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TECHNI CAL FIELD The present invention relates to rejected frame®
conceal ment in a radi o conmuni cation system and specifically to an
~apparatus and a nethod for inproving decoding of audio signhals in such a
system ' BACKGROUND OF THE | NVENTI ON  Met hods for
codi ng/ decodi ng of speech signals in a radio commu- nication system are
wel | known and even standardi zed (for exanple 1S-54 in the US and GSM i n
Europe). Furthernore, nethods for inproving encodi ng/ decodi ng of background
sounds, primarily in- tendedREIRCTEDgFRBYME CEINTGHARMENE| ephone systens, have
been descri- bed in Swedish Patent Application 93 00290-5. Both these types
of nethods are primarily designed I i tuation where the
connecti on between the encoder anﬁgﬁﬂg%ggbgag%sis close to ideal, in the
sense that only a small anpunt of bit or transmission errors remain after
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Associ at ed gymtterol CHannel (FACCH) is established by stealing speech franes
fromthe traffic channel (a simlar channel exists in the European GSM
specification). A simlar situatli ri ' t switched network
when packets (franes) are | o] 8§W$ﬁ¥§q$%%quggﬁﬁgfbe used for speech
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r obust improving encoding/decoding of background sounds, primarily in-

' tended for digital cellular telephone systems, have been descri-

bed in Swedish Patent Applidation S3 00290-5. Both these types of

methods are primarily designed to handle a situation where the

connection between the encoder and the decoder is close to ideal,

in the sense that only a small amount of bit or transmission

errors Yremain after channel decoding. However, since the

connection is a radio channel the received signal may contain

some bit or transmission errors. Furthermore, frames may be lost

for other reasons than a bad transmission channel. In for example

the American 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

Buropean GSM specification). 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 real time (the

packets may take different routes between sender and receiver).

In all these cases it may be necessary to wmodify the methods
mentioned above. |

An object of the present invention is an apparatus and a method
in which rejected frame concealment is applied to the received
signal in order to mgke, the de_&pd:i:ng,ﬁf Budio _s.;,i.g@gls more robust
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2 or insensitive to transmssion errors and frane | osses.
SUVMARY OF THE | NVENTI ON In accordance with the invention this object is

sol ved by a method in accordance with claim 1. Furthernore, in accordance
wi t.h the invention the above object is also solved by an apparatus in
accordance with clai m10. BRI EF DESCRI PTI ON OF THE DRAW NG

The invention, together with further objects and advantages thereof, my

best be understood by nmaking reference ,to the follow ng description taken
together with the acconpanyi ng draw ng, in which Fig. 1 is a schematic

bl ock di agiagdndite veek8VaRindidlstioRfefrors and fied€i Vessdsn a radio

communi cation systemcontaining an apparatus in accordance wth the
present invention; and Fig. 2is aflowchart of the nmethod in accordance
with the present i nFIMMARH, OF THE INVENEESM\ |LED DESCRI PTI ON OF THE

PREFERRED ENBODINENTS To understand the operation of the invention it is
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Furthermore, in accordance with the invention the above object is
also solved by an apparatus in accordance with claim 10.

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, in which

* Fig. 1 is a schematic block diagram of the relevant parts of a
receiver in a radio communication system containing an
apparatus in accordance with the present invention; and

Fig. 2 is a flow chart of the method in accordance with the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

To understand the operation of the invention it is useful to
briefly review the operation of a typical digital cellular radio
connection, typical error and lost frame concealment techniques,
and also to review the algorithms of the above mentioned Swedish
patent application.

In a communication link of a digital cellular telephone system
the audio signal is first digitized and then a speech coding
algorithm is applied (see for example *"Applications of voice
processing to telecommunications", Lawrence R. Rabiner, Proc.
IEEE, Vol. 82, No 2, pp A99-228). This algorithm compresses the
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pat ent application. In a comunication |ink of a digital cellular

t el'ephone systemthe audio signal is first digitized and then a speech
coding algorithmis applied (see for exanple "Applications of voice
praqcessing to tel econmuni cati ons", Lawence R Rabiner, Proc. |EEE, Vol.
82, No 2, pp 199-228). This algorlthn1conpresses t he

3 speech signal and transforns it to a nunber of quantized paraneters
(usually in a frame based manner). The gsesulting bits are thereafter
protected by addition of coding redundancy, using channel encoding
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frames can affect the reconstructed speech signal, thus reducing
the quality of that signal.

Although channel encoding/decoding techniques can reduce the
sensitivity to disturbances significantly, it is usually not
enough to apply only channel coding in a digital cellular system.
On the contrary, it is quite common to additionally use so called
error concealment techniques in order to further mask the percep-
tual effects of bit errors remaining at the input of the speech
decoder. These techniques all rely on some information on the
quality of the transmission channel, which information is
available or estimated at the receiving end. When such in-
formation indicates that the quality of the transmission channel
is poor, the error concealment techniques initiate special
actions in the speech decoder, with the purpose of reducing the
negative effects of bit errors on the reconstructed speech
signal. The level of sophistication of the error concealment
techniques is dependent on the character of the information on
the quality of the transmission channel. A few ways to obtain



I's poor, the error conceal nent techniques initiate special actions in the
sp€ech decoder, with the purpose of reducing the negative effects of bit
errors on the reconstructed speech signal. The | evel of sophistication of
the error conceal nent techni ques is dependent on the character of the
information on the quality of the transm ssion channel. A few ways to
obtain 4 such information wl|
now be descri bed. Direct informati o on the channel quality can be
obt ai ned by nmeasuring the signal strength. A |low value would then indicate
a IOM/sigﬁ%?ht%?QQ5W§gl?QuW%il RRFCRE % the channel quality can be
expected to be poor. Channel coding techni ques provide a further |evel of
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Speech Codec Compatibility Standard PN-2972%", Electronic
Industries Association, 1990 (IS-54)). Hence, parts of the
information with error detection/correction codes applied may be
used as indicators of possible bit errors present in the speech
frame.

Rejected frame concealment for speech.

Some techniques to introduce error concealment in conventional
speech decoders with the intention of masking frames that are
considered to contain bit errors will now be briefly described.
When a bad frame is detected, it is common to use the information
from the previous accepted frame. Often this technique is
combined with muting (reduction of output level) in case the bad
frame situation should persist for several frames (see for
example "TR-45 Full Rate Speech Codec Compatibility Standard PN-.
2972", Electronic Industries Association, 1990 (IS-54)). This
situation is not unusual in mobile telephone systems, where
fading dips can persist for quite long periods of time in cases
where the mobile velocity is low. The result of muting is that



exanple "TR-45 Full Rate Speech Codec Conpatibility Standard PN- 2972",

El Ectronic I ndustries Association, 1990 (1S-54)). This situation is not
unusual in nobile tel ephone systens, where fading dips can persist for
quite long periods of tine in cases where the nobile velocity is low. The
‘result of nmuting is that di sturbances are masked in the
reconstructed signal. In particu- lar loud "clicks" are avoi ded. Wen nore
detailed information is available on tke quality of each received part of
incomng bits, it becomes possible to trace down possibl e transm ssion
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the | ost feommenly used in modern speech coding algorithms (see for example
the reference by T.B. Minde et al. above). In that case error
concealment techniques can be used in order to prevent the use of
unstable filters when bit errors are indicated in the correspond-
ing spectral information. The reverse is also of relevance;
whenever an unstable filter is detected, a bad frame may be
indicated and error concealment techniques may be applied.

In for example the American digital cellular system in accordance
with the standard IS-54 a stolen frame for FACCH would result in
a lost speech frame at the speech decoder in the receiver. The
speech decoder solves this problem by "filling in" suitable
information. Usually the corresponding information from the
previous frame is used instead of the lost frame.

