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[0004] With the ever-increasing demand for transmission of vivid multimedia,
streaming audio has become one of the important applications in the emerging 3G Mobile
Network and Internet. A significant impediment to reliable transmission of multimedia
over packet networks is packet loss. Packets may be lost for a variety of reasons. For
example, congestion of routers and gateways may lead to a packet being discarded; delays
in packet transmission may cause a packet to arrive too late at the receiver to be played
back in real-time; or heavy loading of the workstations may result in scheduling difficulties
in real-time multitasking operating systems. Moreover, impairments of communication
channels such as noise, fading and network congestion, may give rise to packet loss during

transmission, causing audio quality degradation. Since it is impractical to request for re-
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[ooosai udio si ﬁ%?elfgrel ‘phepel is r?]m imperative need to have a system and method for lost
packet concealment so as to improve the quality of multimedia audio signals in high
quality audio streaming applications. This invention satisfies this need by disclosing a
WSOLA based packet loss concealment method and system for broadband multimedia
audio streaming applications. Other advantages of this invention will be apparent with

reference to the detailed description.
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qual ity audi o stream ng applications. This invention
satisfies this need by disclosing a WOLA based
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[001Q]r eat edThs paemm gheentimndalso provideslthd ddultipbarideT$me Expansion
algorithm for the lost packet concealment. In one embodiment of the present invention,
the Multi-band Time Expansion algorithm includes detecting the number of continuously
lost packets in an audio input signal; detecting the correctly received packets on either side
of the lost packets; time-expanding the correctly received packets that may be from either
one side or both sides of the lost packets; wherein the correctly received packets are
stretched to cover the length of the lost packets; and overlap-adding the stretched packets
so that the lost packets are concealed. In one aspect of the embodiment, the time

expanding of the correctly received packets includes correlation search within a search

window for appropriate time positions where overlapping segments are extracted from the




[0010] The present invention also provides the
Mul ti-band Ti me Expansion algorithmfor the | ost
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Brief Description of the Drawings

[0015] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0016] FIG 1 shows as an example of time scale expansion the waveforms of one
input audio signal and one output audio signal after time scale expansion of the input audio

signal.



[0012] One objective of the present invention is to
i nprove the sound quality of broadband audi o
transmtted over error prone channels. [0013] The
advant ages of the present invention include easy
i npl enentation, conputati oMal effici ency, and
provi sion of better audio quality. [0014] The
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invention. [0023] FIG 8 shows one exenpl ary

[00280"T | QUARL P e inb BRic hEY bE AREEELEE Hord BAdAY by reference to the

following detailed description of certain embodiments of the invention.

[0025] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0026] The present invention provides a system and method employing Multi-band
Time Expansion for lost packet concealment in streaming audio applications. The present
invention derives from the realization of the broadband characteristics of high quality
audio. Thus, by separating an audio signal into two or more bands (e.g., low frequency
band and high frequency band) and using different parameter settings in the Time
Expansion for different bands, the lost packets can be reconstructed with less quality
degradation. The present invention further provides some techniques to reduce
computational power requirement, making it more feasible for practical implementation.
[0027] As discussed above, the Time Scale Modification is a process that alters

audio speed/tempo, while keeping audio’s pitch intact. FIG 1 shows as an example of time




FIG 7 by incorporating the features of FIG5 and FIG
6. Detailed Description of the Invention [0024] The
present invention nmay be understood nore readily by
reference to the follow ng _detailed description of
certain embodi nents of the inventi on. [ 0025]
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wherein k is the step index and A(n) is the Hanning window coefficients, given by the

following equation:

| Zr{n+1) o
hi(m) = }/[} ”f—TIl] O<n< N

0 otherwise

(2)

wherein N is the window size.



Sinply put, the original signal is first divided into

two overl appi ng segnents. Then by altering the length

of the overl appi ng segnents, the resulting output

duration is changed. Let x(7n) be the input speech

signal to be nodified, y(n) ‘the tine-scale nodified

signal and a be the tine-scaling paraneter. If ais
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bEeosfip ﬂ-ﬁpatﬁ *gb nimlmis+ ) si ne wave, so that the

two overl gppi ng segments can represented by
.Si n and si n(ﬂuubt‘“ca‘ﬁ)@ respegtively. The
WIE él‘a‘b‘? . $regroen by: O(t) =
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[0031]pt ) As shown in the derivation above, the Overlap-Add output is now another
sine wave with the same pitch. As any complicated signal can be decomposed into infinite
number of sine waves, it is apparent that the output pitch is intact. It is also noted from the
equation (3) that phase discontinuities arise if the two segments being superimposed are
not in phase with each other. Therefore, the values x; have to be selected carefully. The
appropriate positions for x; are determined by finding the maximum across correlation
within a search window.

