Fig. 8, the criterion for
determ ning 15 whether or not to use a spectral paraneter for a corrupted
frame is based on the notion of a spectral distance, as nentioned above.

More specifically, to determ et her . the _criterion for accepting the
LSF coefficients of a cor‘?dg;%znr\@}éée{’)ls met =& Brbcessor of the receiver
executes an 20 algorithmthat checks how much the LSF coefficients have
noved al shgréhe fisethenoymbzirsofoapacedal ocbhefiSkenteefdrcaentamaf t he

| ast f i Chepl t d i LSE buff I ith the LSF
coot 1 P01 En{L7oFe Stk 1o, Bk B1RPREE RAnserrePled: Frafe’ niat Peelhi fPames.
- 25 The cehketFomsr elictiaiy toF e mehey tetemediriited Hrainees maki ng one

or nore of four conparisons: an inter- franme conparjson, an jnira-frame
coftpari sbAF §1EREDpo; R (1 o@%rﬁ%reom%e%i%@@p’o?rﬂl%ﬁﬂﬁ%ﬁ% t he

first cogpakkseAcetl he, tNf erid rad® woPakdfired N6 30, ﬂg,f eq.enees, bet ween
LSF vector elenents in adjacent franmes of "~ the corrupted frame are conpared
to the cErndépondhagedis ier Eheedengthr efi shs LPENPYLIFHe differences are
determned as follows: 2 0 APR 2005 dn(i)=ILn-1(i)-Ln(Ci)!l, 1. ii P-1, where
P is the nunb&heofespadt campasespnei EhesinbraafralAeCOMPRELFORs LHedith LSF

el ement d edef L Ll : Lt e
frame be? %Irnggt%%g?%}pg ngi? g%eﬂgﬁeﬂﬁéﬁgéne?g%%?tLE’?F?F—GE#S?Eg&glg}?ﬁgt ed
f Qe i sidi tber genei frame. drheedamtsncdobetyeen sheooahdghatenpar &8R o .

gli]f_l}eﬁ I ) eﬂ,eﬁ{@ﬁg,( IL% (1), of gl@el%tih) fr‘é@r%r SHE it?let r??L-ll?HgtlﬁFOfe1telﬂl%1'1l't:s,F

L1 (1), of the n™® frame is determined as follows:
e, =L, (i-1)-L,({), 2Li<P-1,

where P i1s the number of spectral coefficients and e,(i) is
15 the distance between LSF elements. Distances are calculated
between all LSF vector elements of the frame. One or
another or both of the LSF elements IL,(i) and IL,(i-1}) will be
discarded if the difference, ep(i), is too large or toco small

compared to ep;(i), epa2(i),.., €ni(i).

20 The third comparison, the two-point comparison,
determines whether a crossover has occurred involving the
candidate LSF element IL,(i), i.e. whether an element L,(i-1)
that is lower in order than the candidate element has a
larger value than the candidate LSF element Lp(i). A

25 croggover indicates one or more highly corrupted LSF values.

Alllcrossing LSF elements are usually discarded.

The fourth comparison, the single-point comparison,
compares the value of the candidate LSF vector element, L;(i)
te a minimum LSF element, ILun(i), and to a maximum LSF
30 element, Lp.x(i), both calculated from the LSF buffer, and
discards the candidate LSF element if it lies outside the

range bracketed by the minimum and maximum LSF elements.
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The second conparison, the intra-frame conparison, is a conparison of

di fference between adjacent LSF vector elenents 10||1ttmafﬁngpg . The
di stance between the candidate ith LSF elenent, LL(i) t rane

and the (i-1)th LSF elenent, Ln_1(i), of the nth frame is determ ned as

follows: e"(i) =L"(i - 1) - L"(i), 2<_i < P-1, where P is the nunber of

spectral coefficients and en(i) is 15 the di stance between LSF el enents.

