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[err] 1 . An apparatus in a receiver in a franme based conmuni cati e

‘system for concealing the effects of lost frames in a speech decoder, said
speech decoder is of the source-filter type and is controlled by neans
incl uding internal state variabl es updatied on a frame by frame basis for

nodi fying received filter definRjigRala (% wesenting background
sounds, said apparatus conprising: neans et ecting |l oss of frames; and
means for conceal i ng the effects of a | ost frarre by restricting updating of
at | east one of said internal staTECHNM¥GMbFEELDWherein said filter

par anmet er nodi fyi ng nmeans incI udes a voice activity decoder with at |east a

“th hol d f / b k d
thresho aﬁwf fpg%s agkaround sopnd, degl sy ous %ng.(,) nC%gﬁ:Ja%neh%W iRASS

fllterlng ter I'ning paraneters, sai nmeans

restricti ngCORRPRELALLieR %’eﬁtﬁ‘“t' hg%§ HRXRIRA R 3 FBALP rPBIIECRELPR cBEFFI ™ ent s
of the | ow @ssSspedifiecallly ptoCc @ds appadatusasmdofa anegisid f fameimBrovirg

appar at us agLAnBdok bshrduha S6GRIE SiNGuenPassydedd.er for nodifying a
tilt of the spectrum of the decoded signal, said concealing neans

restricting updating of the tilt Jnformatlon in case of a lost frame. 3 .
The apparatus according to BPEKARQUNIMQE &GHE INVENTIM er paraneter nodifying
nmeans fuirther includes a stationary detettor connected to an output of said

on- st at1 ondrirbaeR, thredtid, SehbEhnAs s‘%*;tﬁnge%’f SPASKEN, Mmas

non-stationary grou det ect™or I ncl udi ng ‘at
| east one bEFiRaridynintended Sor AigltabroallnleT: FelephRin. SYSters LR
frames dom neémddéz;cﬂd@ehgﬁwr&ke:ﬁwhdﬂ’dtanﬂmlgpl@catmmmnasyom-sﬁ arsd sai d

conceal i ng gBagkydeCsl I inflesBY weRAR! | A Obrimhss B fﬁ@éiéﬁb&aéé @ianaltaO%

frame. 4. The aratus. according.to claiml1 -~ wherern said filt
par amet er nBEFY iﬁ%‘ ts e‘ﬁq‘ﬂ' P RREwern, Fiie ﬁﬁ?ﬁpg‘ mct ed
t 0 an out puspefcls degodes d6 ala?ﬁfql“lwiée#betfé? thersense: that ma ifrgupstareen

stati onary 288t NONowdwix, ONAT yEhACkganpDe tRENAmerieanl digital cellular
standard IS-54 the Fast Associated Control CHannel (FACCH) is
established by stealing speech frames from the traffic channel (a
similar channel exists in the European GSM specification). In
such a case it may be necessary to moc_l:l.fy the methods described
in the above Swedish patent applications. A similar situation
arises in a packet switched network when packets (frames) are
lost or arrive too late to be used for speech generation in i‘eal '
time (the packets may take different routes between sender and
receiver).

e An object of the present invention is an apparatus and a method"

in which so called 1ost_ frame concealment is applied to the
received signal in order to make the speech decoding more rcbust
or insensitive to lost frames.

SUMMARY OF THE INVENTION

In accordance with the 'j:ﬁiréx_ition this object is solved by an
apparatus. in a receiver in a frame based communication system,



conceal i ng neans inhi biting updating, of the stationary/non-stationary

deci sion obtained fromthe previous franme in case of a |lost frane. [err]
25 . An apparatus in a receiver in a- frame based communication system for
concealing the effects of lost frames pn a speech decoder, said speech
decoder is of the source-filter type and is controlled by means including

i nternal at eovarrkbiieshepedfedtarrd YasindrByes  dmea RSN GECABET{ yi ng
recei ved fwnhlithl siffdoh NgedHATELEN Soff €Phe s &tiuirng- DACHaEyr Ottpre sauddsis sai d

appar at us C%Q,hGEBE,i%&‘ by RE -peiu&ﬁ{ge%bcegnw%%a% Jd: AR e sAEATRANS  OF
gt s

conceal in frane, by restricti at| of at | east
one of sai®d §5%fer ¥ f§f’ﬁ?eb§%+"r e dno FEPnrgﬁ?ﬂv?‘? #’g'r 5

nmodi f yi ng pazanstens | xateesanvbng damidgireung seunds., osawﬁithpmraf@ésbeang

t hreshol d diragRepfIdParkgr ound sound deci sions and nmeans for bandw dth
expansion of the filter represented by the filter defining paraneters, said
conceal ing neans restricting updating of said threshold and updating of
filter codf)ici enmgany fap degechingskoss gfeframesthe apparat us according to
claims , conprising a post filter for modifying a tilt of the spectrum of

the decoded,)si gNakeasal fof OBERALANITBANS LERLISC 40 UDGRE | BoaRl b1

|nformat|on|n case 0 | ost

recei ver frame
based radio commﬁf*ﬁﬁ?’r%*ff"?yé’tpgﬁ]%"?%r°£oﬁ€ege??1ib e ‘gff "(Weﬁ}gf franes
in a speech decodetatewarigpdesh decoder is of the - source-filter type and
conprises nmeans including internal state variables updated on a

Fufthermore, in accordance with the invention the above object is
also solved by a method in a receiver in a frame based radio
communication system, for concealing the effects of lost frames
in a speech decoder, which speech deg_:oder is of the source~filter
type and comprises means including internal state wvariables .
updated on a frame by frame basis for modifying received filter
defining parameters repres'enting background sounds, said method
being characterized by:

(a) detecting loss of frames,

(b) concealing the effects of a lost frame by restricting
updating of at least one of said internal state vari-
ables. ' '

Swedish patent application 9302025-3 describes a similar approach
for transmission error concealment.

BRIEF DESCRIPTION OF THE DRAWING

The invention, together with further. objects and advantages
thereof, may best be understood by making reference to the
following description taken together with the accompanying
drawing, which is a schematic block diagram of the relevant parts



frame by frame basis for nodifying received filter defining paraneters
r'epresenti ng background sounds, said nethod conprising the steps of
detecting | oss of franes; and concealing the effects of a |lost franme by
restricting updating of at |east one of "said internal state variables,
wherein saigg éixlédaiveérﬁnet Bda 18 dbhif iR -AMAIS sy SEédl AR taindng @nasppa+t t y

det ector Ly gt} east ALt oaNal 4,LOp. SDaAFRAGKgbAUNd sound deci si ons

and rmeans f6r . OW pass erlng 0 parameters, wherein said
conceal i ng step conprises restricting updating of said threshold in case of
a lost frame and BETALLESt DBSCRIARIONSOE TEE (PREABRRFDUBURSPHEENTS fil ter
coefficients of the |ow pass filtering process in the case of a | ost frane.

[err] 38 _ The nethod. agcor cl gi ectrum
of the decdfed™ éieé'ﬁ P‘Fs n%agéelrl%(}g%? 5& Of&% %h%wn l‘é ik %awf éé)l si ng
restricti ndrisgayi ¥eyism the t°PIq3r'1aG1’-ﬂﬁt‘i’%rF typigat Gtoitap,cel ]f"r]é‘r?eragm The

met hod accwaﬁhagtim £lipicdl vt edrameacdnéédlmentp zeehniguesyodintly ahgo means

further indl aJ el %ﬂé‘téﬁ%{%ﬁéhﬂgtgftﬁﬁe CHRRRE hihti Bnéd Swidiln e,fatéatd

voi ce acti vi tector I scrimnating between stationary and
non- statloﬁﬁﬁélﬁéEkﬁﬁ%mnd sounds, said stationary detector including at
| .east one buffer containing estimtes of statistical nonents of recent

frames dommatLGoihuRdskeicnndnkosRds d041taKidIslaki 08RephdiRCisyseas,
wher el N Sal g QMEERH NG00 FOMIRACA:6ERLLE A0 HRALT HPeln WBhdnfur T er
.+ algorithm is applied (see for example B.S. Atal, V. Cuperman and_
'A._ Gersho, eds, “Advances in Speech Coding”, Kluwer Academic
Publishers, 1991). This algorithm compresses the speech signal
and transforms it to a number of quantized parameters (usually in
a frame based manner). The resulting bits are thereafter
protected by addition of coding redundancy, using channel
encoding techniques (see for example G.C. Clark and J.B. Cain,
"Error Correction Coding for Digital Communication®, Plenum
Press, 1981). The resulting bit stream is then modulated (see for
example J.G. Proakis, "Digital Communication”, 2nd edition,
McGraw-Hill, 1989) and transmitted, for example using TDMA (Time
Division Multiple Access) techniques. At the receiver the signal
is demodulated. Possible time or multipéth dispersion can be
countered by various equalization techniques, for example Vitexrbi
equalization or dedisi.on feedback equalization (see for example -
the reference by J.G. Proakis above). Channel decoding (see for
exanple the reference by G.C. Clark and J.B. Cain above) is then
used in order to decode the bits <that form the quantized
parameters that the speech decoder needs in order to reconstruct
the transmitted speech signal. It is clear from the above
discussion that lost frames can affect the reconstructed spéech
signal, thus reducing the quality of that signal.