[0032] Now referring to FIG 3, there is provided the determination of positions of
x¢ by cross correlation. The cross correlation between the two half segments to be
superimposed is computed. The best position for x; is located by moving x; within the
search window [imm, ima/ and finding the maximum cross correlation. The cross

correlation is given by the following equation:

-1 . . }
e, =Y I+ j)*I(x,, +F+j) @
J=0

[0033] Theoretically, the search window length has to cover at least one pitch
period of the signal. However, it is difficult to determine the pitch period and normally the

period is quite large for wideband audio signal. Furthermore, the search window length is
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in the derivation above, the Overl ap-Add output is now

another sine wave with the &ane pitch. As any

conplicated signal can be deconposed into infinite

alSOriimiwb}oiﬁle somputativies resotirce svaipgbde mrrealttinat apphieatous p Therefore, it

s al.so noted fromthe equation

is n‘f i ﬂ@?faﬁﬂaagig ane@oth? Peitisetly synclyrpriged §e2Ratst wo

[0033LIMENt NRE KTBrRgRE FIGROGRE: @ﬁ)?owé%?f an) ﬂlué’cﬂ@l%ﬁ o‘f"tﬁerbperauons of
each other. Therefore, the values xk have t

Muléichandt Bitheckxnasiony Ami@wnamﬁlébﬁ; ‘dmeenmussngnabtsseepmate;dmto two

banc?sol?yr e]%h?{ . er}let% ?I%?s toqad n e(?f? Q/d"ﬁat Q}g[g%%ﬁw be divided into

mort €hAY fdBaride depéading bﬁ‘ ﬂ{eecdrﬁ;%tﬂét%ﬁaﬂ SShsbﬁﬁlts The low pass filtered
determ nation of positions o Cross

and dugh gras filfaredTyignals @osthewrghesaparasn CDE‘Plnéleh se#rghtpwocedures and
dlff%gét{ se?se A ﬁaa#cglrcg i)ﬁSllfiggf%%%B g%&g forstxme € géjat}%%%n tﬁﬂ'ne Correlation

ositilon Yy novin

SeaﬁchelseSSﬁﬁﬂeﬁdmt wearctowiddomt rangesax], iaRd sthraBist@s bh@ initial values for
Xi.mum craoss correlation. The cross correlation is
dlff"d?’i‘ﬁéﬁ“ﬁ%ﬁ Wwiieh mgkesghe AL @&H&W%‘ﬁdﬂl’g 3PP fo@:lﬂm The separately time

expe{m@? (&b b 40t h1%11i] ﬁalﬁieﬂé ﬁ{ég\@opﬁl)?%fdl 1§ Bgltan} 15‘19?%1 Randid gxpanded
at | east one pi perio € signal. wever, |
outpus 'tlhd digttail filter coet&tientsicar bt basilyi cogtpupdrwidodMatiab tools. -

rge for w deband audio

[0035105@ | )ﬁ#{ih? Hléﬁﬁ%ﬂ{t%dh%% g 'el{éﬁl;th%mqawﬁéwgpﬁon ag be used to
conceal lost packets in audio transmission. In one embodiment of the present invention, as
shown in FIG 5, a two-side time expansion method is employed. In FIG 5, P1, P2, ..., PB
are B data packets correctly received before the lost packets and Pc is the current correctly
received packet. The B packets are stretched to length of (B+L)*P+F1, where P is the
packet size, L is the number of continuously lost packets and F1 is the number of
additional samples to be used for smoothing operation. Similarly, the current correctly
received packet Pc is stretched to the length of (P+F2), where F2 is the number of
additional samples to be used for smoothing operation. These two parts are then joined
together to form a data chunk of length of (B+L+1)*P, i.e., the lost L packets are
concealed.