Di stances are e I t e frane. One
or anot her orlﬁg%ﬁu%gﬁtgégf Mﬁ?@n%n%%£€§§?§&aﬁ%mﬁ%(?§ %é%f&%% di scar ded
i f the dibideednoe, tiea(above scrioetbogecvrotiverehet] . thempar etew ovalud (i) |,
en-2(i), ) i LS P, ty on,

dot or m rEgt uFBRHEFF le sl L' FRLCRTRER S ot iud 1B PRAS o AP

el ement wsing, equatiehethe) an el enent Ln(i-1) that is Iomer in order than
the candi date el enent has a |arger value than the candi date LSF el enent
Lngi). A 25 cReSsovingindwchadeBigne7oranbiewdight yofothapdeard BF val ues.

All cr055| SF_elenments are usuall dlscar ed. . The f ur i son,
single-p‘Be o%%a%ﬁgoﬁnve% par &2 ?ﬁ% Val td %?atﬁ%gcaﬁ |%aFE8€%§£vector

el enent ptﬁvt$1on9 ﬁontﬂtaummhéfyehndenbn tnan(oﬁarpndpeech frexmemm LSF 30
el enent agéé bot h cglculated fro T é % and dlsccrds t he
candi dat " £| SREREPTE |?SI?@8°83?5 PH n?%n@Ea FRUREY BV F he

m ni mum apgmeraxi num LSF el enents. -20 2 0 APR 2005 If an LSF elenent of a
corrupted franme is discarded (based on the above criterion or otherw se),
then a new value for the LSF elenent is calculated according to the
atgorit hpi suskagorquation (2.2). 5 Referring nowto Fig. 7, a flowhart of

the overall nethod of the invention is shown, indicating the different
The invention can be applied in a speech decoder in

either a mobile station or a mobile network element. It can
also be applied to any speech decoder used in a system having

an erroneous transmission channel.

15 Scope of the Invention

It 1s to be understood that the above-described
arrangements are only illustrative of the application of the
principles of the present invention. In particular, it
should be understood that although the invention has been

20 shown and described using line spectrum pailrs for a concrete
illustration, the invention also comprehends using other,
equivalent parameters, such as immittance spectral pairs.
Numercus modifications and alternative arrangements may be
devised by those skilled in the art without departing from

25 the spirit and scope of the present invention, and the
appended claims are intended to cover such modifications and

arrangements.

-21-




provisions for stationary and non-stationary speech franes, and for
corrupted as opposed to | ost non-stationary speech frames. 10 Di scussion
The invention can be applied in a speech decoder in either aZ goBPRe2005
station or a nobile network elenment. It can also be applied to any speech
decoder used in a system having an erroneous transm ssion channel. 15
Scope of the Invention It is to be understood that the above-described
arrangenents are only illustrative of the application of the principles of
the present invention. In particular, it should be understood that

al t hougkhdtheis raderitnie@n ilkas been 20 shown and described using |ine spectrum
pairs for a concrete illustration, the invention also conprehends using

ot her, equivalent paraneters, such as immttance spectral pairs. Nunerous
nmodi fi cht i dhsnatithdalficer natices langahigenehfecinmyob e ragey iegedrby inhbsamski | | ed
in the art,. rti Lam 25 . SNI [ f e sent
nvent 1 oo, DT e BA0e 9RdoUFR ek AT AR Rt SaRR sBeek” BhE

nmodi fi cErdanes Ridg grcarigedenver 2 OomPR ROOSi dthatharsied] giometeis: 1. A

met hod c ' - f ' I e. decoded
by 2 det e By eviarae EroPiatnd prERIBGH Mekd ) P pech e o
over a eYnres it risiestne theomehbod decmplet s irending rem@sprodvi di ng
paraneters used by the decoder in synthesizing speech, the nethod

conpri sthg defemtiagagorhephercr cknand rig whbefleframérandis a bad frame; and

b) providing a substitution for the spectral paranmeters of the bad franme
based sl elBF¥OHKEpgcer Hopht Bt Larothecgpattyal pasamnisinp eécEh9ed good

frames gad #ReldPaR832808011 eas s dday pRdaRLEYEs NESN Ricdhayspectral
paranmeters of a predeterm ned nunber _ _
previously received good frames and including an at least partly
adaptive mean of the spectral parameters of a predetermined number

of the most recently previously received good frames.

