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METHOD FOR SYNCHRONIZING AUDIO PLAYBACK BETWEEN
MULTIPLE NETWORKED DEVICES

BACKGROUND OF THE INVENTION

Fieid of the In\'fention‘

[0001]  The present invention generally relates to synchronizing audio playback
between two or more networked devices. ‘More particularly, the present invention
provides an algorithm to synchronize audio playback among multiple networked devices

~ when exact timing information is not known.

Description of the Background Art

{0002] The essential problem in rﬁtﬂti-zone audio playback is to pair a media
~source with one or more media players, and have the latter ren(ier the audio in time

synchronization with‘ one another. This requires devices to have knowledge of other

componenis on the network, a means to communicate with therﬁ, and ceftain timing

~

information.

[0003] Discovery protocols can be used to learn about othef components on the
neﬁvork and to establish communication with them._l For example, the Universal Plug and
Play (UPnP) architecture deﬁnes. discovery as the first step in UPnP ﬁethrking. This
allows devices to discover other devices and to exchange information about themselves

and/or their services.

[0004] ' Timing information can be distributed to various network connected
devices using network time protocols such as Network Time Protocol (NTP) and Simple

Network Time Protocol (SNTP). These protocols, however, only provide a distribution
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mechanism for timing information; they do not provide the algorithms to synchronize

playback using such timing information.
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BRIEF DESCRIPTION OF THE FIGURES

[0005] 'FIG. 1 shows an exemplary networked audio system consisting of three

networked devices and a common media source;

[0006] FIG. 2 shows an exemplary set of the digital audio portion of MP3 frames
highlighting the back-pointer function, where data for one frame are included in previous

frames;

[0007] - FIG. 3 shows an exemplary system where digital audio MP3 frames are

processed in a DAC at times to, to+n/v, to+2n/v, ...;

T0008] FIG. 4 shows. an exemplary system for synéhronizc_:d playback between the

~ master and slave players.
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- DESCRIPTION OF PREFERRED EMBODIMENTS ‘.
[0009] ~ An exemplary embodime_ntr of a network audio system consists of two or
© more netwaked devices capable of playing the same aﬁdio sigpal frorﬁ a common médié k

source. At times, these devices may need to agree when an oi)eration is to take place.
One example would be live audio playback: if a live audio stream needs to be playéd
simultaneously by two deViées that have different network latencies between Fheﬁlselveé
andvthe mgdia source, they must coordinate fo estabiish tl;e 'de‘la'y that néedstobe

»l introdﬁced on one (or both) of the players to co¥npensate for the different network 7

latency.

, [00010] : The p,reseﬁt invention does-not assﬁm‘e‘synchronizatiovn 18 fnaintained 7
. when dei(iées are playing different audio sigrlals or when they are not currently playiné '
audio signals. | | o |
[00011] * The present inventién utilizes control messages that are ekchanggd by the .
networked devices to coordinate audio playback. ’Thesc messages include a time
component épecifying when the éperation is to take place. The time component is used -
1o 'Cdo:dina\te the execution of the operation in time synchr‘onization with multiple
. devices, even though they may receive the control signal serially (e.g., due to the serial
nature of unica$ communication over a shared medium). The time component iﬁcluded
in the control méssage uses the local time of the device \oﬁginating the-control message.
The ﬁmé may be converted to the local time of the receiving device usivng an estimate of

clock skew between the devices.

: )[00012]' - The synchronization algorithm follows a master/slave model whereby one

device (master) provides timing information to the other devices (slaves) playing the
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same audio file. The simple network time protocol (SNTP) is an exemplary embodiment
of a protocol to provide timing information to networked devices. The timing
information can then be used to obtain an understanding of the difference between the

) slaves' local clocks and that of the master clock at any given time.

[00013] Digital audio being played has-a sarnpling frequency, v, which determines

the ideal number of samples to be conéumed per second.

[00014] " For encoding and decoding purposes, a digital audio file nan also be
divided into frames that consist of a certain number of samples, n. For example, 1n the
MPEG Audio Layer—3 (MP3) format each frame holds 1152 samples of audio. Since the
length in samples of the frame is fixed, the amounf of digital audio data in a frame can
vary as.a,function of sample frequency, sample resolution, specified bitrate, etc. In
addition, fram;es are not entirely independent of one anothér. In the MP3 forrnat, for
example, each audio frame contains a field called niajn_daté;begin that is a backépointer
to ar-location in one of the eight audio frames prior to the current one. This comnlicates

the process of seeking within the file.

| [00015] | Audio playbacl; Begins on the mastef player at time fo a’cpbrding to that
vplayer’s local clock. As the master player plays its samples, it will receive frames of
audio beginm'ng at nample 0, n, 2n, 3n, 4n, etc. During the nlayback ofa particulgr-' :
frame, it is.possible to estimate when, in terms of the master playcr’s local clock, the first
sample in that frame of audio will be nlziyed back on the master playef’.s digital-analog
nonverter (DAC) by taking the instantanéous value of the number of samples that an

audio driver controlling the DAC has buffered, dividing this value by the sample
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frequency, and adding the resulting number of seconds (or more likely fractions of a

second) to the current time on the master player’s system clock.

[00016] If playback of the first frame begins at time .to, there are also “ideal” times
(with respect to the master player’s local clock) for the subsequerrt frames to play. These
are given by to +nhv, to+ 2n/v, to + 3nlv, etc. The observed frame start time may be made
to approach the ideal start time by adJustmg the clock speed of the DAC. If the observed
times are before the ideal times, the DAC clock is slowed down, while if the observed
times are after the ideal tinies, the DAC clock is sped up. Therefore, while this algorithm
is running on the master player, it is possible for an observer with knowledge of the
master player s start time (or any absolute tlme) and sample rate of the d1g1tal audio

: bemg played to have highly accurate knowledge of what sample within a given digital

audio file is currently playing.