In for example the American digital cellular system in accordance



| 0. The met hod according to claim?7, wherein said filter paraneter
nodi fyi ng means further including a stationary detector connected to an
out put of said voice activity detector for discrimnating between
stationary and non-stationary backgrounfi sounds, wherein said concealing

t ises iphibitin dating of. th tion on- i .
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effects of sodm@st iR ectieasr iwafilngpalpdattingr ofleatrilmsst belmw,of thai d

i nt er nal st@;ae_'_i\@r B@b{ﬁ?,ré&ﬂg&%ﬁ' § agafb fdiddfeh RRLEEEHE! ufiRtdpaBle TBANS

i ncludes a volce activity tector wth at” |l east a threshold for

speech/ bac KL AGERBAMEF¥F€ P bns and means for bandwi dth expansion of the
filter represented by these paraneters, wherein the concealing step
conpri ses rgsiy ithibNBadiRfduhi 01Rforiitd ohhEASHOhE], itheC pEas@it Anveakibhame
chse of a | BEL PPRnRe deserufe) it Recsbliang 19 Sigiad T 2EBE 1o pR0S 11
wher ei n t hethe |Raxss Pﬁeasm 8P phwolble Jafia Qﬁ’&f““’i‘%"?ﬁiﬁﬂ“f SE¥ECEY a
post filternecaisdryettddemribesitie rpsésdamt | fgvenpdiain.ngawf antenna 10
receives the transmitted signal and forwards it to a demodulator
12. Demodulator 12 demodulates the received signal and forwards
it to an equalizer 13, for example a Viterbi-equalizer, which
converts the received and demodulated signal into one or several
bit streams, which are forwarded to a decision means 14. Decision
means 14 determines whether a received frame contains bits from
a traffic channel or the fast assoclated control channel (FACCH).
A suitable decision means is described in- Swédish patent
9102611~2, which is hereby incorporated by reference. If the
received frame contains bits from a traffic channel the bit
Stream is forwarded to a channel decoder 16. Channel decoder 16
converts the bit stream into a filter parameter stream and an
excitation parameter stream for speech decoding. On the other
" hand, if the received frame contains bits from FACCH, the bit
stream is not forwarded to channel decoder 16. ‘Instead a
concealing means 18 is informed of the fact that the present
frame does not contain speech data.

The receiver also contains a speech detector 20 (also called
voice activity detector or VAD). A suitable speech detector is
described in WO 89/08910 by British Telecom PLC. Speech detector
20 determines from said filter and excitation parameters whether
the received frame contains primarily speech or background



tilt information in case of a |lost frane. 13. An apparatus in a receiver in
a frane based radi o communi cati on system for concealing the effects of | ost
frames in a speech decoder said speech decoder being of a source filter
type and is controlled byneans includiﬁg i nternal state variabl es updat ed

on a frame by frarre asis for _np elvdfll er, paraneters
repr esent |Sﬁ§ B KPR M EE, B %‘ 8% COﬁ‘BI’I forsgﬂ%%‘{]g:ofo

det ect i ng optigna¥ fsnan'es Wrﬁ@aﬁé‘c?ﬁr %ncé’a#?hg yses eF‘P‘E%t efof the| ost
frame by re@c&'&.{:bﬁidrﬂgp&lﬂﬂﬁﬂéi@ ofo aldeltepminen@nhekhafi decaieedalkighale

variabl es, 8&&& #M&{a ae&aast&te mdich ¥hagy 'HARS L. NEt Wd@Sage VOI CE
act|V|ty é% CtOF per

orm rAg speech acllég %ta soun deC| i ons,_on a

frane by f*tsarﬁ""ﬂéé‘f" éﬁd%‘ftﬁ BF IRYILRE Y P& PR Fﬂ'é“ $1 ¢ &pe

defini ng pertpottef gimlddmwewna‘@rrr@angonmlkﬁ & pgrametay mgddfiehe
speech/ bacdagesmﬁgm Q‘é@éﬂé&l fahiairnesrdnictorish erpie woaisidatdon a8d
rest il cti g ARgRld NG, Ofedddil Yn ORIIIR FUthnd! ALREILONAATS lodbBLENT |
process i case e apparat0s according to clafm

wher ei n saibdchi Iitserh%erreitWrPEHPF?ﬁn FPYrespEenanceh e rFYTHbLTRREE 4 §’E‘%t i onary
detector carechedity aatestintdt of saighabi disacimimdtoriel2ctzord f the
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said stationary detector 5{%{ 91? | east ﬁ gnt,al i nQg,esti mat es
b o P BareRet mpat B 29 T SRR RAT o PSR R P BT RS T o
meki ng st datentr ppiskiatiions 93sQ1798vh@nsd |97y AA6aAsSs ewbidictaneg hgpelyi ng of
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deci si on obt ai ned fromthe previ ous frame in case of a Iost frame.
In order to describe the error concealment techniques of the
~ present invention it is necessary to briefly describe the effect
of lost frames (which occurs when FACCH frames replace speech
frames) on the so called anti-swirling algorithms that are
described in the above two Swedish patent applications. These
effects can be divided roughly as follows: '

1. Voice activity or speech detector 20 thaé is used to control
the anti-swirling algorithm is usually -adaptive ("Voice
Activity Detection"”, Recommendation GSM 06.32, ETSI/GSM, 1991;
WO 89708910 by British Telecom PLC). This means that there are
thresholds and corresponding states that are automatically
updated internally in the voice activity detector, using
either a measured speech signal or, when applied in the
receiver as is assumed here, ‘decoded parameters from the
channel decoder. When there are lost frames the required
parameters have to be generated in the receiver. One way of
" handling this situation is to use the same parameters as in
the previous frame. However, this leads to thresholds or



16 . An apparatus in a receiver in a frame based radi o comuni cati on system
for concealing the effects of lost frames in a speech decoder said speech
decoder being of a source filter type and is controlled by nmeans including
ihternal state variables updated on a frame by frame basis for nodifying
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one of said irdducedl gsdktty wir thbl escovitarusitpdt fiediq |signapar anet er

nodi f yi ng neans includes a voice activity detector for erforn1ng speech
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source fil'terin yshe ambm:prwbé@hm tacredliced awabitmofsthe aegen-abl es
updated on a {fAFtelYaldidBidasl S FhetneBbde) Qﬂné@@:ﬁé\tﬁﬁ:zfehlttﬁcz.@bhm ng

paramelters re es nt| n(gsft%l%gﬁgéoyn msi nggr?n?]&%qﬁ] $ %I!%lf]%ltsge st eps

of : detectin frane

by restrlctln&“ﬁb&ﬁ?ﬁnﬁuﬁﬂrQndqqéﬁéPnﬁne of sald |nternal state vari abl es,
wherein said filter paraneter nodi fying nmeans includes a voice activity

detector for QELLAr Bl De-ARGRAYDES K AR ndgURd L1BaLE1 O Tne sFsddf TR DY

frame a preferred embodiment of the present invention, investigates
incoming statistical moments, preferably energy values that
describe the average signal energy for each frame. It needs
to store a large numbexr of these energies, both for the
current frame and for older frames in one or several buffers
(details are described in the above Swedish Patent Application
93 01798-6). Should there be errors in these incoming
energies, these errors will also be stored in the buffers
causing erroneous decisions for a significant amount of time.

The result would be a reduced quality of regonstructed
‘background sound signals.

4. The actions that are used in o:;:der to counter swirling in case
of a.stationary background sound signal suffer in several ways
when an erroneous decision caused by lost frames occurs. One
effect is that speech is destroyed when a stationary back-
.ground sound is erroneously detected and the anti-swirling
actions are initiated. The opposite erroneous decision (speech
when there is actually a étationazy background sound present)
can also occur, and therefore the character of the background
sound is changed momentarily, which can be rather annoying.
Repeated switching between decisions indicating speech/-



basis and means for |low pass filtering of said filter paraneters, wherein
sai d conceal i ng step conprises i nhi biting updating of the speech/background
sound deci sion obtained fromthe previous frame and restricting updating of
filter coefficients of the |ow pass filtering process in case of a |ost

frame. 6 18. The nethod according to claim17, said filter nodifying
neans further ?T\%\”{Rﬂaﬁé RagkerPWth SPUREF et AlSONREeS EEPR1S o 1BGR shimef
sai d voi ce act¢enstantst eceoin fefifedits@uringahengrdrativdon Isdtdennthy and
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| east one buffgéngdﬁb “ﬁ E%Jestl mat es of statistical nmonments of recent
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frames contam na found sounds for making stationary deci sions,
wherein said concealing step conprises restricting updating of said buffer
in case of @.|Ts¢ actwal AntiFwvimltihgd sationdi iy pershatew Inodismied fdd t er

paranet er nodi $a¢£&‘ﬂma§ Epedbad1 i1k ngggfﬁ@ﬁhbom%ﬁ%sewﬁ wigpect ed
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conprising the §£e<9 3 8I:cu:§jset SCt ! J(.)gsst O:E:n:'amesr aggfecting the spectral

information that feeds the low pass filters and the bandwidth
expansion. Both these effects may cause quality reductions.

6. A postf:l.lteir of speech decoder 26 (whenever present) has
similar problems as described in section 5. above. Furthermo-
re, the so called spectral tilt is perceptually very sensi-
tive, and since it may be manipulated by the anti-swirling
algorithm, lost frames can give a significant quality
reduction of the reconstructed speech signal.

7. The effects described above may combine and infliuence each
other. For e'xample an erroneous decision in speech detector
20 may result in stopped updating of buffers of signal
discriminator 22. This in turn will influence signal dis-
criminator 22 for a significant period of time, causing
reduced quality of the anti-swirling actions. .

From the above discussion it is clear that lost frames can result
in incorrect updating of internal wvariables of speech detector
20, signal discriminator 22, parameter modifier 24 or combina-
tions thereof. In accordance with the present invention these
problems are reduced or eliminated by modifying the updating



concealing the effects of a lost frame by restricting updating of at |east
one of said internal state variables, wherein said filter paraneter

modi fyi ng neans-includes a voice act|V|ty detector for performng

speech/ background sound deci sions on a 8me by frane basis and nmeans for
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sai d conce st%p rrgrl Ses I'n e spee c,gkground
sound deci §'Hﬂ1 M HenhEgsrrbed H@rﬁr éVl%'%a‘flr -ame and restricting updating -of
filter coefficients in case of a |lost frane. 7 stationary background
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transition t xcessive switching ta ace
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par anet er ABEEFRRY sFAted &6| I~ Speechafletentarads- f$’r§tf@|°1| ﬁgS‘FJﬁlm-
conbi nat i onawbt lRZandpatismetsp ansiiFder 24 oasl tndixthted Betdvntron Liteesabove

Swedi sh Paggnt zAnald oAl | 28930999 Snasl hilaskiaml st I a18s, One effect

occurs because of erroneous decisions from speech or voice activity
detector 20 or fromsignal discrim- nator 22. In these cases the updating
of the | owpaS§oppingrupdaripg pPfi ihtexepbrstapenchnifablesal§ongezamsia at i on
as_ conpared t @hrEshsIaRsy) vhaipReBR ddtEdRSr2Y WhRACHrdms LosANY Bete@EdLCt
occurs due t0wh9§ti££f¥235tﬁ%%egﬂérEhéé%%aip%S%Eéﬁles of speech detector
20 are locked to the same value as in the previous frame, oxr
that the updating of these state variables is restricted
(state variables can only be updated by smaller amounts than
usual). ' o

- Another action is to lock the decision in speech detector 20
to the decision from the previous frame in case frame loss
is detected.

