AUDI O AND VI DEO SYNCHRONI ZATI ON Field of the Invention
The present invention relates to nedia
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synchroni zati on of continuous nmedia streans that are
provided in data transfer syst1errs. Background of the

I nvention Sone of the new applications in data

t PUBIGANDSY DEQOr 8YNGHRONIZATFIgNt of nedia

conmponent s between el ectronic devices. The nedia

conponents can be e.g. continuous nedia streans that
alFeeldrafribei Invedtion real -tinme to a receiving device. An
exanpl e of such an application is See-Wat-I-See

(SWS). SWS is a way of communicating - currently -
vilhezpraseint énveitiast kelamy © swediamyeehronizatiapr iTesinvention is

t yvdiAB! b¥dREdecislisgndRfbriz486en CHastitRiticud hddidrfreams that
del | vere.gsgﬁaﬁac%get device to other. The basic idea of

SRS PrQVvi FHEHEr 8%p1eM#d si mul t aneously to
send real tine video data captured by, or otherw se
Fr-.- 0‘7701-’6..0-‘:2‘_!.051. ce. This neans that the

v fHevy 5 play the video to the receiver
when the sender and the receiver are having the phone

CayHa ﬁ?t iR ey %p@ﬂf}?f?@né | ed’%ﬁt §fhridief! %}fﬁéﬁﬁt relate to
ways. The audi o can be transmtted over Clrcuit- ,
stianeper abmadia corapeRents bebveer elesikraicsdpyisasd The media

nebiidnerlts dah BeS®.gPedntiRLeus InkHRNSFehnkPiHAtoN triASmitted
packet.sw t ched netvmrkﬁ&e\.%g? kAn Vol P?) IF T
cit Eelt D 1O0-AJ&CE)I B ai giaraPle gt sUFl e gppigation is
aSeerWhntauSeet(S¥B0f bits, whereupon there is not

hardly any delay in the transm ssion, or the delay is

substantially constant. In packet-sw tched (PS)

n&WIED ks da gvayl ofde@mmugnisating by curregtilyr - piac Refmobile network.
' c | - I g i@at t } . i

Coroh: RIFMERICAIRL" S0ARriest, Qv RIr ehiitjand video

nEPTHIQN @Sﬁgﬁbﬁé@ delivaEet fram Ane dakicerignaihar. The basic idea

PoptWeS i§ RbFnakETE ghurie ehllRitd @ddlltaneously to send real time
video data captured by, or otherwise provided by a sending device. This
means that the receiving device can display the video to the receiver
when the sender and the receiver are having the phone communication.

SWIS can be implemented in different ways. The audio can be
transmitted over circuit-switched network and the video over packet-
switched network. It is also possible to transmit both over the packet-
switched network (e.g. in VoIP). In circuit-switched (CS) network digital
data is sent as a continuous stream of bits, whereupon there is not
hardly any delay in the transmission, or the delay is substantially
constant. In packet-switched (PS) network digital data is sent by in short
packets, which comprise the digital data to be transmitted.

Currently, data that is carried over packet-switched network is handled
by using Real-time Transfer Protocol (RTP). RTP Control Protocol
(RTCP) is based on the periodic transmission of control packets to all



(RTCP) is based on the periodic transm ssion of
control packets to allparticipants in a session. A
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qual ity of the data distribution. Synchronization
nmet hods for audi o and i mages wsed e.g. in video
conferencing can be found fromrelated art. An exanple

opastiipan®iiz a4 i sesdion. W geimapnffanenicn ngf IRTAPs asegdrovide

ipn ER1 057337 B 1. '

it aa30s P LBt g 3T RERLIRR S et ween e

sound and image outputs and adjusting a variable delay
'@yﬁpﬂﬁrﬁ%@ﬂoﬁ”n@t@b&é‘a*orr AWHRS 44 Ogdgsa ﬁ’sé’c?t@.y?yin video
unti e sound and inmage outputs are synchroni zed. In

t BPBfeyeRringat C8A abei debndevired arelated a@dt.o ABviexample of

a,’s?nélﬁ‘rto?ﬁ?&tim?cfbr lS?/)}’d(a'f’o %ﬁ#é\@hcir‘@ii§rbi§él@%bﬂeﬁ1 & (157337 B
nal s and at eway, i.s capabl

des I's, which f
JWTETR: SAURE 2nGEIragOEE Ake Y RRIPBIZERHDY [ARIBCUNG AYs mismatch
Thetwgenhhersaatid andiimages ougsutsudndndfesting agraxiablardeélay in
a,c : ni_ zat i.an \
2erGaEBLEH 4 SlMA voRtets VSleRC e ot uiGie sound and
simage olitputiv aee sy nicbronized. HadhisRpeblicatien acwideai deviee and
t'aﬁeéﬁéi@dfe?ircet afe Mekeath&dt b %%?(5\%&, WHich!duires audio
timestanp of the streamis set’to™a random val ue due . |
t SR And, vidag signalanwhichwaatawsy k& eapabied ohsletedpining a
t deldy ebtwbennaidiveand aded RigRdlst Mhemegnenronszialdry iPearried
kHz, for, vjdeo ?nd the s l.ing,freqguency or its
i Ryéb&teﬁtﬁ'ﬁnﬁi 2apg,a 8@@3 t_ed&i]elﬁy%p packet stream
acconmpani es each RTP stream Periodically, every few

(1

o SPitofafitn FowEl FTP Rifme Bl B0 IS TSy and @
t yidep & t R csireamrTe donesasutpllowre FadeiREP paeketugentains a
t RT [ t
w1 e f0 the 6800 Ed‘af’ééegfqéég?téy‘?a%'%‘%?Jeﬁﬁ?éta‘rﬁp of the
saHsABY igccHlditgdy. randomie VB cdWr 1R ofeeUELY trgasons, and

Shfeqranipsc alre otodédieds dlocia tidkse oif tthewnhtibedfreglency of the
a

oA SRS Thn udey & . el ey or s
virdeger onultipte tor asdied: Abl RIRH panket stream accompanies each
RTP stream. Periodically, every few seconds or so, an RTCP sender
report is generated and carries the wallclock time (NTP time) that
corresponds to a particular RTP timestamp. The receiver then uses the
RTCP sender reports to convert RTP timestamps to wallclock time and

schedules the playout of media samples accordingly.