Rejected frame concealment for background sounds.
If the decoder provides so called anti-swirling actions for back-

ground sounds, which actions will be further described below, the
quality of the resulting audio signal may be unacceptable if the



Rej ected franme conceal nent for background sounds. If the decoder provides
so“called anti-swirling actions for back- ground sounds, which actions wll

be further described below, the quality of the resulting audio signal may
be unacceptable if the 6 above

conceal ment net hods for speech were used. As described in Swedish patent
application 93 00290-5 the anti- swirling actions can be perfornmed in
several ways. One possible action is agbandw dth expansion of the filter.
This means that the poles of the filter are noved towards the origin of the
conpl ex pl e ABAREHETMgIRS fiebheasatisAf ispaecbnwese [us®dpass filtering of the
filter paraneters in the tenporal domain. That is, rapid variations from
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denodul ates_the .receiv | rwards it over a line 14 to an equa-
lizer 16, P%’r'a“é%(taer?rrpl gvgg\g%‘gér}géll- g%gg |Q'zer, whi ch converts the received and
denodul ated signal into one or several bit streans, which are forwarded
over a |inends, t simde r backigoididhg speads 2X0xe Fiencpdedciand/@rredagoder
determ nesd%@f%iﬁﬂff? r££&h VeHebéR™it is natural that rejected frame
concealment methods used for speech may not be satisfactory for
background sounds. The present invention solves this problem by
providing different concealing procedures for speech and

background sounds.

With this background information in mind, the present invention
will now be described with reference to Figure 1. Figure 1 shows
the parts of a receiver in a mobile radio communication system
necessary to describe the present invention. An antenna receives
the information from the transmitted signal and forwards it over
an input line 10 to a demodulator 12. Demodulator 12 demodulates
the received signal and forwards it over a line 14 to an equa-
lizer 16, for example a Viterbi-equalizer, which converts the
received and demodulated signal into one or several bit streams,
which are forwarded over a line 18 to a first deciding means 20.
First deciding means 20 determines whether a received frame
contains bits from a traffic channel or the fast associated
control channel (FACCH). A suitable first deciding means is
described in Swedish patent 9102611-2, which is hereby incoxrpo-
rated by reference. If the received frame contains bits from a
traffic channel the bit stream is over a line 22 forwarded to a



contains bits froma traffic channel or the fast associated control channel
(FACCH). A suitable first deciding neans is described in Swedi sh patent
9102611-2, which is hereby incorpo- rated by reference. If the received
frame contains bits froma traffic channel the bit streamis over a |line 22
forwarded to a 7 channel decoder
24. Channel decoder 24 converts the bit streaminto a filter paraneter
stream and an excitation paraneter stream for speech decoding. On the other
hand, if the received frame contains bits from FACCH, the bit streamis not
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forwarded to secon ng neans over e Tecsi ver al so
contai ns RLHEBER ﬁ%?%@%‘r 34 (al so cal l ed voice activity detector or VAD).
A suitabl e speech detector is described in WO 89/08910 by British Tel ecom
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|ncluded bet ween s
channel ecoder 24 performs cyclic redundancy check (CRC)

decoding on at least parts of each received frame. The results of
these checks are forwarded to second deciding means 28 over a
line 26.

The receiver also contains a speech detector 34 (also called
voice activity detector or VAD). A suitable speech detector is
described in WO 89/08910 by British Telecom PLC. Speech detector
34 determines from said filter and excitation parameters whether
the received frame contains primarily speech or background
sounds. The decision of speech detector 34 over a line 36 is
forwarded to a parameter modifier 38 for modifying the received
filter parameters (optionally a signal discriminator to determine
whether received signals representing background sounds are
stationary or not may be included between speech detector 34 and
parameter modifier 38). This modification is described in detail
in Swedish Patent Application 93 00290-5, which is hereby
incorporated by reference, and will be further discussed below.
The possibly modified filter parameters and the excitation
parameters are forwarded to a speech decoder 40, which outputs a



paraneter nodifier 38). This nodification is described in detail in Swedish
Pat’ent Application 93 00290-5, which is hereby incorporated by reference,
and will be further discussed below. The possibly nodified filter
paraneters and the excitation paraneters are forwarded to a speech decoder
40, which outputs a 8 sound
signal on an output |ine 42. In order to describe the rejected frane
conceal ment techni ques of the present invention it is necessary to briefly
describe the effect of bit errors on th® so called anti-swirling algorithns
that are described in the_above dish,patent application 93 00290-5.
These effe@?gnga%l?ﬁ?(ﬁq§i53d°$%ﬁﬁ§nﬁ§n§s4?blIow&: 1. Voice activity or
speech detector 34 that is used to control the anti-swirling algorithm
i s usual | y mdapdéw &o( dekride thé\xkiected Denwet ¢anrealRenbnyRFHGUEs eBM

06. 32, ETg!thSMresenﬂ-ggﬂ«)%ntE&hs iEEQQSnEEéésélﬂliﬁrtfb?’ﬁﬁh%ﬁb@bﬂﬁt@nﬂae ]
correspondi states that are aut onmat y & 1Nt er b t he
voi ce af&%?FFy°ég?%%t?ﬁ{°r&sPﬁgg%$t %ﬂééyx%gagﬂgegéspé@%%ﬁgﬁgha?tor -
when appl | édaitn arkedescrihast igs the abouApdvwedish RALEIYe@PPLIGAFIR(¥F s from
t he channelpod@oosgerThadicRrEbEte dire ber ddvided) roughhe ascoliluyspar anet er s
this leads to thresholds or internal state variables that are not
updat ed correctly, which may result in erroneous deciskf S. Thg éfsult
woul d be aY-edPiE8 actiiidy oy BPeede IPLEGHRY (it oG tatti B°E &?alc.on 2" Voice
activity or spechanei-eotiolifd fadgeritks sseeesmaidok- adapgiveind "Youne
defl S| O|n| usi nq;dc&@@aifnmétbbgﬁén@nﬁneaeﬁna@id&aon ¢uM apelers aS$IgLsK, :
internally up ales, i.e, i_.nco r r ( :1jonal a
pri or 1 i nf or meSan: "B Heagp thel faere ke FhPCAY BL CollinyRilshs
erroneous decistiasrs that greqautamasigatly wndgkefcoiriernrliydie el yaLFey of
the recon- Srivitgddenstitorsi ganlg eithbhes measureinspesdie cignaantr,
deci si on a'vﬁ&nd%%giﬁédoanoltﬂe' R Ber PREATR! Qlstumbh! HRTEOr FetBYed! SO
i nfl uence future de [slons. .
parameters from the channel decoder. When there are errors in
the incoming parameters this leads to thresholds or internal
state wvariables that are not updated correctly, which may
result in erroneous decisions. The result would be a reduced

quality of the reconstructed audio sigmal.

2. Voice activity or speech detector 34 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.

3. The actual anti-swirling actions in parameter modifier 38
(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 decisions from speech
or voice activity detector 34 (or from the optional signal



3. The actual anti-swirling actions in paraneter nodifier 38

(eSsentially spectral |low pass filtering in conbination with bandw dt h
expansion, as explained in detail in the above Swedi sh Pat ent
Application 93 00290-5) suffer frombit errors. One effect occurs
because of erroneous decisions from speech or voice activity detector
34 (or fromthe optional signal 9

discrimnator). In these cases the updating of the | ow pass filter may be
initiated or turned off, causing a devi&tion as conpared to the case of a

perfect channel 0, her fect occurs _wh loQr
affecting the %ﬁ%’é’t‘?’:ﬂamr‘?nf oF etheEHR Fﬁgfesf‘gkg%s t a‘élﬁé opa‘?f i F}t E?ES and
t he bandwi dt hfilespaeyi ba. iBdtintedees wimesk §Thn gu%ﬁ"f‘t PRt ons.