- If frame loss has been detected the updating of the buffers
in signal discriminator 22 can be stopped or restricted.

- &nother possibility is to lock the decision of signal dis-
criminator 22 to the decision of the previous frame.

'~ If frame loss has been detected the updating of internal
filter coefficients of parameter modifier 24 controlling low

pass filtering and/or bandwidth expansion can be stopped or
restricted.

- The spectral tilt of a possible post filter can be locked to
the tilt of the previous frame.

Since different parameters influence different blocks in the
drawing (speech detector 20, sighal discriminator 22, parameter



i nformation that feeds the | ow pass filters and the bandw dt h expansi on.
Both these effects may cause quality reductions. 6. A postfilter of 'speech
decoder 26 (whenever present) has simlar problens as described in section .
5. above. Furtherno- re, the so called $pectral tilt is perceptually very

sensi-tive d si it _m n y the anti-swirling,
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t he above dexzelsts dorisevegald| eopsecywdivieobranesangstemaly ét%m Vanlah-'t;eﬁ rect
updati ng obfi rher &elzeyaét' aplms ¥ reaes et @it Oéss%uahwahodké&rwj nator

22, par amet/ a accordance with
t he present [ nved‘]fé éé‘shgﬁ ro Ie%slg%égged%ce I'm nated by nodifying
t he updating 8 process when frame | oss has been det ect-ed. This nodified

updat i ng wrrhe imredicionebss ideeth deseribedietizhl reference to a frame based
. radio communication system, in which frames are sometimes
"stolen® from the traffic channel to be ‘used for other purposes.

However, the same principles can also be applied to situatidns in

which £rames are lost for other reasons, fdr example in a packet

switched network, where packets (these can either be considered

entire frames Or as parts of a frame) use different routes from
transmitter to receiver and may be "ldst" due to late arrival or

- actual loss of packets during transfer.

A preferred embodiment of the method in accordance with the
present - invention is illustrated in detail by the two PASCAL
program modules in the attached APPENDIX.

It will be understood by those skilled in the art that various
modifications and changes may be made to the present invention
without departure from the -spirit and scope thereof, which is
defined by the appended claims.



When a | ost frane has been detected concealing nmeans 18 can control the
operation of the updating -process of corresponding internal state variabl es
in speech detector 20, signal discrimygnator 22 and paraneter nodifier 24,
ds indicated by control lines 30, 32 and 34, respectively. These '
nodi fications include: - Stopping upd®ENRFXof internal state variables (for
exalrrpl e t[*ikﬁﬁﬁﬁi- d(s)spggdgllpepjch de]t ector 20 Wnﬁndframe loss is dfat eﬁt gd. Thihs
inplies t e internal . vari . Speec etector 20 are |l ocked to the
sane val ﬁ”@ggggi%&{—%"p évf%nLPsu%?g%é?g})? that the updating of these state
wvariables is restricted (state variables can only be updated by smaller

anounts than gemstt). - Another action is to |ock the decision in speech
detector 20 to the decision fromthe previous frame’in case frame loss is
detected. - If franeslz‘%s;g has_been detegt.ed the updating of the buffers in
si gnal discrim nat®- AR stopped Of restricted. - Another possibility

is to.lock the decdsianf_dpgsidmal =di s- 1€Fiminator 22 to the decision of the
previous frane. - hf ddfmmagsossedias bees;detected the updating of internal
filter coefficientg,of Racameter mpdifigr 24 controlling | ow pass filtering

and/ or . bandwi dt h expansi on-can be stopped or restricted. - The spectral
tilt of a possibl PHEPTEE ter carf be | 3éked to the tilt of the previous
frame. . : frames_av0 = 4; ST
VAR

‘adaptcount : [STATIC] INTEGER; { For threshold }

thvad : [STATIC] DOUBLE; { For threshold }

rvad : [STATIC] ARRAY [0..nr acf lags used]

OF REAL;
! burstcount : [STATIC] INTEGER; { Por overhang }
hangcount : [STATIC] INTEGER; { For overhang }
n : [STATIC] ARRAY [-l..nr_sub blocks-1]
' OF INTEGER;
last_dm : [STATIC] REAL; . { For VAD }
old_lag count : [STATIC] INTEGER;

very_old lag count : [STATIC] INTEGER;

thresh : [STATIC] REAL;

1thresh : [STATIC] INTEGER;

nthresh : [STATIC] INTEGER;

acf old,av0 : [STATIC] ARRAY [-frames av0..0,
0..nr_acf_lags used]
OF REAL;

aavl,ravl,avl : [STATIC] ARRAY [0..nr_acf_lags_used]

OF REAL; .

elapsed frames : [STATIC] INTEGER;



Si.nce different parameters influence different blocks in the draw ng
(speech detector 20, signal discrimnator 22, paraneter nodi fier 24 and
a.possible postfilter), it is appreciated that one or several of these
actions can be taken in case of frang]oss. In the above discussion it is
al so appreciated that if frame |oss persists for several consecutive
frames, internakpshahgowari abl es of (dwarmregeuawnercwrk! be | ocked to (or
essentially | oc ) | ues corrge i : | at est received frane.
The invention hggg%%fe{nd%gscri bed wi Wgﬁﬁeﬁgg}“%"a frame based radio
comruni cati on system in which franes are sonetines "stolen" fromthe
traffic channel spoobé used for ot her{gmamreiesgoobanryer, the sane principles
can al so be applied to situations in which frames are | ost for other
reasons, for exanple in a packet sw tched network, where packets (these can
either be E’BHE'FBEEEdS%‘E{tQa"r raRef or ARRAYalAd - o A2 INFEGER] (@R REAG®r ent
routes fromtransnitter to receives mnd mRRake (BLOSES: dyRTEGERPIEF ar ri val

or actual |oss of packets during transfe%EAﬁ,preferred enbodi ment of the
met hod in accordance with the present invenfion is illustrated in detail
by the two PASCAL program nodul @&33mh t e IATESERed: APFERRIAL: It will be
understood by those skilled in the art that various

PROCEDURE stepup pas ( xrc : ARRAY [Al..A2:INTEGER] OF REAL;

VAR a : ARRAY [Bl..B2:INTEGER] OF.
' REAL; -
mdim : INTEGER ); EXTERNAL;

PROCEDURE Flstat det rx ( pow REAL;
sp_1 : BOOLEAN;
VAR sp : BOOLEAN); EXTERNAL;

PROCEDURE Flstat det_rx_init; EXTERNAL;

[GLOBAL] _ :
PROCEDURE FLvad_init; { MUST be called from start}
VAR
i,3 : INTEGER;
BEGIN

{ threshold }

adaptcount := 0;
thvad := 1000000;
rvad{0] := 6;



m)dl fications and changes nay be made to the present ‘i nventi on w thout
departure fromthe spirit and scope thereof, which is defined by the

appended cl ai ns. VAR adapt count : [STATIC] | NTEGER, { For threshold
t hvad w [ STATI C] DOUBLE; { threshold } rvad :
[ STATIC] ARRAY [0 ..nr_acf _| ags_used] CF L; burstcount . [ STATI ]
|NTEGER  { For ovesdiang J. @ag&caynscf 1ags Lg&%&]BM;EGER { For |
overhang } n- TATI C] ARRAY nrsub bl ocks-i] OF INTEGER
| ast dm : [STATICFVREKE 2= 0 For VAD } old_|ag_count :
[STATI Cl] INTEGER, veMp; ol d_|lag_count : [STATIC] | NTEGER; thresh
[ STATI C] REAL; 1thresh ; [STATI C] I NTEGER, nthresh
; [STATIC] INTEGER, acf_old, a [ STATI C] ARRAY [-franesavO...O0,
0°.nr_acf_| ags_used] OF éEREd &HFPSPSW &vl [ STATI C] ARRAY

[0..nracflags_used] _
{ vad }

old_lag count := O;
' very_old_lag_count := 0;
nf{3] := 19;

hangcount := -1;
burstcount := 0;

last_dm := O;

thresh := 0.05;

lthresh
nthresh

"

f

: N
“e ~e

.
H]
™

FOR i := ~frames_av0 TO -1 DO BEGIN
FOR j := 0 TO nr_acf lags used DO BEGIN
acfﬁpldtl jl1 == 0;
av0[i,j] := O: -
END; |
END;

{ end vad }

elapsed_fraﬁeé 1= 24;
sp hangover := O;
speech dtx := TRUE;
sp_old := TRUE;
Flstat_det_xrx init:
END; { init_vad _dtx }

PROCEDURE vad_thresh (
acf0 : REAL; [in put]