In the basic form of e.g. the SWIS application, there is a circuit-switched
call ongoing, when the sending device decides to share video with the
receiving device. A packet-switched video connection is established and
video is transported over e.g. RTP/UDP/IP (Real Time Protocol/User
Datagram Protocol/Internet Protocol) to the receiving device. As said,
video packets are likely to face a different and unpredictable amount of
transmission delay than the speech frames in the circuit-switched call.
No information about how to synchronize the transported video to the



video is transported over e.g. RTP/UDP/IP (Real Tine
Prot ocol / User Datagram Protocol/Internet Protocol) to
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likely to face a different and unpredictabl e amunt of
transmi ssion delay than the speech franes in the
circuit- switched call. No information about how to

Sspebchnsmﬁmw bysthernadspoldqwott@cdlbeih@%mesthe receiver

BRNRYErentahEE addPaRsRbof Bhiafusa sPEhEEE St

synchroni zati on. Summary of the Invention The current
i@ ﬁkﬁ (ﬁﬁ 1h ﬁﬁ%ﬂe a probl em of synchronizing
au%&@—ang—vfgéo—sgreans in a receiving device. The
solution is based on utilizing data hiding techniques,

V"fﬂh@hcafr@nf ﬁﬁ‘\?’ér‘itidw?@ilm Nﬁ@@l\fé’b Hidbléﬁi of 'thﬁromzmg audio
for_exanpl e,

AP SRS, T BorBeriin dibiisen T, Soluibiuds jgased on
matllizingodatn éidiag ecmpidues,f whigh ayé ngaditidhally used for digital

< BBRS B aodinBEG G 2L R JARHL G 43S cureny invention
rtmepromd@ demeatbod afoe opriogessing owedian pomgacentsra method for

PRRGAES, Mo QURMORENIE e CRRRARAR, Sridife ey’ dhodule for
t Sﬁﬂgfﬂﬁql’tlélagtf@eﬁilaj@(?mj@n%ntsl 8a32NJRE AVigHea ﬁ@ae%(mg device,

Cannﬁﬂﬁbb‘ﬁerb%l’@@réﬁﬁnﬁmdd&dfoﬁ Ffdbéséﬂﬁ’gv\ﬂahhl playing media
ﬁnchron ation,information relating to one other o

t RRM{ON §1m% YIEGi a components by neans of data
h| d| ng. The method for playi ng medi a corrponents in a

e C edl . » .

nen%fmﬂr ch:ro er Ie§§ é/ ncl%z'é ?%?%a ranﬁmltted to a
rélemoaqgat deasie ooe lqﬁethﬁadﬂa @om@m@memﬁd besgdransmitted is
ngﬂd@ﬂa\hlt h?é‘ﬁizﬁflbﬁrlnfﬁmélcﬁpfﬁlaﬂﬁgtto e %ﬂ@é‘rsof the at

oni zat | on i nfornation ['east
ST PQW@%ﬁMrma?@oot@a ig Frbgfed The

proceSS|ng nodul e for a sending deV|ce conprises neans
c@ypr 2 l'a&q!i ?gli p%ylr?ga Hhed [aleco%BSF]en S Ifa CeRee e@omprlsgs steps
for receiving said media components, recovering synchronization
information relating to one of the media component and being hid in
said at least one other media component, by means of which
synchronization information said at least two media components are
synchronized to be played.

The processing module for a sending device comprises means for
providing at least one other media component with a synchronization
information relating to one media component by means of data hiding.

The module for synchronizing media components for a receiving device
comprises means for recovering, from at least one media component,
hidden synchronization information relating to one other of the media
component, by means of which synchronization information said at least
two media components are synchronized to be played.



information relating to one nmedia conponent by neans
of data hiding. The nodule for synchronizing nedia
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recovering, fromat |east one nmedia conponent, hidden
synchroni zation i nformation rétati ng to one ot her of

t he nmedi a conponent, by neans of which synchroni zation
information said at | east two nmedia conponents are

S hroni z to ke played. The sendin evice according. .

¢ § e St onblicRyr dzeorder ol tofiea HAREE! Hiptfprises
matbrieeermtienec prooesgndemiocklac tbe diecgiving tdevice according to
! fWéenH\/érl’\tif)?lnmdrﬁﬁﬁséé°5?6%%é%@%@0%®léoﬁor synchronizing
synchroni zi'ng nmedl'a_conponents. Thé conput ér Erog¥ am .
pgdiat CORPPIYYEssThg HRARVIEONYORARS PradCHeidr cprocessing
CAfBiRS| BemERRMBans far Héﬁbé”e@éﬂn'b@isiﬁl%r%é' ?Ae8ns for
met hﬁ’g’ﬂéo{j roc?33| ng HEdlﬁ cong nents e conguter :
pt8g BHI3G uc AP GHMSOHRRPGNi 81 di EPrcorfyOrEReNY n media
a;:dmpmmmsnﬂ”l‘ries bocnpuﬂfée pregremf produgi! f@lresyrimuonizingl] media
a n ! r AN [ ofen ,
orErIEEIE "B 4tagsn SopRuBihg] cBRE. TnSaRe ot liierflenting
| aferemsenrfioried amthbdtfer glaying. madicRTempomnestanp of a

vi deo stream corresponding to a particul ar speech

frame are coded to the npst insignificant speech bits

ofn ORg: example o usie Al yidea supekrosrzatian fig leastrgjgnificant

Lbﬁﬁeéf- S.ngleaﬁUR_'Tgﬂ‘timéé{Qﬁtqc o @f\@dﬁdeﬁré’am corresponcoili_ng to a
ackwar d- conpatibl e neans f.or, .syachronizing e.q. .audi 0, ,.

o Patige SPAREh tEa Bl B Rl o3 ok T B Tine ¥pdeth birs

sef thaidfsamieuandlpessibly la colele citbedoowmgvractes.

di fferent nedi a conponents of real-tinme nedia sources

are transported using nore than one transport .gr ot ocol
stlhek ssurigilr dnvientient psawgest prbacovardecemipatiolre nareans for

?%ﬁb%rﬁ‘ﬁﬁﬂfefg@ £YAI6N5RA1 viflebNeTHEE SofutRIrP\bar! bBELNRAIY with
asi

[ SErHGS skl ARG, OINECSVSEPRS GR hiaMeifferent media
Deamprgfentseofcealrnaiy imedidr @ourgss avel elardported using more
' tHan 'ogrruglt ?r%n'sBoﬁndprBPo%%tl' tsfétc‘f(s? wherein the transport protocol

stacks do not provide means to synchronize the media playout between
the components. Examples of media components are audio, video and

timed text.

