Ckai s 1. A method of adding tine information to a data stream
conprising the steps of linking first and second timng sequences with the
data stream the first sequence providing a pernanent tine record of when
the data first originated and the second sequence being re-witable when
the data stream.is changed as during editing, such that ti lon in
the first s@ﬁﬂ@ﬁeﬂnprovides a permanent record of the origﬁﬁa%gﬁgﬁgﬁﬁe
which is always maintained with any data preserved fromthe original
stream whilst the second sequence provides an internally consistent
timetrack which is updated each time the data streamis changed so as to be
consistent with any derivative of the original data stream for subsequent
replay and ed] -tho- of adding tine information to
a data streanteeee-crrg—tor i PE—e =%t timng sequences are
gener ated and transn1tted mnth the data stream 3. A nethod of adding
tinme |nfornBItiglé%?éigﬁgﬁin§§hggahaccord|ng to claim1l or claim2, wherein
t he data stream an I'm ng sequences are buffered before being transmtted
to reproduction apparatus.

This invention relates to the addition of time information to

data streams such as multimedia data streams, to facilitate
editing and replay of the data.

vent i

Timestamps on multimedia data streams enable time information
to be associated with the data representing audio, video or
other time dependent media. Recorded streams may regquire
alteration as to rate of play, synchronisation with other
streams or editing. The use of timestamps embedded in the
streams provides a marker for controlling such operations.

For example timestamps embedded in a data stream can be used
to meter the playback rate to ensure that the stream runs at
the desired rate. Additionally if several streams are recorded
simultaneocusly and require editing, then operations such as
cuts may be required at a particular recorded time on each
stream. The use of a timestamp ensures that the cuts can be
precisely synchronised.

Timestamps are used within current video tape formats and DAT
formats. Timing information in actual time (GMT) is typically
laid down with the audio and video streams as they are
recorded. Subsequent editing of the streams results in a time
track with discontinuities where cuts have been made, and
‘false’ timing data where inserts have occurred, so that during
subsequent playback the timestamps do not bear a simple
relationship to the times at which the data should be played.

To avoid this a fresh time track may be laid down when editing,



4: A nethod of adding time information to a data stream according to any
of clainse 1 to 3, wherein the data stream and ti.m ng sequences are recorded
in a linked manner and the tim ng sequence information is enbedded in the
data stream 5. A nethod of adding tine information to a data stream
according to claim4, wherein the first and second timng sggﬂ re

I'ng t1ne

embedded i nt WO%@9Mat a st ream t oget her . 6. A nethod of
information to a data stream according tozlaim4, wherein the second
timng sequence is enbedded into the data streamafter the first timng
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sequence, further editing will lead to cumulative errors, and

recordings cannot be indexed by when they were made.

Instead of timestamping with actual time (GMT), relative
timestamps can be used. These are relative times with
independent origins and are linked to every data segment
(whether audio or video) by the hardware that captures the
data. These timestamps often exhibit drift since the electronic
clocks in different hardware do not necessarily run with
sufficient accuracy. When streams are edited, new sets of
relative timestamps are laid down so that the playout software
does not have to take care of discontinuities where the edits
have been made.

According to one aspect of the invention a method of adding
time information to a data stream comprises the steps of
linking first and second timing sequences with the data streanm,
the first sequence providing a permanent time record of when
the data first originated and the second sequence being re-
writable when the data stream is changed as during editing,
such that time information in the first sequence provides a
permanent record of the originating time which is always
maintained with any data preserved from the original stream,
whilst the second sequence provides an internally consistent
timetrack which is updated each time the data stream is c'hanged
SO as to be consistent with any derivative of the original data
stream, for subsequent replay and editing purposes.

The timing sequences may be generated and transmitted with the
data stream.
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The first and second timing sequences may be embedded into the
data stream together or the second timing sequence may be
embedded into the data stream after the first timing sequence.
Alternatively the timing segquences may be stored separately
from the data stream.

In the recorded condition, the second timing sequence may be
re-recorded when, and if, the data stream is subsequently
edited, so that a consistent time sequence is ensured with no
discontinuities, to facilitate subsequent replay and editing
of the data stream.

In a preferred embodiment of the invention the first permanent
timing sequence is derived from an absolute reference such as,
for example, Universal Coordinated Time(UTC) or Global
Positioning System(GPS) Time.

UTC introduces leap seconds to remain synchronised to the
rotation of the Earth. This complicates any software that
deals with the smooth flow of data streams or calculates the
times between data samples. Accordingly the use of GPS Time is
preferred as this system avoids the introduction of leap
seconds and is easily related to UTC, following UTC to within
363ns(95%) plus the accumulated leap second offset.

The second timing sequence is preferably in relative time units
such as GPS seconds.



3 “Where the data streamis to be edited "on line", the data stream and
timng sequences are_preferably buffered before being transmtted to
reproducti on apparatus. Where the data streamis to be edited froma ,
recorded condition, the data stream and tining sequences may be recorded in
a synchronou%&ég% ked manner and the tim ng sequence inf OW%
enbedded in t stream The first and second timng y be
enbedded into the data streamtogether or 4t he second tim ng sequence nay be
enbedded into the data streamafter the first timng sequence.
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stream -In pfu»ﬂaamphged S6riks ich tilnfesta@pend tim ng sequence nmay be
re-recorded when, and if, the data streamis subsequently edited, so that a
consistent tine sequence is ensured with no discontinuities, to facilitate
subsequent repheytinestanpsiane preferabiyaappl tednusingnaabprhiftetinmg data
enbodi ment of gdHead nvention the first permanent tim ng sequence is derived
froman absol ute reference such as,

Each timestamp preferably comprises a 64 bit word. This 64 bit
word may be interpreted as a 2’'s complement binary
representation in units of 2x10* second. This permits negative

times to be handled in the same format as positive times during
calculations.