OF REAL; el apsedfranes - [ STATI C] | NTEGER; sp_hangover

[ STATI C] | NTEGER, speechdt x . [ STATI C] BOOLEAN; sp_old
[ STATI C] BOCOLEAN; PROCEDURE schur_pas ( acf : ARRAY [Al..A2:| NTEGER] OF
REAL; VAR rc : ARRAY [Bl..B2: INTEGERy OF REAL; ndim : |INTEGER );
EXTERNAL; PROCEDURE stepup pas ( rc : ARRAY [Al..A2: I NTEGER] OF REAL; VAR
a : ARRAY [Bl..B2: | NTEGER] OF REAdwl nuliARRAY |[NIEGER:) INEXGERNAL; PRCCEDURE
Flstat _det _rx ( pow : REAL; sp_1 : BQaFMi.VAR sp : BOOL N& FRNAL
PROCEDURE Fl stat_det rx_init; EXTERNAL (kFLCBAL] PROCEDURE Lva P
{ MUST be called fromstart} RN 4% MPEGER, BEG N { Inbut )
ptch 2 BOOLEAN, { Input )}
| pvad : DOUBLE o { Output }
): '
{ Common variables used: ( all output )’
adaptcount initially set éo 0
thvad . initially set to 1000000
rvad initially set to rvad{0] : 6
' rvad[l] : -4
rvad[2] : 1

rvad[3-8] : O }

CONST
pth = 300000;
plev = 800000;
fac = : 3;
adp = 8;
inc = 16:
dec = 32:

margin = 80000000;
VAR
i : INTEGER;
BEGIN
IF acf0 < pth THEN BEGIN

thvad := plev:;
END ELSE BEGIN



{.threshol d } adaptcount 0; thvad : = 1000000; rvad[O]" := 6; rvad[l]

-4; rvad[ 2] 1; 12 FOR i:= 3 TO nr_acf _|ags_used DO BEG N rvad[i]
0; END; {end threshold } {vad } oldlagcount := 0; very old_|lag count :=
0; n[3] := 19; hangcount := -1; burstggunt := 0; last dm:= 0; thresh :=
0.05; Ithresh := 2; nthresh := 4; FORi := -franmes_av0O TO -1 DO BEG N
IF NOT (stat AND NOT ptch) THEN BEGIN
- adaptcount := O

END ELSE BEGIN
IF adaptcount > adp THEN BEGIN
thvad := thvad - thvad / dec;
IF thvad < pvad*fac THEN BEGIN
thvad := MIN (
thvad +thvad/inc,
pvad*fac);

adaptcount := adaptcount +1 ;

END:;

IF thvad > pvad+margin THEN BEGIN
thvad := pvad + margin;
END;

FOR i := O TO nr_acf lags used DO

. BEGIN
rvad[i] := ravl[i]:;
END;
adaptcount := adp + 1;
‘END; .
END;
END; .
END; { Procedure }
PROCEDURE FLvad_xrx 1 (
acf_in : realACFType: { Input }
1tp lags : integersubframeltptype; { Input }
VAR vad : BOOLEAN); { Output }

{ Common variables used:

n{-1..3] : 1ltp_lags Input/Output
oldlagcount : Input/Output
veryoldlagcount :

Input/Output



FOR | : = O TO nr_acf |lags used DO BEG N acf _old[i,j] := 0; avO[i,]] :=
0; END;, END; { end vad } el apsed franmes := 24; sp_hangover := 0; speechdtx

;= TRUE; sp_old := TRUE, Flstatdetrxinit; END, init vad _dtx }
PROCEDURE vadt hresh ( acfO : REAL; 31§in put] 13 ravl : ARRAY [Al. .A2:
| NTEGER] OF REAL; { I'nput } stat : BOOLEAN; ~{ I'nput
} ‘ptch  BOOLEAN,  thvad { Input } :pwadeshodIBLE?}
Qut put } { Common variables used: . ( all output ) adaptcount initially
set to 0 -
VAR

ptch,

vvad,

stat : BOOLEAN;

lag_count,

smallag,

i,j.k : INTEGER;

acfo,

dm, difference ¢ REAL;

pvad : DOUBLE; :

xrc : ARRAY [1l..nr_acf_ lags_used]

OE REAL;

BEGIN

nf-1] := n(3]:

FOR i := 0 TO 3 DO BEGIN
n[i] := ltp_lags([il:

END;

FOR i := -frames_av0 TO -1 DO BEGIN _
FOR k := 0 TO nr;acf_lags_used DO BEGIN
acf_old[i, k] := acf old[i+l, k]:
avO[i k] := avO[i+l,k];
END;
END;

FOR k := 0 TO nr_acf_lags used DO BEGIN
acf_old[d,k] := acf_in[k]:
END;



thvad. initially set to 1000000 rvad : initially set to

rvad[ 0] : 6 rvad[l] : -4 rvad[2] : 1 rvad[3-8] : 0 } CONST pth =
300000; plev = 800000; fac = 3; adp = 8; inc =
16; dec = 32; margin = 80000®00; VAR i : INTEGER, BEGA N I F
acfO < pth THE BEG Nt hv plev; ND ELSE BEG 4 \F NOT (stat AND
NOT pt ch) THEN BRERRE ﬁﬂ%ﬁggBEWElng gpd enexrgy Bmputation’ }

pvad := rvad{0] * acf_pld[0,0];
FOR k := 1 TO nr_acf lags_used DO BEGIN

pvad := pvad + 2.0 * rvad[k] * acf old[O0,k]:
END;

{ ACF averaging }

FOR k.:= 0 TO nr_acf_lags_used DO BEGIN
av0[0,k] := O; '
FOR j := 0 TO frames_av0-1 DO BEGIN
| av0[0,k] := avO[0,k] + acf old[-j,k];
END;
avl{k] := avO[-frames_avO,k];

END;

{ solve the equations system } -
schur_pas (avl,rc,nr_acf lags used);
stepup_pas (rc,aavl,nr_acf lags_used);

FOR i := 0 TO nr_acf lags_used DO BEGIN
ravl[i] := O;
FOR k := 0 TO nr_acf_lags used-i DO BEGIN
ravli{i] := ravl{i] + aavli{k] * aavl[k+il:;
END; '
END;

. IF av0[0,0] <= O THEN BEGIN

dm := O;

END ELSE BEGIN
dm := ravl[0] * avO0[0,0];
FOR i := 1 TO nxr_acf_lags_used DO BEGIN

" dm := dm+ 2*rav1[i]*av0[0;i];

END; .
dm := dm/av0[0,0];

END;



END ELSE BEGQ N adapt count = adaptcount +1 IF'adaptcouht > adp THEN BEG N
thvad := thvad - thvad / dec; |F thvad < pvad*fac THEN BEG N thvad : = M N(
thvad +thvad/inc, pvad*fac); END, |IF thvad > pvad+nmargin THEN BEG N t hvad

= pvad + margin; END, FORi := 0 T®7nr acf lags used DO BEA@ N rvad[i] :=
ravl[i]; END; ada tcount := adp +.1; END; END; END; END; { Procedure }
PROCEDURE FLva@rfifrg0Fei i=: dReal AERTy (B! { I'nput }
ltp_lags : integatsubf ABSEHLSEgpence){<| tipuésh; VAR vad BOOLEAN)

{ Qutput }

last dm := dm;
ptch := ((old_lag_. count+very old_lag count) >=nthresh );
acf0 := acf_in[0]:
vad_thresh (acfO,ravl,stat,ptch,pvad):
vvad := (pvad>thvad):
IF vvad THEN BEGIN
burstcount := burstcount + 1;
END ELSE BEGIN )
burstcount := 0;
END;

IF burstcount >= burstconst THEN BEGIN
hangcount := hangconst;
burstcount := burstconst;

END;

vad := vvad OR (hangcount »>= 0);

IF hangcount >= 0 THEN BEGIN
hangcount := hangcount -1;
END; '

lag_count := O;

FOR j := 0 TO 3 DO BEGIN

IF n{j] > 19 THEN BEGIN

smallag := MAX(n[jl,n[j-1]) MOD
MIN(n[jl,n[j-1]);
IF MIN(smallag,MIN(n[j] ni{j-1])-smallag) <
lthresh THEN BEGIN
lag_count := lag_count + 1;

END;

END;

 END;



{. Gommon vari abl es used: n[-1..3] . Itp lags | nput/Qutput

ol dl agcount | nput / Qut put veryol dl agcount

I.nput / Qut put 15 t hvad t hreshol d } VAR ptch, vvad, stat
: "BOOLEAN; lag count, smallag, i,j,ksg * | NTEGER, acf 0, :
dm.di f f erence . REAL; pvad : DOUBLE; rc :
ARRAY [I..nr azérYfﬂkﬁtkagﬂcdaﬁﬁQiﬁLblaEGbg _epubk::= n[3]; FORi :=0 TO3

DO BEG'“'W'] ofal 18y |@asld - lag_count;

END;

PROCEDURE FLdtx hand rx 1 ( vad : BOOLEAN; { Input }
VAR sp : BOOLEAN):; { Output )

BEGIN

IF elapsed_frames < 24 THEN BEGIN

elapsed frames := elapsed frames + 1;
END;

IF speech dtx THEN BEGIN

IF vad THEN BEGIN
sp := TRUE:

END ELSE BEGIN
sp_hangover := 1;
IF elapsed_frames = 23 THEN BEGIN

elapsed_frames := 22

END;
‘sp := (elapsed frames > 23);
speech;ﬁéx := FALSE;

“

END;
END ELSE BEGIN

IF vad THEN BEGIN
sp := TRUE;
speech_dtx := TRUE;

END ELSE BEGIN
IF sp_hangover < 5 THEN BEGIN

sp_hangover := sp hangover + 1;

IF elapsed frames = 23 THEN BEGIN



END, FOR i := -frames_av0O TO -1 DOBEG@N FOR k := 0 TO nr_acf_| ags_used DO
BEG N acf _old[i,k] := acf_old[i+l,k]; avO[i, K] avO[i +l,Kk]; END;, END;, FOR
k. := 0 TO nr_acf_l ags_used DO BEG N acf_ol d[ 0, k] acfin[k]; END 16 {
Adaptive filtering and energy conputagpon. } pvad rvad[ 0] * acfol d[O,0];
FOR k .1 TO nr_acf_lags_used DO BE@ N pvad := pvad + 2.0 * rvad[Kk] *

acf _old[0,k]; END; { ACF averagi ng él&gfedk. frai@sTO=nr2Zicf | ags used DO
'BEG N avO[0,k] :=0; FOR | := gygO franes_av0-1 DO BEG N av0[ O, k] := "~
av0[ 0, k] + acf_old[-j,k];EEyp; :