Description of the Drawings

The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate examples relating to this invention
and, together with the description, explain further the objects and
advantages of the invention. In the drawings

Figure 1 illustrates an example of a system, wherein a media
components are transferred from an electronic device to
other,



part of this specification, illustrate exanples
relating to this invention and, together with the
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advant ages of the invention. In the drawings Figure 1
illustrates an exanple of a s;ﬁstem wherein a nedi a
conponents are transferred froman el ectronic device

t Giquiree?, Fi flusgated hhustamplesofea syxesmlgs afblack hagam, and
as a block diagram and Figure 3 illustrates an

exanpl e of a receiving device. Detail ed Description of
t réigunev@nt i lostratep aasexampleveha ireceiverigadesiceo an

appl i cati on wherein nedia conponents are transferred
fromone device to another. The nedia conponents
uaeialQdQ&Softml@ﬂn&nﬂﬂarmveﬂtlé)ﬂnponents e.g. video and

audio. Figure 1 illustrates such an exanple. The

RS Toch BHSR: PUBTEDL s b SRR Bt meai

appniporens ae Wedrisferred Grohutomm @@fancéetlog@qmtlaén.zjéde media

[ e e : AN [

< SaPoriRARS R A B GRAFBI B oid o FonerfE  £56 fideo and

paudhholFigureck itugiratesweiicn arhexagnaar diez tallavingadeseription
gﬁe%WI%C#plfcaQWh éQ'a‘H é?&ﬁtplé I”but' e Sth]erapOSSIbllltleS

evi ce nsmts stream ng ne
r@ﬁ%laﬂﬂﬁ@C@E@ﬁi’ a6 wsb. hﬁé@t’?‘@'&rﬁaﬁ’g ﬁ&ﬁ@ﬁ@@ﬁ%@l'@eﬁfﬂy system

nﬁﬂlvﬁm@ﬁfmﬂﬂﬁbhénw@ﬂ r@&l ﬁm@uﬁeéuacganmeme 1@1@5&@ using
onpone

40
B BAES s Hanstor nefieBoLsfack and in Wiedfaé Syachrpnization
othanoilBé ddné by mebbcmltsomlwnrmjmnomsarinkfegmeahmem@dg device

SSOPIARANS, Byesifdpih A, el \0eok” 1. e
fstreamlﬁg @n@diavmqotmpre&@ ia ocolmsm“@rms sueh saadiang audio

et 1?:@0aﬁ8 Wﬂé% icPnph&s §46f 'ﬁﬁ’é"é’th@?dmo of the
stream n [ [ n means 110,
'an%%fﬁ@o(‘@ |C|@nf Quﬁré”%&‘%g@ ahmd Mlﬂ)'ﬂ‘Q‘ﬂ%gtaf}ﬁLéﬂ% other
1130 2 tIs¢Ichediaa conysendrase canThe spansitedd as continuous
bitstream.

The operation of the sending device according to figure 1 described in
the following also with reference to figure 2. The sending device 100,
200 comprises in the case of audio and video streaming at least
imaging means 110, e.g. video input means (201 in figure 2) and an
audio input means 115, 202 such as a microphone . The source of
audio and video signal may be live input to the device or it may be pre-
stored into the device. Live input may be acquired with the sending
device 200 or streamed to the device from a peripheral device or
provided otherwise. When live audio is acquired and processed in the
sending device, the audio input means comprise audio signal capturing
module, such as a microphone, analog-to-digital converter module, and
potentially audio signal processing modules e.g. for sample rate
conversion and signal enhancement. When live video is acquired and
processed in the sending device, the video input means comprise an



audi o and video signal may be live input to the device
or it may be prestored into the device. Live input may
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the device froma peripheral device or provided
ot herwi se. Wien live audio is %cqui red and processed
in the sending device, the audi o i nput neans conprise

apgtios shadtale inehiding rrolemga §en§0t0ﬁ®r’cm1:ﬂoglto rdig ||ﬁ@lrt§?onver3|on

R Sa e Bl SONSBrR R g ARLREL Y e@rg{o@or space

cooneetsion, produks gz cenvarsieneand shgval enhancedwenti When a

apg%'s&@%oagsuméﬁg&éaae.d %nbhﬁd%%r‘gfragn%eié B8eq! 'i‘rge audio and

i ncl
| ¥igieo mpyérlf@@am éyplagﬁy @gntajndﬁgufoﬁowmst&pﬁ mde&haudlo and

POIRIY Sﬁbbbhéjaﬂé Tﬂilcél'lygﬁﬁirbdﬁﬁ @b@ﬁﬁeﬁﬁéﬁﬁlmﬁté'(ﬁﬁﬁtﬁlrgar file is
for color space coaéer3|on nyer s

N I T N e A I

afily, arehdudiodend stides strelasngiaesl deicbeedudi o and vi deo

input nmeans typically contain the foll ow ng steps:

coded audi o and video streans are typically stored in

a Teentsgingdng f deeicet 120Q oiurthienecontdiesi audir sanld  widgldioo coding

AREHNIIEEO (504 ETBR f@q d&gHbF 'Qgﬁéﬁdcérh Fl%ésh(?n CC’%@' Pfdsented

file, and audlo a d streans are eco
smm@nd@vn@te imieds igr aRk Parbieular dxpawdid cgﬁlmg/ algggithm. The

Cgéhdmg@évicész()@%ayzé@b h&ve @c@bé@'tosﬁm'y encoded streams
resalon

- APRAIGRRI€0; 1T pREPHET deriPes S stBrdtl e sendi ng
devi ce 200 may al so have access to readlly encoded

f
o/ RECER A e LARPEHACo08, 1 SGheff devics 200
breesives neoessaey QmﬁSnQ mwé«)ﬁmathn,osumas\motuaagslmegztamps
pb??ﬁédlafse}rﬂéfé’é"@éé@@m 46 hn %v&lﬂfi’ﬁ&ék hi bf?ﬁé’s‘%ﬁ%@ﬁewce

ia sa accor cl oc |ne of

S0 36 dlinie anr vigkpr equq@sﬁ??@aﬁ.%e Iinoine smkdgiment of

(ﬂ&?mv@ﬂldn thérs rénizatibredutachidi blcfjbkaBOBQﬁodtfi@% one of
1.0Nn | es..on

RS DRl BB tEL o Pl oo Ko S bir2udR Gnal enabe
| tHereetiven to minchmabize thes ptageritvadr thieotveg retreams zn figure 3,

t B RO WitdfedhSis! WRAFHiEE ABBcontAir '§Hchrchization information
from the video signal. In another embodiment of the invention (not
depicted in any figure), the sending device 200 modifies the channel-
coded stream to include such pieces of information that enable the
receiver to synchronize the playout of the two streams. Even though the
synchronization data hiding block 205 is presented as a separate
module in figure 3, it can also be integrated in source encoders or
channel encoders.

