o TRANSM SSI ON ERROR CONCEALMENT Hoorbt- 13-
TE&HNICRL FIELD The present invention relates to transm ssion error ’
conceal neAt in a radi o comunication system and specifically to an
apparatus and a nmethod for inproving decbdlng of background. sounds in such
a system . BACKGROUND OF THE | NVENTION  Means for

i nprovi ng encodi ng/ decodi FRASMIEGN FRREGRUSEABYFNEr i 1y i ntended for

digital cellular tel ephone systens, have been described in Swedi sh Pat ent

Applications 93 00290-5 and 93 01488zQrcAhesgef®ans are primarily designed
to handl e a situation where the connection between the speech encoder and

t he speech decoder is close to ideal, in the sense that only a small anount
of bit or ﬁﬂéﬂﬁyééé&homneéheianreanaﬂeaftertthammmﬁsxhnxﬁhnq; cHoweadmenti nce

the connection is.a ra I ec bi t
ﬁaér? 59 l.llnl%g%q{(:)% %g%ern £hd et i313a179Y & UH ab a§9%ﬁs |

or transm¥sio ase it may be necessary to o F

met hods deand mwthndtﬁ@raﬁwmli%%ﬁ%P aBBFl‘%ﬁ?Y‘b‘?1§°u“% lé‘b%&? of
the presend dymsandtion is an apparatus and a nethod in which so called error
concealment is applied to the received signal in order to nake the speech
decodi ng nore robust or insensitive to transm Ssion _errors.

SUMVARY OF THE | NVENTI ON  BRRKGROUNBaREe THE: ANVERTI®N ention this object is

sol ved by an apparatus in a receiver in a frame based radi o communication
system for conceaI| ransnls b%ﬂd

b
the communi’ed®$or Eha FOVIN ¢ speec 8688 1ﬁgS§%§$BagEQQQSAd %g y

source-t1
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on a framepQy,f GaRRPB8ES ihOrswedish Patent Applications 93 00290-5 and
93 01798-6. These means are primarily designed to handle a
situation where the connection between the speech encoder and the
speech decoder is close to ideal, in the sense that only a small -
amount of bit or transmission errors remain after channel
decoding. However, since the connection is a radio channel the
received signal may contain some bit or transmission errors. In
such a case it may be necessary to modify the methods described
in the above Swedish patent applications.

An object of the present invention is an apparatus and a method
in which 30 called error concealment is applied to the received
signal in order to make the sp'eech decoding more robust or
insensitive to transmission errors. -

SUMMARY OF THE INVENTION

In accordance with the invention this object is solved by an
pparatus in a receiver in a £frame t_)ased radio communication
ystem, for concealing transmission errors in a speech decoder

]caused by the communication channel,_ which speech decoder is of

‘the source-filter type and is controlled by means including
internal state variables updated on a frame by frame basis for

modifying received filter parameters representing background




nD¢|fytng received filter paraneters representing background
2 sounds transmtted over said conmunication channel, said apparatus belng

char'acteri zed by: (a) means for detecting franmes cont ai ni ng
transm ssi on errors; (b) geans for deciding ihether a frane
I n which transm ssion errors have been detected is acceptabl e;

(c) meagsuhas Ccepafshittedai ovalet esdaibdl t comsunisa oiorer raiannel,  saidy
restrictin I.0g t-l 2t f idinternal state

vari abl es nggggéh%e}D%%?%dc}# r ang:e%g% giclbgraed non- accept abl e by
sai d deci di ng neans. Furthernore, in accordance with the invention the

above objegh)is amesansol ¥er bfetearelrdyd finaresr ecenvaininga franembesiboh
radio conmunicati Qg g%gtenl for concealing transm ssion errors in a
speech decoder caus &d y the conmunication channel, which speech decoder
Is of the source-filter type and conpri ses neans |ncluding I nternal staté
vari abl es ypdat ed meansf fanrsddnidimgnwheltheirsaf framodinf yhiaghr transeilssion er
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comuni cati on chan sald od being characterized by: (a)
detecting franes containing transn155|on errors; (b) deci di ng whet her
a frame in &) ch t mdans Forokodrcealing said dehauee@eenadsmEssﬁdnierrors
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restric- t1'ng upda gﬁg ast one sa| internal st
variables if said g&w@de ¥griphiesif riG/ARE QRﬁ? fxepe is deciarad non-

acceptable by said deciding means.

Furthermore, 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 transmission errors in a
speech decoder caused by the communication channel, which speech
decoder is of the source-filter +type and comprises means
inciuding internal state variables updated on a frame by frame
basis for modifying received filter parameters representing.
background sounds transmitted over said communication channel,‘
said method being characterized by: ¢

(aj - cetecting frames containing transmission errors;

(b) deciding whether a frame ih which transmission exrors

have been detected is acceptable:;

(c) concealing said detected transmission errors by restric-
ting updating of at least one of said internal state
variables if said detected frame is declared non-accep-
table in said deciding step.

BRIEF DESCRIPTION OF THE DRAWING

The invention, together with further objects and advantages



t abl e i*n sai d deciding step. BRI EF DESCRI PTI ON OF THE
DRAW NG The invention, together with further objects and advant ages

3 thereof, nmay best be understood by nmaking reference to the foll ow ng
descri ptlon taken together with the acconpanying draw ng, which is a
schematic bl ock di agram of the rel evant 3parts of a“teceiver in a radio

communi cati on syst em cont ai ni ng an_appa- CCOI’d nce th
present i rkRSREn. may best Ker pp I r‘fjﬂ‘ ?zﬁ%ﬁ%ﬁ %O the
EVMBODI MENED1 1lcokadngndaestahpitidre dqedceat i (ongethehe Wh%ntﬁl@n pECPBPaRYing to
briefly reallerxtéje AR&kaid %nsefxeﬁa{:?(@'t?]%c}@dl'ab&lamcék|‘ll:ﬁe'ﬂlrrel1%drhﬁt parts

connecti on, |ca error conceal nent techni uess and_al so, t.o review the
al gor it hm;"%fa Fﬁ@eéﬁ%’ﬁé%nf?%h‘étfmlﬁ? RYSEBEI TR dHe'T o #PR2
communi cat f®tud iink aefcorddnget aitiethe | presanephrorentspit.em t he acoustic
signal is first di gi tized and then a speech coding algorithmis applied

(see for exanple B.S. erman and A ances in
Speech Codi ng", IQWERCQ%WEP?’E | U e RE ﬁW%%@%ﬁg ﬁgﬁm
conpresses the speech signal and transforns it 10 a nunber of quantized
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resulting bit.str t hen dul at J a

"Digital Cﬁﬁﬁh‘r"ﬁ’c%ﬁf’ofi goziih ngltlfgnggﬁ/t% T: gggg& sg%djt":)érrgn %ﬁ:ﬁlgd,
for exanpl eppdiegtiam (Tinme Division Milti pI e Access) techni ques. At the
receiver the signal is denodul ated. Possible time or nultipath dispersion

can be In a communication link of a digital cellular telephone system
the acoustic signal is first digitized and then a speech coding
algorithm is applied (see for example B.S. Atal, V. Cuperman and
A. Gersho, eds, "Advances in Speech Coding", Riuser 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 multipath dispersion can be
countered by various equalization techniques, for example Viterbi
equalization or decision feedback equalization (see for example
the reference by J.G. Proakis above). Channel decoding (see for
example 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 disturbances on the transmission channel can



caunt ertd by various equalization techniques, for exanple Viterb
equal i zati on or decision feedback equalization (see for exanple the
reference by J. G Proakis above). Channel decoding (see for exanple the
reference by GC. Cark and J.B. Cain above) is then used in order to
decode the bits that formthe quantized paraneters that the speech decoder
needs in order to reconstruct the transngtted speech signal. It is clear
fromthe above di scussion that disturbances on the transm ssion channel can
4 affect wHdertcUrmstregonetirspeet speeghasigndlis theducedgcimg tiheabusyiof
that signal,r tndttEp4edn channel encodi ng/ decoding techni ques can reduce the
sensitivity to disturbances significantly, it is usually not enough to
apply only channel coding in a digital ¢ellular system On the contrary, it
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techniques is dependent on the character of the information on
the quality of the transmission channel. A few ways to obtain
such information will now be described.