From the aboveoflbsfatbst®nNthdé tss€| prat parfeeq echaameflr arfemtdan es&farct in
i ncorrect updating Ot,hgﬁfaei;%# | BRI Gi €T o2Bork N aREEEINgIARGE WilcEhE
e

pr esent i nventron  t ns_ are reduce i m nat,e ls ng the
updati ng procd8§CHmREIRR FEFEC@%?P%‘ thgetov 'ﬁ"i'isf ﬁﬁ:g??ﬁ'se(?n&pg%? bt H‘hnow be
descri bed nor expanstdrai [Borht bhesé exffiecd st nayi cause quaﬂ-ﬁtxtéﬁi\&%%ﬁ Fig. 2
a newframe is received. In step 102 it is decided whether this frane is
acceptabl e or not. This decision can be nmade either by the first deciding
means 20, which rejects franes that do not contain audio SI gnal s or

second decm!fIOWgthEamO‘EB digeusRipRj tet kS KA thAeLed6REET MrTReS car”
transm ssi GiesAlE o indorirkct upttiingdof hedrantet erenedifikd B&reln fcgorept abl e

the al gori t({HRer QeeRdend rsés%%tléﬁve elaw'&téé&%ﬁosiemyegr@afmear vrare

used witho rror conce urt

e, two ti neout nanel
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al gorithm HReeedgitl Sditehld, tobFidli & it is decided whether the previous
(accepted) frane contai ned speech or

In step 100 of Fig. 2 a new frame is received. In step 102 it is

decided whether this frame is acceptable or not. This decision

can be made either by the first deciding means 20, which rejects

frames that do not contain audio signals or by second deciding

means 28, which rejects audio frames containing transmission

errors. If it is decided that the received frame is acceptable

the algorithm proceeds to step 128, in which the received

parameters are used without error concealment. Furthermore two
timeouts, namely TIMEOUT1 and TIMEOUT2, are reset. These timeouts

will be described furthexr below.

If step 102 decides that the received frame has to be rejected
the algorithm proceeds to step 104, in which it is decided
whether the previous (accepted) £frame céntained speech or
background sounds. This step may be performed by concealing means
32, since speech detector 34 informs concealing means 32 of its
decisions over a line 48. It is important to note that the
decision has to be based on the previous (accepted) frame, since
the present frame has been rejected.

Speech
If the previous frame in step 104 was determined to be a speech



background sounds. This step may be performed by conceal ing nmeans 32, since
speech detector 34 infornms concealing neans 32 of its decisions over a line
48. It is inportant to note that the decision has to be based on the
previous (accepted) frane, since the present franme has been rejected.
Speech If the previous frame in step 104 was determ ned to be a speech

10 franme the algorithm proceeds into LOOP Sin Fig. 2. In step 106 sone of
the received paraneters, nanely the frane energy RO and reflection
coefficients, are interpolated with thewparaneters received in the previous
frame, while the remaining paraneters are taken from.the_current frgge.
Dependi ng dwamietheAlgorishm proeesds vagopLPe®P | hELife) 2ot Bl T BE % as
speci fi ed hyonches" siod tredaifveanpataneteysl,i newely, tis) fréfe emrraeiR§henday be
vari ed bet wagd oo UELERE: AMACENC apeC R Uephi A08 i dih Cctid hpledteiran.

Thus, :if the current franme 1s really bad aqr.has.been "stol en" t her
pur pose, t HeSEHVER POt athe PIHHE Snﬁfx'ﬁmﬁ\lei"gtﬁﬂ? Zf‘i%ée}?s‘?%‘f‘/%%fs? %%ag‘{%%? gan t he
current. frame teken oot hbe dvawdntaframeyoberending 8Bl ehe auadity19f GBegi ven
a higher weidddlive8 bies iiH @hROkajedtdd £rine, dak aspecidieaus) thereotdare are
deseri bed i1 L o1 st aRgll cald 08, i OB/ 162, 8080 ey a0 JBeEcd nehddzan

assi gned t ot assignee ‘as the prlesent applica which 1's hereby
i ncor por at deheh PUrEeRY dncethe Brevious frames iR JPGdPRePeIRtdody Jaltr thed in
El A/ TI A | S-éie caecenorEdhnid 2s 2réhlly bhd ontharspbeat cthtpdeattefer sarmtdetrhen

used i n St 6, AL el 0 HANE Al SBEREILAISGRNR AOWREidHNGSbne HEaRgor L hm

t hen proceeds ton%'ﬁg ég& Ih which a newfrgﬁe |?__ recslv d. tea@lmll tests
whet her t hi 3 %8add TeFRERTH oFTMR. T FRE PRRRE FE8"8¢ec 8Pt dne the .

al gori t hm prenapsableofxansp widd be fgivga friighax veight tiay thReinfeyRaleiim
proceeds t ocsdiep Thd 2detdi18hbehsidie appraceders arecdeséeip@ aheus wdthenthe
finally cal 1%%@18&%?%%3&&%@65 ;giear IS 1 1 -éa@gag%sauqé }ntehe.
out put | eve rom Speech “decoder I's decreased., Next, |n Step 114 1t is
test ed whetffie TRREEINSE ha8 Jdish BReSRRfed BPRHVERYIPR:i sWRIGH c3F| ereby

incorporated by reference. A less sofisticated method is also
described in EIA/TIA IS-54, section 2.2.2.2.3.2. The interpolated
parameters are then used in step 107 to control speech decoder 40
over line 46.

The algorithm then proceeds to step 108, in which a new frame is
received. Step 110 tests whether this frame is acceptable or not.
If the frame is acceptable the algorithm proceeds to step 128. If
the frame is réjected the algorithm proceeds to step 112, in
which the parameters are intexrpolated with the finally calculated
parameters of the previous frame. Simultaneously the output level
from speech decoder 40 is decreased. Next, in step 114 it is
tested whether TIMEOUT1 has been exceeded. TIMEOUT1 is typically
120 ms, which corresponds to 6 frames. If TIMEOUT1 has been
exceeded the output signal from speech decoder 40 is muted in
step 116. Thereafter the algorithm loops back to step 107. Thus,
for speech the rejected frame concealment essentially comprises
interpolating parameters and decreasing output 1level until
TIMEOUT1 has been exceeded, whereafter the output signal is
-muted.

Background sounds



120 s, which corresponds to 6 franmes. If TIMEQUT1 has been exceeded the
out put signal from speech decoder 40 is nuted in step 116. Thereafter the
al gorithm | oops back to step 107. Thus, for speech the rejected frane
conceal nent essentially conprises interpolating paraneters and decreasing
out put level until TIMEQUT1 has been exceeded, whereafter the output signal
I S nut ed. Background sounds If the previous franme contained
background sounds in step 104 the al gorithm proceeds into LOOP B. In step
118 the filter coeffi- cients in speechldecoder 40 are |ocked to their
values in the previous frame. This cap for instance he done by e}
conceal i ngHinERRSPE BN FHRMS Forkaterd rﬁ?cﬁk?f"’gfm%f%’\? F 11 ﬁgegfétgtttrt}gt ain
the filterajgusimbmeprooéedsh eiproe LOOBSBE r Inesten ¢ 81 theafibtenckeehifiie gain
pﬁr amet e(rjsciéht;:ts"g.rxsml%hhdaﬁsgg@ér 5421) tdil rosredesol aﬁéﬁe RO UR fuhanes.
This is done hy con | ng ans rsli . e [ N arlaé’gg.%-r are
par arretersplf%véltou%etgfﬁneﬁe Egs MK nurgg etl\%\lggﬁn?%e,béec?%r?és 8 Qsen (r?lmthe
di fferent eeRReAFHIMeING B ePRKRSr PAFRMfRI BRI igR 3RcPE Ml Age pit &fet er s,
e. ¢. coderdrndla thdefEiter pgraierersr of itHeepraviadt fyahe Orftiepel T8 ralesot

(rej ected); dhaMine é&hﬁ%ﬁtﬁﬂé&r%hﬁﬁetwrstﬂe@chydéesdad tRAEASDE 6F 8 Je sound

duc- T ori.th ds to step 120, jn which
new frame V5 TECBFORIOUSIIATES, TE $8BERdN (PSSR} IR MEaRE AR 8 o or

not. |f theide #fe iTheageépt parametersgeret parpretensidhas determizg: tle t he
frame is rejaaiedbetRBed 2hd @ebtord iHorenTEMIChe Hasrdiaeit esae astisks

TI MEQUT2 typi,cal Ly i f_t 2 | respon o 100
frames 110 HRooblet wid 8eBbA8E FnelpERERNY, oiluiok . €300) Eoded 100 )
126. Ther e®?ker ingeees qot ¥ hfFFoofEeh ke dixastiyg fxoR e et iebove

conbi nat i olrefequedyi duaing. | ocked and actually received (in the current
frame) paraneters are used for decoding. If TIMEQUT2 has not been exceeded

the algorifhmlQops RACK S 8-St W ot oubdecl oo tig oulpst,d.evel

tion in step 119 the algorithm proceeds to step 120, in which a
new frame is received. Step 122 tests whether this frame is
acceptable or not. If the frame is accepted the algorithm
proceeds to step 128. If the frame is rejected step 124 tests
whether TIMEOUT2 has been exceeded. TIMEOUT2 typically is of the
order of 2 seconds, which corresponds to 100 frames. If TIMEOUT2
has been exceeded the output level is decreased in step 126.
Thereafter the algorithm loops back to step 119, in which the
above combination of previously locked and actually received (in
the current frame) parameters are used for decoding. If TIMEOUT2
has not been exceeded the algorithm loops back to step 119
without decreasing the output level.