The channel coding blocks (206, 207) input elementary audio and video
streams and encapsulate them according to the transport protocols in
use. For example, video may be encapsulated according to the RTP
payload specification of the video coding format, and the RTP payloads
are further encapsulated according to RTP, UDP, and IP protocols, and



the audio bitstreamis nodified to contain
synchroni zation information fromthe video signal. In

wWa@eorhe7oenbodi nent of the invention (not depiRCEHIR2)0/050288

10

15

20

25

30

35

any figure), the sending device 200 nodifies the
channel coded streamto includ€e such pi eces of
informati on that enable the receiver to synchronize

t e dﬁita geas ddret ﬂﬂart varrsdd %\@@lbrdlgggtgstﬁwlw)brtze({lnlé layer) and
nc roni,z Qe is presented as
E?%Va%@ﬂﬁéég rPrP@‘Efﬂg guqet can al so be

|nt egrat ed in source encoders or channel encoders. The

C?fgﬁlo énd%dbgﬂdmgﬁé%c(ez enc Hlé%‘at {%{E'Tn&%ytrgnsmlssmn

eraCCO
t blagks t(PQ8sparP) ppEQ\ddkBIQB netwey Ingpwama@hﬁm andj a@ans for

BVt Itlgaﬁ}?ﬁﬁh@hﬁ%eeﬂf/:égjergmgg??@ fHe dBV%é)ZW 6ﬁ€ embodlment
B M Bemion dhe neinsinissipiacks iaghioRua sdofararsitier.

UDP, and I P protocols, andl P datagrans are then

CHELRABCIL ol 2, YIRhARG, 5iddq yABHEL I dom trough
t Bepaeaiei chianeels(@100@15pnpne wingta Cisait-switched channel 220
L HARS! n%’ih@ﬁ‘nzg%é’%émbz%s g&@ts‘%&ﬂeﬁ]%%&”??gnglt will be

capab ity and neans ~f or Rt putt| ng channel -co
s PGRERGIatach ihehcteIBYi channe! ore batin eeRsidareghas a logical

I BMaAhEPRS bbﬁ:éméﬂ%}ﬂ éstbmlrﬁélo@sbéh'ﬂh@' géadin §r @éw@e 200 and

L RDSERA A oBNEY BeTia b sten B LAs0 Salh Be network
1frasinectoe fgr theeitwowsdparaté chadnetsanest oEZﬁaymtbt be fully or

a ei ng a packet-sw tched channel 225. It
\/\pgfﬂg@e&?\g@?gm ated that term "channel™ is herein
consi dered as a | ogi cal channel as perceived by a

L ohd Aleivi g C(H\e\‘/lbé S50\ HetorARY %@Oo tioh@ when compared

recejvin VI ce accor to t I.Nnven Th
tHet @t ngneeyicer QQPu}gfa‘toit FeReIYeR té &ﬂ%ﬁﬂféd COéjed audio

CbﬁdnﬂldéoﬂétreamsTQZSBOQS@? frlhlelny @famﬁéltdie{codllﬁgt (253 257) is
for,ns_reverse
WABRIEH o0 Qi e o8 o AT ahi 53588 AffBean S Wich are
rdeeoded mhebmanmmepmsemdilgltal audio and video signals. The
receiving device 250 comprises also a synchronization recovery block
255.

In one embodiment of the invention, the synchronization data recovery
block 255 extracts such pieces of information from the elementary audio
or video stream that enable the receiver 250 to synchronize the playout
of the two streams. In figure 3, the synchronization information is
extracted from the audio bitstream. In another embodiment of the
invention (not depicted in any figure), the synchronization information is
extracted from channel-coded streams. Even though the
synchronization data recovery block 255 is presented as a separate
module in figure 2, it can also be integrated in source decoders or
channel decoders.



and video streans (258, 259). Then, channel decoding
(256, 257) is applied to obtain the elenentary audio
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unconpressed digital audio and video signals. The
recei ving device 250 conprise§3also a synchroni zation
recovery bl ock 255. In one enbodinent of the

i m@yrsmtorsynt:heomzat:ibhomgyﬂt happédat @flfeﬁ?CﬂV@rMebbdrHQ 25tp, as

PERETR, iy, 25,27, Befon® etk g’ 8B 1ot picted in any

r gere)erRegardiess phdhrwhichepoind ¢fl theomeditt proeesamg streams
St té‘rgE‘flﬂHﬁe t%curtshghéyrré%lé'i\ﬂﬁgzﬁéw?@ 25K o%H’Hﬂlbl°<l£~‘s,t|mate
rac am

IS ex prestr anot
e PreeAsSIHY deday rife tiie odoWAstreaspi prosessindarsieps for each

{ hasttia) proGesaMachagn 2at anakd! pTambioRRskingdeiagt Sual by

t E t
s§jﬁ %lpf%‘?%ﬂn@aﬁ%o:ra@&)éryvglnockoggS is presented

as a separate nodule in figure 2, it can also be

DY B 8o A8 oe VBB spes 2. @) vsin

dmmﬂuleg it #ye receiving derite 250, gusirg :pertphejaf ousptithdevices,

d?ﬁ rwﬁtosrﬁlp Iﬁ”fﬂe %%%E%Fdaéld?oa&a{df\'naébel th%egﬁéa’ulﬁésm the
I C processi ng streans

swﬁmvm awp@n%(«ldmp@a"yn@c ueleen JpHgspRIKeesysiem 165 and a

fglgly 80 (Qiée‘iflgt]ﬁa A1) OER&AIHIES dﬂlpfréfnrﬂferbh@uq@ym@m@émare a

PR 04008 1 4 PR el gy e
abecstdrergl githéreiccrgmpsassechoduocentpresded forrgatl Inregth cases,

bgné)‘éw%%&%?esajm re%g ?rer é&glpﬂg&ﬂ%ﬁﬁofaqnf&%étw d%l di8o stored

usi n ut pu evi ces
sobrtbe used ttﬂedera&e sipde osusty svncbmmzalmm rmmnrmtlon e.g.

