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H GH QUALI TY AUDI O STREAM NG APPLI CATIONS  Fi el d of
the Invention [0001] The present invention generally
relates to nethods and systems for high quality audio
stream ng applications, and nore particularly to a
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of the Invention [0002] Miltinedia streanming refers to
conti nuous delivery of synchronized EEdla data |i ke
vi deo, audio, text, a i ation.. The term
"streaning" is used tgglkﬁghiltgg:hév%@f‘ the data
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quadityt aurdéo Stfdanefie heplieatislgl | ver ed. [0003] There has been a
grow ng interest in the transm ssion of audio

information (such as broadband nul ti nedia) over data

acket networks. | ' chpi que, anal og audio data
gre converted int oﬁé§‘§r?%ﬁg‘?8§{i'§&"_%*%e digital data
are encapsul ated into packets suitable for
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[0004yay Qi VWith gf ¢@rReGkeingd 88SatlFdrPansmission 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 oo late at the receiver 10 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-



transm ssion, causing audi o quality degradation. Since

it is inpractical to request for re 2 transm ssion of

| ost packet in real-tine stream ng applications,

vari ous nethods have been preposed to reconstruct the

| ost packets at the receiver. [0005] These nethods
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kng ranet.er [ an
Sﬁ@ﬁe&s%gf%a?‘ge Pand-adfl ongartion: pipgtcorrelFion. aphe ieaibting lost packet
conetdlechanethgio@oadrploYing s | t re.severe guality

tgggr adat i on q|§hn t e gjngw fr eéﬁgﬁcgogg%gugfdﬁ@s]]tﬂe same “segment
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: muni cati ons, . where the packet size is snall

whEPERER «§ SR U B i B SoiromoRagsypreetiatity faaghiation in the
lowdieglierdcy batigli 0 transmi ssion, they nornally fail to

qgr ovide satisfactory results, as the packet size is
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appr FERTEASIZe Thiatzer avd beiftnquensyicbttesteristhis sravmert doyhplicated.
[ooogli scl osim@rdoreV\BeleAs Ba t .l oss conceal nent ,

met hod and syst em f or %?E% ﬁ‘gé(nl? it E"iwr?@osiyétem 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.

Summary of the Invention



audi o stream ng applications. O her advantages of this
invention will be apparent with reference to the
detail ed description. Summary of the Invention 3
[0009] The present inventionaprovides an audio
stream ng systemfor transmtting audio signals wth
koh quakkty. The. audio stream ng sSystem conprises a
[Odpg]gei ver LI:h %Xn eSPRLY qﬁ)@f %fﬂ“ﬁ?&ﬁ]’( audiRiptepagiipg aystem for transmitting
audivasiginld vl Hifh Quaiyt Menalgi;o i OGesystemand .o
pl ayi ng, back_gt (I’?e i r}{put audi o Sél%nﬁigg] Sggeg%éoéﬁ?r&fts a recerver for
recatidhoATsTpHeudioshgra iansrhigied Boaighahe auitd sieksni AR sys&ink 84 playing
.mpdul.e for | ost packet conceal nent;
ba%@%@%ﬂf@gmﬁg%x Lot SUPHeHAIC Hgprll whersén Hepersceiver includes an
errod DExceXREns n@AulN dr Wb PhcRetMynbéahand (H i on
I %?,ri thm a deci si.on-lbr‘ra;:\k?3 ng nunai liﬁ@gthau-ﬂaep%%gﬁggﬂﬁr 8hcealment
mogrrludeind tintseraiansivh anNbith a Darid-bEhdeT i agshedn algorithm, a

QoL rfaorm single hand tine expansion_ an )
dec?r{:!?r? Ifﬂ_a%g{g d&rﬁfﬁrgae a )Psglﬁeglsbélﬁlgr,g@g d’i‘q}ﬁrﬁﬁ t]tleoMLHg-band Time Expansion
algbrithin wath i penforinr Sifleld) Bakte ¢inkd @ﬁbdﬂ@ﬂéhnﬁld? Eiéfltéggag ?zﬂge expansion

enpodi n&‘gt, of the present invention,
acchifriere WerRTictings fiosetheetecisinopariapiyit.c dnpne dnitodiment of the

Bt i acom, ng packets of the input .
Preiai 0 o) Gl PFam CRACUIANE! LF Peckiiche: SyFeetdincoutlid to receive a
sequengr of inventieg packeds qfahk eiput aldio HPR4INRIm WA RNy system
gthe p%esent. i pvention, the decision-making unit I's ’
an osB%"rea Fyeeous Baekeds- t héap%iékre@mmmmnt o theopicsont iamgntion, the
decilsRatmBasK LS is & Fye 1ol pput signal s
Rt T e s bPF RERED Kty QUK Bl A BT ond Tost packers
n therpesiteedr audid deputpsighalt soc dme eRHEBs; (NG R Ridth Sime-cxpanding
metg&fsli&la]ont- rra*él ng r?cess gf the decision- "neking unit ™
el udes FEErEé P%é’ HeRth VARG the Jestsien-making prongss of the decision-
makdngd fuafteintlutibde] i t ; ul at.i : .
coéunt Ios_;,l par%%?@ér]%f%?esﬂlg@t D%g%érf‘gﬁp% 41%9?“285?‘?78’6?“510’1
met]pq% $elcylaging a eivghdbss paranetet o tostipagkarf invited RGEIvEN Gput audio