Direct information on the channel quality can be obtained by
measuring the signal strength. A low value would then indicate a
low signai to noise ratio, which means that the channel quality
can be expected to be poor. Channel coding techniques provide a
further level of sophistication. One type of technique is to use
redundant channel coding, e.g. Cyclic Redundancy Check (CRC) (see
for example the reference by G.C. Clark and J.B. Cain above), in
particular when the code is used for error detection. Moreover,
"soft" (hét binary quantized) information may be obtained from
the convolutional decoder (in case a convolutional code is used),
demodulator, equalizer, and/or block code decoder (see for
example the reference by J.G. Proakis above). One technique that
often is applied is to divide the information bits from the
speech encoder into different classes, each with different error
correction/detection schemes, thereby reflecting different
importance of different bits (see for example "TR-45 Full Rate



particul ar when the code is used for error detection. Mreover, "soft" (not
bi nary quantized) information may be obtained fromthe convol uti onal

decoder (in case a convolutional code is used), denodul ator, equalizer,

and/ or bl ock code decoder (see for exanple the reference by J.G Proakis
above). One technique that often is applied is to divide the information
bits fromthe speech encoder into differe® classes, each with different
error correctlon/ det ecti on schenes, therebq\éﬁ{ eerctl nt? di fferent inportance
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I ntention of masking franes that are considered to contain bit errors wll
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urbances are masked in the reconstructed signal. In particu-
lar loud "clicks" are avoided. When more detailed information is
available on the quality of each received part of incoming bits,
it becomes possible to trace down possible transmission errors to
certain parameters of the speech decoder. Since said parameters
model different phenomena of speech, error concealment techniques
can be developed that are optimized to the physical meaning of
each particular parameter. One particular example of this is the
so called pitch gain (see for example T.B. Minde et al.,
"Techniques for low bit rate speech coding usirig long analysis
frames", ICASSP, Minneapolis, USA, 1993). A value larger than one
is sometimes needed for this parameter during transient periods
of speech. Such a value does, however, correspond to an unstable
filter model, which means that it may be somewhat dangerous to
use it. In particular, it is suitable to introduce error
concealment techniques that limit the pitch gain to values less
than one whenever a possible bit error in that parameter is
detected. A further example is the spectral filter model that is

commonly used in modern speech coding algorithms (see for example



‘tranesf, |CASSP, M nneapolis, USA, 1993). A value larger than one is
soneti nes needed for this paraneter during transient periods of speech.
Such a val ue does, however, correspond to an unstable filter nodel, which
means that it may be sonewhat dangerous to use it. In particular, it is
suitable to introduce error conceal ment techniques that limt the pitch
gain to values |l ess than one whenever a possible bit error in that
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receiver also contains a. sgeech det ect g ce activity -

det ect or orDReJulator. 34 gefceedRidtrydd A §°Ff"6?ﬁisa?ﬂf? | }nformaFion

excitati on par asettved woktseprt symbedsi vietl a deciding means 16. Channel
decoder 14 converts the bit stream into a filter parameter stream
‘and an excitation parameter stream for speech decoding. Further-
more, channel decoder 14 performs cyclic redundancy check (CRC)
decoding on at least parts of each received frame. The results of
these checks are forwarded to deciding means 16.

The receiver also contains a speech detector 20 (also called
voice activity detector or VAD). Speech detector 20 determines
from said filter and excitation parameters whether the received
frame contains primarily speech or background sounds. The
decision of speech detector 20 is forwarded to a signal discrimi-
nator 22, which uses some of +the excitation parameters to
determine whether received signals representing background sounds
are stationary or not. If a frame is declared as containing
stationary background sounds, the output of signal discriminator
22 controls a parameter modifier 24 to modify the received filtexr
parameters. This modification is described.in detail in Swedish
Patent Application 93 00290-5, which is hereby incorporated by

reference. Furthermore, the stationarity detection of signal



frane ‘gont ai ns prinmarily speech or background sounds. The decision of
speech detector 20 is forwarded to a signal discrim- nator 22, which uses
some of the excitation paraneters to determ ne whether received signals
representing background sounds are stationary or not. If a frane is

decl ared as containing stationary background sounds, the output of signal
discrimnator 22 controls a paraneter nodjfier 24 to nodify the received
filter paranmeters. This nodification is described in detail in Swedish
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quality of the recon
1991). 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 errors in
the incoming parameters this leads to thresholds or internal
state variables that are not updated correctly, which may
result in erroneous decisioﬁs. The result would be a reduced
quality of the reconstructed audio signal.

2. Voice activity or speech detector 20 forms its speech/back-
ground sound decision using incoming filter and excitation
parameters and also internally updated states, i.e. old
incoming parameters and additional a priori information. Bit
errors may therefore result in immediate erroneous decisions
in the receiver, which leads to reduced quality of the recon-
structed audio signal. Furthermore, since the current decision’

also depends on old incoming parameters, bit errors may also
influence future decisions.



2.7 Voi ge activity or speech detector 20 forns its speech/back- ground

sound deci si on usi ng incomng filter and excitation paraneters and al so
internally updated states, i.e. old i ncom ng paraneters and additional a
priori information. Bit errors may therefore result in inmediate
erroneous deci si ons in the receiver,8which Ieads to reduced quality of
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The actions t I'n OI’ O coun I N case

stationary baRber @eﬁdlsomlsi gh%u asureapced s‘é‘\‘/%]r’a‘FY wafs recopsrughed
erroneous deghsdifrduMées eduli Qiénﬂé ors 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 4lecthe @ctiopsetihat arghuged Har ©XdeTaEPUBPIRTSF SWAFLSRGAp case

bﬁc kgr Ollind Soédlfl% E"tﬁ%ﬁaﬁary ba%&ara{xﬁe ATV s;@lﬂﬁlt Bﬁﬁﬁéﬁﬁ.& sbecrdlaragter of
t he bac groun sound poment ari Ly e da} Qer

annoyi ng. ?)‘éa?‘éoeﬁﬁriea‘ﬁs ggﬁéﬂ@%ncasﬁu g8 \é\‘gf‘%d?ga I'ng <£sp hfre
stationary baekfectinis sthatisspeect s Idreeroxasd] evhen n%eS‘Fil'?PémachMant s

are in e”ECt?PHm‘:&‘gs&@ﬁdti@“éfi-é:@ébmy\ﬂ&é\té@&d Vend & a4€6i-SSHaulifg
excessive swiching take, pl ace e%ecgﬂse of hit errors,, this V‘D(Lé;p%e%% very

di st urbi ng. actions are initiat e oppos::.te erroneous ’dec:Lsa.on
when there is actually a stationary 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/-
stationary background sounds is also undesirable, since time
constants are in effect during the transition between the two
states. Should excessive switching take place because of bit

errors, this would be very disturbing.

5. The actual anti-swirling actions in parameter modifier 24
(essentially spectral low pass filtering in combination with
bandwidth expansion, as explained in detail in the above
Swedish Patent Application 93 00290-5) suffer from bit errors.
one effect occurs because of erroneous declsions from speech
or voice activity detector 20 or from signal discriminator 22.
In these cases the updating of the low pass filter may be
initiated or turned off, causing a deviation as compared to

the case of a perfect channel. Another effect occurs when
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(essentially spectral |low pass filtering in conbination with bandw dt h
expansion, as explained in detail in the above Swedi sh Pat ent

Appl i cation 93 00290-5) suffer frombit errors. One. effect occurs
because of erroneous deci sions from speech or voice activity detector

20 or from signal di scri m nat or 1% these cases the updating of the
| ow pass filter

initiated or tur of f, . causin evi ation as
conpared to hef“‘r% ?fse”‘é:f eﬁrBEFfﬁg‘Fechaﬂﬁte © RRSEREF e*?g%’tmag?ﬁﬂ Fhtren
9 t here ar efdrds dtheoldowaphest Ehltete ag‘gﬁe(nh&abandfve@mtémrtmn Bogibd s
the |ow pass fijhd£s %ﬁ&ﬁshﬁagaag%ét?uﬁw&*éahctﬁghh 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- 6. AxeposhEitterakifecspesdt rdgcaden 26 fwheaprenl Pyeseny) sdas -
tive, and si nC§1rhilef@¥u%lEﬁQ' Qé”&ééiﬂ::lb\édt ha S&ttrsvis!.| bBgve. BlS@HdddyD

bit errors can a signific duction of. t he reconstructed
speech signal . T e, 7t g‘f ‘i % ge#‘é%m’ig RETCRRMIHY IRFY A Fdnce
each ot her . tFee, eammen@m iatrmwe memsmbaitedw hypethsh aRtieciwoirling?(

may result in gi Ipgati aﬁr&fs Qatfgi@eef s8hfDB cant QuatE LY NI tith
'Th|S|nturnW| nfluencq_f 33 crl{nnator 22 for a significant
period of time®* cCERRITRFONSTFEGIE dsﬁﬁﬁﬂ‘t?ﬁ he anti-swirling actions.