[0036] To insure smooth transitions, Overlap Adds (OLA) are performed at all
signal boundaries. OLAs are a way of smoothly combining two signals that overlap at one
edge. In the region, where the signals overlap, the signals are weighted by windows and
then added (mixed) together. The windows are so designed that the sum of the weights at
any particular sample is equal to 1. That is, no gain or attenuation is applied to the overall
sum of the signals. In addition, the windows are so designed that the signal on the left
starts out at weight 1 and gradually fades out to 0, while the signal on the right starts out at
weight 0 and gradually fades in to weight 1. Thus, in the region to the left of the overlap

window, only the left signal is present while in the region to the right of the overlap




also limted by the conputational resource avail able
inreal tine applications. Therefore, it is normally
i mpractical to obtain the perfectly synchronized
segnents. [0034] Now referring to FIG 4, there is
provided an illustration of %he operations of
Mul ti-band Ti me Expansion. As shown in FIG 4, the
wmdom,tﬂnl)sthgmght bignaldp @f@éxﬁd In tHecovievimp rdgdong shetyigrehil grddaklly makes
f||ter|n ppreci ated that the input
a tragsiliqy f f% et?égnaf% gféutolt gtn E%Flg ht; Him%wa&ﬁa@ are used to keep

the SRRABLHNG Qi gﬁﬁﬁﬁgﬂﬂp&%ﬁﬁé ’h ﬂ&?&,{é R it ?t-ﬁglg\girfa\%vs such as

pass fi'ltere pass ter ed si'gnals
trlaltgmﬂarusghldswp anatte vwdr mls‘aaa’:l orN m aetwmipg dodd@r 8stoambure smooth

tran§1 Pn fl{ ﬁgtbg éfﬁ% gﬂl%ggl’— Véo &QEOSI td: %g%,))c(slémg S §¥esgenerated in

he Ginf e@pHRIonS &R Wi g dyeighed by fade-
R L “‘3???&?@%?‘%%%8%@;@%E’?)n%@esel% °d by fade

out §@krlcl¢pﬁ@'lcmnt$@eldlwmmwdr e efficient. The separately

e nded | o d d_hi .band. are t.hen . . .
[°°3zjonb| ne?o? Neies et "ﬁﬁg’ % 35‘? PEARY 'BY 08%%95%9& decision making
funddidiptét theThRIIGIHAWE afindd E&Fins@(ﬁﬁfs(f) itRhtett SanCBE rBf WABIbY power
conmputed with Matlab too 0035] FIG5 illustrates

confygptione N 16 isb il wrehast E&é@m@p@ rmakang lfer lesedagkst concealment.
Whét? n@% g?gtellnosﬁr]tsp ?lﬁi( 5111 gudlo S lillgi %1‘&1 paglge% S‘[}Sle p% 81ePer cRmﬁrch)ss 1s to

resen I'nvent

courdt th@nﬁmbemfdﬁntlmmsﬁﬂpﬁ%bms et it@sjmlltﬁalﬁﬁw toye6 at ihfé beglnmng
are B data packets correct

FIG5, P1, P2, ..., PB
610, Pagksjetm hetyilsr arseunhered hket dB-atigh mdexd] foﬁéhft@ﬁfrh%%ﬁﬂ’a‘?ket
T
Whéshtot?lét%g%{[le%‘ w£1 fgr'r]\él? tn%?c# %&81)1'; @%@ea\%&g ﬁ‘e[t@h oﬁ 8ackets 620, it
will phedletwhsinee ;thel_curserﬁ rackut ribésst of nooBBONUG lﬂlsé yuﬂrﬂﬁtpacket is lost,
cou] o IFERHAb BY 131G BErReL BHbehias g it A buler s layed
64OCUFfrtﬁ@'i:uﬁeﬁtr]f?&'klsﬁ’15 §RABLY Bk RAGKS Wil eonfindl K6 LAOA Whether the

the Tength o wher e e nu er o
prevaudipackeh ad losmrpioe 650 0 Ifd;he peeibus packetrizotdiilosy, iopens thetrboth the

t t th d t h to f .
BB o SR 2 25 SRELRD S L rest

zeroP ekt ISesB pcket ANMGE Hue@r 1s[ 19933@] anHOtht REHER BHRALE appended to the
transitions, Overlap Adds (COLA) are performed at all

buffey @‘Waﬂf Wm%@u%@ckm@saw ilg theeppright avkeftik [rqpelved correctly, the

ol RY R SR okt SRR o e R 3R aet dtaled n
FIGV®i gb&@d &yemmn@tmdcoﬂshmatﬂdﬁe&rﬁame@l)ust:omlth@and Time
The wi ndows are so designed that the sumof th