One obvious difference between LOOP S and LOOP B is that TIMEOUT1
is much shorter than TIMEOUT2. Thus, if consecutive frames are
rejected the speech signal will soon be muted. This is only
natural, since there is no further reliable speech information to
convey to the listener. Background sounds on the other hand are
more stationary in nature, and for this reason LOOP B may be
maintained longer without annoying effects to the listener.

A more subtle difference is that the filter parameters in LOOP B



One obvious difference between LOOP S and LOOP B is that TIMEQUT1 is nuch
shorter than TIMEQUT2. Thus, if consecutive franes are rejected the speech
signal ‘will soon be muted. This is only natural, since there is no further
reliable speech information to convey to the Ilstener Background sounds on
t He other hand are nore stationary in nature, and for this reason LOOP B
may be mai ntained | onger w thout annoying effects to the |istener. A nore
subtle difference is that the filter paraneters in LOOP B

12 are locked to their values in the Fast accepted frane. Since this frane
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backgroundrsjustda.i n the transmtter. In such an enbodi nent paraneter

nodi fier 38 may be elimnated. It is also possible to divide the nodified

encodi ng/ decodl ng between transmtter and receiver. Further details are
given in tH SSTHRHION BRPER Lt PAS| Pash GFsqumed MRts paraneters)off er r ed
enbodi nentacdeptad frames hragiacidedndi £famently dependdhggon kheghén they
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Further details are given in the above Swedish patent application
93 00290-5.

In a preferred embodiment the anti-swirling actions comprise
averaging the auto correlation coefficients, which are calculated
from the received reflection coefficients, and frame energy RO
over for example the last 8 accepted frames. The actual filter
coefficients may be calculated from these averaged auto correla-
tion coefficients and frame energy RO by performing another LPC
analysis in the decoder. All these conversions between reflection
coefficients, auto correlation coefficients and filter coeffi-
cients are covered in GSM recommendation 6.32 and by the standard
EIA/TIA 1IS-54. For the purpose of this application these
parameters may be considered to be equivalent to each other.

From step 128 the algorithm loops back to step 100. Thus, if no
frames are rejected the algorithm only loops between steps 100,
102 and 128.

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



cients are covered in GSM recomendation 6.32 and by the standard EIA TIA
| $$54. For the purpose of this application these paraneters may be
considered to be equivalent to each other. From step 128 the al gorithm

| oops back to step 100. Thus, if no franes are rejected the algorithmonly
| oops bet weesansgaeps 100, 102 and 128. A preferred enbo?’bm;g; /0(8%41t he
nmet hod in accordance with the present invention is illus Fared Tl det ai | by
t he PASCAL program nodule in the attached APPENDI X. WO 94/ 29849
PCT/ SE94/ 00531 13 13 It will be understood
by those skilled in the art that various nodifications and changes may be
made to thdatpwdddnbei wndentstmod byt hbase dedpiiltadr énf then &éhe st iCardedsscope

thereof , Whigahiatfed NRE RMahBes aRBE NBIE dndd it the present MR 4329849
PCT/ SE94/ OOWS

.. 14 . .
APPENDI X l%;_‘°u\5RmeFLfor§E’Fr%‘r%ﬁE%E%Egf“_‘d scope thereof, which, dg | oy
Bool ean; defined by the appepgedclaims. . Bool ean;
ZFLdvccError . Bool ean;



ZFLf acchCrc : Bool ean; ZFLest i mat edBer

| nt eger; ZFLsof t Qual . Integer; YAR
ZFLbadQual ity . Bool ean; VAR ZFLnoi seShi f t .

| nt eger; VAR ZFLfraneDat a I nt eger Fr aneDat aType; _
VAR ZFLsubhforsanssdat a I nt eger Subfranedat aType) ; rer i3 nessi [

| nt eger; a, b,c | nt eger; Z

. I nteger; | owQual . Bool ean; BEG N

| F ZFLf acchCrc THEN ZFLcrcErrog := True; | F ZFLdvccError
AND ( ZFLsoftQual < 2000 ) THEN ZFLcrcError : = True; | F
ZFLsof t Qual < | owSoft Treshol d THEN APPENDI?‘ ZFLcrcError := True;

| owQual : =Fal se; | F ZFLsof t Qual < hi ghSoft Treshol d THEN

| owQual := Tr ue"ROCEDURE FLb#fF‘erFdMssjf:qual < medi unSoft Tr eshol d THEN

z =6 ELSE z g daferrer |FBg°§§gQJal OR ZFLcrcError THEN
ZFLbadQual ity := True ZFLawocEr bk SE BooleanZFLbadQJa| ity := Fal se;

| F ZFLcrcError THEN ZFnggl d%l : IooecXF FlcrcErrorState < 1000 THEN
FLcrcErrorState : = FlLcr e + 1: Integer; CASE FLcrcErrorState OF
1,2 2 imeiicpe N | Bl F
ZFLsp THEN BEGN  var zriframebate. . : invese i:ramenaltlé ol dFrameData[l] >= 2
THEN VAR ZFLsubframeData : egeé e); =

FLol dFr aneDat a[hk - ELSE

FLol dFr aneDat a[ 1k: = : Integer; END;

END; 5b'° BEG N: Integer; | F
ZFLsp THEN BEG Niowoual : Booloan.

BEGIN

IF ZFLfacchCrc THEN
ZFLCrcError := True;

IF ZFLdvccError AND ( ZFLsoftQual < 2000 ) THEN
ZFLcrcError := True;

IF ZFLsoftQual < lowSoftTreshold THEN
. ZFLCrcError := True;

lowQual:=False;
IF ZFLsoftQual < highSoftTreshold THEN
lowQual := True;

IF ZFlsoftqual < mediumSoftTreshold THEN
zZ := 6
ELSE z := 13;

IF lowQual OR ZFLcrcError THEN
ZFLbadQuality := True

ELSE
ZFLbadQuality := False;

IF ZFLcrcError THEN
BEGIN
IF FLcrcErrorState < 1000 THEN
FLcrcErrorState := FLercErrorState + 1
CASE FLcrcErrorState OF

1,2 H
3 : BEGIN
IF ZFLsp THEN BEGIN
- IF FLoldFrameData(l] >= 2 THEN
FLoldFrameData[l] := FLoldFrameDataf{l] - 1
ELSE
FLoldFrameData{l) := 0;
END;
END;
5 : BEGIN

IF ZFLsp THEN BEGIN
IF FLoldFrameDatal(i] >= 2 THEN

FLoldFrameData[l] := FLoldFrameData(l] - 1
"ELSE
FLoldFrameData([l] := 0;



| F FLol dFraneDat a[ 1] >= 2 THEN
FLol dFr aneDat a[ 1] : = FLol dFraneData[ 1] - 1

ELSE FLol dFr aneDat a[ 1] 0;
END; END; 7 BEG N
VG 94/ 29848 00 PCTISENOY¥PSEQ4/ 00531
15 | F ZFLsp THEN BEGQ N
| F FLol dFraneDat a[ 1] >= 2 THEN 15
FLol dFr anmeDat a[ 1] FLol dFrameData[ 1] - 1
ELSE IF _2FLsp FHEN #F¢IdneDat a[ 1
END: éﬁ LoldFrameData[1) >—
J o ) oldFrameData (1] ;ﬂgk
FLst at e6Fl ag : = True; ELSE I'E ZFLsp THEN a N
| F FLol dFraneData[1] >= 4 THEN FLoldFrameData(i] := 0;
FLol dFr anmeDat a[ 1] : = FLol dFr arrelhgﬁﬁ'l] -1
ELSE FLol dFraneDat a[ 1] : = 4;
END ELSE BEG N OTHERWISE | F FLcrcErrorState > 50 THEN
BEA N FLstate6Fldg bLakahraneData[l] >= 4 THEN
FLol dFr aneDat a[ 1] : = FLol dFr anet‘iqg’égm P] THEN |BEGIN