Fro_m t he above d| scu55| on it is cl ear t hat transm ssion errors can resul t

in incorrecy updat bRfefisi 8L8EPRbed ABARL e:ﬁa;pfcemer@ prelcs! eﬁtﬂrue%&e d4He!

di scrimnator 22, paraneter n‘ﬁ\f‘ef ier 24 or E‘bl nat i onf the‘fﬁfg'e

accor dance wi t AERFE- Fo& TR R Y (ﬁ?rtoﬁ‘ggé‘s EGLEHER at® § ode'o‘f‘e"‘:or

elimnated by ROdinfay ngeswkt uﬁnatstqpmdacapéauimg neff rawmEfers whi cdignal

transm ssion egfgfsiffystor 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 transmission errors
can result in incorrect updating of internal variables of speech
detector 20, signal discriminator 22, parameter modifier 24 or
combinations thereof. In accordance with the present invention
these problems are reduced or eliminated by modifying the
updating process during frames in which transmission errors have
been detected. This modified updating will now be described more
in detail.

Deciding means 16 receives "soft" information on the reliability
of bits from demodulator 12 and equalizer 13, and the results of
CRC-checks from channel decoder 14. Deciding means 16 then
determines whether bit errors have occurred or are likely (from
the "soft information"). Furthermore, ‘it is decided whether
possible bit errors influence the filter or excitation parame-
ters. If this is the case, and if these bit errors occur in
parameters that significantly influence the operation of speech
detector 20, signal discriminator 22 or parameter modifier 24, a

corresponding signal is forwarded to concealing means 18. This
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ter

10 can i IS aNCebent e ca08 1L 4G RALANELEr 600

franme energfcorﬁ | 95 0N B ADF & bit e rors. Dependi'ng on the para

t hat cont alerPDi I8 P recntxnic ddid mparadiieon] @ dihe sirdadiingh @roFerat Pén of
Ej he updat ;%tgrﬁswml g_gf igdel .aamoad'glﬁa kz?tr&aaaéssmt &p\ﬁ@bhalalegz}ctarsneech
et ector sig l.serimn r an rameter. .oodi fjer . AS

"t cat ed DRt RiRePhE 8Tl AEantUATRERL IR0 24 Tad Sndiaren, 0
i ncl ude: by conxtaedi hinem P 8 1d Bht eraapectinel XrafbabrarodiHicadignsl e

t hr eshol dsjin®fuddeech detector 20 when a bad frane is detected. This
inplies that the internal variables of speech detector 20 are | ocked to
the sane value as in the previous frame, or that the updating of these
stat e variabl 8sopring uwpdating @f (intaxnalarstafiesvariebddsy (Rerumkaredeby

smal | er ] dapeuﬁégxéﬂm ugdaldpeectr a8BEEBSF ay | QRehS d Ova@Cketdis dggi sion
I N Speec e

non: - ccoptaBrEtda R B APRE AT RoE I Bl G Rl SPERRLER (T et
detector 20 are locked to the same value as in the previous
frame, or that the updating of thesé state variables is
restricted (state variables can only be updated by smaller :
amocunts than usual).

- Another action is to lock the decision in speech detector 20
to the decision from the previous frame in case a non-
acceptable frame containing transmission errors is detected.

- If a non-acceptable frame containing transmission errors in
excitation parameters that are relevant for stationarity
decisions has been detected, the updating of the buffers in
signal discriminator 22 can be stopped or restricted.

- Another possibility is to lock the decision of signal dis¥
criminator 22 to the decision of the previous frame.

- If the received frame contains transmission errors in bits
containing spectral information 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 he lacked to



- "¢ 1f & non-acceptabl e frame containing transmission errors in

excitation paraneters that are relevant for stationarity deci si ons has
been detected, the updating of the buffers in signal discrimnator 22
can be stopped or restricted. - Another possibility is to | ock the
deci sion of signal dis- crimnator 22 to the decision of the previous
frame. - If the received frane contalns transm ssion errors in bits
contai ning spectral information the upda ng of i nternal filter

coefficients ogﬂga{ﬁt@toefr Hﬁ%dhfr et oad gggﬁgol ling | ow pass filtering
be

and/ or bandw di'h~expansion ca st oppe restricted. The
spectral tilt of a possible post filter can be |locked to
the tilt of sihee @idfiegeatiratmived Panaretefs endluenceed btk rrartahboeks in

i nfluence dif nggq (@g@%@:ﬁ b&%&% 8ol Q§Bﬂ§§hﬁ£’§5ﬁ(ﬂﬁfat%g‘ 231 ameter

di scri m nat or

bl'e po [te
appr eci at edmpﬁafl%ez‘bra%\ﬁér%ﬂsﬁﬁb]t%é’?ét%g'}%sfﬁg céﬁ bép?aREﬁCI%é%%nH}% on
where in theneesei saefalane thesdidcteians sahabe tdem deependdng on rwhere

above di scUsgi Q! Lol Al ¢-ARA" 8READEE LPArd Tndved BeEhS AethBResl TOr'S ocCUr

in a certainreceived paranmeter for consecutive frames, the corresponding
internal state variable of the corre- sponding bl ock of the receiver wll
be | ocked t an(the et nstysdiomkdd 19)alds appiceciated hehd atids transwised

frame in whigh Lhe,cordeiRondi 0o NALANP et Y0sa COLESididr F3EeLYRGecutive
frames, the corresponding internal state variable of the corre-
sponding block of the receiver will be locked to (or essentially
locked to) its value in the latest received frame in which the

corresponding parameter was correctly received.

A preferred embodiment of the method in accordance with the
present invention is illustrated in detail by the two PASCAL
progran 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.



A prefgrred enbodi ment of the nmethod in accordance with the present
invention is illustrated in detail by the two PASCAL program nodules in the
attached APPENDI X. It will be understood by those skilled in the art that
various nodifications and changes nmay be nade to the present invention

“w thout departure fromthe spirit and scol2 thereof, which is defined by

t he appended cl ai ns. 12
APPENDI X [INHERI T (' spdSdef')] MODULEPRENRR*rx (i nput, out put);
CONST nr sub bl ocks = 4; nr_acflags in =
10; r innERTac Lpagysed) T 8; bur st const 3
hangconst L 5; framesavO = 4, VAR
adapt count"OPULE V[e‘gfliﬂjﬂxefxl NRRER CUtBUEG, ¢t hr eshol d } t hvad
. [ STATI ] DQJBLE { For threshold } rvad . [ STATI ]
ARRAY [0 .. nr_agiydm@gs_used] OF REAL;
bur st count . [ STATI C] | NTEGER; { For overhang } hangcount
. [ STATI C] | NTEGER; { For overhang } n . [ STATI C]
ARRAY [-I|..nr sub blrotlssibl plocks = 4; OF
| NTEGER, nr_acf_lags in = 10;

nr_acf_ lags used = 8;

burstconst = 3:

hangconst = 5;

frames_avO0 = 4;

VAR

adaptcount s [STATIC] INTEGER; { For threshold }

thvad : [STATIC] DOUBLE: { For threshold }

rvad : [STATIC] ARRAY [0..nr_acf lags_used]

OF REAL;

burstcount : [STATIC] INTEGER; { For overhang }

hangcount : [STATIC] INTEGER: { For overhang } '

n : [STATIC] ARRAY [-1..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;

lthresh : [STATIC] INTEGER:

nthresh : [STATIC] INTEGER;

acf_old, av0

[S?ATIC] ARRAY [-frames_av0..0,
O0..nr_acf lags_used]
OF REAL;
aavl,ravl,avl : [STATIC] ARRAY [0..nr_acf lags_used]
OF REAL;



| dst_drh [ STATI C] REAL: { For VAD )} ol dl ag_count

. [ STATI C] | NTEGER; very old lag count : [STAT-1C] | NTEGER; .
t hresh : . [ STATI C] REAL; | t hresh . [ STATI C]
| NTEGER, nt hr esh 13 - [STATIC] INTEGER . acf
ol d, avO . [STATIC] ARRAY [-framesavO ..O0,