e
agparmes s AR R b s ey,

1) . Exanpl es of peripheral output devices are a

h@vesif rth@ughe@ﬂ’f@f p@éﬁbrﬂédexmﬁim&in C’lBSI@)@anIm&j toynd system
st or,e ither .in co

\ljhggg{gﬂa és’tgdfS ggrrem;t and - ,bmq]ng\é@*ggon e3APhE aprﬂlecf to any sub-

system including any characteristic feature of the invention. Examples
of such sub-systems are a transmitting device, a receiving device, a set
of modules for data processing including a synchronization data hiding
or recovery block, and a chipset for data processing including a
synchronization data hiding or recovery block, a chipset including
dedicated hardware and software.

The current invention is based on data hiding in the media component.
This means that a cross-stream synchronization information is added to
at least one component stream by data hiding technique. The following
description presents two examples of the implementation for data
hiding. The first example relates to data hiding in speech frames and
the second example relates to data hiding in any of the RTP streams.
The examples are only aimed for understanding purposes, and the



the cross-streamrecovered synchroni zation information
is also stored or the used to derive and store such
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ti mestanps, that are common in both nmedia streans.
Even though the presented invéhtion is exenplified by
a systemaccording to figure 1 and 3, the invention

cgRilled p@ll@dnevlnlt @pphyciatd tﬁeaﬁamuwdbwlmngnmethods suitable
E@tﬁéﬁ“ L fenjture of the invention. Exanples of

h §f¢ lroéjatransmttlng device, a
recei ving device, a set of nodules for data processing

[ fﬂt&%&ﬂqamsé/%&fpﬂjafﬁéé on data hiding or recovery

bfotk; and a chrpset tor data processing including a
synchronlzatlon data hiding or recovery block, a

chh psﬂ?ﬁs' néﬂ(é\#%'pltﬂ d%‘}h@ﬁ?cﬁﬂzﬁﬁéﬁ\’\ﬁ#ﬁoﬁﬁﬂtléﬁf t Véﬁfr e pld— of
current inven on hi di. n ge
'as a h|d en plece of

c6RPEREANS '”ﬁh% ne%i?%a'“@% '§ I%rltOrV
sylatdr anitlziat | the | cbdeant SE ecls at@ltm:bam atTHeeasynoheonization

¢ BBERERGn L, ThENGR™ o leait O fetto ot HF fojfgwing: RTP
i iplastenystROR $equenta nbimbberg thahalbe roft ark syptax element or
r%léfﬁﬁﬁté Qh&l%%nh'b%' ﬂ%eti”t&ﬂ@@ﬁﬂfr}f raa%ﬂfeﬂnﬁlétgﬁ‘epﬁﬁcﬂ@ video

exa e rel ates data hidin
s SHEams. T'h@X@iZQaFHﬁI ek sach @nl @%mﬁea grgr auMakies Of Hgamg_num

pgyﬁﬁﬁeélerﬁéﬁt 'dh@isﬁ' valed @ﬁ'téﬁ’iibto‘f\%ll Peféia@ﬁﬁ isyheax ement. In
abl e for e

! Balioh, 17 RuehroazARoN Nt BAteT icane Hiquds Ay Salle that is
erderméd faymcheowided i mitstredmr (@i oas f ar rqgully @it the decoding

B TR R4 PR R R rhRug 24 6¢ F'SuBsampled
biot suesdired daias (trehowedibeanptad, nhabthmhldﬁenrageqaw@ﬁ data does
ahoi Pebs8afy! é“’t@ Lﬁ’mﬁélz |8@hh Hedvi c'fgc‘? ﬁdt |P'5pser|es of

equence’ nu enent
oh'ﬁw9§e$ d@éﬁﬁ N Lﬂ%d’nf“ %@ﬁfﬂ&%@%@aﬁ to the video

pefrtbdfe i N the video stream An exanple of such an

el enent are a value of frame_num syntax el enent and a

val ue of tenporal reference syntax elenent. In

For clarifying the previous example more it is predetermined that

speech stream contains hidden data at constant intervals of 0.5
seconds starting from the first speech frame whose capture time is
closest to the first transmitted video picture. The RTP timestamp clock
frequency for the video stream is 90 kHz an the capturing picture rate of
video is 25 Hz. Consequently, the minimum coded picture interval in
terms of RTP timestamps is 3600 (in clock ticks of a 90-kHz clock). The
duration of speech frames is 20 msec, and each speech frame may
contain 1 bit of hidden data. Consequently, there are 25 bits available
for data hiding for each 0.5 second period. In the system, 24 most
significant bits of the RTP timestamp are coded and the 25" bit is a
repetition of the first bit of the 0.5 period. It is also assumed that the
end-to-end delay for circuit-switched speech is smaller than for the RTP
streams.




addi tion the synchroni zation information can include
any value that is derived formthe video bitstream
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synchroni zation informati on can be a subsanpl ed or
quantized data. It should be h8ted, that the hidden
pi ece of data does not necessarily have to uniquely

i d)@mng‘ sthé hg?@ecldemlpl(wlmo@t asseciakyd qﬁacrﬁetiyvxdtmfed streams
ece

Rt uéfh e PP AN nHAREA JoStelas fphBiy but also

i buffer repeste frainmesl in rmtsllslpmawnndowelauﬁenrh@em.rlafemesd] to as

debaegt sB?BEHthffggEﬁ/W@ées Qbe0 ezcgfzg @rlt fgerb}ex@& than the

cespested or rraaxnm@m taldm@n‘iltj{?@d svnagmrpzafﬂ@m ediffgfence (+25

R§Beébﬁeﬁhﬁff§?s)0|IP%ddlﬁqbénﬁbn&@dﬂ that \théeﬁuﬁbféﬁmﬁaﬁles are

o SaayaBiavee: S a1eren R Al shBISUSRL A et Spise speech

i buffer nk.eofth&TEodedespeaqis busfes6hatay( inot db@ck dormiemtiohal pre-

ngBRoEE R Ve d8r MIBHR cPueBIgR, bef@E R eiriBlt o the
hdedededat a. Consequently, there are 25 bits avail able

for data hiding for each 0.5 second period. In the
system 24 nost significant bits of the RTP tinestanp