Expgpsiqarandy athen dhg erpeirnatecis high. sBhepheeshelddgjisaised ¢o demdwhether to
use 'sﬁlgler-]f?anglabpm(?ﬁtl-%taﬁc? R eg&nsﬁqnatggah g t[?epeﬂ&m%\/ il ﬁle trade off

between audio quality and power consumption, the threshold E is selected accordingly.
The system will check whether the count loss is more or less than the threshold E as
selected by the user 660. If the count loss is more than the threshold E, the input audio
signal will be separated into two or more bands to conceal previously lost packets, and
then the output packet is numbered 1 in buffer and the count loss is set to 0 690. If the

count_loss is less than the threshold E, the input audio signal will be treated as a single



sum of the signals. In addition, the wi ndows are so

designed that the signal on the left starts out at

wei ght 1 and gradually fades out to O, while the

signal on the right starts {)&t at weight 0 and

gradual ly fades in to weight¥1. Thus, in the region to

the left of the overlap w ndow, only the |left signal
band & q\»ne@é ntevivhislydostrpathess, mad then thoouthet packgitis mimbdred 1 in buffer

9 w ndo nly the right signal is present. In

andﬁ’ﬁémB’{} MS%\E SF‘étﬁv& U the signal gradually makes a

[003§]r ansi t iTee pkésent ﬁqk}@mﬁingﬁﬁﬂhepﬁrdvﬁfe% n‘ié&nQ ﬂﬁ&av@rbo‘w’é? consumption

i ght. Harm ng wi ndows are used to keep
and @@mput@npw cofstrrants.u | Far |eﬁgmpl¢e mxtheu Mehauoersgamh\ﬁoh besfgnatched
such ndows

posifité, (B8 vallel Shisth QR TrehfERioRS ety EREAOR 0L R t6%hed as

refe@ABG§thrtink pRANRS Terﬂlrl%ht tile Rpaties. YTIIE helpe 36 rddie BRY dotrelation
addi tional (Fl +F2) l es are generated in the tine

seargy yHKo Mo ﬁffec;!%{ﬁba b.@gn s thsveeppaptigpa ge@iirementyt ln addition, the
paragrféerg For Qég b?ﬁ%%g? %ﬁh%eﬁaﬂea s&%n é%g%&!:«g f&roﬁlf fﬁ&t e&hg For

sumre erring ROW & presen

exarijple cthi ifinal m’rﬁelatdckpomt dethegirevion@bdndgnay bérasedan th@ staftihg point
Mul ti-band Tine pansjon so that it can be run wth

for th\feprsnepr ﬂteo?@xﬁlﬁtqrbﬁ amey Bands Mw«rw,clﬁa% plsgfpossible to use

diffl&fisSion MV@%&EQ s{eg§ gncp ﬂﬁtlfaqtva WI ! ﬁ)le %éa{tg)%(ﬁneﬁlﬂﬁlon in

systemstarts 0 SI gna
diffepant dandse whichimikek dessearshing proamduate rhére effiviker of

continu | ast tg and it.is initialjzed )
[003%er o at %\”’e@"é&% ﬁ‘? EE& _breseak mvention praxidgs, pp é\l‘ﬁarsgeammg
systéid %ﬁf fd Multlzba.nd Tim8 E)égaﬁgioﬁ Ae¥ithn | @1 oﬁé‘@xe%ﬁfléﬂg%hﬁguraﬁon,

packet. Wien the syst waits for the time to expir
the cﬂmluo sth@mbang gygeamrcopatrishs aftrapsmktmr §1028 coinmunigiatibn chagiel 720,

and {iRcelfi oAt TRl 0 ipkRees Bt ablia PhadRlup: atifizaton

meass a08, 4 Bl@arﬂ@}?&fébd&u'}"i?’ﬁ r8d aCﬁh@Bﬁla{d?Sﬂéﬂ TR CBiNES €30 irktludes a
Iayed 640. If the current packet is not |ost, the

demg«}td@f@mnvl,l 4 clwoneli degedard32he dr-pableatization meanqoﬁe%« R@udio decoder

734 PR Rt RSl Rhaie oy A% QRIS BIER ) fureaming

systéﬂ‘i emp ra@a/ st@u@ar@ aelkBtexdsm theeLbyeshcsalaeasmballeYL3s to be discussed
count loss is reset to zero, the earliest packet in
later porixpmele; jthe prdig eacedea TRameube aroujsacrder fog reducing the raw

muh‘l'i’xggﬁgaﬁg Irﬁt@ the, Bpéﬂfﬂfr?c{ eﬁl%gd{rﬁéntt ﬁl% %Wé’e O4fer R?%%ﬁ&;mséd of a

he curren acke celved cor
plurdlitg of MibHahd beurde dodwees, Emﬁ) dorsdvery letimelﬁmqual Mdi§ dubband coders
previoysly | ost packet in.ways detailed in FIGS5.
are kngym pregited yithess Sﬁ’é i“\g%eé‘l“i-ons denand to use

[004(9!“' ti- bmec;weﬂethe packetization is to partition the multimedia data so that the
data can be transmitted in packets. Usually, each packet has at least a header and one or
more informational fields. Depending on the specific protocol in use, a packet may be of
fixed or variable length. The header of a packet contains a field called sequence number.
The header of a packet also contains a field describing the number of information fields
that it contains and their importance. The channel encoder performs channel coding to

accommodate the imperfect or packet losing nature of channels.