0. Qr aCE |a%ia pEad] ﬁf&?FC] ARR&Y§STATIC] INTEGER; . OF REAL;

aavl, ravl, av c use

OF REAL; hangover STATIC? Eﬁégggﬁ el apsedf ranes ;

[ STATI C] INTE@EBph _dtxsp_hangover [STATIC] BGORERN} | NTEGER; speechdt x
. [ STATI C] BOCLEAN, sp_old . [ STATI C] BOOLEAN

PROCEDURE schur _pas ( acf : ARRAY [Al..A2:|INTEGER] OF REAL;

VAR rc : ARRAp_[cBH . B2: | NTEGER]: TATIC] BOOLEAN; _ REAL
mdim : INTEGER ); EXTERNAL; PROCEDURE st epuppas ( rc . ARRAY

[ ALl. . A2: | NTEGER] OF REAL; VAR a ARRAY -
[Bl..B2P E §chur_pas ( acf : ARRAY [Al..A2:INFEGER] OF REAL;
mdi m : | NTEGER ); EXTERNAL; vARGEDURERRAYt §BldeB2¢ (INTBGER] J3EAL;
sp_1 : BOOLEAN, rEXAR sp @ BOOLEAN); EXTERNAL;

mdim : INTEGER ); EXTERNAL;

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

VAR a : ARRAY [Bl..BZ:INTEGERl OF
' REAL;
mdim : INTEGER ); EXTERNAL;

PROCEDURE Flstat_det rx ( pow : REAL;
sp_l : 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;
rvadf{l] := -4;



PROCEDWRE Fl stat _det rx_init; EXTERNAL; [GLCBAL]_PROCEDURE FLvad _i ni t-

{ MUST be called fromstart} VAR Iy ] | NTEGER, = BEG N
{ threshold } adapt count : = 0; t hvad : = 1000000; rvad[ 0] =
6, rvad[ 1] - 4, 14. rvad[ 2] :=
1; FOR i := 3 TO nr_acf_lags_used DO BEG N rvad[i] := O;
END; { end threshold } 14 { vad } ol dl agcount : =
0; very old_lag count := O; n[3] := 19; hangcount := -1,

rvad[2] := 1;

FOR i := 3 TO nr_acf lags_used DO BEGIN

' rvadfi] := O:
END;

{ end threshold }
{ wvad }

old_lag count := O;
very_old_lag count := O:
n{3] := 19;

hangcount := -1;
burstcount := 0;

last_dm := O;

thresh := 0.05;

lthresh := 2
nthresh := 4;

N8

FOR i := —~frames_avO0 TO -1 DO BEGIN
FOR j := 0 TO nr_acf_lags used DO BEGIN
acf oldfi,j]l := O:;
avO[i,j] := O:
END;
END;

{ end vad }

elapsed frames := 24;
sp_hangover := 0O;
speech dtx := TRUE;
sp_old := TRUE;
Flstat_det_rx init;
END; { init_vad dtx }

PROCEDURE vad_thresh (



bur st cdunt : = 0: | ast_dm:= 0; thresh : = 0.05: | t hr esh 2:

nt hresh : = 4; FOR i := -franesavO'TO 1 DO BEG N FOR | : = b
TO nracfl ags_used DO BEG N acfold[i,]] := 0;
avgi,j] := 0; END; END; { end vad }
el apsedfranes : = 24; sp_hangover := 0; speech dtx TRUE;
sp_old : = TRUE; Fl stat _det _rx RLRit; END { init_vad dtx }
PROCEDURE vad_t hresh ( 15
acf0 : REAL; { 3¢Hput BEAL; { Imputt ;) ARRAY
[Al..A}2: | NTEGER] ravl : ARRAY [Al..8B: RENTEGER]
| nput ‘ st at N; Input
ptch : BOOLEAN: { Input }"PC&Eﬁ { p‘\P&Hl }DOUBLE
{ Qutput } { Commmon vastabl esSBO@BEAN; ( all output {§{ Input }
ptch : BOOLEAN; { Input }
pvad : DOUBLE { Output }
):
{ Common wvariables used: ( all output )
adaptcount initially set to 0
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 = 80000000;

VAR
i : INTEGER;
BEGIN

IF acfO < pth THEN BEGIN
thvad := plev;



adapt &bunt  initially set to 0 t hvad initially set

to 1000000 rvad initially set to rvad[ 0] : 6
rvad[1] : -4 . ' rvad[ 2] : 1
rvad[3-8] : O CONST pth = 300000; - pl ev
= 800000; fac = 163; adp = 8;

I nc = 16; dec = 32; mar gi n

80000000; [ . | NTEGER; BEG N | F acf0 <
pt h THEN BEGI&ND\Q&§E BE%%nad := plev; :
16 END ELSE BEGA N | F NOT (stat AND NOT ptch) THEN BEG N

IF NOT (stat AND NOT ptch) THEN BEGIN
adaptcount := 0;
END ELSE BEGIN
adaptcount := adaptcount +1 ;
IF adaptcount > adp THEN BEGIN
thvad := thvad -~ thvad / dec;
IF thvad < pvad*fac THEN BEGIN
thvad := MIN (
thvad +thvad/inc,
pvad*fac);
END;

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

END;

FOR i := O TO nr_acf lags used DO

BEGIN
rvadl[i] := ravl(il: ‘
END;
adaptcount := adp + 1;
END; '
END 7
END;
END; { Procedure }
PROCEDURE FLvad_rx 1 ( _
acf_in : realACFType; : { Input }

ltp lags : integersubframeltptype: { Input }
VAR wvad : BOOLEAN): { Output }

{ Common variables used:

n{-1..3] : 1tp_lags Input/Output



adapt céunt . = 0; END ELSE BEG N adapt count : =

-adapt count +1 | F adapt count > adp  THEN BEG N
thvad := thvad - thvad / dec; | F thvad < pvad*fac THEN
BEG N thvad := MN .
t hvad +t hvad/i nc, pvad*fac);
END, | F thvad > pvad+margi n THEN BEG N .
thvad := pvad + ng{8i fgcount : END,  1nput/output FOR
= 0 TO nr_acf _| ags useﬁ

BEGIV veryoldlagcounpvad[l] - rav|[i];Input/Output END
adapt count : = adpthvad EN&hreshold END; - END; END; {
Procedure } PROCEDURE FLvad rx_1 ( acf _in real ACFType;
{ I'nput } ltp_ | ags : integersubfraneltptype; { I'nput }
VAR vad : BGEREAN); _ { Qutput } { Common vari abl es
used: : n[-1..3] . Itplags | nput/Qutput
17 '

ptch,

vvad,

stat : BOOLEAN;

lag_count,

smallag,

i,j.k : INTEGER;

acfo,

dm,difference : REAL;

pvad : DOUBLE:;

rc : ARRAY [l..nr_acf_ lags_used]

OF REAL;

BEGIN

n[-1] := n[3];

FOR i := O TO 3 DO BEGIN
n{i]} := ltp lags([i]:

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_o0ld{0,k] := acf_ in(k]}:



o]-:'dl a.g'éount | nput / Qut put ver yol dl agcount

| nput / Qut put t hvad t hreshol d VAR

pt ch, vvad, st at . BOOLEAN

1 ag_count, smal | ag, - i,j,k . ILNTEGER

acf O dm di f ference (18EAL; pvad

DOUBLE; . rc : ARRAY [1 ..nr_acf_| ags_used]

OF REAL; END; BEG N n[-1] := n[3]; FORi := 0 TO 3 DO BEG N
nfi] :=I1tp_lags[i]; END, FOR i := -framesavO TO -1 DO BEG N
FOR k := 0 TO nr acf |lags_used DO BEG N acfold[i,k] :=
acfol d[i +l , k] Adaptive filteringy@nd igneegyvcppputafion. } END