2L SRR PQIfH Of HBe Alh &vdea RiTP &eeam Enesibligaed and the
ff|f§tt RIiR p@tﬁ:kbhfﬁs GebeRed. OBt that péuﬂ' Weﬁﬂéﬁsbﬁd?ﬁg speech

d- ched
L Hanrds Alady Blaveck At s dherenie! R ARSRESChE udio-video
cayhcmmmmm aais the b eginpank eThewreécdivdr séxarames the coded
gpﬁgpﬁ%%%}) ltohl?) eci pient may otherw se operate as
n

350 bu fer speech frames in a
sli di ng-wi ndow buffer, herein referred to as coded

speech_ buk f@indithies Anfist&rmi |se‘i‘&‘"i‘1|1eélq‘r6’rh @é@ﬁtﬁqdé@b of 25

t he expected or maxi mum audi o-vid I zat ,

di f f er enCONSELHLi¥BeERREEH aHABIES (IR Eh% OGI%Q CE‘eé’PUffer In

tEat t he vphitherhed hfdommmarnetwé ety @écﬁyefrhmétlsb@cﬁmleto the

(ney.ane STETH: T e S5deat e i, e, The

pr edecoddridden bits form the 24 most significant bits of the candidate
timestamp, and the remaining eight least significant bits are
set to zero.

- A series of candidate timestamps are formed from those
candidate timestamps that occupy all the speech frames in the
coded speech buffer except possibly for less than 25 speech
frames in the beginning or at the end of the coded speech
buffer. If a candidate timestamp is not in any series of
candidate timestamps, then that candidate timestamp is not
considered further.

- Those series of candidate timestamps in which the timestamp
value is not monotonically increasing, are discarded.

- The series of candidate timestamps that contains a candidate
timestamp closest to the RTP timestamp of the first video
packet is chosen.



buffer used for buffering coded data before it is
i nput to the decoder). At sone point of the call, a
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packet is received. At that point, the corresponding
speech frane is already playea1out, so there is no
chance of audio-video synchronization at the
beglnnlng The recei ver exam nes the coded speech

¢ e alhiert NI anpiess BBt o bE-EIAMRE fnafl Havout to

tuela;odm splagomtboffepeech Wrdrobkst hsuth difeat dhe iaudio-video
tﬁznﬁﬁtcﬂ}lfé’t?&?n Siablisfed §94%e rgcl“gﬁnthbﬁiﬂﬁﬁﬁg%lg Barses the

speec rams o the se
bhtcmefrbrdﬁtahéo 2B TR dimesigmps cand eenkolst theeaudio and video

C A ARIFodKIRS hTRtaiRRYnERFOHigaRbMI Ng ei ght | east
significant bits are sef to zero. - A series of
candi date tinestanps are fornmed fromthose candi date
t Daps thadipg iNNAT Posteensal | t he speech franes in the
coded speech buffer except possibly for less than 25
speech franes in the beginning or at the end of the
Edéldlstmpleaiﬂﬂé ¢latalis hiddandiodeoded .vmm aignals Gngt example
[
Foraimy I%‘?ﬁér?tﬁngfthéla&dtcﬁ%% é%éﬁég?éermél Elcbﬁ?ént_ljnformatlon

candi dat e
sEPEBsOnHsendalaiaf the videa gadng o rmﬁt&r tph@se iendedigajed RTP

Vétréém fanat msryonrmldayload)rRﬁssmhr@haafﬂmcnﬁdﬁﬁanon In
con

i Telo g rmef%re)eq@qsgeewﬁ? AR skbplerehiat Sapancement

t nfofmation\is dsedpacket is chosen. The reci pient then
applies rebuffering or adaptive nedia playout to del ay

the playout of speech frames, such that the

adi ey speech pieanain cicudrswisched gaili dorsinorentain referable

rgehibREE MbbrYJY e BRIMSS, tHEEhidden piece of data should be
derived from the speech bitstream itself. It may, for example, be a
repetition of the temporally closest speech frame to the video picture in
which the synchronization SEI message is located.

The initial audio-video synchronization after the establishment of the
RTP stream is carried out similarly to the previous example.

Signalling

In order to let the receiving device know whether the sending device
uses data hiding for synchronization information, there has to be
signalling from the sending device to the receiving device. The
signalling may take place e.g. using the SDP (Session Description
Protocol) offer/answer model on top of SIP (Session Initiation Protocol)
call establishment procedures. The SDP signalling may include critical
parameters to parse the synchronization information in the receiving
device.



hi dden data to RTP tinmestanps and controls the audio
and video playout clocks to maintain synchronization.
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hi dden to coded vi deo signal. Che exanple for
i mpl ementing that is to use su%plenental enhancenent
information (SElI) or user data of the video coding

fmr@bm@r dinationsa thedi iealeddn Taevtdeeamaglamrd)tpgﬁelekémnd the

F SjarBfiing Hgbokd hgfiqnﬁgrac‘@'xéﬁbpﬁ hdh85EHulinsy'sbéff devices

enaandgmar& imd owsigatallomg i svitheoed. mgbtdms,spbecausereerer the
| f

ﬁ%@@d@%%t r@%ﬁfﬁ%‘é\nﬁﬁ bv|P'?1%? @prégéﬁdtgld;t@é lf?fs%@ra‘?ns or, if

dH’l% syRelranipatiere inf @é@aﬂlpﬁnlﬁt wr@seﬁée& iflagist Bet affart the normal

'Hé@bﬂmq brdﬁ@és dfothecdaapl e, be a repetition of the
tenporally cl osest speech frame to the video picture

in which the synchronization SEI nmessage is |ocated.
Tha iexdmple afdite vnedewmgndbvme dgtillostratécrint figure 3. The

TR R BBBlceh Gabr 0, Bl b heCRERUTR fivice- oThg,device
toonmnsehaecomumoa@;loﬁleme:ams(fia@ aeingea tramsuieri 3g1 and a
?%1 éi@ef“sﬁézdﬁ ajdhi cﬁirﬂ%ét@ ?d”%ﬂél‘?”"?ﬁéfeorban also be other

or mat j on, ere

nallin
s@ﬁmrﬁgn@@vn@éﬂeansr@Q é’@é"ﬂg ﬁgfgfa%météef 38 @%ﬁaﬂqqeh\g?f 382
MRy WRME Thacdiret Gordfiurecath®y Sﬁ%ah@e%ﬂmrbd?esw adbpted for
Piﬁqt ocol o.ffgr/ ans b rm%el on of SIP é w b
| Hr'EEAMBHNISA PBc«’i‘:ﬁ‘C;*Mi g1 Ptheg ccn ”QJr”B g res) can be a
TRindSRI shontaddrigey communicatireg cmdansal spehn aast ar Bluetooth™
p h t r [ [