Expansi on only when the error rate is high. The

threshold E is used to deci de whether to wuse

single-band or nmulti-band tinme expansi on nethods.

Dependi ng on the trade off Ftietween audio quality and

power consunption, the thredhold E is selected

accordingly. The systemw || check whether the count
[004ibss i s Tiereerosrcohemémentanodule 78 Hnsdiddsch imasxpasicnctmetwith a

t he.user 66Q. |If the coynt .loss.is more than th
Mot T Texpapan plastilin o s 0R kit b Basket Suer: The
exetplafy édﬁﬁgﬁfaéiﬂﬁtroﬁ tIRANAS ek PanSBA ©BRIand &l?é’&&ﬁérﬂmh@%ﬁ im}t ri15 shown

. _packets, "an en _the output packet is numbered”
in FHa8f erhearagketibafieo within s seaetves éx opetatlly 6@upled fo reerive a sequence

.count loss, i.s |less than the, threshold,E the input
o ineiifie eftffis g e tiihsk, B deSScHEminkims ving T ety coupled to
the PRARGERUfdRN el‘HeCdé&isianxﬁ_ﬁlting Gl kractd B deli8shckhRn®eE Prékent in the
acket is nunbered 1 in buffer and the count |0ss is

headgstoftqyery paeket pod 3Bjectndirgy sdsther ipacksais have fuiveddn order, and,
r1OM] i Q e} . . .
socdid Wle 135:AEERT phekef A, RN TAARLI Py & e decision-maling
unitexitl isdtaiti the tisesd:gpandion uliest comadat Beglospgrketsons, the
val ues gbtained in the previous tinme expansi on process
[0042hn be Jdepudio streamipg sreemtof the peespel myentios may implement the
i ‘ ' . Thi e i
Muléé%?%ﬁﬁ%l%%ﬁﬁﬂgﬂ?@rﬁ@éﬁg egﬁeﬁgﬁé& g%mofﬁ%rﬁﬁlt@rts. %he system
storen ety cacalved egpeketsnand buffor, atbpehdiag, od tie amount of available
araneters for one band can be used as a starting
mend¥erence for the next band. For exanple, the final
0048 T ! at&hy BRI pRivi &\ QY i
o ot ATt et i e B R R P Rl B it Packe
Conofalmentew Higln dualivp medivestreaming appitatmng os stdalrdarice withethe present
. di.ff eiﬁnt search w ndo%r es, steps and ini ‘Eli al . d pack
inveftiphe S5 APRONCHIRRIISEY 5 ORNBE SIEPF o cqiepHy Frsfitved packets
in 2 BATES whekithe TakDer SMKUIRRRT Sk chl BERIH&! BIREEON the amount of

efficient. [0039] Now referring to FIG 7, the present
availableemeinory; pelovating shalostpagker conecadmentplgaitbmedeaiding whiae to use
[ti-band Tine. ansi on al i t.hm lL.n one exenpl ar.
whaf ikl SRR 2B A i 2 R e Pe BT By, For
exarhpleNHThé bilti-baAd tigheCoxpanibe alchRiqué Mandedl to cdHceal 83 packets, the
receiver 730. The transmitter 710 includes an audio
operafersasidetailed iy Fi3 Sjage exesuiedn Thessapsrarions ingluge dirregxpanding the

4.. The regcei .
-+ &
o RIS S0P AV e TS GEL AL ey v
packge tpraftht of185-FD)) neeging tH38 twa datadbhankicimesiefic of7BAgthaBaL+1)*P
. an Sr ror conceal nent npdul e 735. Al the conponents_of

using fade;qyt an tf"f“%a’ﬁﬁ Pigcessing. The time expansion operation can be further
decomposed into the following steps: separating the incoming signal into different
frequency bands; for each signal path, using correlation search to determine best matched
positions and stretching the signal with overlap-add method.