END; FOR k := 0 TO nr_acf_lags_used DO BEG N acf _ol d[ 0, k]
:= acfin[k];

pvad := rvad[0] * acf_o0ld[0,0];
FOR k := 1 TO nr_acf_ lags_used DO BEGIN

pvad := pvad + 2.0 * rvad[k] * acf old[0,k]:
END;

{ ACF averaging }

FOR k := 0 TO nr_acf_lags_used DO BEGIN
av0[O0,k] := O;
FOR j := 0 TO frames_av0-1l DO BEGIN
av0[0,k] := avO[O,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
ravl[i] := ravl[i] + aavl[k] * aavl[k+i]:;
END;
END;

IF av0[0,0] <= O THEN BEGIN
dm := 0
END ELSE BEGIN
dm := ravi[0] * av0[O,0];
FOR i := 1 TO nr_acf lags_used DO BEGIN
dm := dm+ 2*ravl[i]l*av0{0,i];
END;



18 END; { Adaptive filtering and energy conputation. } pvad rvad[ 9

* acfold[0,0]; FOR k 1 TO nracfl agsused DO BEG N pvad := pvad + 2:0
* rvad[ k] * acf_old[O, k]; END { ACF averaging } FOR k :=0 TO
nr_acf | ags_used DO BEG N avgJ 0,k] := 0; -FORj := 0 TO
frames_avO- 1 DO BEG N avg O k] := avgOKk] + acf_old[-j,K];
END; avl [k] := av( -franmesavOlR]; END; { Solve the equations system
} schur _pas (avl,rc,nracfl agsused); stepuppas (rc, aavl, nracfl agsused);
FOR i := 0 TO nr Ssf: 4 a3/ 38R0 00 BEG N ravi[i] := 0; FORk :=0
TO nracfl agshgpd-i DO BEG N - ravl[i] :=ravl[i] + aavl[k] *
aavl [ k+i ]; - END; END; |F av(J 0,0] <= 0 THEN BEG N dm:= 0; END
ELSE BEG N dm ravi[0] * avg O Q; FORi := 1 TOnr_acf_|ags
used DO BEGdifference :=#ndm=dhasf*dayl[i]*avJ O i]; END;

stat := ABS(difference) < thresh;

last_dm := dm;
ptch := ({(old_lag count+very old lag count) >=nthresh );
acf0 := acf in{0]:;
vad_thresh (acf0,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;
burstcdunt := burstconst;

END;

vad := vvad OR (hangcount >= 0);

IF hangcount >= Q0 THEN BEGIN
hangcount := hangcount -1;
END:;

lag_count := 0O;

FOR j := 0 TO 3 DO BEGIN
IF n(j] > 19 THEN BEGIN
smallag := MAX(n[jl,n[j-11) MOD
MIN(n{j]l,n(j-11): |
IF MIN(smallag,MIN(n[jl,n{j-1])-smallag) <
lthresh THEN BEGIN

lag_count := lag_count + 1;
END:



19 i dm= dnmiavg O, g ; END; difference : = dm- last _dny stat :=
ABS(di fference) < thresh; last_dm:= dm ptch :=

((ol dl ag_count +very ol d | ag_count) >=nthresh ) acfO := acfin[Q; vadthresh
(acfO, ravl, stat, ptch, pvad); vvad := (pvad>thvad); iF vvad-THEN BEG N
burstcount := burstcount + 1; END ELSE BEG N burstcount := 0; END
| F burstcount >= burstconst THEN N hangcount := hangconst;
burstcount := burstconst; END vad : = vvad OR (hangcount >= 0); | F
hangcount >= 0 T ‘BEG N hangcount := hangcount -1; END, | ag_count
.= 0; FOREND;= 0 TO 3 DO BEG N I|F n[i] > 19 THEN BEG N
smallag := MAX(n[j],n[j-1]) MOD MN(n[j],n[j-l]);i
very old_lag count := o0ld_lag_count;

old_lag count := lag_ count;

END;

PROCEDURE FLdtx hand rx 1 ( wvad : 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_dtx := FALSE;

END;

END ELSE BEGIN

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

END ELSE BEGIN



fﬁ Mrﬁésnallag,M N(n[j],n[j-1])-smallag) < " “lIthresh THEN BEG N

| ag count := |ag_count + 1; END;
20 END; END; very old lag _count := old |ag_count;
ol dl agcount := | ag_count; END; PROCEDURE FLdt x_hand_rx_1 ( vad :
BOOLEAN; { I'nput } VAR sp : BOCLEAN);
{ Qutput } BEG N | F el apsedfranes < 24 THEN BEA N
el apsedfranmes := el apsed frames + 1; END; | F speechdt x THEN
BEG N | F varF EifchhaBigddér < 5 THEN BEGIBp : = TRUE;
frams = 25 THEN pea N SPeABSBCL- Splhangoyer 1 1, T Ol APSE
IF elapsed_frames = 23 THEN BEGIN*®
elapsed frames := 22;
END; |
END;
IF sp_hangover > 4 THEN BEGIN
elapsed frames := 0;
sp := FALSE;
END ELSE BEGIN
sp := (elapsed_frames > 23):;
END;
END;
END;
END;
[GLOBAL]
PROCEDURE FLvad_rx (
acf_in : realACFType: { Input }
ltp lags : integersubframeltptype:; { Input } ]
FlbadQuality : BOOLEAN: { Input }
VAR sp : BOOLEAN): { Output }
VAR
vad : BOOLEAN:
spl : BOOLEAN;
BEGIN

IF NOT FLbadQuality THEN BEGIN
FLvad_rx 1 (acf_in,ltp lags,vad);

FLdtx_hand_xrx 1 (vad,spl);
FLstat det rx (acf_in[0],spl,sp);

~ IF NOT use_ stat_det THEN BEGIN



r
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ENb; ! sp := (el apsed franes > 23); © ‘speech dtx

: = FALSE; END; END ELSE BEGQ N | F vad THEN BEG N .
sp : = TRUE; speechdt x TRUE; END ELSE BEG N

21 | F sp_hangover < 5 THEN BEG N .

sp_hangover := sp_hangover + 1, | F el apsed_franes = 23
THEN BEG N el ap&®ed_frames := 22;

END; END; ) | F sp_hangover > 4 THEN BEG N

el apsedframes : = 0; sp := spli  gp . = FALSE; END
ELSE BEG N END; Sp : = (el apsedfranes > 23);

END; -END; ENQ;~§NQb' [ G.OBAL] PROCEDURE FLvad_rx (

acf _in : real ACFType; ’ | nput } ltp | ags
|ntegersubfraneltﬁNPp@LSE BFGENput FIl badQual ity : BOOLEAN

{ I'nput } VAR o= %JOE%N) { Qutput }

VAR SEP 2 spl . BOOLEAN

END;
END.

[INHERIT ('spdsdef')}]
MODULE as_actions_rx (input,output);

{ "Global" (for the module) wvariables }

VAR

FLfilter_ filter state
FLfilter filter_ coeff
FLfilter filter gain
FLfilter post_state
FLfilter post coeff
FLfilter post gain
FLfilter my state
FLfilter my_ coeff
¥Lfilter_my gain

[STATIC] realArraylOType:;
[STATIC] REAL;

[STATIC] REAL;

[STATIC] realArraylOType;
[STATIC] REAL;

[STATIC] REAL;

[STATIC] REAL;

[STATIC] REAL;

[STATIC] REAL;

FLexpand_factor
first_sp

[STATIC] REAL:;
[STATIC] BOOLEAN;

{ External routines }

PROCEDURE stepdn_unstable_special pas ( , _
a : realArraylOType: { Input }

VAR rc : RealArraylQType: { Output }
VAR unstable : BOOLEAN):; ~ { Output }

EXTERNAL;



BEG N™ | F NOT FLbadQual ity THEN BEG N FLvad_rx_1

(acfin, Itplags vad);. - FLdtx_hand_rx_1 (vad, spl);

FLst atdet rx (acf_|n[C],spI,sp) | F NOT use stat det THEN BEG N
22 Sp : = spl,; END;

sp_old := sp; END ELSE BEG N sp :=sp_old; *
END; . END; END. [INHERIT d$def')] MODULE as_actions_rx

(|?prt ou;put) "d obal " (fg P the modul e) vari abl es } VAR
FLfilter_ - LSTATIL (] Arrayl OlType;