2. A method as in claim 1, further comprising the gtep of
determining whether the bad frame conveys stationary or non-
stationary speech, and wherein the step of providing a
substitution for the bad frame is performed in a way that depends
on whether the bad frame conveys stationary or non-stationary

gpeech.

3. A method as in claim 2, wherein in case of a bad frame
conveying stationary speech, the step of providing a substitution
for the bad frame is performed using a mean of parameters of a

predetermined number of the most recently received good frames.

4. A method as in claim 3, wherein in case of a bad frame
conveying stationary speech and in case a linear prediction (LP)
filter is being used, the step of providing a substitution for

the bad frame is performed according to the algorithm:

For i = 0 to N-1:

-22-




of the nost recently previously received good franes. 2. A nethod as in
claim1, further conprising the step of determ ning whether the bad frane
conveys stationary or non- stationary speech, and wherein 2@ %R%p’-ﬂ ]
providing a substitution for the bad frane is perforned in a way that
depends on whether the bad frame conveys stationary or non-stationary
speech. 3. A nethod as in claim2, wherein in case of a bad frane

conveyi ng stationary speech, the step of providing a substitution for the
bad frame i%Berteot Hsteffoaitean of parameters of a predeternined
nunber of thelpreSILSFapedil)y0tgoet Ved groddi f i dnesastd LSA aved HodKald ) F'fr cl ai m
3, wherein in case of a bad frane conveying stationary speech and in case
a linear prléﬁ'r%lt{ilbn (LP) filter is being used, the step of providing a
substi t uti on-d*psst_the dgoad(if) rane1i@ pesdrarardanaeerdi;ng to the al gorithm
For i = 0to N1: -22 2 0 APR 2005 adaptive nean-LSF-vector (i) =(past LSF
good (i) (OsEpest/tSFE godd: (i) (1) +...+past _LSF good (i) (K-1))/K; LSF qi
(i) =a* F., o i Leaklkad i ar}ﬁ#ﬁF-i o L SF L-ha=LSF qi
(r) ; m‘ﬂ?%?’%ga“ ?l%ogd(gr(ee e:& %Irr%ﬂr}gg gg?%ﬁ%?%’, eréejiﬁn NNlli%sJ;?l %egg%iggr of
the LP ¢flthke LBEildiar Kvwherehe &dapt ahéonddpraition weergdiin wheFegh(i) is

the quantiz R tor . S n fr F ic).|
guant i zg%b-t%ﬂd\_/gc]t%st%oef qtu%fgt%%%?it Eggug?‘?g‘%& lrg(:'[ruejsl'“::réb gléis?%%&aggo%%?) (0)
i s equalsSFogz he) vid udeofqueé igednL.BFyvetShr q2f ity fawrnht kelbfreveous good
frame, | st F_go i)(n)_is a component of t t . LSF
par anet‘éﬁ%%rrgrﬁ%) e—Ihf'{Ei%t g?é\}i(ggslaogau?gagrr&e),tr}%iend’a Vet g)%n\{:%% %ﬁaﬁfnk}:}:‘
adapt i vesAean (1 SH( iHranms tihiee preaiook gbedpfeameusvigoesdl SF vect ors.
past_LSF good(i) (n) is a component of the vector of LSF
parameters from the n+1" previous good frame, and wherein
adaptive mean LSF(i) is the mean of the previous good LSF

vectors.

5., A method as in c¢laim 2, wherein in case of a bad frame

- conveying non-stationary speech, the step of providing a
substitution for the bad frame is performed using at most a
predetermined portion of a mean of parameters of a predetermined

number of the most recently received good frames.