. - .paraneter.is . nore or |less than the
mgn?l?l lrégg hdg?ez%\lllﬁrl% eqf}e‘f\/ﬁeetpférb%a GOpNE SS PatAMeI§Tosmers antsse than the

thresheldredlae; thaeby, e tehiosh Rlss p¥alker i< M6 4 ugj |
. Si ‘?fgal . wi |l be separatéd T hto tl\%(r)mol?&r?ot?e E{aent es’tl(gd value, the
DUt gffee s1enpbwill paswsraied oo itfo of ercbums 16 0saceRRIBIBIRELS, or if
the dotind h shol d,val ue, the input audio, ‘
o dchol £58 S bl BER i RotR el % ey Sutte gigmal will be
freatdata paglk dtusd tof QDEE IdEhBadrE@seNt i nvention al so

the Mul ti-band Ti me Expansion algorithmfor

rovi de
0o1qli | os b Esssnt dprasiapnelse providen theeMhot vt Tivhe Hxgansion
algo@?ﬁgﬁﬂ:tl%émfb?éﬁfgi{du 2 gox}fté: ngéel\{lk‘!lngﬂ @%Z@r%%m?fo t%gsialrgsgnt invention,
the Myfithand dumsk \Expansion algorithm includes detecting the number of contimuously
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



| ost packets in an audio input signal; detecting the

correctly received packets on either side of the |ost
packets; tine-expanding the correctly received packets
that may be fromeither onegside or both sides of the

| ost packets; wherein the correctly received packets
e | ost

ingtht %lgiﬁlt rlﬁ%ggx?ﬁeverlfe;égxg emg) Lengd PVF}%fPéﬁhHlpﬁia%m is sepggated into
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sighl a @ ulienveitreiarihe nhwbpoohbisfared patketsmearicagiaddashsed on the

am it 8 AR RAERS B, S iRa MibisBi Tholtmononaicpignm for los
pacbetowml:eslrr&ntmilhbdoxﬁ@ﬁhh@&he Héé%'ﬁ%cket@%}c%ﬁ&gﬁ?ﬁk t‘ﬁg @dsen time

Vi de hlgh qual ity audio signals’in nu

GXPQF? Mghmappl i cati ons. The met hod i ncl udes storlng
0016Prrect| of _an. audio.in
oo b uii A RAE KB e sR 151 PR s g auatit of
broaﬁzbnﬂcbmldi;ceirmstmded)m&edu@ﬂplbh@chaﬁhﬁ’f@l@nt of available

nory; tivating a_Milti-band Tine Expansion
oot gori t Fravaptages of Sl Bteserinbwaniierh incladed esynivegbnmgation,

combli@tibRS bHRAGK L Sd oﬁ%ﬁgg%gfa&ﬁnﬁgﬁg&ﬁ?n time

expansi on al gorit ve of the
[0018k esent Thawéyeciiors dng aimamtﬁgﬁsa)\f ghd hh@et&idimlmb@ohﬁ)&pﬁﬁrem from

0 trans ed over error prone channel s.
the ‘F’Bg‘% d?:ﬂaéla gg@%?ﬁ‘?&@%& ft“rFé‘ ahbodepgnts ﬂ\%fﬁ’tf itogpninpsiondith the
accom@8ylyinflat-ABEY. at i on, conputational efficiency, and
provi si on of better audio quality.

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,



[0014] The objectives and advantages of the invention

wi Il become apparent from the follow ng detailed

description of preferred enmbodinents thereof in

connection with the acconpamying drawi ngs. Brief

Description of the Drawi ngs [0015] Preferred -

di me ' to. the pr, [ ven(gm(r) wll, )

O be asadr ROt B opbFsft Y SOL endbnbur Be Shavwine e time
expanidoty WitkevarepgingRegnawarer al s denote |ike el enents.

016] FLG. 1 shows as an exanple of tine scale o
mo&%pan]si ohl§ Héﬁ%Wdh%e@tmmn@n ofrpeaitioas df o i gosd coarethtion in

: : i i after time scal e expansi on of
the?rg’gh?%%ﬁt&’tfg%%@% %ﬁ‘gﬁl‘thﬁ‘s [0017] FIG 2 illustrates
[00tfle pr i nE1pHeBustiat KA AperdtBDE iof AR Yarth @k Bendnd@ntih Tordance
~expanding w th overl appi ng segnents. [0018] FI G 3
Wltﬁlqgﬁgﬂbﬁ 3¢t pldhe presenhimention of positi ?nshof V\ék Ry
| At [ h | ication of . the :

o Cor ¢ e rotd S okfaty FpiRgelaPL AT ntkpoFavseatigenst by time
expapsion tyangh WSGH. & xfanisimin bitodk@es daRGRe eYMHoEzirQé]ﬁ of the present

vE odi nent of the present invention. [0020] Gb
mvl‘ﬁ%ﬁf‘strat es the operations of |ost packet conceal nent

ti "Welel , : al gonithm,in
{Ooggc olr ggnlzlg}(fg’mﬁtrhﬁﬂ% ghéﬂgg%ﬁeyﬁqn@f&% ﬁ)é 1%si1 packet conc.ealment.
[0032hvent | dG T 6bew} aFle@ehipiasy andllidand hadib Bfcash s@i with lost