FLfil ter_fﬁj”‘ﬁ D‘ﬁ‘@ﬂaﬁgcepd“ %Eﬁ"i\’r?g { FLilter filter gain

. [STATIC] REAL; BLfilter posealAmgaylOType; sTAT| € Input )

real Arrayl OType; var Ekfilter pméarme:fafylo'rype)[.STATl d OREAht 3
FLfilter pﬁ§%ﬁéﬁHL° . [ STATI C] REAL; _

PROCEDURE FLpostCoeffCalculation(

ZFLacfW : realACFType:
VAR ZFLetaCurr : realArraylOType ):
EXTERNAL;
PROCEDURE FLcalculateACF(
FLalphaCurr ‘¢ realArraylOType;
VAR FLacfW : realACFType ):
EXTERNAL;

PROCEDURE FLcalculateautocorrfunction(

o . FLalphaCurr : realArraylOType:
T 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 transferred as COMMON }
BEGIN
FOR m := 1 TO nrCoeff DO BEGIN
FLfilter filter state[m] := O;

FLfilter_ post state[m] := O;
END;



FLfilt&rny state . [STATIC] REAL; FLfilter_ny_coeff

. [ STATI'C]" REAL; FLfilter _ny_gain . [ STATI C] REAL
FLexpand f act or . [ STATI C] REAL; first sp ’

: [ STATI C] BOOLEAN, { External routines } . PROCEDURE

st epdnunst abl e speci al _pas ( a : v
real Arrayl OType; { Input } 24 VAR rc X

Real Arrayl0Type; { Qutput } VAR unst abl e :
BOOLEAN) ; FLEilter mP4fake J:= 0; EXTERNAL;

23 PROCEDURE stggdnsgetlaT as (- a

real Arrayl OTypefi¥st_sp jgptRUE? ' VAR rc

Real Arrayl OType); { Qutput } EXTERNAL; PROCEDURE

FLpost Coef f Cal cyl 8hLOB6110wing cou¥d s ipaced in roM 3 @ real ACFType;
VAR ZFLet aCurr ;" real Arrayl OType ); EXTERNAL; PROCEDURE
FLcal cul at e ACK( FLal phaCurr real Arrayl OType; VAR
FLacf W FLEfdAkAEFTypee) | cEREERNAIEXP( RROZEBLURESO.0) )

FLcal cul at eaut 0g9Ie5h B! hPNkoers := Exp(ElRlONYMS*50.0))Eeal Arrayl OType;
FLfilter post_coeff := FLfilter my_coeff;

FLfilter_ filter_gain := 1 - FLfilter_ filter_ coeff;
FLfilter post_gain := 1 - FLfilter_ post_coeff;
FLfilter_my_gain :=-1 - FLfilter my_coeff;

IF FLbw_exp >= O 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: ',6FLexpand_ factor);
WRITELN( 'FLv_post: ',FLv_post);

{ ### )

END;



VAR FiacfWw

actions_rx_init;
{ sone things.

real ACFType );

} VAR

FLbwexp is transferred as COVMON }

EXTERNAL,;

m : | NTEGER
BEG N

BEG N FLfilter filter_state[n] := O;
FLfilterpoststate[n] 0; END; 25
FLfiltermystate := O; first_sp := TRUE

pl aced i n [ROMBAL]

FLfilterfiltercoeff :=

FOR m:

1 *
EH: : :2; WE FLE&(P%E#‘PA;O’: > t52r0)21| n:.:=1-
FLfilterpost_gain :8P1 - FLfil ter poi0 ‘ggfe”f’f
FLa_in : realArraylOType:;
FLrc_in : realArraleType,
FLbadQuality : BOOLEAN,
VAR FLa pres : realArraleType,
VAR - FLrc_pres : realArraylOType;
VAR FLa post_pres : realArraylOType;
VAR FLetacurxr ¢! realArraylOType:;
VAR FLmy use : REAL);
VAR
m : INTEGER;
FLdum ¢ REAL;
' FLRC_temp : realArraylOType;
unstable : BOOLEAN;
FLacfw : realACFType:
i_ab : INTEGER;  { ### }
-eta_temp : realArraylOType; { ### }
BEGIN

FOR m := 1 TO nrCoeff DO BEGIN

FLa_post_pres[m]

END;

IF sp THEN BEGIN

{FLfilter my state :=

FLmy use :=

{ The follow ng could be
EXP(-1.0/(4.0*50.0));

FLfilterpostcoeff :=
FLfiIterfiIter;:oeff;

FLfilter my coeff *

FLfilter my state +
{ #4#% )

FLlmy:

FLfilter my gain * FLmy;}

[ GLOBAL] PROCEDURE FLas
{ MIST be called first to initilize }

NCOTE
1 TO nrCoeff DO

24

In
In }
In 3}
In }

}
Out }
Out }

In/Out
{ out )}

el el el lele
(o)
c
ct

¢= FLa_in[m] * FLnyweight[m];



FLTilt'er my_gain : = -1 - FLfilter_ny_coeff; | F FLbwexp >= 0 THEN

BEG N FLexpandfact or : = EXP(-FLpi *FLbwexp/ 8000. 0); END ELSE-
BEG N FLexpandfactor := 1, END; { FLexpand_factor :=

EXP( - FLpi *100. 0/'8000. 0) ; } {FLexpand_f act or :="EXP(-FLpi*400.0/8000.0);}
{ ### } { ### }

fil fil f
WRI TELN(' FLfilterfi tercggﬁlm FLIFL.#dq{ éféfelbg(:%%g;}c[%{)

WRI TELN(' FLfilter _filter n: | ter

WRI TELN(' FLfiltermy coeff: ' T—‘Hm%%‘%["}iy 'C'oé'fl‘F’)-;l

WRI TELN(' FLfilter_ny _gain: ' FLJf'd:lﬂiﬁsmiyj gal FLrc_ :Ln[m],

VWRI TELN(" FLf il ter_post_cgﬁf)t: , FLfi | t er post coeff);

WRI TELN(' FLfilter post gal nf FLfl | ter _post _gain); VRI TELN(' FLbwexp:
', FLbwexp) ; VRI TELN(' FLexpand_f actor: ', FLexpandfactor);

WRI TELN(' FLv_post: ', FLvIpO§iyst sp THEN /BEGIN END,

25 [ GLOBAL] PROCEDURE FLas ag:#a&ps ”‘Fﬂex;ﬁ_nd factodh?

BOOLEAN;

real Arrayl OType; { I n FQR m := 1 TO F}HQS’eiﬁf Do BEGIN

real Arrayl0Type; { In '} Flfilter Wdﬁa&mm : =BOOLEAN;
{ In } VAR  FLapres eal vl % { Qut }
VAR  FLrc_pres ' . real Arrayl yﬂ[")‘—"e—:u{ﬁ'r“;]a Vi

FLfilter post_state[m] :=
FLa_post_pres[m] * FLdum;

FLdum := FLdum * Flexpand factor;
END;
END;
END ELSElBEGIN

IF NOT FLbadQuality THEN BEGIN
FLfilter my state := FLfilter My coeff *
FLfilte:me_state +
FLfilter my gain * FLmy off;
END; '

FLmy use := FLfilter my_state;

FLdum := FLexpand factor;
FOR m := 1 TO nrCoeff DO BEGIN
IF NOT FLbadQuality THEN BEGIN
FLfilter filter state[m] :=

FLfilter_ filter_ state[m] ¥
FLfilter filter_ coeff +
FLfilter filter gain *
FLa_in[m] * FLdum;

FLfilter post_state[m] :=



VAR ll':Lapostpres . real Arrayl Olype; { Qut } VAR  FLetacurr

real Arrayl OType; { I'n/Qut VAR  FLny_use . REAL) ;
{ Qut }- VAR m : | NTEGER, - FLdum ;
REAL; FLRC_tenp :real Arrayl OType; unstable : BOOLEAN
FLacfw . real ACFType; i 5ab | NTEGER, { ### } ~
etatenp real Arrayl OType; { ### } BEG N FOR m:= 1 TO nr Coeff
DO BEQ N FLapost _pr e%ﬂllmflﬁg@g@gte[ﬁtnymm ght[n; END;
| F sp THEN BEG N {FLflIter'qy state lter _nmy_ coeff *
FLfilter _ny_state + - FLEilx *ny_gain * Fery ) { ### )
FLny use . FLny; FLfllZﬁr _postF@RImMm*= 1 TO
nr Coeff DO BEG N . Fla_prgsddst - pxFés"’td]nL*”FLdum,