ELSE ledeﬁgéﬁéiEagméﬁfamebéua [ -1
EESE),

END;
ZFLf r aneDat a FLol dFr ameDat a;  FLoldFrameDaga(i] Z'Flfsubf raneData[ 1, 1] + 19;
b FLol dSubfranmeDat a[ 1, 1] + 1$Np ELSE BEGIN
IF FLcrcErrorState > 50 THEN BEGIN
IF FLoldFrameData{l} >= 4 THEN
FLoldFrameData([l] := FLoldFrameDataf[l] - 1

ELSE
FLoldFrameData{l] := 4;
END;
END;
END;
ZFLframeData := FLoldFrameData;
a := ZFLsubframeDatall,1] + 19;

b := FLoldSubframeData{l,1] + 19;

IF Abs(a - b) < 8 THEN
c := Round(0.5*(a + b)) :
ELSE IF abs(a - 2*b) < 8 THEN
Cc := Round(0.5*(a/2 + b))
ELSE IF Abs{2*a - b) < 8 THEN
¢ := Round(0.5*(2*a + b))
ELSE
c := a;
IF ¢ > 146 THEN
C := 146
ELSE IF ¢ < 19 THEN
c := 19;
ZFLsubframeData(l,1] := ¢ - 19;

a := ZFLsubframeData[2,1] + 19;
b := FLoldSubframeDatal[2,1] + 19;
IF Abs({(a - b) < 8 THEN
€ := Round(0.5*(a + b))
ELSE IF Abs(a - 2*b) < 8 THEN
€ := Round(0.5*(a/2 + b))
BELSE IF Abs(2*a - b) < 8 THEN
c := Round(0.5*(2*a + b))
ELSE
C := a;
IF.c » 146 THEN
C := 146
ELSE IF c < 19 THEN
Cc := 19; o
ZFLsubframeDatalz 1] = C - 19;

a := ZFLsubframeData(3,1) + 19;
b FLoldSubframeData{3,1] + 19;
IF Abs(a - b) < B THEN

¢ := Round(0.5*{a + b))
ELSE IF Abs(a - 2*b) < 8 THEN

¢ := Round(0.5*{a/2 + b))



| F Abs(a - b) < 8 THEN c := Round(0.5*(a + b)) ELSE

| F Abs(a - 2*b) < 8 THEN c := Round(0.5*(a/2 + b))
ELSE | F Abs(2*a - b) < 8 THEN c := Round(0.5*(2*a + b))
ELSE = a; IF ¢ > 146 THEN c := 146
ELSE | F wOQ“@Q‘”THEN c := 19; Z FRCFAEP4/AHDat af 1, 1]
= ¢ - 19; a ZFLsubfraneDat a[ 2, 1] + 19; b :=
FLoIdSubfraneData[Z 1] + 19; | F Abs(a - b) < 8 THEN
c := Round(0.5*(a + b)) ELSE | F Abs(a - 2*b) 8 THEN
Tt TR = S

- . 0.5*(2*%a + - )
IF c > 146 THEN EmS?Z i&p c := 146 ELSE IF ¢ < 19 THEN
c := 19; 1F c 4F Q@é@neData[Z 1]:=c¢c - 19; a
ZFLsubfraneData[S c b FLol dSubf raneDat a[ 3, 1] + 19;
| F Abs(a - b) < & EN°<19T“EN c := Round(0.5*(a + b)) ELSE
|F Abs(a - 2*b) <risubtbdenaca(3,1] = ¢ - as; = Round(O. 5*(a/2 + b))
WD 94/ 29849 PCT/ SE94/ 00531
16 ELSE L B AR e bl it 1 TN ¢ := Round(0.5*(2*a
+ b)) IF Abs(a - b) < 8 THEN

c := Round(0.5*(a + b))
ELSE IF Abs(a - 2*b) < 8 THEN
¢ := Round(0.5*{a/2 + b))
ELSE IF Abs(2*a - b) < 8 THEN
c := Round(0.5*(2*a + b}}

ELSE
C = a;
IF ¢ > 146 THEN
C := 146
ELSE IF ¢ < 19 THEN
C == 19;
ZFLsubframeData{4,1] := ¢ - 19;

END
ELSE
BEGIN
IF. lowgual THEN BEGIN
ZFlFrameDatall] :=
Round ( ( (16-z) *F10ldFrameDatall] + z*2FlFrameDatall}))/16);
ZFlFrameData(2] :=
Round ( ( (16-z) *F1OldFrameDatal2] + z*ZFlFrameData(2}])/16);
ZFlFrameData[3]) :=
Round( ( (16-z) *F101dFrameData[3] + z*ZFlFrameDatal3])/16);
ZFlFrameData{4] :=
Round (( (16-z) *F101dFrameData (4] + z*ZFlFrameDatal4])/16);
ZFlFrameData[5] :=
Round (((16-z) *F1OldFrameData[5] + z*ZFlFrameDatal(5})/16);
ZFlFrameDatal[6] :=
Round({((16-z) *F10ldFrameData[6) + z*ZFlFrameDatal6])/16);
ZFlFrameData{7]:=
Round({(16-z)*Fl0ldFrameData{7] + z*ZFlFrameData(71)/16):
ZF1lFrameDatal[8] := )
Round ( ((16-z) *F101ldFrameData[8] + z*ZFlFrameData{B8])/16);
ZFlFrameDatal9]) : =
Round ({ (16-z) *F101ldFrameData (9] + z*ZFlFrameData[9])/16);
ZFlFrameData[10] :=
Round ({(16-z) *F101dFrameData[10] + z*ZFlFrameDatal[10])/16);
ZFlFrameData[11]) :=
Round(({16-z) *F101ldFrameDatalll) + z*ZFlFrameDatal[l1]))/16);
END;
IF NOT Flstate6Flag THEN
FLcxrcErrorState := 0;
FLstate6Flag := False;
FlLoldFrameData := ZFLframeData;
FLoldsubframeData := ZFLsubframeData;
END;

IF ZFLcrcExrror THEN BEGIN
ZFLsubframeData[1,4]) := FLoldsubframeDatall,4]};
ZFLsubframeData{2,4) := FLoldsubframeData({2,4]:;
ZFLsubframeData{3,4] := FLoldsubframeData(3,4];
ZFLsubframeData(4,4] := FLoldsubframeDatal4,4];
END;



ELSE cC = g |F ¢ > 146 THEN c := 146

ELSE IF ¢ < 19 THEN c :=19; ZFLsubf r ameDat a[ 3, 1]
= c - 19; a := ZFLsubfraneData[ 4, 1] + 19; b :=
FLol dSubfraneDat a[ 4, 1] + 19 | F Abs(a - b) < 8 THEN

Cc * = Round{®¥238%%a + b)) ELSE I F Abs(a - 2*b) perfseddiedd:

c := Round(0.5*(a/2 + b)) ELSE | F Abs(2*a - b) < 8 THEN

Cc := Round(0.5*(2*a + b)) ELSE _ cC := a;

IF ¢ > 146 THEN C := 146 17 ELSE IF ¢ < 19 THEN

c :=19; ZFLsubfranmeData[4,1] :=c - 19; END

ELSE ° Pty N FLbadFrameMaskipg|loygual THEN BEG N

ZFl FranmeDat a [GLoBaL) Round( ((16-2z)*FI A dFraneDat a[ 1] +

z* ZFl| Fr ameDat . ZF| FraneDat a[ 2] : =

Round( ((16-2)* %grfg%?é‘%%ﬁsggé] + z* ZFlgbbpgmmpat a[ 2] ) / 16) ;

