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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

representing the various nedia types are provided over
[ooadinet wor Khé @redesi! in@&tion fé'iigrr,ef%'ibsatorrﬁ%h?cﬁé N systems for high

s-needed basis, rather than being pre-deliveredn

quq?itt)é aydip slreanying ppplmationst ayhaote pa'ftlimusl;a,rlgtfha méth(;ﬁi;%;ngi s\az(satgm for lost
packeBUREILERAE! A etﬁsf,irg}%?c%egﬁwgf& haRE mejaaydiopignals in high

quadityt aurdéo Stfdanefie heplieatislgl | ver ed. [0003] There has been a
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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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suitafyfer for digneméssion over a packet network, for example Internet. At the receiving
end, the audio information data are extracted and presented to an output media device.

[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 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-



in real-time multitasking operating systens. Moreover,
i mpai rents of communi cation channel's such as noi se,
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[0008] Therefore, there is an 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.

Summary of the Invention



[0008] Therefore, there is an inperative need to have
a systemand method for |ost packet conceal ment so as
to inprove the quality of nultimedia audio signals in
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algorithm for the lost packet concealment. In one embodiment of the present invention,
the Multi-band Time 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



i nput audio signal will be separated into two or nore
bands to conceal |ost packets, or if the count-Ioss
paraneter is |l ess than the threshold val ue, the input
audio signal will be treateg as a single band to
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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,



signal in a buffer, wherein the nunber of buffered
packets can be sel ected based on the amunt of
avai |l abl e nenory; activating a Miulti-band Tine
Expansi on al gorithm for |ost 5 packet conceal nent; and
conceal ing the | ost packets by executing the chosen
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&5013] TEg adsgh%ages of the present invention include
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O ent | Kuantyhrotis JHen SpfRHOSBE ol RGeT Epnebalen By ime
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. nerals denote |ike elenents. [0016] FIG 1 shows as
VAR I f tinme scal e expansion the waveforns of
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O e, appy oot an o Py e s SIARE 61 e Bygras of
FIG{ by ingetporatiog therfsatoppsiof FlGisndFIehdl ti - band ti ne
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present invention. [0020] FIG5 illustrates the

operations of |DEhilORDESIRANCAEBeni¥nti ™
egpansion t hrough WSOLA aﬁgorithn1|n accordance with

one enbodi nent of the present _
[0024] The present invention may be understood more readily 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



invention. [0021] FIG6 is a flowchart of decision
meki ng for | ost packet conceal nent. [0022] FIG 7 shows
an exenplary multi-band audi o stream ng systemw th
| ost packet conceal ment feagure in accordance with

the present invention. [0023] FIG 8 shows one
error, conceal nent 735
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Hannigg sviaden S5 msedatd vpighviel tap- segments before the summation. Thus the
output signal is given by the following equation:

O(n) = Z n—y ) ¥ In—y, +x,) (1)
P

wherein £ is the step index and h(n) is the Hanning window coefficients, given by the

following equation:

| 2r{n+1
h{rm) = « %[} "CGS{_"};,EZ_]')')] OLne N

,0 otherwise

(2)

wherein N is the window size.



Add (WBOLA) al gorithm while other algorithns
avai l able for Tine Scale Mdification my be .
applicable for the present invention. [0028] The basic
principle of the WSOLA al gorithmis very
straightforward. The WSCOLA net hod |hs bas_edto_n
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equétivn OV elidt pRReNHscontinuities 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



segnents can be represented by sin(nmot) and sin(zuot
+0) respectively. The Overlap-Add output is then .
given by: O(t) = a * sin(tvat) +b *shi(tuDf +0) = a

sin(tisat) +b * [sin(oat) cogo + cos(tpt) sin] =
(a+b"' cos O) * Si n(tYat)+bsi n0 cos(zot) a + b 4coslb
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i ng the maxi mum acr oss