L4

IF sp_hangover > 4 THEN BEGIN
elapsed frames := 0;
sp := FALSEE

END ELSE BEGIN
sp := (elapsed frames > 23);

END;
END;
END;
END;
{GLOBAL]
PROCEDURE FLvad_rx (
acf;in : realACFType: { Input 3}
1tp lags : integersubframeltptype; { Input }
FllostFrame : BOOLEAN; { Input }
VAR sp : BOOLEAN): { Output }
VAR
vad  : BOOLEAN;
spl : BOOLEAN;
BEGIN

iIF NOT FllostFrame THEN BEGIN
FLvad_rx 1 (aci_in,ltp_;ags,vad);'

FLdtx_hand_:x_l (vad,spl):; -

FLstat_det_xrx (acf_in[O0],spl,sp);

IF NOT use_stat_det THEN BEGIN
sp :=-spl;

END;
sp_old := sp;



avl [k] := avO[-frames avO, k]; END;, { Solve the equations system} schurpas
(avl,rc,nr_acf | ags_used); stepup_pas (rc,aavl,nr_acf lags used); FOR i :=
0 TO nr_acf_lags_used DO BEG@ N ravl[iRo:= 0; FORk := 0 TO

nr_acf | ags_used- | DO BEG N ravl[i] :=ravl[i] + aavl[k] * aavl[k+i]; END;
END; |F av0[0, 0] 5P BLSFERFERGE N dm : = 0; END ELSE BEG N dm:= ravl[0] *
av0[0,0]; FOR i:= 1 T€pnr= aad_didgs_ used DO BEG N dm = dm+
2*rav|[|]*av0[0|dND END;, dm = dnfav0[O0, 0] ; END; 17 difference dm -
| ast dm END;

END.

{INHERIT ('spdSdef')]
MODULE as_actions _rx (input,output);

{ "Global" (for the module) variables }

VAR

FLfilter filter_state
FLfiltexr filter coeff
FLfiltexr filter gain
FLfilter post state
FLfilter post_coeff
FLfilter_ post gain
FLfilter;my;stafe
FLfilter my coeff
FLfilter my gain

[STATIC] realArraylOType;
{STATIC] REAL;

[STATIC] REAL;

[STATIC] realAxrraylOType;.
[STATIC] REAL;

[STATIC] REAL;

{STATIC] REAL;

[STATIC] REAL;

[STATIC] REAL;

[T} (1] " (1] [1} o (1]

FLexpand_ factoxr {STATIC] REAL;

[STATIC] BOOLEAN;

first sp
{ External routines }

PROCEDURE stepdn | unstable specxal_pas (

a I realArraleType, { Input }
VAR rC : RealArraylOType: { Output }
VAR unstable : BOOLEAN); { Output }

EXTERNAL;

PROCEDURE stepdn_special pas (

a : realArraylOType; { Input }
VAR rc RealArraylOType); { Output }



stat := ABS(difference) < thresh; lastdm:= dm ptch =

((old_lag_count+very old | ag_count) >=nthresh ); acfO acf _in[0]; :
vadt hresh (acfO, ravl, stat, ptch, pvad),- vvad := (pvad>thvad); |IF vvad THEN
BEGA N burstcount = burstcount + 1; F&ND ELSE BEG N burstcount := 0; END, IF
bur st count >= burstconst THEN BEA N hangcount := hangconst; burstcount =
bur st consEXTEREALYad : = vvad OR (hangcount >= 0); |F hangcount >= 0 THEN
BEG N hangcount := hangcount -1; END, lag count := 0; FORj := 0 TO 3 DO
BEGAN I F pLjl.> EN BEG | | = MAX(n[j],n[j-1]) MOD
M N(n[j],E%‘i"!:F?S‘f]“glgbRﬁ s°r?$c;agr1?%ﬁ%%ﬂﬁ“]‘, n[j-1])-sml lag) <
ZFLacfw - : realACFType;
VAR ZFLetaCurr : realArraylOType );
EXTERNAL; ' '

PROCEDURE FLcalculateACF(
FLalphaCurf : realArraylOType:
VAR TFLacfW realACFType );
EXTERNAL; !

PROCEDURE FLcalculateautocorrfunction(
FLalphaCurr : realArraylOType:
VAR FLacfW realACFType ):
EXTERNAL;

[GLOBAL]

PROCEDURE FLas_actions rx init:;
{ MUST be called first to initilize }
{ some things. }

VAR
m : INTEGER;

{ NOTE FLbw_exp is transfexred as COMMON }

BEGIN

FOR m := 1 TO nrCoeff DO BEGIN
" FLfilter filter stateim] := 07
FLfilter post state[m] := 0;
END;

FLfilter_my_state := 0:
first sp := TRUE;



I__thresh THEN BEGQ N | ag_count | ag_count + 1; END; END;, END; very old
| 'agcount ol dl ag count; ol dl ag. count | agcount; END; PROCEDURE

FLdt xhandrx_1 ( vad : BOOLEAN, { I'nput } VAR sp : BOOLEAN);

{ Qutput } BEGA N IF el apsedfranes < 24 THEN BEG N el apsedfranes : =

el apsedfranes + 1; END;, |F speechdtx THEN BEG N | F vad THEN BEG N sp : =

TRUE; END ELSE (BEGeN fellokdngovenld e plaacddipged®OM anes 23 THEN BEG N -
el apsedfranes : = 22; END; :

"FLfilter_ filter coeff := EXP(-1.0/(4.0%50.0));
'FLfilter my coeff := EXP(~-1.0/(0.25%50.0));
FLfilter post_coeff := FLfilter_my_poéff;

FLfilter filter_ gain := 1 - FLfilter filtexr coeff;
FLfilter post_gain := 1 - FLfilter_ post_coeff;
FLfilter my gain := 1 - FLfilter my coeff;

IF FLbw_exp >= 0 THEN BEGIN

FLexpand_ factor := EXP(-FLpi*FLbw_exp/8000.0);
END ELSE BEGIN .

FLexpand_factor := 1;
END; _
{FLexpand_factor := EXP(-FLpi*100.0/8000.0);}
{FLexpand_factor .:= EXP(-FLpi*400.0/8000.0);} { ### }

{ ### )

WRITELN( 'FLfilter filter coeff:',FLfilter filter_ coeff):
WRITELN( 'FLfilter filter gain: ',FLfilter filter gain):
WRITELN( 'FLfilter my_ coeff: ', FLfilter_ my_coeff);
WRITELN(‘FLfilter;my_gain: ' ,FLfilter my_gain):

WRITELN( 'FLfilter post coeff: *',FLfilter _post_coeff) :
WRITELN('FLfilter_post_gain: ' ,FLfilter post gain);

WRITELN( 'FLbw_exp: ',FLbw_exp):
WRITELN('FLexpand_factor: ' ,FLexpand_factor):
WRITELN( 'FLv_post: ',FLv_post):

{ #i## )

END;

[GLOBAL]
PROCEDURE FLas_actions_xrx ( _
Sp . : BOOLEAN; : { In }



Sp = (elapéed_franes > 23), speech dtx := FALSE, END; END ELSE BEG N | F
vad THEN BEG N sp : = TRUE; speech dtx := TRUE; END ELSE BEG N | F
sp_hangover < 5 THEN BEG N sphangover sp_hangover + 1; |F el apsedfranes
= 23 THEN BEGQ N el apsedfranes 2%2: END, END; IF sp_hangover > 4 THEN
BEG N el apsedf rarreEB;iig; sp = FAELSI%alI;ND EH%'-‘I«Y%E?' N sp ‘T &gl apiedf ranes

> 23); END, END, E reafrrey

FLrc_in : realArraylOType: { In )

FllostFrame  : BOOLEAN; { In )
VAR FLa pres : realArraylOType: { out }
VAR FLrc_pres : realArraylOType;: - { out }
VAR - FLa post_ pres : realArraylOType; - { OCut }
VAR FLetacurr $ realArraylOType; { In/0Out }
VAR FLmy use : REAL): - { Out }
VAR

m : INTEGER;

FLdum ¢ REAL;

FLRC temp : realArraylOType;

unstable : BOOLEAN;

FLacfw : realACFType;

i_ab : INTEGER; { #4# 3

eta_temp : realArraylOType; ({ #i## )

BEGIN

FOR m := 1 TO nrCoeff DO BEGIN
FLa_post_pres[m] := FLa in[m] * FLnyweight{m];.
END;

IF sp THEN BEGIN
{FLfilter_my_ state := FLfilter my coeff *
' FLfilter_my state +
FLfilter my gain * FLmy;} { ### }

FLmy_use := FLmy;

FOR m := 1 TO nrCoeff DO BEGIN
FLa_pres{m] := FLa_in(m];



END; [ GLOBAL] PROCEDURE FLvad rX ( acfin r eal ACFType;

Input } Itp_lags : integersubfraneltptype; { I'nput } FllostFrane :
BOOLEAN; { I'nput } VAR sp : BOOLEAN);
Qut put } VAR vad . BOOLEAN; spl 24BOOLEAN;, BEG N I F NOT FI | ost Frane

THEN BEG N FLvad_rx_1 (acf in,ltp_lags,vad); FLdtx hand rxl (vad,spl);
FLstat _det _rx (acf_in[0],Ebrcspyeslingd NoT Rlsestiaadt THEN BEG N sp : =spl;
END; spol d sp; ERD; END ELSE BEG N sp := sp_old;

IF first sp THEN BEGIN
FLdum := FLexpand factor;
FOR m := 1 TO nrCoeff DO BEGIN
Flfilter filter state[m] :=
FLa_in[m] * FLdum;

FLfilter post_state[m] :=
FLa_post pres{m] * FLdum;

FLA = FLAum * Flexpand factor;
END; '
END;
END ELSE BEGIN

IF NOT FllostFrame THEN BEGIN
FLfilter my_ state := FLfiltex my coeff *
' FLfilter my state +
FLfilter my gain * FLmy_ off;
END;

FLmy use := FLfilter__my_state;‘

FLdum := FLexpand_ factor;
FOR m := 1 TO nrCoeff DO BEGIN
IF NOT FllostFrame THEN BEGIN
FLfilter filter state[m] :=
FLfilter filter state[m] *
FLfilter filter coeff +
FLfilter filter gain *
FLa_in[m] * FLdum;

FLfilter_ post_ state[m] :=
FLfilter post state[m] *
FLfilter post coeff +



END; END; END.