[0044] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention

pertains. Such alternate embodiments are considered to be encompassed within the spirit




system 700 are standard itens except the error
conceal ment nodule 135 to be discussed Ilater. For
exanpl e, the audi o encoder 711 may be a source coder
for reducing the raw nultinedia bit rate. In a
preferred enbodi nent, the sbérce coder is conpri sed of
a plurality of subband source coders, one for every
and sudpd ofethegpresepe inviehtign. s Webardihgtpdibe scomr ef the cpwsea‘n thvention is

appreciated b ose.skilled in the

desqiifegofsdhé t%@g‘béfgk% 155406 SOBPGTIEA By ot doieaping description.
mul ti medi a data so that the data can be transmtted
i n packets. Usually, each packet has at |east a header
and one or nore informational fields. Dependi ng on
the specific protocol in use, a packet may be of
fixed or variable |l ength. The header of a packet
contains a field called sequence nunber. The header
of a packet also contains a field describing the
nunber of information fields that it contains and
their inportance. The channel encoder perforns channe
coding to accomodate the inperfect or packet |osing
nature of channels. 11 [0041] The error conceal nent
nodul e 735 includes a tinme-expansion unit with a
Mul ti-band Ti me Expansion al gorithm a deci sion-naking
unit and a packet buffer. The exenplary configuration
of the tinme-expansion unit and the deci si on-maki ng
unit is shown in FIG 8. The packet buffer within the
receiver is operably coupled to receive a sequence of
i ncom ng packets fromthe transmtter. The
deci sion-making unit is operably coupled to the
packet buffer. The decision-making unit extracts the
sequence nunber present in the header of every packet
and detects, first, whether packets have arrived in
order, and, second, the presence of packet | oss. Wen
the packets are played, the decision-nmaking wunit wll
instruct the tine-expansion unit to conceal any | ost
packets. [0042] The audi o streanm ng system of the
present invention may inplenent the Milti-band Tine
Expansi on al gorithmin enbedded systens or conputers.
The system stores correctly received packets in a
buf fer, depending on the anmobunt of available nenory.
[0043] Now there is provided a brief description of
t he operation of the Lost Packet Conceal nent in high
gquality audio stream ng applications in accordance
with the present




i nvention. The operation conprises the follow ng
steps: storing correctly received packets in a
buffer, wherein the nunber of buffered packets can be
sel ected based on the amount of avail able nenory;
activating the | ost packet &dnceal nent al gorithm
deci ding when to use what tine expansion algorithm
and executing the chosen tine expansion algorithm For
exanple, if the nulti-ba%i‘ine expansi on techni que is
used to conceal |ost pac ;7 the operations as
detailed in FIG5 are executed. These operations
include time expanding the buffered B data packets to

Whdtengjaimedlfis:( B+L) *P+Fl ; ti ne-expanding the currently
received packet to length of (P+F2); nmerging these
two data chunks into one of length (B+L+l)*P wusing

1. fadanosidigneehy byktdh F6LHRhaMittidd GullioBefNPINA Alkh quality,
operation can be further deconposed into the

compgpingw ng steps: separating the incomng signal into

di fferent . frequency bands:; for each signa th .
usitng €o 29 raf‘%(?h“%%&?clﬁp ilfoa'l’i‘g'_[’eﬁlﬁlil et_r%ggil%t?fg?lgﬂ%h the audio
strefifiigt dy8fesn and pidyied GRLINehe Rpub a0diadl siphdl hsOMebhpr aslfo signal;

met hod. [0044] While the present invention has been
whegpin; Hiejrpeeivariindiudes fa reaior sonesapaent module forlpsbprakehtencealment;

L W e (0] embodi nENt S are. . .
wheldin g ¢refRHPERERHORSEHerndlS HRELTRNOR iigp ayule-band
Timk iBxiptuesion Algbeithnatd deistorbadkingnist &fd 4 Pecket S and wherein the
i.nventjion w |l  becone apparent to those having . )
Muliroapd digre Sxpasionqalgerithay qangsripn shelsangrteaepipansion and multi-
band 4 B BilionREEhindRo iAAbE FRbInEIRMURRI R0, |
scope of the present invention. Accordingly, the scope
of .the present jnvention_ is. described by the appended.
2. ol dhfreudiny sireaning systeay OByfatnﬁel o WL%TQH} Hs prsket ﬁb&?row.ltﬂm the
3 Mp1Vb&ipl® I LSy | ' i
recesyé?éor?ef or}y\?r a{)ns rr%ofljte ?éﬁgggﬁ% onéei %na‘f@ﬂg\ﬁ]“gﬁﬁéﬁtgﬁﬁm@qmm audio
signgjufsdm the audeostmaingngigystean, aed stoveethe fareived packetsng an
i nput audio signal transmtted through the audio
stream ng system and pl ayi ng back the input audio

3. si ghalandfo 8ftebinBUlysRiutlio® cHifN2| wheli8tBS QetiB®n-making unit is
receiver includes an error conceal ment nodul e for | ost

operphlykesupledriedhe paeket buffer to monitor any lost packets in the received audio

input signal so that it decides the appropriate time-expanding methods for lost packet

concealment.