[ or .l.ost packet,K conceal ment. [0022] FI ~shows
pacERtLte ¢ §FaRr B S arne thernressht ingensipst em wi th
[ooZspst  paIket sEARCAR éﬁ%ﬂxﬁaﬁrg%%ﬁﬁﬁ%étgm%ﬂﬁﬂé R0 Eontediflhent 735 of
t he present invention. [0023 shows "one
FIGgk mscaipprasiva theglantatdsof FoF Stand FéGior conceal ment 735
of FIG 7 by incorporating the features of FIG 5 and
FIG 6. Detailed Description of the Invention [0024]
The present inVBabil&leMilhﬁmLmE&ﬁIv%ﬁﬂoﬁmre readily
by reference to the follow ng detailed description of
certain _enbodi nents of the invention. [0025]
10024ihr oughdie presert iappitionaniphe undresteodulotd gAlilPBS rafefence to the

folld'vﬁfxg 'agtgﬁ&fjdes&liqﬁion 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



di scl osures of these publications are hereby

i ncorporated by reference, in their entireties, into

this application in order to nore fully describe the

state of art to which this igvention pertains. [0026]

The present invention provides a system and net hod
sc ki [ - Ti , nsion for |ost packet,
R A TR s T PR SR citoh oo signal after
timsr sesle e parisivnerftheoiMp HERIdESighdl O 1& Rebs filiaatd ot B phifleiples of

'ty audi o.

thbrpad?and charac%etistics of hi gh qua
CRHGED gy cabarat badlusitakddiyeneplgriat thaievefoondtimilarie Overlap-
Adaangsol 8) Yioori : nd an i gh f.requenc _ )
O L Shecril S RAUERC o AN, GRede Boh e Sesltnloaiicaton
mayibgepplReplrisi tha pfaaentdhfdeioant bands, the | ost packets
[oo%ﬂn be rg&ogst ructed with | ess quali ;gm degradati on.
e preseft PINVRHRGR of R NEYObA N ddbms e veryt straiphifgrvesd. The
WL A QMBS j . irenent, making, it .
nore feasi gﬁ%ﬁ@é?ﬁ%&eg@ﬁcggg \ﬁ%&%{hgﬁémag%gﬁ.that[%?%]ns,&%ammai
locgfistmilerits do Hloawigina bigndli meﬁﬁﬂheti&/@dbéfbﬁﬁ%iﬁ Bnd Srifinal waveform
x(npﬂﬁ%eﬁgxit gft. a]]I t.(frs audi o speed/t enpo, Il e keeplng
audi o VPPt SRURHPaRPunE e insmngs spesifind xatimeevanping function.
Sinipl theSG@difa) nsd tf one i nput
au)gipg@si gna an onzé ggstt r?tpu‘tq d%ﬁ%ﬁ%%@ﬁ%ﬁ@ gfr{g&eggx[epﬁe Then by
altegpathe leppthred it?OWrLappmgi segmtﬂlnambb ?eﬁliltg’fgaéutpdttduiraﬁioh% Pfanged.
nec t hat, t.he .princi s, of the present _ '
Let 308 é’%ﬁ#@%ﬁg\} eGSRl e by Hiog'bf?%‘yy@ﬁﬁledwﬁgcadmodlﬁed signal and
& byheaime-seaBingiphadier. ¥ o is aks 10 L5h .
. while ot herg]é):agori t hs avai | ggﬁlel Fh\é\?%ﬂl%r%agéggé%al Kxpanded in
tmavddiofis gepries than ethierbthe apgich sinbkis bomptobednh BsRNt
knventi Qn, 028] ,The basjc principle of the WSOLA
foo2gt" i ¢ R ke ?félfl% Qg A ReF R BoNIdet iR BOGAPETBD 6How these
ovetlsp-béd eeb AN eONSE I i i c.waveformthat .
&gﬁntains ﬁ%xinalIHF%gEPtEP%¥%%?§#?'Fgg#ﬁe'é?ﬁ OWg n FIG 2,
OVeIiaNpHY seemieatssSirart ekirected iobo tha inpw) sigwdl a0 i@ Mdhnce x; and are
have ximal simlarity around tine
SUPS nét fgérﬁ:ggh E%géyefrﬁlgdn @ QHPYLAE NS BTIHGC Punthq @rput is obtained by
addifg tpd falpsdgmentrenfeidh B2l F& SRRk franshildns frodl Yded, Nt o
two over | a%ppi n segérrl'é nts. Thenk%g&sgt'oingtrfﬁoﬁigyetgﬁ“é‘e o %gﬁagxﬂent, a
Hangjpg tiadeny de | Inyetghgitentys), seghentselsafbrel the sOMnRibn, Thus the

Ui aLy QNS «changed. . Let x(n) be the input speech
ou pgﬁﬁg&g‘ I%t ]V%ebyﬂg%?ﬁﬁ’@ﬂ?g W‘ﬁ’)"gflhe time-scal e nodified
-gn d a be the tine-scaling paraneter. If ais
C’f’é’ggﬂﬁzﬂrhg% ]tt(ﬁe“s}heé@l})si gnal is expanded in
time. ¥If a is greater than 1 then the speech signal %s

h cogreﬁéed in time. [0029] Now referring to FIG 2,
WheTEh & 1he $H5rindgedngd M éF theddanming wonlowf chefficititesgiven by the

following equation:

. e
h(n)::%[lmcus{_ﬁ%_l)] OLne N

,0 otherwise

(2)

wherein N is the window size.



over| ap-add techniques are used for tine-expansion
signals. As shown in FIG 2, overlapping segments Sk
are extracted fromthe input signal at time instance
xk and are superinposed witl I ess overlap in the
output at tinme instance yk. The output is obtained by

ing t fasegnents of . length fiy. Far spooth )

mt?’rggns?t i \c?rz}]gB reotrlﬁ%slglggrrg ltgn(?)lolss%gg%gni’v?v‘g sqﬁﬁiﬁ,tﬂ% WP r¥sWapping

segrsents esh borapeisghied b sty ﬁﬁa@ﬂl"{&fzh% ‘i’és?;eétwacg/. The Overlap-Add
sunmation. Thus the output signal i'§ given By the

oulpyf {sghFmgi Vet i on: wherein k is the step index and

i,s.the Harm ng wi ndow coefficients, given by the
‘%P‘lr B‘:/Tn'ssﬁﬂw:&)u‘bé i*él{*]i.%wﬁfr“ﬂ?) r~+1), h(it) ﬂ,Y' ] _-cgs( N+] .
= sy * 0T, i { 3 is the wi ndow si ze.
gﬂ?lg(g}ﬁf@agsplggg? mﬁﬁg%%% is a sine wave, SO

={fdt? T ers Ao IdPat) abpngoroseagient s can be represented
by sin(not) and sin(guot +027 res esctlvely. The -
Overl ap- Add out put . =

s ) ah *chi (it (ﬁq‘)bFC{%@:Z@IHR(EHILSét*)ST&@a})+
=[\£rz Iheds @b siob sin ' n1’ =7 atb'™" cos 0) |
S| n?gYat?+bsi nobgoyg?zot a + bsiagos| b * sg,ln tségjttgb’rSi(%)
b* 2 +b2 sips | 7
Eg)Jr . 282&7 Q) (a;EEaLJ’soﬁi %abﬁm @r |

t'pt) si (
= RITEOSF TGV B [ TP where o=cos
~+b cos 0

a+b*cosg
J(@+b*cosg) +bisin g

where 8 = cos™

[0031] 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 [inm ime/ and finding the maximum cross correlation. The Cross

correlation is given by the following equation:

—]
—— &+ 3 * - g . »
ﬂ,-—-ZI(I-F}) H{x,  +6v+ ) (4)
=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



(atb *coso)2 +b2 sin29 [0031] As shown in the
derivation above, the Overl ap- Add output is now
another sine wave with the same pitch. As any
conplicated signal can be degonposed into infinite
nunber of si ne waves, it is apparent that the output
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[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



expanded | ow band and hi gh band are then conbined to
obtain the full band tine expanded output. The
digital filter coefficients can be easily conputed
with Matlab tools. [0035] FIGg 5 illustrates how the
Mul ti-band Time Expansion can be used to conceal | ost
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FIG Wi r RO VEg O AIFUMpEign stamisisiaradiont hk:nhmmlnttﬂmye MNulhBsR Time

Expén‘éﬁn‘?ﬁﬂ%ﬁ@;%%%s%rgo% rx@tg éérgllggg Zl)hﬁsfﬁrgﬁgﬁg o ﬁzg%legreqryg}dg]gwﬂe?her to
use $inglgttang Fr+ha)i-barel WRIcoheEndvn edBods. Depending on the 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. Ifthe

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



out, fade-in coefficients and sumed. [0037] Referring
now to FIG 6, the present invention provides a
deci sion making function to the Multi-band Tine

Expansion so that it can be {gn with | ow power
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set to 670 The present invention further
[004Q)r ovi deMlonees 11'1@ pecaimezzp,immns tc pasiivptth® 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.



and conputational constraints. For exanple, in the

correlation search for best nmatched positions, the

val ues obtained in the previous tinme expansi on process

can be used as reference/stgyting points for current

time expansion. This helps to reduce the correlation
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[OOJezg coder g%%?udéa-ggrg%é@gzsgﬁe{gnd tTr?g aﬁﬁ%smfll yvegtin, giax dmplement the
MughbadeTintd Bxpamstbnaal parttithaineimbélded Tierh €6£cM8Hutdd0 The system
¢ includez¥a denpdul at or 731, a channel decoder 732, a
StOLGE COOERIY TSSH Y WhP#rksHsinya Pullsr, dapesdinacoushe ameunt efavailable
mem@bryer ror conceal nent nodule 735. Al the conponents of

the audio streami ng system 700 are standard itens
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.he_ audi o encoder 711
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in agyffer b\phemihy nppiber edellifferadypmeketd/banybessedaaniobagedlend Sie amount of
illed inthe art.