ZFl Fr aneDat a[ 3] : FLfacchCxc Round % z)*Fl A dFr aneDat a[ 3] +

2% ZFI Fr ameDat a[ 3] ) / 16)reottonny oe” FeDat a[ 4] :

Round( ((16-z) *FlI A dFr anedaatedtd] + z*ZFIiﬁnm reh

ZF| FraneDat a[ 5] : = Y2R FLsubframeData Round(éggE BEIPIFE aPrTa?mDat a[5] +
e

FLbad! 1i
2* ZFI Fr ameDat a[ 5] ) MAB iascaaticy BeDat a[ 6]

Round( ( ( 16- z)*Fldqﬁ{msa[ 6] + z*ZFIrFF%E %gg /16)

ZFl FrameDat a[ 7] : = varR FLetaCurr Rount(E 'dFr aneData[ 7] +
z* ZF| Fr aneDat a[ 7] ) VA% FLcapRgCurr 7 Re&Y;ame
Round( ((16-z)*Fl O {f¥ Lalgl + z*ZF%E@i@%%SJ)/lG)
ZFl FraneDat a[ 9] : VAR FLmyUse dFr aneDat a[ 9] +
z* ZF| Fr ameDat a‘lﬁg] )/ 16); ZF| Fr aneDat a[ 10] :
Round( ((16-z)*FkA dFraneDat a[ 10] + z*ZRLEsapeDat af 10] )/ 16);
ZF| Fr anmeDat a[ 1311’ Round( (16-z) *FI A dFraneDat a[ 11] +
z* ZFl Fr aneDat df 1‘])/16); END; | F NOT FLst at e6Fl ag
THEN" FLbaibfamedskig®t at € | = (Brercerror, (* IN *)
FLsp, (* IN *)
FLdvccErxor, (* IN *)
FLfacchCrc, (* IN *}
FLestimatedBer, (* IN *)
FLsoftQual, (* IN *)
FLbadQuality, (* OUT *)
FLnoiseShift, (* OUT *)
FLframeData, (* IN/OUT *)
FLsubframeData) ; (* IN/OUT *)
FLgetLTPLags ( FLsubframeData, iN }
FLltpLags); i our }
FLframeDemux ( FLframeData, (* IN *)
FLcapRO, (* OUT *)
FLcapLPC ) ; (* OUT *)
FLdecodeFrameEnergy ( FLcapRO, (* IN *)
FLcapRqCurr ); (* OUT *)
FLdecodeLPCcodewords ( FLcapLPC, (* IN *)
FLreflCurr ); (* OUT *)
FLrc2acf_special_pas( FLcapRgCurr, IN
nrCoeff, IN
FLreflCurr, IN
FLacfVad, ouT }
FLalphaCurx) ; ouT}

FOR i := 1 TO nrCoeff DO
FLalphaCurrNy[i} := FLnyWeight (i) * FLalphaCurr({i];

FLcalculateACF ( FLalphaCurrNy, {(* IN *)
FLacfw) ; {(* OUT *)
FLpostCoeffCalculation ( FLacfw, (* IN *)
FLetaCurr ); (* ouT =*)

IF( NOT (FLcrcExrxor)) AND NOT noSwirling THEN BEGIN



FLst at e6Fl ag : = Fal se; FLol dFr anmeDat a : = ZFLfraneDat a;

FLol dsubfraneData : ZFLsubfraneDat a; END; | F ZFLcr cError
THEN BEG N ZFLsubframeDat a[ 1, 4] := FLol dsubfranebDat a[ 1, 4] ;
ZFLsubf r arpedipbab 2, 4] FLol dsubf raneDat af 2, 4] ;

ZFLsubfraneDat a[ 3. 4] : = FLol dsubfraneDat a[ 3, 4] ; PCTISE4/00531
ZFLsubfraneDat a[ 4, 4] : = FLol dsubfraneDat a[ 4, 4] ; END; WO
94/ 29849 18 PCT/ SE94/ 00531
17 - END; { FLbadFr aneMaski ng } (GLOBAL] PROCEDURE
FLspdFr ame( FLvadstart{ FLCrcError Frractvad, : Bool ean; In
FLfacchCrc : Bool ean; ;t:gg‘)’l‘FLestl mat edBer éﬁé‘?‘f“nl eger;
FLsof t Qual . I nt eger; “FLfraneDat a

. i nt eger Fr ameDat aTyzfﬁ@ptweFllterEnergy(VAR FIESxN#dy ameDat a
i nt eger Subf r ameDat aType; VAR slioual i ty 1 Bgol eah;
VAR FLnoi seShi ft I nteger; . FLmargin/AR FI'_rcPr es

out
:real Arrayl OType; VAR FLaPr eftpVvad) ; . real Arr ayuoType;
VAR FLet aCurr FLacfaveragfal(Ar r ayl OType;rracfold, VAR FLca Cyr r
: Real ; VAR FLsp ggavﬂBool ean; }
FLaPost Pr es - real Arrayl OType; FLaze;_.) VAR FLnyUse &
- Real ) ; VAR i 1 nteger;
BEGQ N FLreflFrameCalculation2( FlLavl, I
nrOfAcflagsUsed, In
FLrcTemp) ; Out
FLrc2acf_special_pas( FLcapRqCurr, IN I
nrOfAcfLagsUsed, IN
FLxcTemp, IN
FLacfDummy, ouT }
FLalphaTemp) ; ouT}
FLaavi[0] := 1.0;

FOR i := 1 TO nrOfAcflLagsUsed DO
FLaavl[i] := FLalphaTemp([i];

FLpredComputation( FLaavl, In
FLravl); { Out
FLspectralComparison ( FLavo0, In )
FLravl, In
FLAmDiffMinThresh, In
FLdmDiffMaxThresh, In
FLlastDm, In/Out
FLstat) ; Out
FLvadThresh ( FLacfvad, In
FlLravl, In
Flstat, In
FlLptch, In }
FLpvad, In }
FLmargin, In
FLfac, [ In t
FLadp, { In
FLstatCount, In/Out ]
FLadaptCount, In/Out ]
FLthvad, In/Out
FLrvad) ; { In/Out
Fldecision( FlLpvad, In
FLthvad, In
FLburstCount, In/Out
FLhangCount, In/Out
. FLvad) ; Out
FLperiodicityDetection ( FLltpLags, In
FLlthresh, In
FLnthresh, } In
FLoldLtp, In/Out
FLoldLagCount, In/Out
FLveryOldLagCount, Out
Flptch) ; Out




FLbadFr ameMaski ng( FLcrcError, (* IN™)

FLsp, (* IN™*)
FLdvccError, (* IN™*)
FLf acchCrc, (* IN™*)
Flesti mat Gdlogtosse (¥ IN ™) PCT/SE94/00531
FLsoftQJaﬁ (* IN*)
FLbadQual i ty, (* aQUJT *)
FLnoi seShi ft, (* aJr *) 19
FLf rameDat a, (* INVOJT *)
FLsubfranmeDat a); FLhahgHaNAXIT *) Fb: FarPEags( In
FLsubf r aneDat a, { IN} ??.%?a"g' | Al t pLhgs)
{ aUJT } FLf r ameDenux( FLelgpFé_dFtaﬂEBDat a, §n§ t N *)
FLcapRO, (* ouT *) FLspHangover, In C pLPC
); (* OUT *) FLdecodeFr a%ﬁﬁ%?tﬁnft FLca Rﬁri;/:
(* IN™*) FLcapRqCurr ); (* aQJT *)
FLdecodeLPCcodewdt 85 ( FLcapLPC, (* IN*)
FLrefl Curr ); FLweight irdgb/Tin’() Fldlpo&aet, speci af égra}s(
FLcapRgCurr, { IN} FLaPostPres); } nr Coef f |
I'N IF (FLsp OR (FLcapRO <= rLcapROP84H) COff hoswirling) anp | N
FLacf vad, ( FLcrEEQIdFstate < 3 ) THEN
FLal phaCurr); BEGIN { OUT} FORi := 1 TO nrCoeff DO
FLal phaCurrNy[i] : Frédzpaydégght[i] * FlLaFpdiahawempi ] ; [ IN
FLcal cul at e ACF( FLal phaCur ﬁ%gsgn' (* IN ’iﬁ
FLacf W ; (* OUT *) FLadopoereEpef f Cal bikal i on(
FLacf W (* IN¥*) FLaPres, ouT )
FLetaCurr ); (* OUT *) _ﬁ%’;‘m (FLcr cEf 1g88)) AND NoT
noSwi rling THEN BEG N WO 94/ 29B#iQterFilterstate,{ OUT
PCT/ SE94/ 00531 FLfilterPostState); { Oy
FLvadSt art ( END FLacf Vad, { In }
ELSE
' BEGIN
~ FLfiltpost ( FLalphaCurr, IN )
FLfilterPostState, IN/OUT }
FLmyUse, ouT }
FLaPostPres) ; IN/OUT }
FLstepdn_unstable_special_pas2 ( FLaPostPres, N |}
FLrcTemp, ouT ]
FLunstable) ; ouT
FlLpresweight ( FLunstable, IN k
FLalphaCurr, IN
FLaPostPres) ; ouT }
FLcalculateACF ( FLaPostPres, { IN }
FLACFW) ;. ouT }
FLpostCoeffCalculation (  FLACFw, t IN )
FLetacurr) ; ouT }
FLreflFrameCalculation2 ( FLaver, i In I
nrOfAcfLagsUsed, In
FLrcPres); out }
FLrc2acf_special_pas({ FLcapRgCurr, ; IN ]
nrOfAcfLagsUsed, IN
FLrcPres, IN
FLacfDummy, oUT }
FLaPres) ; { our }
END;
FLfirstsp := (FLsp AND FLfirstsp);