[INHE?IT (' spd$def')] MODULE as_actions_rx (input,output); ({

“d obal " (for the nodule) variables } VAR FLfilter filterstate . [ STATI C

real Arrayl OType; FLfilter filter -coeff . [.STATI C] REAL;

FLfilter _filter_gain . [STATIC] REAkL;, FLfilter_post_state : [ STATI C

real Arrayl OType; FLfilter_postcoeff : [STATIC] REAL; FLfilter_post_gain

. [STATIC] REAL; FLfilter _ ny state : Eﬂiﬂlﬁarlﬁﬁﬁﬁ galify 't er _ny_coeff
[ STATI C] REAL;

[ STATI C] . REAL;

FLfilter nmy_gai gy, t pre T 1ClefdRAl,, FLexpandf act or
first sp. 3_post_pr §¢QHIC] BOOLEAN,; { Ext er na

routi nes } PROCEDURE stepEHDunstable speC|aI pas ( a

real Arrayl OType;

{ Input } VAR rc _ X ReaIArrayIOType {

Qut put } VAR unst abi e : Eﬁ%&s(m] .= { Qutput } EXTERNAL;

PROCEDURE st epdnspeci al pas

Fgfllter filter state(m]:

FLa_post pres{m]  :
FLfilter post state[m]};

FLdum := FLdum * FLexpand factor;
END;

{ Check for stability }

stepdn_unstable special pas (

FLa_pres, { In )}
FLRC_pres, { out }
unstable}; { Oout }

IF unstable THEN BEGIN
WRITELN( 'Unstable a-paraméter (as_actions_xx)‘'):;
FOR m := 1 to nrCoeff DO BEGIN
FLa_pres[m] := FLa_in{m];
FLrc_pres{m] := Fqu_ih[m];
END; '
END;

stebdn_unstable_special_pas (
FLa_post pres, { In }
FLRC_temp, { Out }
unstable); { Out )}

IF unstable THEN BEGIN )

WRITELN( 'Unstable post filter (as_actions rx)');
FLdum := FLexpand factor:;
FOR m := 1 TO nrCoeff DO BEGIN



a - . real Arrayl OType; { I'nput } VAR rc . Real Arrayl OType);
{ Qutput } 21 EXTERNAL; PROCEDURE FLpost Coeff Cal cul ati on( ZFLacfW

teal ACFType; VAR ZFLetaCurr real Arrayl OType ); EXTERNAL;
PROCEDURE FLcal cul at eACF( "FLal phaCurr 26: realA«rayICﬂype VAR FLacfW
. real ACFType ); EXTERNAL; PROCEDURE FLcaI cullat eaut g.igrrf net kon(
FLal phaCurr ' real Arrayl OTypef “aRPEERFSH L™ —“real ACFType );
EXTERNAL; [ GLOBAL] PROCEDURE FlLas_actions_rx uﬁf{nywelms‘émbé ERPPBY first
toinitilize } Csone things. } VAR : Fﬁ,M.EGEI%Lexpand__factor,

END;
END:;

FLcalculateACF (
FLa_post pres,
FLACFwW):

{Flcalculateautocorrfunction (
FLa_pres,
FLACFw);}

FLpostCoeffCalculation (
FLACFw,
FLetaCurrx):;

END;

~ first _sp := (sp AND first sp);
END;
END.



{.

EEEII\ItFLf”ter filters]'Eate.[rﬁ = 0; FLfiIter_poststate[rr] = 0; END;
Il'ter_nystate 0; first sp TRUE; 22 EEI% d b
placed in ROWh SFdeHdSBeqaneb.l et coef f = EXP(- q{g@“'h oagrfj to a?f
FLfilter _my_co 0/ (0.25%50.0)): F sc POS gj_-,t—p ged ” .....
FLfilter _ny co filter gain := 1 - ogag_ ..........
Lfilter_post_gain := FLfilter_post coeff; égﬂ‘? ?)_ p """" Bd e
FLfilter_my_coeff; IF Fwaex_p >= 0 THEY BEQ NIFE ARHIASH  ARgESH - .- to paged ........
EXP( - FLpi * FLbw_exp/ 8000. 0); END ELS FLg P@é‘rﬁdoﬂ"agﬁgmn T S

{ FLexpand_f act or

NOTE FLbwexp is transferred as COWON } BEG N FOR m :

1 TO nr Coeff DO

= EXP(-FLpi *100. 0/ )}

1. An apparatus in a receiver in a frame based communication

system, for concealing the effects of lost frames in a speech

decoder (24), which speech decoder is of the source-filter type -

and is controlled by means (20, 22, 24) including internal state
variables updated on a frame by frame basis for modifying
received filter defining parameters representing background
sounds, said apparatds being Characterized by:

(a)

means (14) for detecting loss of frames;
(b) means (18) for concealing the effects of a lost frame by
restricting updating of at least one of said internal
state variables.

2. The appara‘lius of claim 1, characterized by said <£filter
parameter modifying means including a voice activity detector
(20) with at least a threshold for speech/background sound
dec:.s:.ons, said concealing means (18) restricting updating of
said threshold in case of a lost frame.

3. The apparatus of claim 1, characterized by said filter para-
meter modifying means including a voice activity detector (20)
for performing speech/background sound decisions on a frame by
frame basis, said concealing means (18) inhibiting updating of
the speech/background sound decision obtained from the previous
frame in case of a lost frame.
ne

4. The apparatus of claim 2 or 3, characterized by said filter
parameter modifying means further including a stationarity
detector (22) connected to an output of said voice activity
detector (20) for discriminating between stationary and non-
stationary background sounds, ‘said stationarity detector inclu-
ding at least one buffer containing estimates of statistical
moments of recent frames dominated by background sounds for

making stationarity decisions, said concealing means restricting

N O AR A




{ FLexpand_factor := EXP(-FLpi *400.0/8000.0);} { ### } { ### }

WRI TELN(' FLfilter filter_coeff:', FLfilter filter_coeff),  ———————
WRI TELN(' FLfilter filtergain:',FLfilterfilter_gain); ) . Replaced
WRI TELN([ err] FLfi Ttermycoeff:' . FLfilter my coeff); WR TETkjSheet HasBees Repares
Terr]FLfilternygain: [err],FLfilter_my gain);: “\I“\l“““mm “ '
WRI TELN(' FLfilter _post _coeff:', FLfilter postcoeff);

WRI TELN([err] FLfilter_post_gain: [err],FBfilter_post_gain); WRI TELN(' FLbw
exp: ', FLbw e . VRITELN(! FL and factor: ' ,FLe,xp nd factor);
WRI TELN(' FE&P_)%D%F:" O?Ff?/l_dpobs"?)é;gr{ P 5P ff_EB%jmePROCEDURE

FLas _actions _rx ( sp ' BOOLEAN; {In } .23
FLa in 5. The appakAtuaydOlyipam 2 or 3{ tharagdtddizeidnby said filter

real Arrayl qélx%eter mo&ii}ﬂng I ndddLSEGLeBr  inBRELRGN & stationarity {
In } VAR FLapres '

T real Arrayl Olype; Qut , VAR, |
FLrc_pres detector, %2&, rWﬁg ; to ayn c{u}/%j;[t 3f said vo:.cé activity
detector (20) for discriminating between stationary and non-

stationary background sounds, said concealing means (18)
inhibiting updating of the stationarity/non-stationarity decision
obtained from the previous frame in case of a lost frame.

6. The apparatus of claim 2, 3, 4 or 5, characterized by said

filter parameter modifying means including means (24) for low

pass filtering of the filter defining parameters, . said concealing

means (18) restricting 'updating of filter coefficients of the low
) pass filtering process in case of a lost frame. .

N 7. The apparatus of claim 2, 3, 4, 5 or 6, characterized by said
- filter parameter modifying means including means (24) for
bandwidth expansion of the filter xrepresented by the :Eilter
defining parameters, said concealing means (18) restricting

- updating of filter coefficients in case of a lost frame.

8. The apparatus of claim 6 or 7, characterized by a post filter
- for modifying the tilt of the spectrum of the decoded signal,

said concealing means (18) restricting updating of tilt informa-
tion in case of a lost frame. ) ’

9. A method in a receiver in a frame based radio communication .
y system, for concealing the effects of lost frames in a speech
decoder, which speech decoder is of the source-filter type and
comprises means including internal state variables updated on a
frame by frame basis for modifying received filter defining

. parameters representing background sounds, said method being
charactexized by:

(a) detecting loss of frames,

* ¢ L M s *



VAR FlLa_post_pres . real Arrayl OlType; { Qut } VAR FLetacurr

-~ real Arrayl OType; { InfQut } VAR FLny_use REAL) ;

{ Qut } VAR m . INTEGER, FLdum . REAL; FLRCtenp :

real Arrayl OType; unstable -: BOOLEAN: FLacfw . real¥ ce laced .
| NTECER, { ### } etatenp : real Arrayl OType; { ### } 1 TO
nrCoeff DO BEA N FLa_postpres[n] := FLa_in[m * FLnywei F sp
THEN BEGA N (FLfilter _ny state := FLfilter_my coeff * FLfiIter _ny_state +
FLfiltermy gain * FLny;} { ### } FLny _@8e := FLny; FOR m: TOnrOo'eff
DO.BEG N

(El'la pr eséL:rl]jceallng !Ege e[fr;:dects of a lost frame by restricting

updatn.ng of at least one of said internal state vari-
ables. ' '

10. The method of claim 9, said filter parameter modifying means
including a voice activity detector (20) with at least a
threshold for speech/background sound decisions, character:.zed by
said concealing step comprising restr.zct:.ng updating of said
threshold in case of a lost frame.