[00017] A “slave” player is a player that is attemptmg to synchronize with a master
player. The slave player also has a local clock, and it runs a network timing protocol to
obtain information about the master clock. Qne embodiment is for the slave player to run
an SNTP client thread. The SNTP client thread regularly rque‘ries the SNTP server
process on the master player, so that knowledge of the current difference between the two
clocks is m‘aintained
[09018] : When synchronized playback is to begirr, "the slave obtains a “status
report” from the master. The status report includes the mester’s locatiorr within the

- current digital audio file and the ideal time with respect to ‘the master clock when the
frame at that location within the file should play. The slave player then runs the same

algorithmkas the master: from its starting point it may calculate ideal times (with respect . '

. N
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to the master clo.ck) when subse(iueht frames of audio should play. It may then compare
ihose ideal times to the observed times and adjuvst its DAC speed up or down to force \
them to converge. In one embodiment, observed times on the slave, whjch would
naturally be measured with respect to its local cléck, are cénverted to maéter clock times?
- for comparison td the ideal times.” This conversion is performed using the clock
difference between the masjter and slave that is obtained through the network time

protocol (e.g., SNTP). Thus, the slave’s audio playback is synchronized to the master’s

clock instead of its own, as desired.

Playlist Playback

[00019] A playlist is an ordered list of digital audio files. The format with which
the ﬁles are addressed and the mechanism for storing playlists are well known in the art. .
One embodiment of the present invention synchronizes playback of a playlfst. The

following is an exemplary 'embbdiment of synchronizing playback of a playlist.

Startup |

[00020] Once a playljst has been obtaiﬁed bya playef, it can be played in

Synchroﬂ?ation ﬁth othér pla)?ers at a scheduled timé in the future. The coordination
“may be perfonned by the master player by scheduling the playback at a fuﬁne time and

communicating this future time to all the slave players.

v [00021] In order to support ‘joining’ the plaYback of an existing playlist, a player
should be able to report its precise location, both within the playlist and within a
particular song. An exemplary body of such a report will look something like this:

[00022] At time a according to my local clock I sent the first sample that resulted -

" from decoding the frame that began ai offset & in file ¢ on my playlist to the DAC. The

™

Page 9 of 17



carliest frame of ‘prior knowledge’ needed to decode this frame began at offset d in the

file.

[00023] Since the DAC consumes samples at a constant rate (e.g. 44.1 k-samples
per second), it is a natural point at which to implement the synchronization. With this

information, the sy_nchronizaliqn algorithm is as follows:

[00024] 1. Open the audio file c.
[00025] 2. Seek 0 location d,: and begin reading the file.
' [00026] 3. Once the frame at offset b is encoﬁnter‘ed,- start decoding. Assign a

timestamp to each decoded frame, where the first frame has timestamp a,
the second frame has timestamp a + v /n ms, etc., where v is the sampling

, freq'uency and » is the number of samples. per frame.

[00027] 4. At some point, a frame will be decoded whose timestamp is greater than.
‘the current time on the synchronizing player. ‘At this point, wait for the .
current time to catch up with the timestamp, and start outputting audio to

the DAC. At this point, synchronization has been achieved.

[00028] ~ The algorithm assumes either it is possible to decode audio at a rate faster
than it is being consumed by the DAC or that it is possible to skip frames without

actually decoding the audio.

[00029] In one embodiment, to avoid synchronization problems associated with
joining a playlist as a particular track is ending;. each player maintains a copy of the
playlist. The silence intervals between tracks can also run through the same '

synchronization algorithms.
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Navigatiolnrwithz;n a piaylist
[00030] In another émbodiment, _é pléylist feature that can be supported using the
: synéhronization algorithm discussed above is the forward/backward navigation within é
~ playlist while the playlist is being played on multiple audio players. This éan be
accompﬁshed, for example, b'y'scheduling the track navigation for some latér moment,
and have the players pérfprm the ﬁavigation in sinc at that point. The momc:bi‘lt‘inv tﬁe
) future at which the navigatipn isto occﬁr can be chosen. In order fbr the Ul to appear i
responsi;/e‘to the user, the delay should be éS'Shon as pos.sible,. Eut it must be long -
enough to allow all players to receive thé c0ntrol's;ignal and buffer data for the
| next/I;revious track. vSev_era] factors suﬁh as network lgifency, congestion, number of .
playérs parﬁcipéting in the playback (in the casé 6f unicast communication over a shared -

medium), etc. can be used to assist with picking this time.
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“What is Claimed:

1 1.  Anaudio synchronization scheme comprising:

2 a plurality of networked devices configured to synchronize audio

3 playback when exact timing information is not known.

2 The syStem of claim 1 wherein a control message is exchanged between-

2 network devices to coordinate audio playback.

A

1 3. Thesystem of claim 2 wherein the control message contains a time

2 component and a frame identifier specifying when the synchronized ‘
3 ‘ opé,raﬁbh is to take pla'ce.
1 4 The system of claim 3 wherein the time component is the local time of the

2 device originating the control message.

1 5. The system of claim 4 wherein networked devices can join the system

2 | during playback in audio synchfonization

1 6 The éystém of claim 4 wherein synchronized playback of a playlist occurs.

10
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-1 7. Thesystem of claim 6 wherein joining the playback of an ex/isting playlist

2 occurs in a synchronized fashion.

11
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