Seaé%h, ?ng; %%eé?fﬂ Sﬁ'\ﬁ‘r{ﬂ% |Vﬂn‘20‘?§ EXYEeH lwinntiow, SSREH 38ps Modvinitial values for
diffeRheb4dd8 Gwhieh Efa@esgthetsgﬁ%ﬁmlg 33% @Jeaﬁﬂqu%e eﬁ?céent The separately time

determ nati on of positlons
expagrfaddputbanhandliigh bamabare tlonr @haiindto bbta‘ﬁﬁ&@ fihBariWine expanded
ed is conputed. The

ot 1 ST O e b by oy v il onlen
[ooFshe  sedIghs Vﬂlﬁﬁ%i how' the: I\/Itl]x'lu-baxld aidle fﬁ)&quﬂ?n Cl:c]lg be used to

maxi mum Cross correl ation. e cross cor
conggal kit pagkethén suslio banmygisgoualn @r:embodiment of the present mventlon, as

shown in FIG §, 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, ie., 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
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FIG 5. Low power consumption considerations demand to use Multi-band Time
Expansion only when the error rate is high. The threshold E is used to decide whether to
use single-band or multi-band time expansion methods. 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



together to forma data chunk of |ength of (B+L+1)*P,
i.e., the lost L packets are concealed. [0036] To
insure snmooth transitions, Overlap Adds (OLA) are
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are known and appreciated by those skilled in the art.

[0040] Moreover, the 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.



count-loss is incremented by | and the packet nunbered
count loss in the buffer is played 640. If the
current packet is not |lost, the systemw || continue
to check whether the previopys packet is lost or not
650. If the previous packet 1s not lost, it means that
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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 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



di fferent search w ndow ranges, steps and initia
values in the Correlation Conputation in different
bands, which nakes the searching procedure nore
efficient. [0039] Now referring to FIG 7, the present
i nvention provides an audio streanming systemwth the
[ti-band Time Expansion algorithm In one exenplary
a“%ﬁ‘%ﬁeg?}? @‘Fi%ﬁs,em U}’rgmé%i gcg?rg%lﬂ,rfbe §9anceth e pprsericinvention is
detdraRgni t i.gat.i ‘ 72 and .
recei ve}tr t% &?)%g?ﬂdee%t r@%{g}g@:ﬂ% ? thrs %SSPL%&; I%S)d de g‘?{e%ﬁla% Cg%scr iption.
encoder 711, a packetization neans 712, a channe
encoder 713, and a nodul ator 714. The receiver 130
includes a denodul ator 731, a channel decoder 732, a
de- packeti zati on neans 733, a audi o decoder 734, and
an error conceal nent nodule 735. Al the conponents of
the audio stream ng system 700 are standard itens
except the error conceal nent nodule 135 to be
di scussed later. For exanple, the audio encoder 711
may be a source coder for reducing the raw nultinedi a
bit rate. In a preferred enbodi nent, the source coder
is conprised of a plurality of subband source coders,
one for every nultinedia type. Many subband coders
are known and appreciated by those skilled in the art.
[ 0040] Moreover, the packetization is to partition the
mul timedia 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. Depending on
the specific protocol in use, a packet nmay be of
fixed or variable length. 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 perfornms 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 Time Expansion al gorithm a deci sion-mnmaking
unit and a packet buffer. The exenplary configuration
of the tinme-expansion unit and the decision-nmaking
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



t he packet buffer. The decision-nmaking unit extracts
t he 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. Wien the packets are played, the decision-naking
unit will instruct the tine-expansion unit to concea

any | ost packets. [0042] , The audio stream ng system
of the present invention nay i enment the Milti-band
Ti me Expansion al gorithmin enbedded systens or
corrputers The system stores correctly received

a buffer, depending on the anmount of
‘ngélﬁﬁﬁpgp Shenmory. [0043] Now there is provided a

brief description of the operation of the Lost Packet
Conceal nent in high quality audi o stream ng
1. appl ﬁéﬂa@tﬁdjﬂssmemnmg:@rsmmder wiahimittieg ran&@eﬂFnai_s with high quality,
coh@ﬁ%ﬂ%’ The operation conprises the fol [ ow ng
storlng correctly received packets in a
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sel ect ed based gn thg]e arroB%toglucaH Jl@{a?d[r‘%g&kﬁéds thr%ugh the audio
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two data chunks into one of length (B+L+1)*P usTng
fade-out and fade-in processing. The tine expansi on