PRy Sfoch % \BY AN S PSCE A APeibBE 81cB) @?\egnr@efgvh&ki%??ac}lﬁépgystem
nmhldmm@t knoal tuse angnwrlwrgnaweam@gmm anqateer device. The
| ARORIE @00 'aﬁ‘:ob?@iﬁﬁ %6 Lt 'e%t?nﬁécfh re€s aidb 'cﬁﬂﬁbﬁses a
t nal | |Fog out probl because either 't

S iRAlRD34G: InOISPIaHREL Vikiak IHORGRLDE Brdstin imading data.
bFusthee ale, devicei 300 may comprise an interaction means, such as a

keypad 350 for inputting data etc. In addition or instead of the keypad

350, the device can comprises stylus, whether the display is a touch-

screen display. The device 300 comprises audio means 360, such as

an earphone 361 and a microphone 362 and optionally a codec for

coding (and decoding, if needed) the audio information. The device 300

can also comprise imaging means 310. A control unit 330 may be

incorporated to the device 300 for controlling functions and running
applications in the device 300. The control unit 330 may comprise one
or more processors (CPU, DSP). Further the device comprises memory

370 for storing e.g. data, applications, and computer program code.

The person skilled in the art will appreciate that the previous examples
were provided for clarifying the invention, which is to use data hiding
technique for media streams for synchronization. The system and the
devices may incorporate any number of other capabilities and
functionalities, which suitable enhance the synchronization accuracy.
Therefore it is understood that the foregoing detailed description is



t he synchroni zation information is present, it does

not affect the nornmal decodi ng process of the data. An
wexampdgonf the receiving device is illustrat eRCT/RI2006/050288

figure 3. The receiving device can al so operate as the

sendi ng devi ce. The device coﬁ%rises comuni cat i on

means 320 having a transmtter 321 and a receiver 322

Opréﬁdedmf@ctcﬂdatrtewcdg. #ﬁkﬂerﬁaﬁdm@l @@I_ypteanﬁgg?t n%cessarily
conmuni cat,i n ans vin ragsn fter and a
- BB LR A B B erRer & e RToa i e ans
320 can be adapted for tel ecommunication and the other
comuni cati ng neans 380 can be a kind of short-range
communi cati ng neans, such as a Bluetooth(tn) system a
9 WAN system (Wrel ess Local Area Network) or other
system which suits | ocal use and for comrunicati ng
wi th anot her device. The device 300 according to the
exanple in figure 3 also conprises a display 340 for
di spl ayi ng visual information and the inmagi ng data.
Further the device 300 may conprise an interaction
nmeans, such as a keypad 350 for inputting data etc. In
addition or instead of the keypad 350, the device can
conprises stylus, whether the display is a touch
screen di splay. The device 300 conprises audi o neans
360, such as an earphone 361 and a m crophone 362 and
optionally a codec for coding (and decoding, if
needed) the audio information. The device 300 can al so
conprise imaging neans 3 10. A control unit 330 may be
i ncorporated to the device 300 for controlling
functions and running applications in the device 300.
The control unit 330 nay conprise one or nore
processors (CPU, DSP). Further the device conprises
menory 370 for storing e.g. data, applications, and
conmput er program code. The person skilled in the art
wi || appreciate that the previous exanples were
provided for clarifying the invention, which is to use
data hiding technique for nmedia streans for
synchroni zati on. The system and the



devi ces may i ncorporate any nunber of other

capabilities and functionalities, which suitable
we@2anesot he synchroni zati on accuracy. Ther ef aP@EI/FR006850288

understood that the foregoing detailed description

i sprovided for clearness of uﬁ@erstanding only, and

not necessarily limtation should be read therefrom

i WWeat ikeclalmedds:herein. What is clained is: 1. A nethod

for processing nedia conponents to be transnmitted to a

device, wherei n at |east one of the nmedia conponents

bei nh tAanethad &t progessinglatbdiatdorpanentsniaz bei ivansmitted to

i nf or mBY i pRide! \%EF}Q ' 8 Pé%t(’%ﬁ!f ofofhgt Pr?ecﬂé éc‘ﬁ?ﬂébnb}“& being

medi a componerit
5 net hod taaremiled, is @r@wghe@\ withygchranizatwmiipgnation relating

CO”Don%t én@fcﬁhéﬁ@lf the R 1eBdt Aveameane Bbipohent8y means of

met hod 3{{1 to claim1, wherein said at |east
medi a c‘gﬂﬁ are to be transmtted by using m)re
than one transport protocol for different nedia

one ot M el oRORGIAG " Dy € Plteis Faff "media

10 met hod caropodents are ¢éali time, medi eompanends. t he nedi a
conponents is video stream 6. The method according to
claim3, wherein the synchroni zation information is
hi dden 1he amedaed) %‘W@m%ttpeﬁm'mﬂ THherginhsaid at least two

accor d'rﬂ@di@c@hﬁjoﬁérﬁs a&@%%é‘ t@ins'nfnﬁéti Iy @sing more than one

significant bit o&) ? ft {[Em{-ﬁ onent

cor r es pEHTRRY PO CONLY Q!'U IC4FN a RNEHEech
15 streamis hidden to the nost insigni f| cant bits for

sai d fr e ng t

whert n R e radEn Rt 26T e o ANt Zhﬁﬁt of $he media

used ascyApanepiscisrepeectt sbaamf ormtion. 9. The

nmet hod according to claim1l, wherein the
synchro_mzatl on

e method according to claim 1, wherein one of the media

20 components is video stream.

6. The method according to claim 3, wherein the synchronization
information is hidden in a coded speech stream.

25 7. The method according to claim 4, wherein at least one significant
bit of one of the media component corresponding to a particular

frame of the speech stream is hidden to the most insignificant
bits for said frame.

30 8. The method according to claim 5, wherein RTP timestamp of
another media component is used as said synchronization

information.