END; (* FLspdFrame *)



FLacf d d, | n/ Cut

FLavO) ; Qut FLadapti veFi | ter Ener gy(
FLr Vad, In

FLacf A d, I n

FLmar gi nm@cdEa9849 In PCT/SE94/00531
FLmar gi n, Qut

FLpVad) ; T -~ Qut 20 FLacf Aver agi ng(

FLacfd d, In }

FLavO, “Il’" ' | n/

oo, IR IO~ oot

FLaver); Qut FLref | FraneCal cul ati on2(
FLavl, 1. A method in a framd lbased radio communication system, for

nr OF Act La%&ﬁ%@.’ling rejected iranl ih a speech decoder of a receiver,

Etg;geRgch ;rvfhich speech { dpﬁo?.e is tof} the source-é'lli:g:z:'acéy;?ep €5h8 | -i%as(

nr Of Acf Lagedignaplled by |i¢ceived parameters representing audio signals
FLrcTenp, transmitted ovkd a communication channel on a frame by frame

Et:f;?a.l% sis, said {\e%gfi %being characterliifaegvaq =10 EOR i
= 1 TO nr O Acf LagsUsed DO FLaavl [i] := FLal phaTenp[il;
FLpredConpid)at i onfaccepting or srdjeeeling received frames dependihg Jon

Etr a\C/)I ) whether the pa{rIthEtérs contained EhSREG! lale CBARAELAN(
FL?\ellvi to represent prlo%er audio signals;

FLdnDi ff M nThr esh, In

FLAnDi f f Magdihr esh detecting whethdéx accepted frames represent primarily

FLI ast Dm 45§L t
K .

FLstat); speech or bac tgH sounds; FLvadThr esh( FLacf Vad,
In FLravl , In
FLst at (c) concealing rejectddn frames by updating the parametdyH ch,
I n _ contained therdimPYAUaccordance with a first concealihg
FLmar gi n, . . n . . FLf7ac,
In algorithm if tﬁ a %?t. accepted frame primarily repre-
FLst at Count , sented speech and ip/aggordance with a second concealing
FLadapt Count , algorithm if the 1d4Y @¢kepted frame contained primarily
FLt hvad I n/ Qut

’ background sounds. .
FLrvad); g I n/ Qut FLdeci si on(
FLpvad, I n

FLt hvad, 2. The method of claitinl, characterized in that said second
E::EUV S'[Cooouabncealing algorithm coﬂlﬁh‘/igjéts locking filter and gain parameters
angCoun . . &

FLvad) ; I:b their values in the aF gccepted frame.
3. The method of claim 2, characterized by said second concealing
algorithm decreasing the output level of the audio signal from
said speech decoder when a first predetermined number of
consecutive frames have been rejected.

4. The method of claim 3, characterized by said second concealing
algorithm repeatedly decreasing the output level of the audio
signal from said speech decoder each time said first predeter-
mined number of further consecutive frames have been rejected.



FLperiodicityDetection( - - - -Fdtplags, In

FLI t hresh, :

0

FLol dLt p, s g g TR

FLol dLag®@sut#29849 ' I n/Qut . PCT/SE94/00531
FLver yd dLagCount, Qut

FLpt ch); Qut WD 94/ 29849

PCT/ SE94/ 00531 - 21 19 _
E;QggglaHﬁgdl er,{,he method of any g? 393 precedlng claims, characterifed by
FLvad, said first concealing|plgorithm interpolating predetermined

FLel apsedFréd@bsed parameters fioh Qe first rejected frame with corre-

Et:gg:gg%;’gﬁondlng parameters fchnp/ ?ét last accepted frame.

FLsp) ; { th } END;
FLwei ght i ngai fite method of clainFEal gtat@aterized by safd| figst concealing

Etaposétolra Leﬁi%orlthm ifntd oiatln predeteﬁlhﬁsﬁem%ﬂwﬁﬁé e€ars ﬁfgozr .
cap r & h

BEG N ERD) el L]é (f%) fra e with corresi:oEEQ{I%Eaf%n tatE fro CIND
FLr ef | Cur r previous rej{eqqqd} frame and decreasing the output level of the
FLfirst Sp, audio signal{ftdh jsaid speech decoder if at least two consecutive

FLaPoSt Preégrames have beehMNréjected.
FLaPr es, oJT FLr cPres,

our FLmyUse, our
FLfilterFi 7t eE@eamg:hoctpf claim 6, characterized by said first concealing

FLfilterPogtgbpiin mut@d the output sfMA1 from said BpSEch decoder if a
second predetermined number of further consecutive frames have
been rejected.

8. The method of any of the preceeding claims, characterized in
that transmitted parameters are encoded in accordance with a
first encoding algorithm if they represent speech and in
accordance with a second encoding algorithm if they represent
background sounds.

9. The method of any of the preceeding claims, characterized in-
that received parameters are decoded in accordance with a first
decoding algorithm if - they represent speech and in accordance
with a second decoding algorithm if they represent background
sounds.

10. An apparatus in a frame based radio communication system, for
concealing rejected frames in a speech decoder of a receiver,
which speech decoder is of the source-filter type and is
controlled by received parameters representing audio signals
transmitted over a communication channel on a frame by frame
basis, said apparatus being characterized by:

(a) means (20, 28) for accepting or rejecting received



with a second concealing algorithm (LOOP B) if the last
accepted frame contained primarily background sounds.

11. The apparatus of claim 10, characterized by means (32) for
performing said second concealing algorithm by locking filter and
gain parameters to their values in the last accepted frame.

12. The apparatus of claim 11, characterized by said means for
performing said second concealing algorithm decreasing the output
level of the audio signal from said speech decoder (40) when a
first predetermined number of consecutive frames have been
rejected. '

13. The apparatus of claim 12, characterized by said means for
performing said second concealing algorithm repeatedly decreasing
the output level of the audio signal from said speech decoder
each time said first predetermined number of further consecutive
frames have been rejected.

14. The apparatus of any of the preceding claims 10-13, charac-
terized by means (32) for performing said first concealing
algorithm by interpolating predetermined received parameters in
the first rejected frame with corresponding parameters from the
last accepted frame.