. _ recjated, by those skill LN
avai?% 3415]@191 . rgg@%ﬁ@gt’cﬁ@o LRACksliconsea erft§1ll&q;1ﬂig§'r fqulc.il%g]wp%to use
whatifriel expahistord@lpérithen; llhaexédiing dat @osaNuhe J:(gﬁ’ﬂ'k?dﬂ %g&ghm. For
I n packets. Usually, each packet has at |east a ader
exaf&ﬂ’aa gﬁge Biulti-hand tinigf yparsionotsahnigie sdssed De penaiahlpsopackets, the
j ey _packet nay he of .
o e o 1R RL SR e e B hp B pdE Bt cxpancing e
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peck HEPEBET (BT P TR fieet o daih ahuns joore ofdor (3+L+1)°P
o L e e Bl G e
decompase® ino Gieafolloeng Sleps: separating the incoming signal into different
frequency bands; for each signal path, using correlation search to determine best matched
positions and stretching the signa) 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



[0041] The error conceal ment nodule 735 includes a
ti me-expansion unit with a Milti-band Ti nme Expansion
al gorithm a decision-making unit and a packet buffer.
The exenplary configurationsof the tine-expansion
unit and the decision-making unit is showmn in FIG 8.
buffer within the receiver erably
angggplf %‘k 8 Fetat (yeglideq deredingdy, th%é@ﬁﬁen@p %a@k@é@@ invention is
defdrivait he the e u
oper abllh}s coﬁa%?gﬂé&e?o&lalrgg%gg& %dp @8?%:%}'”%16 Rrbodifi description.
deci si on-maki ng 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 will instruct
the tinme-expansion unit to conceal any |ost packets.
[0042] , The audio stream ng system of the present
invention may inplement the Milti-band Tine Expansion
algorithmin enbedded systens or conputers. The system
stores correctly received packets in a buffer,
dependi ng on the anount of available nenory. [0043]
Now there is provided a brief description of the
operation of the Lost Packet Conceal nent in high
qual ity audi o stream ng applications in accordance
with the present invention. 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 anount of
avai |l abl e nenory; activating the | ost packet
conceal ment al gorithm deciding when to use what tine
expansi on al gorithm and executing the chosen tine
expansion algorithm For exanple, if the nmulti-band
ti me expansion technique is used to conceal | ost
packets, the operations as detailed in FIG5 are
executed. These operations include tine expandi ng the
buffered B data packets to | ength of (B+L)*P+Fl;
ti me-expanding the currently received packet to
| ength of (P+F2); nerging these two data chunks into
one of length (B+L+1)*P using fade-out and fade-in
processi ng. The tine expansi on operation can be
further deconposed into the follow ng steps:
separating the incomng signal into different
frequency bands; for each signal path, using
correlation search to determ ne best matched
positions and stretching the signal with overl ap-add
met hod. [0044] Wiile the present invention has been
described with reference to particular enbodi nents,
it wll be understood that the enbodi nents are
illustrative and that the



I nvention scope is not so limted. Alternative
enbodi nents of the present invention will becone
apparent to those having ordinary skill in the art to
whi ch the present invention %ertains. Such alternate
enbodi nents are considered to be enconpassed wi thin
the spirit 12 and scope of the present invention.
Accordi ngly, the scope of the present invention is
descri bed by the appended @%gﬁﬂ@iand i s supported by
t he foregoing description. AIMS Wiat is clained
is: 1. An audio stream ng systemfor transmtting
Q. sighals with high quality, conprising: a
“@%@%?@' g?%r recei ving an input audi o signal
transmtted through the audio stream ng system and
pl ayi ng back the input audio signal as an output audio
1.si gndin audipetiehmirgheystes éby emnmitting @addNsi@hd19with high quality,
co&ﬁﬁgﬁ | ment nodul e for |ost packet conceal nent;
erefn the error conceal nent nodul e i ncludes a

ti M- @xpiaes ifeN rdéBivinM hdiby- | nsi.o ,
algorithm a dreci Si %gr/:ﬂ? %lrgﬁla%tgylllj&r}l?tﬁéﬁg tgaﬁsgl‘g%@a%ﬁyél‘éﬁe audio
Stgdeinghwsemh and @laymgbbﬁzibd‘_mdmﬁhhwcﬁx pansil ay aal ig?pﬁtt %mi% signal;
g I I | and ti ne expansi on an nmu | - an
R B Tl Rlel a7 G b iFce B el Atotest Pacisas eamgeaiment;

whasti ficosiroradohO@idaittmodhle TRGRY i , N
|, wherein thén?)ac?(let buffé?nﬁmk%ﬁﬁlo?%gﬁyéﬁﬁww&m band

.claiml, > : . :
Timpg Sxpgnsion %1%%@%1@ decistuphnaking einitendi apachetsiadfienas] wherein the
MilfAGBaRa TP input ~audi.o . signal fromthe )

alljgji 0 str eggﬁ%é%g%ggog%ﬁngﬁgp SHUPL SRS GaEd impegrpansion and multi-
bargltirhe expangion T rding toths tisaabhng M@t&meeﬂ‘sioﬁhﬁém%u it

wherei n the decision-making unit is operably coupled

to the packet buffer to nonitor any |ost packets in

2. t heTr&GBlME j ' - S | .s0 t.h it decides ...

e nparabe A B e S PRotid The pop Bl hin the

recgiyeicie aperably. cotiplethie rautliea stn@rREiof %c%?rﬁﬁ%ﬁh&&ts@f Qhé"ln%ut audio
process of the