11. The method of claim 9, said filter parameter modifying means
including a voice activity detector (20) for performing speech/-
background sound decisions on a frame by frame basis, cl:zarac-

) 'i:erized by said concealing step comprising inhibiting updating of
the speech/background sound decision obtained from the previous
frame in case of a lost frame.

12. The method of claim 10 or 11, said filtexr parameter modifyiﬁg
means further including a stationarity detector (22) connected to
an output of said voice act:.v:l.ty detector (20) for discriminating
between stationary and non-stationary background sounds, said
stationarity detector including at least one buffer containing
estimates of statistical moments of recent frames dominated by
background sounds for making stationarity decisions, charac-

terized by said concealing step comprising restricting updating
of said buffer in case of a lost frame.

13. The method of claim 10 or 11,. said filter parameter modifying
means further including a stationarity detector (22) connected to
an output of said voice activity detector (20) for discriminating
between stationary and non-stationary background sounds, charac-
terized by said concealing'step comprising inhibiting updating of
the stationarity/non-statibnarity decision obtained from the
previous frame in case of a lost frame.

. 14. The method of claim 10, 11, 12 or 13, said filter parameter
modifying means including means (24) for low pass filtering of

* 4 L M - %




24 FLrc_pres[m := FLrc |n[n'] END, IF firstsp THEN BE
FLexpandfactor; FOR m:= 1 TO anoeff DO BEG N Flfilter f.

FLai n[ m

FLdum * Fl expand_factor; END;, END, END ELSE BEG N | F NOT
BEG N FLfilter_ny_state := FLfilter_ny_coeff * FLfilter_mny

FLfilter

* FLdum FLfilterpoststate[m := FLapostpres] r’rj

_ny_gain * FLny off; END; FLny use := FLfilter_nmny_!

FLexpandfactor; FOR m:=1 TO nr Coeff X9 BEG N | F NOT FIIostFrame THEN
BEGINFLfllter filter state[m := FLfilterfilterstate[n] *

the filter parameters, characterized by restricting updating of
filter coefficients of the low pass filtering process in case of
a lost frame.

15. The method of claim 10, 11, 12, 13 or 14, said filter
parameter modifying means ':I.ncluding means (24) for bandwidth
expansion of the filter represented by these parameters,
characterized by restricting updating of filter coefficients in |
case of a lost frame.

16. The method of claim 14 or 15, wherein the tilt of the
spectrum of the decoded signal is modified by a post filter,
characterized by restricting updating of tilt information in case
of a lost frame. '

* [ L M H %* :



FLfilter filter coeff + FLfilter filtergain * FLain[n] * FLdum
FLfilterpoststate[m := FLfilter_post:state[m * FLfilter_post_coeff +
25 FLfilter _post _gain * FLa post _pres[n] * FLdum END;, FLa pres[n] :=

FLfilter filter_state[n]; FLa _post _pres[m := FLfilter_post_state[n]; FLdum
.= FLdum * FLexpandfactor; END, { Check for stability } stepdn_unstable
speci al _pas ( FLapres, { I'n} FLRC pres, { Qut } unstable); { Qut

} | F unstable THEN BEG N

31

LOST FRAME CONCEALMENT
ABSTRACT

A receiver in a frame based radio communication system’
includes a speech decoder of the source-filter type
which is controlled by means (20, 22, 24) including
internal state variable updated on a frame by f£frame
basis for modifying received filter defining
parameters representing background sounds transmitted
over a communication channel. The receiver includes
means (14) for detecting frame loss and means (18) for
concealing the effects of frame loss by restricting
updating of at least one of the internal state
variables. : :

(figure 1)



VRI TELN(' Unst abl e a- par aneter (asactlonsrx) ) FOR m:= 1 to nrCoeff DO
BEG N FLa_pres[n] := FLa in[nj; FLrc.pres[n]. := FLrc n[rr] END; END;

st epdnunst abl especi al _pas ( FLa_post _pres, { In } FLRC tenp, { Qut }
_unst abl e) ; { it } IF unstabl e THEN BEG N WRI TELN(' Unst abl e post _filter
(as actions rx)"'); FLdum: FLexpand_factor; FOR m 1 TO nrCoeff DO
BEG N 26 FLa_post pres[rr] = FLa-in[m * FLnyweight[n* Fldum FLdum =
FLdum'* FLexpand_ factor END;, END; FLcal cul ateACF ( FLa_post _pres,
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.FLACFw) ; (Fl cal cul at eaut ocorrfunction( FlLapreg
FLpost Coef f Cal cul ation ( FLACFw, FLetaCurr); ,/
first_sp); END;, END. [err] 1 An apparatus vePage fo Bpaed
based conmmuni cation system for concealing thg féd’(‘gcgé §-r tnBagedn...
speech decoder (24), which speech decoder is df Dﬁﬁeﬁ%ﬁrcepﬁeﬂteﬁ(’t pagedan
Is controlled by means (20, 22, 24) imcludingtinternal state variables
updated on a frane by frame basis for nodifyi rgDHEIOEd{EGEIPE‘r '.délf‘f”m ng
par amet er s repr gsenAngpparaaisgnauectives imal frams HastdOopPEIAICIU0ID Sy SN,

char acterlc%ﬁg?ﬁ%gﬁé%éif?%gfﬁét @“‘W@Z}Pfgo%?d tect.l n .Ioss dF%od? é{g)
means (18)
updating Odousle-fiIRRtypda Efcoﬁé‘bl[idlwtxﬁéaﬂ@hxcluding mtcmal state vanables updated on

a frame by frame basis for modifying received filter defining parameters representing

I'l:l

F.

Q.SD

background sounds, said apparatus comprising:

means for detecting loss of frames; and

means for concealing the effects of a lost frame by restricting updating of at least
one of sald internal state variables, wherein said filter parameter modifying means

| mcludes a voice activity decoder with at least a threshold for speech/background sound
decisions and means for low pass filtering of the filter defining parameters, said
concealing means restricting updating of said threshold and updating of filter coefficients
of the low pass filtering process in the case of a lost frame.

2 .. The apparatus according to claim 1, comprising a post filter for modifying a
tilt ‘of the spectrum of the decoded signal, said concealing means restricting updating of
the tilt information in case of a lost frame. '

3 . The apparatus according to claim 1, wherein said filter parameter modiffing
means further includes a stationary detector connected to an output of said voice activity
detector for discriminating between stationary and non-stationary background sounds, said
stationary detector including at-least one buffer containing estimates of statistical moments |

" “*of recent frames dominated by background sounds for making stationary decisions, sald
concealing means pgstnctmg updating of said buffer in case of a lost frame.

4 .. The apparatus according to claim . 1, wherein said filter parameter modifying
means further includes a stationary detector connected to an output of said voice activity
detector for discriminating between stationary and non-stationary background sounds, said

. concealing means mhxbmng updating. of the stationary/non-stationary decision obtained

from the previous frame in case of a lost frame.

.
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_state variables. 2. The apparatus of claim11l, characterized by said filter
paraneter nodifying nmeans including a voice activity detector (20) with at
| east a threshold for speech/background sound deci sions, said concealing
‘means (18) restricting updating of said threshold in case of a |lost frane.
3. The apparatus of claim1, characterized by said filter para- neter

nodi fyi ng nmeans including a voice actﬁvity detector (20) for performng
speech/ background sound decisions on a frame by frame basis, said '

conoeal g, TEags. (AP bob A RS Mk 8 SRERILDRS Pl e

e %%, The

appar at usceticeslinp theZeffictsdof RBEfraMES T 7 Spbesly d&cdlEL, shilitspeechalerb@drss okl f yi ng
means further including a stationarity detector (22) connected to an output

of said véneee-flier Bipeyandds senapligbby means including intamal sgtepariables updated omar v

q ] : . ) . el U
ing ar 1 SEERCHT ARG RUOARINY ReepAl St Bl phrioheiE} Rk entlly
recent frpackgroied soahds] sajd hepRkcgaocoitprisipids for making stationarity

deci sions, said concealing neans restricting [err] 28
means for dete(_: g loss of frames; and

—

means for concealing the effects of a lost frame by restricting updating of at least
one of said internal state variables, wherein said filter parameter modifying means
includes a voice activity detector with at least a threshold for speech/background sound
decisions and means for bandwidth expansion of the filter represented by the filter
defining parameters, said concealing means restricting updating of said threshold and
updating of filter coefficients in case of a lost frame.

: 6 . The apparatus according to claim 5 N comprising a post filter for modifying a
tilt of the spectrum of the decoded signal, said concealing means restricting updating of
tilt information in case of a lost frame.

7 . A method in a receiver in a frame based radio coﬁnnmﬁcation system, for

concealing the effects of lost frames in a speech decoder, said speech decoder is of the
"" -:source-filter type and comprises means including internal state variables updated on a

frame by fréme basis for modifying received filter defining parameters representing
background sgunds, said method comprising the steps of:

detecting loss of frames; and

concealing the effects of a lost frame by restricting updating of at least one of said
internal state variables, wherein said filter parameter modifying means includes a voice

. activity detector with at least a threshold for speech/background sound decisions and

means for low pass filtering of the filter parameters, wherein said concealing step
comprises restricting updating of said threshold in case of a lost frame and said method
comprises restricting updating of filter coefficients of the low pass filtering process in the
case of a lost frame.