4. The audio streaming system of claim 3, wherein the decision-making process of the
decision-making unit includes selecting a threshold value for using different time-
expansion method; calculating a count loss parameter for lost packets in the received input
audio signal; and determining of whether the count_loss parameter is more or less than the
threshold value; thereby, if the count loss parameter is more than the threshold value, the
input audio signal will be separated into two or more bands to conceal lost packets, or if
the count_loss parameter is less than the threshold value, the input audio signal will be

treated as a single band to conceal lost packets.



wherein the error conceal mrent nodul e i ncludes a

ti me-expansion unit with a Multi-band Tine Expansion

al gorithm a decision-making unit and a packet buffer;

and wherein the Milti-band, Ti mne Expansion al gorithm

can perform single band tin%4expansion and nulti- band

ti me expansion according to the instructions fromthe

deci si on-nmaki ng unit. 2. The audi o stream ng system of

claim11,. wherei.n the packet, byffer wthin the
5. Yedbf \?aﬁloimgfeaawﬂ%syirefgoq}ﬁﬁ@al fhoviheredh {15 BroseRefribe lgt packet
condehleat M@ludagket s of the input audio signal fromthe

audi o stream ng system and store the received

padkieeting tBe nithberafgontimtouslrivs gacketstivmm afidiolisputsignal;

wh I.h the deci.si on-naki uni t..i s ..operahly cgupled

o SE Euhe 1E o OR P B s B itk stoBBF i detondhehy

t heinfeak@hivifle e Rrectly Pateive PadltetSthat May bllrdie itk ne side or

the appropriate tinme-expandi ng nethods tor |ost packet

bothsisles @4 hedast pagketst ivhezeinlithe eorreedntasgivey packetscire streteled3o cover

the 194185 §F the 14\E pH8&ELS LA - MaKI ng process of the
|S|on-na£|ng unit includes selecting a threshold

vabuglapaidding thestedtéHedpackets s0Mat B RB3NSARSEs AR ddealed.
cal culating a count | oss paraneter for |ost packets in
the received input audio signal; and determ ning of

wh : j
6. RS O SHELADRS DRIATN Ayl S IHES Bl G320/ Bolomcay
recejyad gaekets inclmdec@rdlitiom dehechtwhitlds akeakcl avinéow tfveapproyisite time
.audi g si nai w |l be separated & nto two or nore bands
POSIEQS YHESATCTIABRYE SegRetis aresxirpgted frof Ao R fighal.
paraneter is |less than the threshold val ue, the input
audio signal will be treated as a single band to
7. cohbealdid sstanpag kettem of 4latin 67 wheming wdes thesiaputrgray &t separated

. f claim,4, .wherein . the process of the ] ast packet
into Ry Selplrhghdy. et g 208 IRSQuaR gparhis CUTRISEP sarch procedures and
uses @Erbnt 4014 DF Yhel DpropPiREekEhS pbditiGHR BUEHHE ekpiRbonsSi gnal ;
detecting the correctly received packets on either
side of the |ost packets; time-expanding the

co y received packets.that may. be from either one
8. oPHRE Y REGED BAE P shihor i Kin e SHHE] doNelaulon Search
procédurésciatluile HREE MO’ JTARKRIISWRIS: SphRiCRER‘hWINGOV @inget, RBparate
| engt h of the |ost packets; and overl ap-addi ng the

searcdy Wiadewstepp At serarae seaeh Witlow siaitingaelatst s ar e
conceal ed.

9. The audio streaming system of claim 6, wherein, in the correlation search for the
appropriate time positions, the values obtained in a previous time expansion process can be

used as reference/starting points for a current time expansion process.

10.  The audio steaming system of claim 5, wherein the boundaries of overlap-added

stretched packets are smoothed out by fade-out and fade-in method.

11.  The audio streaming system of claim 1, further comprising a transmitter for
encoding and modulating and packetizing the input audio signal from its source, and a

transmitting network for transmitting the encoded audio packets to the receiver.