6. A method as in claim 2, wherein in case of a bad frame
conveying non-stationary speech and in case a linear prediction
(LP) filter is being used, the step of providing a substitution

for the bad frame is performed according to the algorithm:

For i = 0 to N-1:
partly adaptive mean LSF(i)
= f*mean LSF(i) + (1-p)*adaptive mean LSF(i)};

LSF_gl (1)

= a*past_LSF good(i) (0)+(1-a)*partly adaptive mean LSF(i};

LSF g2(i)= LSF ql(i);
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5. Anethod as in claim2, wherein in case of a bad frane conveying
non-stationary speech, the step of providing a substitution for the bad
frame is performed using at nost a predetermned portion of a egrafR 2(9[]5
paranmeters of a predeterm ned nunber of the nobst recently received goo
frames. 6. A nmethod as in claim2, wherein in case of a bad frane

conveyi ng non-stationary speech and in case a |inear prediction (LP)
filter is being used, the step of providing a substitution for the bad-:
frame isheerioried dadeorcdidey v the ’ianﬁiltdmm wmrain-oQand K arepartly

dapt LSF = [ 3*nme t LSE(i ) &w LSF ql
?l ?p I\égejﬁ%s%tn & (air)am)i:??:ig af" %5%%173/(4% % ealr%e:an%fglé%l };1 EéFLBE (i )q:
LSF qgi ¥égdtor 2X ZHE ARRo2A05ubiearenahtli .BSFh$2 ot ders athet wabPikieft BET

wh d d t SF

quant | B TaE O SH Bt s REEE ARG, CRBFFEHE ShRr e D) e TR T | zed
LSF vest ons®fgs he ffawmd kheubieaieuswiesei frgrst Wisred@ ) is the value of
s o R MR R R 8 rhans PR VR i ke SAPE 438 PaE )
vect or, Lehereitondan ivhe sReragSF(BF vrectbe, maesr«in t he |ast K good LSF

t d _wh LSF t 7. A net hod
o cF i WAL O RIS Ay he SRRy b P ot Aty e WSEndP FRESbad

frame r@mSWmmﬁdeﬁﬁnﬂmdl)crmt ar tofstant afesye ugmg the bad frane
i nstead of substituting for the bad frane. 8. A nethod as in claim?7,
wherein the predetermned criterion involves making one or nore of four
conpari3onsad reethatd ers fimandaiconpatiisoher acommt i sifg e camparcifson, a

tmo'po'&étgf%qﬁgﬂéu%hether the bad frame meets a predetermined
criterion, and if so, using the bad frame instead of substituting

for the bad frame.

8. A method as in claim 7, wherein the predetermined criterion
invelves making one or more of four comparisons: an inter-frame
comparison, an intra-frame comparison, a two-point comparison,

and a single-point comparisomn.

9. A method for concealing the effects of frame errors in frames
to be decoded by a decoder in providing synthesized speech, the
frames being provided over a communication channel to the
decoder, each frame providing parameters used by the decoder in

synthesizing speech the method comprising the steps of:
a) determining whether a frame is a bad frame; and

b) providing a substitution for the parameters of the bad
frame, a substitution in which past immittance spectral
frequencies (ISFs) are shifted towards a partly adaptive mean

given by:
ISE (iy=a* past _ISF (D +(—-a)*ISF,_ (D), for i=0.16,

where
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and a single-point conmparison. 9. A nethod for concealing the effects of
frame errors in frames to be decoded by a decoder in providing s‘ég]t P@agzed
speech, the frames being provided over a comunication channd 0t R
decoder, each franme providing paraneters used by the decoder in

synt hesi zi ng speech the nethod conprising the steps of: a) determning
whether a franme is a bad franme; and b) providing a substitution for the.
paranmeters of the bad frame, a substitution in which past inmttance
spectral frequencies¥ 1S3} are shifted towards a partly adaptive nean

given by: 1SFq(i)=a*p SEQ( i) x( 1em) X | SEORAY (L), rob= -24 2
0 APR 2005 a = 0.9, |g§§(‘b) l?’slt%‘ﬁe}itr‘foc r?pggﬁ‘én?%o?t‘%hleé?%ﬁe%%cﬁ \gra’%[ & a
current frama;rRast fhak@(i) is the ith conponent of the ISF vector from
the previous frame, |ISFnean(i) is the ith conponent of the vector that is

a conbi nation of the aeahtISF(iheisn el i hecommtentt ofptégef&Fnivaetonean | SF
vectors, and_ is cal cul ated using the fornula:

| SFean(i ) =/ BFSESE STSYERHET FEPTS/ 3) * | SFadapuve _nmean(i), for i=0..16, 2
where (3 = 0.75, wher SFadap, i (s t R kS:3 ;=0
updat ed whenever BFlI gngWg?eEsBF?ﬁ%nsla %gﬂp é%%%dtﬁ:e:t%%rgﬁga&hérge

| SFan, nean(a )cdmbitdee iicnh ofomrpenedtpoiva et caand aledorfatamta | ong-ti ne

average of | SF vector.s. 10. An paratus for_conceal.iing the effect f
frame error P15 CTFIHEEY 558 dRRousatBoa MECodor dir BrSTLaRG gy RiResi zed

formula:

ISE poon @) = BHISE y moon D+ (= BY* ISF e e (), EOT §=0..16,

meahn

where B = 0.75, where ISF

adaptive _ mean

2
(i)=%2pastmISF;(i) and is

i=0
updated whenever BFI =0 where BFI is a bad frame indicator,

and where ISF

const _mean

(i) is the i*™ component of a vector formed

from a long-time average of ISF vectors.

10. An apparatus for concealing the effects of frame errors in
frames to be decoded by a decoder in providing synthesized
speech, the frames being provided over a communication channel to
the decoder, each frame providing parameters used by the decocder

in synthesizing speech, the apparatus comprising:
a) means for determining whether a frame is a bad frame; and

b} means for providing a substitution for the spectral parameters
of the bad frame based solely on spectral parameters for recently
previously received good frames and including an at least partly

adaptive mean of the spectral parameters of a predetermined number

of the most recently previously received good frames.
11. An apparatus as in claim 10, further comprising means for

determining whether the bad frame conveys stationary or non-

stationary speech, and wherein the means for providing a
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speech, the franmes being provided over a conmunication channel to the
decoder, each frane providing paraneters used by the decoder in

synt hesi zi ng speech, the apparatus conprising: a) nmeans for Qe@eﬁpp rygm;
whether a frane is a bad franme; and b) neans for providing a substit on
for the spectral paraneters of the bad franme based solely on spectral
paraneters for recently previously received good franmes and including an

at least partly . ad%ptive nean of the spectral paranmeters of a,
pr edet eFHrHed HilFe L oot hehRafpirare cRet F9X B % PP L EUELFBA G 0B d"EY ames.

11. An gpparaigend@s on whlk@hBlr-18he f Ha8 hEFakO naui w0 steansnbel odehsrm ning
whet her the bad frane conveys stationary or non- stationary speech, and
wher ei Pt Hel s SEEProvi ding a -25 2° 0 APR 2005 substitution for the bad
frame perforns the substitution in a way that depends on whether the bad

frame conveys stationary or.non-_statjonary speech. 12. An_a ratus as in
cl i m 102 it RPAT s & 201 Pa AT e hYERTEgh S SSeaFoRaPy ds pEATH. ¢ he
means fosnyproiriagisgtd onaulhssptathonthermédres g fprave ddogsaso usi ng a nean
of paraneter of a predeterm._ned nunber of the nost _recently recejived good
Fr ahes St Sep icpl B SR B EF gl G0%e it g i GREE o BBA0CFF e
conveyiof statedeizEmynisedecanbad ofi thsemast | mesantdnedecteliord( gBpd filter is
bei ng u - he nmeans for providing a substitution for the bad frame is
operative according to the algorithm For i = 0 to N-1: adaptive _mean_ LSF
vector(i) = (past_LSF good (i) (0) +past_ LSF good (i) (1) +...+past_LSF

d (i K- : E i:). =a* L o
Good(1) {3) +(L. A RIaR e St LR )2 LBRSERHY P 088 T (1 P GBETSIn

is a preeRieyimhalyidroarlespesibr anf M gashiea origwar prediction (LP)
filter is being used, the means for providing a substitution for