9. The method according to claim 1, wherein the synchronization

35 information is derived from the other media component.



information is derived fromthe other nedia
conponent. 10. The nethod according to claim1, wherein
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transmtted froma sender to a recipient. 11. A nethod
for playing nedia conponents i® a device, wherein said
nmedi a conponents are received, in which nethod

SYS_CTU.OTth@ fnﬁémfbdi akgwrdﬁtg Whp(rfﬂ’l!rﬁi ] W@le?ein?m irﬁtﬂictaﬂ@n of hidden
nedl a CO nen N el NnQg. | | . Qon r
o CSTRIRG AR TEiiol, 95, Befbmifitd: mRbS ' afbder to a

ot her medipiegbnponent, by nmeans of which
synchroni zation information said at |east two nedia

conmponents are synchroni zed to be played. 12. The .
net hbd AdvethechJot playinionmediavgemponests dnnadievice, wherein

conponeddig angdifalcompdne®mal aafPPessived; 13- whieh method
met hod according..to cl Igﬁl#’ V\:hel%ﬁl n one of t(r}g _dla .
CompondHEArQNZALER: IBIQTAHON 4 rSREBd e 0BG dihigy media
t_odcl aicmrﬁponeheaa'%irbeing lﬂﬁdihr@t leadt aneanthenenedia somponent
VI deo SLr (0]

whor oi 15t ESRksted st SRHIA| BRI R Bhée ufediaaipgnent, by
from a meded oheedichssyeahtionizatiorhdnfarmaiidracadd datndeast two
to claimubdy cBH{ﬁdF%nt§%?Br§fyﬁbﬂ%r%E8§29Q§§ p{ ed ering

speech stream - 'recelving first pac ot her
nmedia stream- formng a candidate tinmestanp fromsaid

buf f£7. eTh& PeR&thodt r g8ddrding OtdN Rtaitn t HABSWATBIeREr BBRI media

of such_candi daEe tlrres1t an‘ﬁéyt at occuW [l the

buf f er &P@BQ@@H Sfre e iy edia ga er‘fé}s'such one or

many tinestanp series in which the tinmestanp value is

monof Onieal h¥thod according to claim 11, wherein one of the media
components is speech stream.

14. The method according to claim 11, wherein one of the media
components is video stream.

15. The method according to claim 13, wherein the synchronization
information is recovered from a coded speech stream.

16. The method according to claim 13, further comprising steps of

- buffering speech stream

- receiving first packet of the other media stream

- forming a candidate timestamp from said buffered
speech stream,

- forming a timestamp series of such candidate
timestamps that occupy all the buffered speech
stream frames,

- detecting such one or many timestamp series in
which the timestamp value is monotonically
decreasing,



decreasing,- selecting such a tinestanp series that
contains a candidate tinestanp that is closest to a
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controlling a nedia playout of the speech stream and
the ot her nedi a conponent by ﬂ)@rsi ng the
synchroni zation information to RTP ti nestanps of the

olt her rlrzdi \albh Cowg@léﬁtinglgu?]ﬁ'h@_ m{dsmpcgeriébnmdtocontains a
cl ai m 14, erein th n¢hroni zati gn i nfor iqQn.,s
recovered fromtﬂ%ﬁqﬁag% i'm%sgﬂm S&a*hésné:ﬁ%%s to” a RTP
accordi ng to cl alimesiamphefr iienradedvexy ficstrpackedt aod
information is s ent .al : [ [

(SEN) 10 A pr oL BR, £ inPARBRBL o ik SRBL GFeam and
conpri si ng meansteor giheri dnegiaat qaxapenedk hydi #arsing the

component W th aseydybhaited infrmafieh TR R PP tfrﬁé@l_tdnﬁ‘@s of the
to one ot her mdlgﬁz‘onganent by means of data hiding.

20. A nodule for© |4 GPMYOREE-a conponents for a
recei ving device, conprising nmeans for recovering,

syncl oM 3bufF aREStng SEPARRH, 140 W5 Eineg sypctronization
t he nednforowmtimsisntecoyered figdn dhe wideh sirgachr oni zat i on

information said at | east two nmedia conponents are

synchraoni zed to be played. 2 1, The nmpdul e according . .
to clti ednethast acrohagde elaemnihi whesaioHwhsynelronization

speech ipfdre@dfior?® sUpsleishthr eAREAEEEAt tinfophaiti 2 (BE).
wherein one of the nedia conponents is video stream

23. The nodul e according to claim2 1, further capable
of -1%uAfrocessisgamolutd faraansending idevite, faomprigiagkeieans for

of anogﬁ‘gﬂlgdl]‘ﬁggq?\e%tars‘f%ﬁe RESh"GoRpoARt 4t & sPREhAMzation

from sdi
information relating to one other media component by means of

data hiding.

20. A module for synchronizing media components for a receiving
device, comprising means for recovering, from at least one
media component, hidden synchronization information relating to
one other of the media component, by means of which
synchronization information said at least two media components
are synchronized to be played.

21. The module according to claim 20, wherein one of the media
components is speech stream.

22. The module according to claim 20, wherein one of the media
components is video stream.

23. The module according to claim 21, further capable of
- buffering speech stream
- receiving first packet of another media stream



speech stream - formng a tinmestanp series of such
candi date tinmestanps that occupy all the buffered
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timestanp series in which the tinmestanp value is
nonot oni cal | y decreasing, - sélect | ng such a tinmestanp
series that contains a candidate tinestanp that is

cl oie;st toda RTPfdrhfrlﬁ _tarrpanﬁidgn@ ﬂ?@@tan?ﬁ ][fﬁo{r?]tsaid buffered
packet, and - copfir | medi a pl ayout o e
speech stream anﬁé?ﬁ%h 3&%@?”’rredi a conponent by parsing
t he synchroni zat fosmingf & ntitiestamp RSeries nexft syeh otandidate
the other nedia g . i i

ﬁﬁf@%?%@?gr itﬁﬁt 6 X ?nﬂ’ 1gfé/2§_ﬁff£red speech
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24. A sending device comprising module as described in claim 19.

25. A receiving device comprising a module as described in claim
20.

26. A computer program product for processing media components
in a device comprising code means stored in a readable medium
for execution by a processor for implementing a method
according to claim 1.

27. A computer program product for synchronizing media
components in a device comprising code means stored in a
readable medium for execution by a processor for implementing
a method according to claim 11.