END;

FLa_pres(m] :=
FLfilter_ 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); . { Out ¥~

IF unstable THEN BEGIN
WRITELN( 'Unstable a-parameter (as_actions_rx)');
' FOR m := 1 to nrCoeff DO BEGIN
FLa_presim] := FLa_inim];
Fch_pres[hj = Fqu_in[m];
END:;
END;

stepdn_unstable_special_pas (
FLa_post_pres, { In }
FLRC temp, { Out }
unstable); { out }

IF unstable THEN BEGIN
WRITELN( 'Unstable post_filter (as_actions_rx)'):;



FLr’=c-_pr~és[ m := FLrcin[n; END, |F first_sp THEN BEG N

FLdum FLexpandf act or; FOR m 1 TO nrCoeff DO BEG N
Flfilter filter _state[n] := FLa in[m * FLdum
FLfilter post_state[n] := ' Elga post pres[n * FLdum
FLdum : = FLdum * Fl expandf act or; END; END; END ELSE BEGQ N
| F NOT FLbadQual ity THEN BEG NFLdum := FLékpanhd efantatate : =
FLfilter_my_coeff * FOR m := 1 TO anoeff FIH 'éécﬁfmy state +
FLfilter_ny_gain * FLny_off; END,
FLfilter _my_state; FLdum = Fféﬁpaﬂﬂti26§§ﬁmr_'= Flegdnfml *1 10
nr Coef f DO BEGQ' N | F NOT FLbadQual ity THEM.BE@Ei¢ht{m]* Fldum;
FLfilter filter state[n] := ¥ [[m *
FLfilterfiltercoeff + FLaug, ;7 Py, t?ﬁ”é’&a‘ié“%—'ﬁ&r&
FLa_in[ni * FLdum END;  FLfilter poststate[nj

END;

FLcalculateACF (
FLa_post_pres,
FLACFw);

{Flcalculateautocorrfunction (
FLa_pres,
FLACFw);}

FLpostCoeffCalculation (
FLACFw,
FLetaCurr):;

END;
first_sp := (sp AND first sp);

END?;
END.



L

27 < 3 FLfilter post_state[n] * FLfilter post-coeff +.°

FLfilter_post_gain * ___FlLa post_pres[n] * FLdum END; A
FLa pres[n] := FLfilter filter state[n] FLa post _pres[m :=
FLfilter_post_st ‘“ \“I‘mmﬁm = Flzdd‘m* FLexpand fact'or; END,  {
Check for stabl | ﬂm m stabl e_speci al _pas (

FLapr es, I n*} CLAIMS FLRC pres, { Qut }

unst abl e) ; { Qut } | F unst abl e THEN BEG N WRI TELN(' Unst abl e a- par anet er
(as_actions_rx)"); - FOR m:= 1 to nrCoeff DO BEA N

FLa_pres[n 1: AArLappaaffus in a receivelr énppeffafe: basad radijorjicommunicBND;

ETD ftGPGﬂQHn% Ref, SP&S aboR88aling transmission errors in a s eech
a_post _pr

unst abl €) ; SS({;O%E %4) | B2RRS oY eﬂTﬁEﬁP‘gﬁ‘@ﬁ\?W%ﬁlﬁa'ﬂ%npmhécﬁ‘oﬁeﬁcﬁ er

(as_acti onsdexdpder ls 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 parameters repre-
senting background sounds transmitted over said communication
channel, said apparatus being characterized by: ‘

(a) means (12, 13, 14) for detecting frames containing
transmission errors;

{(b) means (16) for deciding whether a frame in which trans-
mission errors have been detected is acceptable;

{(c) means (18) for concealing said detected transmission
errors by réstricting updating of at least one of said
internal state variables if said detected frame is
declared non-acceptable by said deciding means.

2. The apparatus 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
decisions, said concealing means g18) restricting updating of

said threshold if said detected frame is declared non-~-acceptable
by said deciding means (16).

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 if said detected frame is declared non-acceptable by said
deciding means (16).



28 FLdum FLexpandf act or ; FOR *m

1 TO nr Coeff DO BEG N - FLa post _pres[m := '
FLa in[m * FLnywei ght [ n]* Fl dum
FLdum FLdum * FLexpandf act or; 30 END; -

END; FLcal cul at eACF

FLa_post prés, The apparatus of claim 2 or 3, ct;q;,qg:b@)r;ized by said filter

(Fl cal cul at E&Hér@&%ff WodliiF9ing means further including a Bltatposarity

Etﬁgw b detector (22) conn88%£9° %ff%cgh@bhgl_ &al% voice a.:tlv:n.t%

first_sp :=désecyoD {203t £Op) discrimgRptipgp, between stationary 99, RRN-
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
updating of said buffer if said detected frame is declared non-
acceptable by said deciding means (16).

5. 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 concealing means (18)
inhibiting updating of the stationarity/non-stationarity decision -
obtained from the previous frame if said detected frame is
declared non-acceptable by said deciding means (16).

6. The apparatus of claim 2, 3, 4 or 5, characterized by said
filter paranieter modifying means including means (24) for low': -
pass filtering of the filter parameters, said concealing means ¢
(18) restricting updating of filter coefficients of the low pass
filtering process if said detected frame is declared non-accep-
table by said deciding means (16).

7. The apparatus of claim 2, 3, 4, § or 6, characterized by said
filter parameter modifying means including means (24) for
bandwidth expansion of the filter represented by the filter
parameters, said concealing means (18) restricting updating of
filter coefficients if said detected frame is declared non-accep-
table by said deciding means (16).

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-

TR O D R



1. *An- apparatus in a receiver in a frame based radi o communi ca- tion
system for concealing transm ssion errors in a speech decoder (24) caused
by the conmuni cati on channel, which speech decoder is of the source-filter
type and is controlled by neans (20, 22,24) including internal state

vari abl es updated on a frane by franme basis for nodifying received filter
par amet er s reign-i8faid fekaskpdo firgmeo disd salaredi PPEdasFePteRte by said
comuni cat i ofech@iiteineand d1gppar at us bei ng characterized by: (a)

means (12, 13, 14) for detecting franes containing transm ssi on
errors; (b) means (16) for deciding whether a frame in which trans-

m ssion errofs -havethrdrinia eaeriver ddcaptipamne basgd) radige geemupgratien
Cogcea|ingf5@&§$éﬁ$EEBﬁ*E&édEHﬂ%?ﬁﬂﬂ%&nsmissioneéFQb%sbinraSbbb%bhngfcodgr
updating of at | east one of sal Lnfernal, state varl LT .sa
det ected frafBuTe by “he COEFPRF-ERTASR. gR %%?%bl"éhab%/h ssefled”% ecﬁﬁ% Sg n&3ng
2. The apparthessofrcéafiitler ctzpacerdi gonpbiseai Aepnst dncudingt dnternal
nodi fyi ng nMegggted NFAMHHRIE A upRbeedashi ¥i E¥afiet B¢t HFane Dasild Fodt morasyidg
threshol d for %gfe%/ bgft%r ound sound dECIrSI ans, scg_l d c%ncgtal ing  means 18)
restricting TpERIYHY o o tRAENOIES ¢ TSR FE e lPed PAPETE CrECde EPAPED
non- accept abtrahymitel deoini el dresomnunti@a tions chipmaedppsedduseshod| being,
characteri zednhQ¥aSedsli idd t3/: para- meter nodifying means including a voice
activity detector (20) for "perform ng speech/ background sound deci sions on
a frame by frame basis, said concealing nmeans (18) inhibiting updating of -
t he speech/ béakgr oundetectihgl eixagiesn comtaindugl tvanshispiavi @uprgame i f
said detected franme is declared non-acceptabl e by said deciding neans (16).

30 4. The apgarat us of claim2 or 3, characterized by said filter
{b) deciding whether a frame in which transmission errors

have been detected is acceptable;

(c) concealing said detected transmission errors by restric-
ting updating of at least one of said internal state
variables if said detected frame is declared non-accep-
table in said deciding step.