the bad frame is operative according to the algorithm:
For i = 0 to N-1:
adaptive mean LSF vector(i}
= (past_LSF good (i) (0} +past LSF good(i) (1) +.+past LSF good(i) (K-1)})}/K;
LSF g1 (i)
=a*pagt LSF good(i} (0}+(1-a)*adaptive mean LSF(i};
LSF_g2(i}=LSF gi(i); |
wherein « is a predetermined parameter, wherein N is the order
of the LP filter, wherein K 1s the adaptation length, wherein
LSF _gl(i) 1s the guantized LSF vector of the second subframe and
LSF g2 (i) is the guantized LSF vector of the fourth subframe,
wherein past LSF qood(i) (0) 1s equal to the value of the quantity
LSF g2(i-1) from the previous good frame, wherein
past_LSF good(i) (n) is a component of the vector of LSF
parameters from the n+I1®" previous good frame, and wherein

adaptive mean LSF(i) is the mean of the previous good LSF

vectors.

14. An apparatus as in claim 11, wherein in case of a bad frame

conveying non-stationary speech, the means for providing a
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of the LP filter, wherein Kis the adaptation [ength, wherein LSF gl(i) is
the quanti zed LSF vector of the second subframe and LSF q2(isi: iz Ehz
guanti zed LSF vector of the fourth subframe, wherein past_L Og 8 ( E3350)
is equal to the value of the quantity LSF g2(i-1) fromthe previous good
frame, wherein past_LSF good(i)(n) is a conponent of the vector of LSF
paraneters fromthe n+ith previous good frane, and wherein adaptive nean
LSF(i) is the mean of the previous good LSF vectors. 14. An apparatus as

in cl ai THASE S 9t EE8s 8281 FRPBa iRt EOMEeWngOfénast at i onary
speech, ptdt@RaishidDpaRitavhdoigaamed® If GodFihad®s Yibst pirebiceBrhohed he bad
frame does so ing at nost a redeterm ned portion of a nean of

par anet%ﬁ“@sp%? ‘gfsﬁrk%d@f)&tmrﬁ‘gﬁntﬁﬁnﬁ%?eb‘fe@ h%ocgbsfcrat“@t,sent ly received good
frames. 15. An apparatus as in claim1ll, wherein in case of a bad frane
conveyi naop- st ationary _speech,and in case a linear predictio LP

fiver 12 bl Sag R e hasn g fl Ll oviarran S50 G 81 o8RoFteid bao
frame isowperiatg vemaetatdongriyosphechl god i ilhmadeora iLlinc@rt pridlictpant |y
adaptiv . i), .0 *meanl.SF(i) + (1-,6)*adapt.ive nmean LSFE(i)..LSF ql
(i) = af%ﬁaft_%gré&c?dﬁeﬁ’@) E%Tba) g%ér'fl?éln%dg%f ipvre%ﬁ'g&ﬁlngFfiu%;sgégétﬁ%(i) =
LSF gl o3 thevierdkifiraNe dst bpeoadéveobctbed iy fid ttdre allyerdichma and / are
predet erm ned paraneters, wherein LSF ql1(i) is the quantized LSF vector of
the second subframe and LSF g2(i) is the quantized LSF vector of the
fourth Bebf¥ ame Ghhél-édisn past LSF q(i) is the value of LSF gq2(i) fromthe

previ ous good franme, wherein ?a_rt | y adaptive_nean LSF(i) is a conbination
of the adapPfVe—ATHTvESF2REEF6Y and the average LSF vector, wherein

= fB*mean LSF(i}) + (1-fB)*adaptive mean LSF(1};
LSF gl(i)
= a¥*past LSF _good(i) (0)+(l-a)*partly adaptive mean LSF(1i)};

LSF g2{i}= LSF gl{i);

wherein N is the order of the LP filter, wherein ¢ and f are
predetermined parameters, wherein LSF gl(i) is the quantized LSF
vector of the second subframe and LSF g2 (i) is the guantized LSF
vector of the fourth subframe, wherein past LSF g(i) is the value
of LSF g2(i) from the previous good frame, wherein

partly adaptive mean LSF(i) is a combination of the adaptive mean
LS8F vector and the average LSF vector, wherein
adaptive mean LSF(i) is the mean of the last K good LSF vectors,

and wherein mean LSF(i) is a constant average LSF.