. rein the decision-makin

Slg‘%@ i°8) ‘glﬁ?}@&is GAHE £V SR %P%é&or§élmeer§t:qih@i packéts.eshol d
value for using different tinme- expansion nethod,
calculating a count _| oss paraneter for |ost packets in

3.t helheegedio edreampng sysierdiof slaigmal, ;wismeindiit efedistmehaRing unit is

qunt: | Qs rameter is nore or |ess than
ope%l}%g Qc%plé&‘ fo fi2 packet%u%fep % montltor 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.



threshol d val ue; thereby, if the count-|oss paraneter
is nore than the threshold value, the input audio
signal will be separated into two or nore bands to
conceal |ost packets, or if 4phe count-l|oss paraneter
is less than the threshold value, the input audio
signal will be treated as a single band to conceal
| ost packets. 14 5. The audi o stream ng system of
5. ¢l aiTife dud i f RintIn # REstPHO 9t ] tor
conceal nent i ncl u%eg: de?g?tﬁlingg’ Hglgré#ﬁ%e@%g%ﬁ of the lost packet
CORGAMISHLBIGRIdPS:| ost packets in an audio input signal;
det j ct |y recei.ved packets on either
o oy 0 RyBlr S bl el in o dngnput senal

cor detetting the caratls rpafkatckdiabn SBr g ' one

side or both sides of t he@[ ost IEJaCkét s? Bmgggthg%tes’

cor FRErpandine fhreaprisadk stosivard pasitetsthaiady be fioayeithertohe side or
and over.| ap- addi ng the

botlh%ﬁ% Bﬁg{g 1%%?&@?@2& S\’@l%ffﬂklg%ﬁet WgeF%{ecgg Ackely age stretched to cover

stretc
thedenmptieaf e losbpackhs; audi 0 streanmi ng system of claim5,

wher ei]g tagg time expanding of the correctly received
pacRETaPiadedng dassstesihed paskesnsodbatrtehlosd tabkats areseacated.

wi ndow for appropriate tinme positions where
over | appi ng segnents are extracted fromthe input

6. si gHed audio stikamingis)isens bf 8t HOviRYSh @B Bhe %@h&ilngofthe correctly
recéAhgci;ﬁ'cgb whéndthe |Pp,ut signal is separate nto two _
I ChBtE St dRdedeseeoris labiaR degrsh avithin & seichs wipslont for appropriate time
osRhE @hatel By s di.fferent sets
P of the apprg%??g%%gﬁeﬁe%e%géﬁﬁcgﬁg}%@%ﬁ%Sgﬁr(lﬁ nsi on.
8. The audio streanm ng systemof claim?7, wherein the
procedures include one or

se .correlation sear.ch
7 mf@{%@@i%ﬁf@m%ﬁs{}a&? dupnp-atieranariaa the inpohsicaslge separated
intogepak atcRe bERR! &ddh WaRd areh

o don o e e S QUSSR JEN SRR SHUL Plcgtiyes and
usesfifigicny sateof thieprappriate tintetpositions foir dtieespasfnch for the

appropriate tine positions, the values obtained in a

previ ous tine expansion process can be used as

8. reflteandd stahlihdGyROMNEScHR 72wkl s%bgfﬁte.e&((ﬂgéﬁ‘tiio%nsearch
process, 10. The audi o steam ng system of” claimb5,
prociiwesingludg eng stmess pkibe dolloviogs: agpasadelgdrchswindbwheskes, separate

searDPGKELS, A by fade-out and fade-in
met hod. 1fﬂs’ iEe g%g%osggéc%éﬁé%v@s@g@g@ﬂﬁngf claim1,
further conprising a transmtter for encoding and
9 rmélgl ati.ng and, packetizing the input audio signal from
it gaﬁ(ﬂlgg}regﬁwgasystem 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 packefizing the input audio signal from its source, and a

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



transmtting network for transmtting the encoded
audi o packets to the receiver. 15 12. A Miulti-band
Ti me Expansion algorithmfor |ost packet conceal nent
of an input audio signal forlShigh quality audio
stream ng applications, said algorithmincluding:

et et tNiwlg-tand Timeberpaofior alppiitimo dsd ksl paketnaak&liSedt b1 an input
| ost packets in

audi e ibnput signal.; nonitoring. any | , ( _
b ot for %‘ﬁ'@‘i“ga‘iadh‘bEffeag'i’%%Hl%hCg‘&ﬂsdﬁ%ﬂé@ﬁh@pmia@lég:
ti MeteaxpANicRANTRE BOgMht : :
accor di_nggqt g the nonit Sﬁﬁﬁuﬁl’gf%tﬂ%gﬁ %gﬁ&%&gﬁgb]@{?g}gnal’
det RYNENE RBY st Pasktisyn theceicved apdokieps sippakei t her

cor RV Pae Pl BB i PR g S oneaimn

aceirdeg o6 thebodilitosind@$ t1eflodthacic@st packets; wherein the
correctly received packets are stretched to cover the

| en@EKCHE thesoredly reeri kask packenan eiilearsido-of tidilng padkets;
tr et ek | kets are . .
concen Sy RagE BlgediRelD foch 8 ddds BPKRL boi gidher onpside or

bothf sidds af thell@st pablestsi whetdig thd Rrec8X BaBRied $addetst@stretched to cover
ﬂlqorr§c¥g% %gcelved ckets includes correlation search
T R e dest pasketsaiidiow for appropriate time positions
whe b eerRR bR A8 a&%ry&& Lom the
i nput s?gnalﬁl’.% 14. rThe Il?elt- Oztﬁgﬁlé?P;@S{%%E)(gtﬁﬁeocﬁnceakd‘
al gorithm of claim 13, wherein, when the input signal