10. The method of claim 9, said filter parameter modifying means '
including a voice activity detector (20) with at 1least a
threshold for speech/background sound decisions, characterized by
said concealing step comprising restricting updating of said
threshold if said detected frame is declared non-acceptable in
said deciding step.

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, charac-
terized by said concealing step comprising inhibiting updating of
the speech/background sound decision obtained from the previous
frame if said detected frame is declared non-acceptable in said
deciding step.

T



paramet ér nodi fying nmeans further including a stationarity detecter (22)
connected to an output of said voice activity detector (20) for

di scrim nating between stationary and non- stationary background sounds,
said stationarity detector inclu- ding at | east one buffer containing
estimates of statistical nonents of recent3Z2ranmes dom nated by background
sounds for nmaking stationarity decisions, said concealing nmeans restricting

updat i ng of 33i-dThefehad ofFleimiId Padlt r Frld £idderapraReier M fwipse
by said deci d\eagsrrﬂmme(ﬁ&)ucludsngTdncstampa;hahrmyode*cécandn 22an &nnected to

characteri zeggg%; J(fz %ga P4 el s to ag Q&Eé’gaet%)f gBU}HséMﬂgt’lg;g

stationarity connect e Sai d volce acti Vit
det ect or (ZOPGFUPeﬁl %PW%H&Wn@“@et‘\ﬁ@e‘ﬁ@F&?Pﬁﬁ&r PagigrayRd §P&PF16naﬁ?1
background setadsonsgity Casteatd ginERRigl &t | Idudt tomg mpﬂatn I’tgpxﬁfa:hﬁ.@xg

stationarity/non | ar, o} n

sai d detect e(?% rg%?a:gg eg}t&&%@%{:)%i a@%@%{% gﬁ I‘écg%}%hﬁém ng rreans (J".’é(f
6. The appar degkgypupflaispunds3 for oiﬂa‘Sm@ héﬁ&@ﬂ@ﬂﬁféaYbﬁesf&lséOPFIrt éqharac-
par anet er WDGHefzwz@a BpaBgsid n@éﬁ@hmﬂgsmp( %hp&ﬁéih@%@ﬁﬁﬁnﬁtiﬁ@r\lp’ii}a‘tﬁfng

the filter r ai d conceal.i Lictin u_pda f
filter coeffi cﬁagﬁg‘g %‘r‘f fie oW geggﬁ:gec? ffgé"bef d'c,se rgg.l Cé ‘ﬂ%bq'
frame is decliax s@idodegidéng $©@ﬂ’e by said deciding rreans (16). 7 The
appar at us of cla| m2, 3, 4, 5 or 6, characterized by said filter paraneter

di f | udj 24) f ndwj dt the filt
o0 17100, o305 RSB TPIRA(2 Y0 9L a4 4R SRl a0 D A
restricting upsets figroherf iidncddudiogf &istadntonarfityaddteetect(@? )f canmected to
decl ared non aﬁ%ﬁeﬁu&a@f &4 saiéed&&eld; 4 | HE%Eétéﬂ-G()zo f%r Jb@c@ﬁpﬁ{é’éﬂ%

of claim®6 or aracteri zed ost | ter the tilt
the spect r umRFE4aeR Hﬁéb'ﬂ%ﬁa’éﬁ’gad{ﬁ no aFHaEbﬂeﬁylmd( fg)miiﬁst?l?%’fq"ng
updati ng of ttdxized bynsaid concealing step comprising inhibiting ufdating of

N the stationarity/non-stationarity decision obtained from the
previous frame if '‘said detected frame is declared non-acceptable
in said deciding step.

14. The method of claim 10, 11, 12 or 13, said filter parameter -
modifying means including means (24) for low pass filtering of ,
the filter parameters, characterized by restricting updating of
filter coefficients of the low pass filtering process if said
deteécced frame is declared non-acceptable in said deciding step.

15. The method of claim 10, 11, 12, 13 or 14, said filter
parameter modifying means including means (24) for bandwidth
expansion of the filter represented by these parameters,
characterized by restricting updating of filter coefficients if
said detected frame is declared non-acceptable in said deciding
step.

16. The method of claim 14 or 15, wherein the tilt of the
spectrum of the decoded signal is modified by a post fiiter,
characterized by restricting updating of tilt information if said
detected frame is declared non—accéptable in said deciding step.

W



ti'on.it said detected frame is decl ared non- acceptabl e by said deci ding
means (16). 9. A nethod in a recéiver-in.a frame based radio

comuni cation system for concealing transm ssion errors in a speech
decoder caused by the comuni cati on channel, which speech decoder is of the
source-filter type and conprises neans i @33l uding internal state variables
updated on a franme by frame basis forsgRetdNbRY received filter paraneters
representing background sounds transmtte over said conmuni cation channel,

sai d nmet hod bei ng char act a:@&$ g mes contai ni ng
transm ssion errors,; '-’ﬁi&ﬁ S ROR A ﬂ“Efl\hav\,hi ch

transm ssion errors have been detected i's acceptabl e; (c)

conceal ing said detected transm ssion errors by restric- ting
updating of & rdcRNdr .ﬁrhefrainé BhSed b Q@Jmﬁw&t.on systenvmd@é‘é@é spbeéRi d
detected frane i s decl ared non-accep- I n said deciding step.
10. The net hdecaderphitine source-tilter type anlanﬂecemtrqw byimgans: 626, 28c24di ng

2pecchs backolstiag, kRl ciets, Vetiap, LfRRlac oh B fratfe v Sherms, bans dec,

conpri si ng r eadditwihgngecwidadi fittepl parintetehs efdfb?béenﬁnq_abébl@baﬁﬁe%oﬁhagﬁ is
decl ared non-acceptable in said deciding ste he nethod of claim?9,

said filter ﬁmmﬂt@ﬂ frvel ﬁwqmmmmm@haanﬁb dheoreseivestingludgseess or

bast s, char ad 2y 137138 FecdraoliAg ST Fan Rg EITh RS fher B 0" *™
updating of tbe depeding/ b&@tgepmdraﬂynﬁa detichi transhiissios derfro@mhiave peeni ous

frame if said detected frame is declared non-acceptable in sajid deciding
st ep. detected is acceptable, and means (18) for concealing the detected

transmission errors by restricting updating of at least one of the internal
state variables if the detected frame is declared non-acceptable by the
deciding means.

(Figure 1)



32 12. The nethod of claim10 or 11, said filter paraneter nodifying neans
further including a stationarity detector (22) connected to an output of
said voice activity detector (20) for discrimnating between stationary and
non- st ati onary background sounds, said stationarity detector includi ng at

| east one buffer containing estimates_of, statistical noments of recgn
franes dom nated by b&kground sounds’j/ér makMg stationarity deci snpns
charac- terized by sajd concealing step corrprl estrl Ctlwatl ng of
said buffer if said detect ed frame is declared non- ccept ablfe in said

deci di ng st ep. met hod of claim 10 J 11[sard 11
nodi fyi ng mean including a statioharity cet ectorm(22)°fconnect dto
an out put of s ef activity detector (/20) fon discri%i natghg bet
stationary and ds, ¢harac- Eeri z&d by sajd
conceal ing ste t he Q, &’1
stationarity/n omthe Yrevigus fra

g T Tt Ty updat i

sai d detected decl ared non-acce 14.
The net hod of .11, 12 or 13, saild met er nodi f yijg neans
i ncl udi ng nmeans r low pass filterijng ter paraneterl,
characterized by rgstricting updating of [fi ent sgof thg|l ow
pass filtering 'f s?éd det ect ed frj— Iarid néw- accegtiabl e i n
sai d deciding met hod of cf gi e& 44,413 or 14,]|said
filter paranet means i ncl udin &4) Jqr bandw dt h
expansi on of t eall present ed by thes [eefks | characteri|ged by
restricting up atg,ngl:zpf filter coefficientg if sai daé franme ji|s
decl ared non-adcdata® e} i n sai d deci di ng istlep. 165 gle nmetfhod of |4l ai m 14
or 15, wherein|t tiltyof the spegetrum of {the deqcﬁe dignal is nqqified
by a post filt cterized by restrilct]i ng updatingjof tjlt inflgrmation
if said detected i s decl argd non-acjcgpt abl e inqmid deci di ng |4t ep.
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