le. An apparatus as in claim 10, further comprising means for
determining whether the bad frame meets a predetermined

criterion, and if so, using the bad frame instead of substituting

for the bad frame.
17. An apparatus as in claim 16, wherein the predetermined
criterion involves making one or more of four comparisons: an

inter-frame comparison, an intra-frame comparison, a two-point

27—




adaptive_nmean LSF(i) is the nean of the | ast K good LSF vectors, and
wherein nmean LSF(i) is a constant average LSF. 16. An apparatus as in claim
10, further conprising means for determ ning whether the bad fZ&nAPRegils a
predetermned criterion, and if so, using the bad frane instead of
substituting for the bad frane. 17. An apparatus as in claim 16, wherein
the predetermned criterion involves naking one or nore of four
conparisons: an inter-frame_conparison, an, intra-frame conparison, a

t wo- poi PPTRBA STy AR FoF3ARPRIPHEBNCOHRFT B ngl e- poi nt conpari son. 18.
An apparatus for concealing the effects of frame errors in franmes to be
decoded, by decaoder .in providin nt hesi ze speech,. the franes being

b ovi Qe by ERRSRI R P o ROBRIARANE | Bt i St 7t FPARE Fhovi di ng
par anmet &rsmess eb e tdeecdiecdotdgr a deceyat hiesi grogi Gipee dyrithe sdppdr at us

-conpri sin for determnin rane . and b)

, ﬁ)1: a mﬁether af 18 .4 badhfra ;
means {OPSBTbVI g S IPETE PO FOr o RES et aNBUBrY B e CUBRAHr Kfe, a
subst i t the cedodashi clagiadiramenptr-bahdéngpestamdtefs eqpeshdiveshel 8espdare
hi fted, . I i i by: 1 SFq(i)=a* t
S e U e 8 A0 b RABPULe SRR R gl g0 Sarpast
1 | i i the it
componcal ai=tho 13 EEHInlRE e BershE"Fe B Bhe Rl phB N R
conponepy afedlie MECLALNALG §_sBpeoublnabh of Ol AdaRI e BRagLand the

const ant predeterm rrean vectors, and 1s ca using t
f or nul abad frame, a substitution in which past immittance spectral

frequencies (ISFs) are shifted towards a partly adaptive mean

given by:

mean

ISF,(i)=a* past _ISF (i)+(1-a)*ISF,,, ()}, for i=0.16,
where

oa = 0.9,

ISF,(i) is the i*® component of the ISF vector for a
current frame,

past _ISF (i) is the i*" component of the ISF vector
from the previous frame,

ISF_. () is the i*® component of the vector that is
a combination of the adaptive mean and the constant
predetermined mean ISF vectors, and is calculated using the

formula;

ISF (I) = ﬁ * ISF::oml_mean (I) + (1 - ﬁ) * ISFndaplr‘ve_menn (I) ! for l = 0"16 i

mean

2
where [ = 0.75, where ISF i}:paw_ﬂ$ﬂ(0 and is

adaptive _ mean (l) = 3 p_r

updated whenever BFL =0 where BFI is a bad frame indicator,
and where ISF, () is the i™ component of a vector formed

const _mean

from a long-time average of ISF vectors.
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| SFrean (i) =,8 * | SFaansl _nean (i> + (1 /t) * |SFadaplive_neaa (1) , for
i=0.36, z where (3 = 0.75, where | SFadap(ivenean(i)= -yp Ség&ﬁﬁ“ﬁm and is
-0 updated whenever BFI =0 where BFI is a bad frane indi : % wher e
| SFons, nmean(i) is the it! conponent of a vector forned froma long-tine
average of |ISF vectors. -28 2 0 APR 2005 19. An apparatus as in claim 10,
wherein the apparatus is included in a nobile station. 20. An apparatus as

in claim10, wherein the apparatus is included in a network el ement.
19. An apparatus as in claim 10, wherein the apparatus 1is

included in a mobile station.

20. An apparatus as in claim 10, wherein the apparatus is

included in a network element.
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