15. The apparatus of claim 14, characterized by said means for

}

BEG N FLfirtpost FLal phaCurr, { I'N
FLfilterPost State,

FLny Lse. { %@ﬂ\ \hl\l 1L ||||I I |
FlLaPost Pres); { . FLst epdn_unst abl e speci al pas2
(" FLaPostwp 8429845 { | N } PCT/SE94/00531
FLreTenp, { aJt }

FLunst abl e) ; { aur } FLpreswei ght (

FLunst abl e, { 1N} 22

FLal phaCurr, ! hether the arameters contained
FLaPost Pres) ; fraqég ending on whe E caICLH%g £

FLaPost Pr es, theqeqqﬂﬁre considered to represen prope audio- sig-
FLACFw) ; naXs;OUT } FLpost Coef f Cal cul ati on ( FLACFw,
{ IN} FLet aCurr); { QUT }
E%EFLLF[ZS? LSU|%£H¥n2(3f % éétecting whether acceété& érames repre-
FLrcPres); sefft @uiwprily speech or bagkgronnd $EURAS pas(
FLcapRqCurr, I'N

P&CfAchagsﬁﬁed means | {$2) for concealing Efje?%if frames by updatizd CPres,
FLaPr es) : the paraqqugf fontained.theé%%mliﬂngccordance ﬁi_qr%tsp :
(FLsp AND FLfir st spirst concealinggdgofitins{idOPaft ¥ the last acpgpbed 29849
PCT/SE94/00531 frame primarily represented speech and in accordance



1. Anethod in a frame based radi o communi cation system for concealing
rejected franes in a spee oder of a receiver, which speech decoder is
of the source-filter typ_e7 JI

Qﬂ Mﬂﬂtk by received paraneters
representing audi o signal. ' I a communi cati on channel on a

frame by fyamessdsis, said nethod beirfg ¢haracterized byPCT/SEH)00531

accepting or rejecting received franes dependi ng on whet her the
paranmeters contai ned therein are consi dered to represent proper
audi o signal’s; (b) det ecti ng whet B&r accepted franes represent

primarily ._Speech _or _background sounds; . . i

rej ected frafEC Ipdieifly FAEShar SHRTRFS79 algorlégﬁta%ﬁggg§ efg?% in
accor dance pi¢deteriined resrivsd pgrameters ingLherFYRANY TEAECFES I ept ed
fr arredpri magity défe@ponding lpara‘i@&bﬁ‘d SWCTharpkeiwioascmedaqt:ed Vi talmeq
second conceali . i I Jant t 8P afEors i@ ned
primarily ané &gcret?aséﬁar Sﬂ%dg‘g%%‘#agé‘;el fzzﬁ ‘%% #g?gﬁgdgggng ?ﬁ? 1,

char act er i z8Regsh tfegodey; diistonlea’ont®l FABSSFH VS kﬁﬁ%ﬁ)(}f%vees R ng
filter and gejecye¥.aneters to their values in the |ast accepted frane.

3. The method of claim2, characterized by said second concealing

al gorithm decregsing the output |evel of th j i | _from...sai peech
decoder vvhe?'lga ﬁ“? sﬁ%pﬁrgagfﬁﬁi% ad"mnulr?tjgthgagg%%l%eec%u?’%gaﬁéaﬁ%%éﬁagoersbeen
rej ected. penforpHmgmmaHed HirsE MANCTALERdr a2TeFIFNY BYCINE (TR COHPUE
conceal i N0 saqean ifrom sepeaipedby desddzasifga tderondt prédéteumdinetl tlrbeaudi o

si gnal {1 o5 Al U 0ECATe F26he! e Hellel kbboti@deter - i ned

nunber of furt consecut1ve frames have been rejected. WO
94/ 29849 _ PCT/ SE94/ 00531 )
21 17. The apparatus of any of the preceeding claims, characterized

by means for encoding transmitted parameters in accordance with
a first encoding algorithm if they represent speech and in
accordance with a second encoding algorithm if they represent
background sounds.

18. The apparatus of any of the preceeding claims, characterized
by means (38, 40) for decoding received parameters in accordance
with a first decoding algorithm if they represent speech and in
accordance with a second decoding algorithm if they represent
background sounds.



5. The method of any of the preceding clains, characterized by said first
concealing algorithminterpolating predeterm ned received paraneters from
the first rejected frame with corre- sponding paraneters fromthe | ast
accepted frane. 6. The nethod of claimb5, characterized by said first
concealing algorithminterpolating predetern ned received paraneters from
the current rejected frame with correspondi ng paraneters fromthe previous
rejected frame and decreasing the output |evel of the audio signal from
sai d speech decoder if at |east two consecutive franes have been rejected.
7. The nethod of claim6, characterized by said first concealing algorithm
muting the output signal fromsaid speegh decoder if a second
predet erm ned nunber of further consecutive franes have been rejected.

8. The method of any of the preceeding clains, characterized in that
transmtted paraneters are encoded in accordance with a first encoding
algorithmif they represent speech sBsTRACECcOrdance with a second
encoding algorithmif they represent background sounds. 9. The net hod
of any of the preceeding clains, characterized in that received paraneters
are decoded in accordance \BEFECQIBD (FRAME|CONCEALMENRrithmif they
represent speech and in accordance wth a second decoding algorithmif

t hey represent background sounds. 10. An apparatus in a franme based
radi o cogmuni cati on system for_ concealing rejected frames  i,n a speech
decoder OR £ r&&8S/Er Qb ¢h SFaleh BRE6HerrIdIdf MUY | BEFEPpe
and i s epefjecekliedEramd=Cceryedopdearederscdedsentbng afiihot saggakrdthm

transmt % a,go ni catpon cha n fr y fra sis, .said
appar at uiﬁgg?ng)c hé’r%ac er | g%ﬁ{: b)‘}":ccepr;&zL ?} Praﬁr%aﬁ" ;%ge(%o SE? §fn?1f ofp%%gcesplgng
or rejecacagrdangi fed a second algorithm (LOOP B) if the last accepted

frame was a frame containing background sounds.

(Figure 2)
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22+ frames dependi ng on whet hér “the parameters contai ned

therein are considered to represent proper audio sig- nal s;

(b) means (34) for detecting whether accepted franes repre-

sent primarily speech or background sounds; (c) means (32) for
concealing rejected franes by updating t he paraneters contai ned
therein in accordance with a first concealing algorithm (LOOP S)
if the | ast accepted frame primarily represented speech and in
accor dance with a second concealing algorithm (LOOP B) if the

| ast accepted frane contained primarily background sounds.

11. The apparatus of claim 10, characterized by neans (32) for per form ng
sai d second concealing algorithmby |ocking filter and. gain paraneters to

their values in the last accepted frane. 12. The apparatus of claim 11,
characterized by said neans for perform ng said second conceal i ng

al gorithm decreasi ng the out put | evel of the audio signal from said
speech decoder (40) when a first predeterm ned nunber of consecutive
frames have been rej ect ed. hgapparatus of claim

characterized by saied neans for per,dﬁ gesai d seconjl co cealing
algorithn1repeatedlf“ ecrea3|ng% t he output | &yel of t audi o signal from
sai d SpeeCh decoder C\a| d fir Stcopr edetetmnaet "IIUTI_IJCT of further

consecutive frane ljg?ted ¥ 14{ The mppgkatus pf any of
t he precedi ng cl ai dcs mt>riXed bly neadg (32) forjperformng

said first conceali n nferpol atj ng pr det@rm nefl received
paraneters in the| f@r ' e de 1 ; cprres ndiﬂg par pneters from
t he | ast accept ed| f&ane. .:?h ppa/atu f claimi4__characterized
Ny
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23 performng said first concealing algorithm interpolating
predet erm ned received paraneters in the current rejected frame wth
correspondi ng paraneters fromthe previous rejected frame and decreasing
t he out put | evel of the audio signal fromsaid speech decoder if at |east
two consecutive frames have been rejected. 16. The apparatus of claim
15, characterized by said neans for perqub/ﬁb said first concealing
algorithmnuting the ou m sai d speech decoder if a second
pr edet er m ned number t R A MR ' i :
17. The apparat us of any'of the¢ preceeding clains, characterized by nmegns
for encoding transfi ed parapehNers in accordance with a first encoding
' ' ‘ accor dance mnpﬁ%gz§eggnd
encoding algorithmif the g~ound sounds 8. The
apparatus of any of the , Characterized by neans (38, {40)
for decodi ng recei ved gar anet In accordante wth a first decoding
i i : and in afcordance with a second
decoding al gorithmifshhey repregsent backgr pund JS@ORISS
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