R, This is the replacement sheet
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~updating of said buffer in case of a'lost frane. 5. The apparatus of claim
2 or 3, characterized by said filter paraneter nodi fying nmeans further
dncluding a stationarity detector (22) connected to an output of said voice
activity detector (20) for discrimnating between stationary and non-
stationary background sounds, said congealing neans (18) inhibiting

updating of the stationarity/nqgn-stati.onarity decision. obtained fromthe
previous frameBin ‘CasBe zi%??fgfngftpdii?é'.n 8- w%@‘%ﬁﬁ‘i‘r _';95 spectymyofthe 3 4
or 5, chajeapdar sizhsl BYmedified byld bnipridng PR h
means (24) for Il%i\?vﬂp]gss fill tfgyi nﬁglds(t)m% '(ra@?ﬁf‘%tg?ggéely 1?#?1%9 pg‘?cg#gtc@rdgt,lﬂggd
conceal i rigjt mfermatiasin casstafialoshffampdat i ng of filter coefficients of the

| ow pass filtering process in case of a lost frame. 7. The apparatus of
claim2, 3, 4, 5 or 6, characterized by said filter parameter nodifying

means i ncl udi ng' MeHRSMEdROA abQsrdRBNE Wiiah 76 RS 94id Hitek Phrabretdrahodifyin
represented by the filter defining paraneters, said concCealing neans %18)

restri ct i mepnspyEben ipciyding histationaryf ditestareoandcteddasa awtpus df ssid Voiegractivity The
appar at us I.m:6. or. 7. characterj.zed by.a post. filter, for di f.yi ng, t he
EPPE of Haeotd A i hinfing REGAER Shliftn At BoP Sakioioy bt Sind ot it | "©
r etS Lr ijC_t | stqrionacintdetectoP findli'n]!ihg 20 iégﬁtfﬁrg Buif%fﬁ cbxﬂaiﬁﬂfg%sﬁﬁl?@s lof %iati%ﬁ@dﬁ?orﬁemﬁ
method in a recejver in a fr sed r.adi o, comunj cati on system for
conceal i n@ﬁ%@“‘eﬁ@&? gomtﬁggﬁwaﬁﬁ%“qdﬁ%“@p@éﬂ?ﬂﬂgm0@peech
decoder | Ghofeid S8 TBRELMing' sidpEorhpies Ithicting updating of said buffer in case of a lost
frame.

10. The method according to claim 7, wherein said filter parameter modifying
means further including a stationary detector connected to an output of said voice activity
detector for discriminating between stationary and non-stationary background sounds,
wherein said concealing step comprises inhibiting updating of the stationary/non-stationary
decision obtained from the previous frame in case of a lost frame.

11. A method in a receiver in a frame based radio communication system, for
concealing the effects of lost frames in a speech decoder, said speech decoder is of the
source-filter type and comprising means including internal state variables updated on a

. ..frame by frame basis for modifying received filter defining parameters representing
background sounds, said method comprising the steps of:

detecting 105t frames; and .

conceiling the effects of a lost frame by restricting updati'ﬁg of at least one of said
internal state variables, _wherein said filter parameter modifying means includes a voice
activity detector with at least a threshold for speech/background sound decisions and
means for bandwidth expansion of the filter represented by these parameters, wherein the

" concealing step comprises restricting ﬁpdaﬁng of said threshold in case of a lost frame
and said method comprises restricting updating of filter coefficients in case of a lost

frame. |
This is the replacement sheet
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conprises nmeans including internal state variables updated on a frane by

" frame basis for nodifying received filter defining paraneters representing
background sounds, said nmethod being characterized by: (a) detecting
"l oss of franes, [err] 29 (D) concealing the effects of a lost frane
by restricting updating of at |east one of said internal state vari- ables.
10. The nethod of claim9, said filter garaneter nodifying neans incl ud| ng
a voice activity detector (20) with at l'east a threshold for

speech/ backgr db2ndlheomethodeaccerdingsto dsiny 24t whargiadhe filtofithe sRestam ofigest ep

conpri si tricgin n ai d _t I

11 "the ek samat s inBied sy Foph 9B i el oSl o bl btBlin o
a voi ce gilihforinatioR i ehe of 2 st f@meper f or m ng speech/ - background sound
decisions.on a franme by frane basis, charac- terized by said concealing

step conprising inhibiting updating of the speech/background sound deci sion
obtained fromthe previous frame in case of a |ost _frame. 12. The net hod of
claim 10 or 1113-sA\apRaratus inaFeceivesin adtaoe basgd radio communication system for

concealing the effects of lost frames in a speech decoder said speech decoder being of a
source filter type and is controlled by.means including internal state variables updated on
a frame by frame basis for modifying received filter defining parameters representmg

background sounds, said apparatus comprising:

means for detecting loss of frames; and

means for concealing the effects of a lost frame by restricting updating of at least
one of said internal state variables, whcrefn said filter parameter modifying means
‘includes a voice activity detector for performing speech background sound decisions on a
frame by frame basis and means for low pass filten'xig of the filter defining parameters,
said concealing means inhibiting updating of the speech/background sound decision
obtained from the previous frame and restricting updating of filter coefficients of the low
pass filtering process in case of a lost frame. |

4 . The apparatus according to claim '13 wherein said filter parameter modifying
means further includes a stationary detector connected to an output of said voice activity
* detector for discriminating between stationary and non-stationary background sounds, said
stationary detector inchiding af least one buffer containing estimates of statistical moments
of recent frames dommated by background sounds for making stationary decisions, said
concealing means restricting wpdating of said buffer in case of a lost frame.

15. The apparatus according to claim13, wherein said filter parameter modifying
means further includes a stationary detector connected to an output of said voice acﬁvity
detector for discriminating between sﬁ_xtionary and non-stationary background sounds, said
concealing means inhibiting updating of the stationary/non-statiopary decision obtained

fron the previous frame in case of a lost frame. .
N This is the replacement sheet
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means further including a stationarity detector (22) connected to an out put
" of said voice activity detector (20) for discrimnating between stationary
and non-stationary background sounds, said stationarity detector including
“at least one buffer containing estimtes of statistical nonents of recent
frames dom nated by background sounds for naking stationarity deci sions,
charac- terized by said concealing stgp conprising restricting updating of
said buffer in case of a lost franme. 13. The nethod of claim 10 or 11, said
filter parameter nodifying neans further including a stationarity detector

(22) connected.to .Of, l.d _wQi ce act] Viity.. £ (-20) for

di scrim nati né%‘eﬁéﬁ%ﬁ‘;&% ing ﬁﬁelgﬂﬁﬁmggm%qlg%%%éﬁg ¥ 'ﬁ'Hofgf
charac- te&ncésihghthe effedtscofosedrames il £EpeeciiédodenGid sjebéli Sédoder Békag iof@ of
the stationarity/ non-stationarity decision obtained fromthe previous franme
in case ofouscq Bler typgAnd is gontrplicd st meanspinclpding intemal gtate vepiables npdated jon

filter p REY s ' .24 .
11 teri ngs Sty SR RO TARGA ke ety b P ey barkfibn M pRAABing
[err] thebdckptoundponnds;tsaidsappaltusncimprisigg] by restricting updating of
filter coefficients of the I ow pass filtering process in case of a |ost
frane. means for detecting loss of frames; and
means for concealing the effects of a lost frame by restricting updating of at least
one of said internal state variables, wherein the filter parameter modifying means includes

a voice activity detector for performing speech background sound decisions on a frame by

frame basis and means for bandv'vidth expansion of the ﬁltér repi‘esented by the filter
defining parameters, said concealing means inhibiting updating of the speech background
sound decision obtained from the previous frame and restricting updating of filler

coefficients in case of a lost frame.

17. A method in a receiver in a frame based radio communication system, for
concealing the effects of lost frames in a speech decoder, said speech decoder is of the
source filter type and comprises means including internal state variables updated on a
frarhe by frame basis for modifying rgceived filter c_k;ﬁning parameters representing
background sounds, said method comprising the steps of:

detecting loss of a frame; and

concealing the effects of a lost frame by restricting vpdating of at least one of said
internal state variables, wherein said filter parameter modifying means includes a voig:e '
activity detector for performing speech/background sound decisions on 2 frame by frame

basis and mms fof low pass filtering. of said filter parameters, wherein said cpncealing
step comprises inhibiting updating of the speech/background sound decision obtained from
the p.revious frame and restricting updating of filter coefficients of the Jow pass filtering

process in case of a lost frame.
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15. The nethod:of claim 10, 11, 12, 13 or 14, said filter paraneter

-modi fyi ng means including means (24) for bandw dth expansion of the filter
represented by these parameters, characterized by restricting updating of
filter coefficients in case of a lost frame. 16. The method of claim 14 or
15, wherein the tilt of the spectrum of the decoded signal is nodified by a
post filter, characterized by restricti%g updating of tilt information in
case of a lost frame. | 1111111 111111 T1211 11111111111 [err]

18 . The method according to claim 17, said filter xhodifying means further
including a stationary detector connected to an output of said voice activity detector for
discriminating between stationary and non-stationary background sounds, said stationary
detéctor including at least one buffer containing estimates of statistical moments of recent
frames contaminated by background sounds for making stationary decisions, wherein said
concealing step comprises restricting updating of said buffer in case of a lost frame.

19. The method according to claim 17, said filter parameter modifying means
further including a stationary detector connected to an output of said voice activity
detector for discriminating between stationary and non-stationary background sounds,
wherein said concealing step comprises inhibiting updating of the stationary/non-statiopary
decision obtained from the previous frame in case of a lost frame.

-20. A method in a receiver in a frame based radio communication system, for
concealing the effects of lost frames in a speech decoder, said speech decoder is of the
source filter type and comprises means including internal state variables updated on a

frame by frame basis for modifying received filter defining parameters representing
background sounds, said method comprising the steps of:
detecting loss of a frame; and
concealing the effects of a lost frame by restricting updating of at least one of said
“internal state variables, wherein said filter parameter modifying means includes a voice
activity detector for performing speech/background sound decisions on a frame by frame
basis and means fot bandwidth expansion of the filter represented by these parameters,
- wherein said concealing step comprises inhibiting updating of the speech/background
sound decision obtained from the previous frame and restricting updating of filter

coefficients in case of a lost frame. -
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