S rated into t or nore bands, each band goes ]
By hrZﬁgﬁMgf@ﬁgﬁ ;[?%18\;\@@3&’@1(’%&1@8&’% helpcERdit-e¥haigin the time
expaneing diffthecentctseteeREd thaskeaP AR i | Lhans

for tine expangﬁon?IJSPBThe Nﬁ|tF%%gﬁ%&qgﬁgﬁgﬁbgﬁgﬁb%Sem@h
er}ﬁiloﬁ’oﬁoi' fpPPRate Lmenpopiongtides overlappisg pagraings are extracted from the

inpﬁﬂsriéxfdll ation search procedures include one or nore of
the”fol l owi ngs: separate search w ndow ranges,

separate search w ndow steps, and separate search
oints. 16. The Multi-band Tine

W ndo arting. p . '
14. Exggi‘?s%ﬁp"é?l&b%m}% FBRnsiailgeritBm oheleish A3, wherting when the input
si I e . iate ti .
RO BRI B00 B0 LLRE LR, R BB BSubel®r sompesre conretarion
searsh pmeddores  prcbaiess diffimerhescus efl ths applopreRCehs tRkidond for time
ex oii nts for a current tinme expansi on process. 17. The
PMYYY - band Ti e Expansi on al gorithm of claim 12,
wherei n the boundaries of overlap-added stretched

packets are snoothed out by fade-out and fade-in
I5. retdMulti-band Time Expansion algorithm of claim 14, wherein the separate

correlation search procedures include one or more of the followings: separate search

window ranges, separate search window steps, and separate search window starting points.

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.



16 18. A nethod for |ost packet conceal nent so as to
provide high quality audio signals in nultinedia
stream ng applications, said method conprising the
steps of: storing correctly r'¥cei ved packets of an
audi o i nput signal in a buffer, wherein the nunber of
buf f ered packets can be sel ected based on the anount

f aval ry:; activating a Multi-band Tine
1 panar e ATy aFTEHtke e RUEE Heiede PeoNoERHEhY audio signals i
miéhetlingiradhehh epplichgork 26l Metloda6HKBLiSinE ardd 9 ohe
expanded as a single band audi o signal “or m?l t1-band
audi JoungRaredly raecived raplkstty atan pindio fdut sighalnd aThuffer, wherein the
[ Al [ t.accordingl y; an .
R —
ti meacvpamsa dMuldlbged TinExph8siod AR oABihed 169 E)a(lkl‘é%oncealgwnt;

packgt .Eﬁonc al ment of claim 18, wherein the Milti-ban
Ti me“*Y B%Wgﬁ@ﬁf IegBiei e arlds Depdsto byexpended gs taséngle band audio
siHTDSY : L, U |l os ckets.in the,.audi,o.in .
gii gnal @ﬁt}jg?ﬁ:t&iﬁ%ﬁg %ci %al c%r %Seggl 1)5&?120&6@%6 ulrglé%% ¢ & %Lgxpanswn
algpnthertosicdecofdinghe ahdst packets; time-expandi ng the
correctly. recei ved packets that may be from either one
Si de“bl?e%‘&%ﬁhﬁ‘s]:"alé%acws heracpiais %ls&%%ﬁteg g fapaRsion Hgorithm,
correctly received packets are stretched to cover the
| engt h of the | ost packets; and overl ap-adding the
195t r etheraethpd éidos psoket hartcetlnent oftlaipat&evleran ehe Multi-band Time
.20, The method for |ost packet conceal nent
EA@)%H%?I?%%?I}@%} Wﬁleu &'n the tine expandi ng of the

cor rdeadetiyg tRarimbRHo PRakREusiy6 UYABR:t £ BT thEh@di Prg;u_? ﬁgﬁeﬁ,h
within a search window for “appropriate tine positrons
wherdstesiiag thespragoeepiuast rackete or xithasidec Fieolosttiackets;

I NPy, Si : T th for 1os acke . . _

cor]ceé\ Jﬁ}g%’? 518{3 t%%%?l irég_ﬂ& ?gc\%vgrg éjlagl,(et%vﬁ“@% n?ﬁp{g)eﬁlmtenher one side o1

bogi gl ofitke beppachtiedvionsia tiedrRktPER VeanasketLa6 Br&ENA to cover
h separate correlation search procedures

t
ﬂl"g@ggthggé%ag%tfpé?@% “ets of the appropriate tine
POSiokbpSadd@ig thk WBetclR %@l?ét?%}lt’hgiiﬁg I(gsl‘? 85%@%96: %ogalrp%z{lgcﬁ t

packet conceal nent o alm € 'se
correl ation search procedures include one or nore of

the {ol | oW ngs: sepgrate search _w ndow ranges, | ]
20, g d P et R oA S BIcRE ot Chp P bR mibenime expanding
of Wenetomwcay aedeived ROk Srchilés correlation search within a search window for

appropriate time positions where overlapping segments are extracted from the input signal.