6. The audio stream ng systemof claimb5, wherein the
time expanding of the correctly received packets

i ncludes correlation search within a search wi ndow for
appropriate time positions ere overl appi ng segnents
are extracted fromthe inpu? signal. 7. The audio
stream ng system of claim6, wherein, when the input
signal is separated into two or nore bands, each band

oes, f hrou e ate.correl.atign searc rocedur es .
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claim6, wherein, in the correlation search for the

bothzgidas o thealpst nackass; piirein drescorrelgly vesieived pekets ave dir¢tphes to cover

the IBEEH LPHR by TRaRXPARgT on process can be —used as
reference/starting points for a current tine expansion
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wherei n the boundaries of overl ap-added stretched

packets are snoothed out by fade-out and fade-in
13. rgvuld-bad § Tt EAp 2 SR AP bP 18k Gh2Rictein the time

further conprising a Pransmtier for enco i'hg and
expamdihg aff thegoardtly ackedted ziankets fecludys Woreindioa ssarghalitfin @ngearch

. lts_.source,. and a transmitting network for
Wln4%ﬁf§ﬁppmpﬁatett%e BORIRNS PVIstie PV Tl RE IS S§EENtE RS extracted from the
inqu ggﬁmyer. 15 12. A Multi-band Tine Expansion algorithm
ol | ost packet conceal nent of an input audio signa
for high quality audio stream ng applications, said

al gorit hm.i ncludi ng: detecting th unb f . .
14. Co e At Hie TiaeRipS &lgondhm db s i thessigrghen the inpu
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side of the |ost packets; 'tine-expanding the
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l ength of the |ost packets; and overl ap-adding the
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16.  The Multi-band Time Expansion algorithm of claim 13, wherein, in the correlation
search for the appropriate time positions, the values obtained in a previous time expansion

process can be used as reference/starting points for a current time expansion process.

17.  The Multi-band Time Expansion algorithm of claim 12, wherein the boundaries of

overlap-added stretched packets are smoothed out by fade-out and fade-in method.




wi ndow for appropriate tinme positions where
over | appi ng segnents are extracted fromthe input
signal. 14. The Multi-band Ti me Expansion al gorithm of
claim13, wherein, when the_ jnput signal is separated
into two or nore bands, each’band goes through
separate correlation search procedures and uses
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andcorrelation search for the appropriate tine
positions, the values obtained in a previous time
ex perrspling the lest packetsdy axecuingdhechosert Bme sxpansioaralgarighm.
points for a current tinme expansion process. 17. The
Mul ti-band Ti nme Expansion algorithmof claim 12,

19. whé&he imethddefob tugh pavkieesonoéalmentas fl cdgimall]) ethesdit eiecVi@Hi-band Time
packets are snoothed out by fade-out and fade-in
Expspstomgdgortgminciudesipt hod for | ost packet conceal ment so

as gL AEmBLAT OHGhdu¥ estqg)chéitSQH. ad@ input signal;
mul t1 media stream ng appllgatl ns, said ne hod
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packets of .an _audi o input. signal in a buffer, wherein .
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the lengtle ebithadort packets; eahceal i ng t he | ost packets by
executi ng .t he, chosen tine expansi o | gorjthm 19. The
e DR o g BAERRaPag RS SEARE o5 PG e sorccaled.
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of the | ost packets; wherein the correctly receive

packets are stretched to cover
21.  The method for lost packet concealment of claim 18, further optionally comprising:

deciding whether the received packets need to be expanded as a single band audio
signal or multi-band audio signal so as to instruct the Multi-band Time Expansion

algorithm to act accordingly.

22. The method for lost packet concealment of claim 21, wherein, when the input
signal is separated into two or more bands, each band goes through separate correlation
search procedures and uses different sets of the appropriate time positions for time

expansion.




the length of the | ost packets; and overl ap-adding the
stretched packets so that the | ost packets are
conceal ed. 20. The nethod for |ost packet conceal nent
of claim 19, wherein the ti expandi ng of the
correctly received packets lficl udes correl ation search

within a search window for appropriate tinme positions
23. whdihe wothodafpi legt packet moncealmenk of adaiod 21 ovherdin the separate
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MUkt - . : I . C .
24, Wbl ARG T ERAOEL e AERS! Y 52 Rfrin, in th corlaor
searclofurald apprdprivite cih@i posiibns, Whevauds obiiged innepreidus time expansion
signal is separated into two or nore bands, each band
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and uses different sets of the appropriate tine
positions for tinme expansion. 17 23. The nethod for
| ost packet conceal nent of claim 22, wherein the
separate correlation search procedures include one or
nore of the foll ow ngs: separate search w ndow
ranges, separate search w ndow steps, and separate
search w ndow starting points. 24. The nethod for | ost
packet conceal nent of claim 22, wherein, in the
correlation search for the appropriate tine
positions, the values obtained in a previous tine
expansi on process can be used as reference/starting
points for a current tinme expansion process.