2. OPeTR¢ 2QMioCa r Q5ed |
opst ovmang ol gbggﬁné lﬂ% a%gt?fn(ggﬁ‘)lqp erein é g]f'Fél buffer yvithin the
rec@wxf isoperablyf goagled e yechrdisseqli@ice ARG ofii gy ﬁécldéﬁtd? the input audio

S r%i %tgorrgil a i on, search to determ ne best match
il op i audig e IRg SHtF, NSt fiearcaivadpaskes. ap- S
nethod [0044] While the present invention has been
descrlbed with reference to particular enbodinents,
t Tha pudje redening spdert halt clbine leriedéineht Sde@fsfon-making unit is
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nary skill in the art to which
Con?‘ﬁ i on pertains. Such alternate errbodl ments are

consi dered to be enconpassed within the spirit

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.



12 and scope of the present invention. Accordingly,
the scope of the present invention is described by
the appended clains and is supported by the foregoing
description. 13 CLAIMS Wiatuis clainmed is: 1. An
audi o stream ng systemfor transmtting audio signals
with high quality, conprising: a receiver for
receiving an input audio signal transmtted through
5.t he Tagdidio Sitda@aAk RYsteMSELMANT Rindyd: Qleb%%estshoef t'thﬁ Ry packet
audj o signal as an output audi o signal; eréin e
copesgdnapeHiciudesiudes an error conceal ment nodul e for | ost

C te herein .the erraqr conceal nment ‘
PodcreofRAEAMIBY! ool Bl Jbpasisth af ia e Signal
Mul tiéiedtirpdhe Sorm@ s BRMEIIQRCRAUION EHM AR of the lost packets:
deci sfo?—gﬁaii n uﬁixt andq:{azwpacket1 bquf e?; gno \R/ﬁ%reesl n
t he UMEHAXPRndIng g'le-[qqq@cﬁ_:y( peagsvied pagitegrothit nay bafropeeitionr e side or
[ [ xpansian and nulti.- pand tine ‘
b O B0 bR SRESH NG ARSe Mttt hRkeietmaretched to cove
thedegtis bthe hoaxk pagretsniid 2. The audio stream ng system of
claim], erein the packet buffer within the
re C%Y%P“aﬁgmé P disished paghcsdsatbatrthelobtmckets agwencelad
i ncom ng packets of the input audio signal fromthe

audi o stream ng system and store the received
6. pacKet mdi@streimengasidiem of ¢leais Nghayia UR B exXlaBéfRb b the correctly
whe eiﬂ t he dgcisio -neking unit is operably coupled
reccflgec[ PERBY R eﬁlffOF‘@Fa 108 sEHEh t%ﬂilfhﬁ)‘ieafdlswir}ﬁawé@lrsigpmpriate time
i | | ' at_i.t. decides
PO e ooy ARy funtlike SR A s ol B8 packe
conceal ment. 4. The audio stream ng system of claim3,

in.the decision-nakin rocess of the. ) )
7 \é\ggfu:hg ag‘ﬁlonsg’i?ﬁ??{;“fiﬁéfis e ‘Fii'a‘g‘éé whsrep whey the inpuesigolds separated
. , : oL B iy od:
o ot e et o LR oL s BRI Ao L0R brogeriypes and
usey Hfercab s edhe apepiiaie tins mosigions for dnd etpdsion. ni ng of
whet her the count-|oss paraneter is nore or |ess than
the threshold value; thereby, if the count-I|oss

8. parfareiudfo stfealng syfiam $thdainlresheleth #R! dBaraldorrelation search
procedures include one or more of the followings: separate search window ranges, separate

search window steps, and separate search window starting points.

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 packefizing the input audio signal from its source, and a

transmitting network for transmitting the encoded audio packets to the receiver,
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P Ther conprising a transmtter for

15. The Multi-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.



encodi ng and nodul ati ng and packeti zi ng the i nput
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of the correctly received packets includes 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.
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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.
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