21. The method for lost packet concealment of claim 18, 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.

22, 'The method for lost packet concealment of claim 21, wherein the separate
correlation search procedures include one or more of the followings: separate search

window ranges, separate search window steps, and separate search window starting points.



23, The nethod for |ost packet conceal nent of claim
21, wherein, in the correlation search for the
appropriate tine positions, the values obtained in a
previ ous tinme expansion proc%@s can be used as
reference/starting points for a current tinme expansion
process. 24. A Multi-band Tinme Expansion algorithmfor
2% Ost C | ment of an inpuyt .audio signal for _
R s g T e R A ——
seatagabt therpprophiudithes posieiRCIHeRAIDSpRAMERES 4 Bfevious time expansion
conti nuously |ost packets in an audio input”signal;
PTEEFSE 611 PGUTCH &S sdpiened §igiting peinie@r pavkett dinsrexpintsiverprocess.
side of the | ost packets; separating the input signal
into two or nore bands, wherein each band goes through
2% epah dtfelticlmmdeliatel Brpassian alpopition g9 (R paRet d$8Slment of an input
a%iff.er 1t sqts ?.f the apprapriate ti rrewfgosi tions for
Fihae E‘Hﬂ‘ég bttalifppudio sicanung apnlivatenspspinis pgritbmencluding:
cor raedolie BRGRINRH - PaRKS r either .
one side %r botn h s?des logé%sﬁ?g%%fb%%u%tggk%}@;gloclgpﬁgis?ﬁq’?b
al | defestipgigsobresthyreréined pachemdedither sid @itfe lokgrabkitd;
band ti e expanded qutput; wherein the correctly
r ecgsfééég?n;:gat@g élfpél? glggﬁgﬂoéfve I8 PR PeRsiFevherpia cpenkying ases through
sepdiste| @sielatipacleaich; prabelieMerh@Rsaddirng st §kC iate t
packets so that t h% | ost packetss are é%:%gtga f:eglg %%.gc’p“ate time
pofianigr fimeisxpensianie Expansi on al gori t hm of cl ai m 24,
wherei i ndi of the correctly received
pac Ig@]t gaclﬁlg%nt&dg@e'ggﬁ%e St ﬂ%nc%éeaﬁ EHCHG Y Wcéetéégﬁ‘tc‘ﬁay be from
eithdrriewidt or bappddee ol dtedodtipaBkdigsi ti ons where
over | aBiDi' ng 1:;ﬁgment s are extracted fromthe input
si gfamoiag al bRRds: heinniime Frpandest prasksio theafuf drand Kmeafxpanded
ou@hdivictdn &SRy LOE; &e...correl ation search 7
%r Scedur es i néréﬁg)ég%gle‘%g &ﬁ#geﬁia;gfs%fe {ﬁ:ge?gﬂ 08 ﬁ‘&é‘?ngth of the lost
padkgppast e search window ranges, separate search wi ndow

steps, . and separate search w ndow starting points.
7 B e B T e o ehes et Aok poTooo eatan

24, wherein, in the correlation search for the
appropriate time positions, the values obtained in a
25-pr evid J%Iutti-h@deipranshmpansmno aelssitimancbelaits €24, asvherein the time

> : rting points for.a,current tinme expansion
exﬁéﬁ%@gg)gﬁﬁé%éﬂeégf. I%I:El e%p?lfe?sb 3}?&1#? ﬁ:@rr@i%hgqa&p within a search
wirelogolok tpyropifiate kiaiepodAionshakel HydiBpi | acted fr

. _overl 2p- ad%ed sIt rccre@t chleoéll packet s a?%ggﬁ%%ﬁﬁes?%%u%cﬁed from the
PRI ut and fade-in met hod.

26.  The Multi-band Time Expansion algorithm of claim 24, wherein the separate
correlation search procedures include one or more of the followings: separate search

window ranges, separate search window steps, and separate search window starting points.

27.  The Multi-band Time Expansion algorithm of claim 24, 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.



18 METHOD AND SYSTEM FOR LOST PACKET CONCEALMENT | N
H GH QUALI TY AUDI O STREAM NG APPLI CATI ONS ABSTRACT
The present invention provides an audi o streani ng
system and nethod for transi¥ating audio signals wth
hi gh quality. The advantages of the present invention
2§.ncl Ubke MadgypandrplneaErpabion i gonhp Wi alaiarral wabfeicike eMndaries of

and_pr.Qvi si f hetter audjo ality. Mre

o R PR S5 hef el o honthTor b g Gadg-in method.
Mul ti-band Ti ne Expansion algorithmfor |ost packet
conceal nent. The Mil ti-band Tinme Expansion al gorithm
detects the nunmber of continuously |ost packets in an
audi o i nput signal and the correctly received packets
on either side of the |ost packets. Then the
Mul ti-band Ti me Expansion algorithm tine-expands the
correctly received packets that may be from either one
side or both sides of the |ost packets, wherein the
correctly received packets are stretched to cover the
length of the | ost packets. Finally the Milti-band
Ti me Expansion al gorithm overl ap-adds the stretched
packets so that the | ost packets are concealed. FIG 5