The series of timestamps may be positioned along the data
stream with varying spacing, or granularity. Thus for example

the granularity can be altered independently of the timestamp
precision.

The first and second timing sequences may have different
granularities.

The methods as aforesaid may be applied to a plurality of data
sStreams, thus permitting linking of data streams, for example
a separate video data stream and audio data stream of common
originating time with timing sequences applied according to the
‘methods as aforesaid can be replayed in synchronism due to the
identical first timing sequences applied to the data streams.

This may be of particular use for synchronisation of live
streams.

In accordance with a further aspect of the method of the
invention, three or more timing sequences may be stored with
the data. This permits the storage of two or more sets of
second timing sequences, each of which corresponds to a
different presentation of common sets of data streams. The
first timing sequence will be common to all the presentationmns.



for exanple, Universal Coordinated Tinme(UTC) or d obal Positioning
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Each ti rrest;a)ﬁ}‘aprsg?gfgﬁry conprises a 64 bit word. This 64 bit

The invention also lies in apparatus for performing the
aforesaid methods.

The invention will now be described by way of example with
reference to the accompanying drawings in which:

Figure 1 shows schematic views of the use of timing sequences,
in which Figures 1a) and b) are schematic views of timing
sequences as applied to live data streams and to data streams
as recorded, and Figure 1lc) is a schematic view of editing data
streans;

Figure 2 is an example of time gating applied to data streams;
and

Figure 3 shows a schematic view of timing sequences applied
using an ATM (Asynchrono_us Transfer Mode) network.

pescripti ¢ Embodiment

Figure 1 shows schematic views of timing sequences comprising
a series of timestamps being applied and used in connection
with data streams.

Figure la) shows the application of timestamps to live data
streams in accordance with the invention. A video camera 10 is
used to convert an optical scene into a live video data stream
which can be recorded in known manner for subsequent display
as on a screen 12. A microphone 14 converts sound waves into
a "sound" data stream which can also be recorded in known
manner and replayed via a loudspeaker 16. As the data is
transmitted from the camera 10 and the microphone 14, first and
second timing sequences are linked to the data streams.
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The scurce timestamps are permanent and not changed by editing
or filing operations.

The second timing sequence contains playback timestamps. These
define relative times at which data is to be replayed. The
playback timestamps are not related to any particular time
origin but are in standard time units of GPS seconds. The
playback timestamps indicate the times at which the data in a
recorded stream is to be replayed, thus for example allowing
- alteration in the play back speed of clips and insertion of
pauses. To this end, apparatus reproducing the data streams as

picture(s) and/or sound are controlled by the playback
timestamps.

The data streams typically comprise a series of data segments.
The source timestamp can be embedded into the data segments
initially with the playback timestamp embedded later, for
example when the streams are recorded onto a data store.

Alternatively during the initial recording of the live data
streams, the source and playback timestamps embedded together
and with the same values made identical, so that if replayed
the data will be played back at the same rate and in the same
order in which it was recorded.

In Figure 1la) the data players, for instance displays 12 and
loudspeakers 16, hold the live data with playback timestamps
SP until real time TR reaches SP = TOff, where TOff is set
identically for all players according to the maximum delay



5 Were nore than two second sequences are to be stored, sone or all of

the time sequences may be stored _separately fromthe data streans The
imvéntion also lies in apparatus for perfornmng the aforesaid nethods.
The invention will now be described by way of exanple with reference to the

acconpanyi ng draw ngs i n which: Figure 1 shows schematic_ )i t he use
of timng WQ8EMIE  in which Figures la) and b) are schenﬁ#@%é‘vss of

ti mng sequences as applied to live data?streans and to data streans as
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player’s buffers have come to emptying. This permits
synchronisation of live sound and video data streams, for
example when data is transmitted over a satellite link.

Figure 1b) shows a schematic view of time sequences being
recorded onto data streams for storage. A video camera 18 and
microphone 20 transmit the data stream and the data processing
apparatus 22 applies the timestamps. The spacing of individual
timestamps in a time sequence, i.e. the granularity, can be
varied independently of the timestamp precision. Times for
data between timestamps may be deduced from knowledge of
sampling rates. In a system where one or several data samples
are passed as a single message, timestamps can be incorporated
in all messages, some messages, or in special messages
interleaved with the data.

The timestamps may be stored separately from the data stream.
By referencing each timestamp to a byte in the corresponding
data stream to which they refer, it is possible to use
timestamps with older incompatible data storage hardware. At
playback, the required video byte is selected and the
timestamps supplied from a timestamp index by use of the video
byte reference number.

The source and playback timestamps may be kept together, or can
be introduced at different granularities according to the
application.

The timestamps are observed somewhere in the data processing
apparatus 22, and the data flow controlled accordingly. The
data streams are stored with the applied time sequences on a
storage means 24 and played out later as described, for
example, in connection with Figure 2.

For replay of stored streams, the replay device computes a time
offset from the current real time TR be used by the players.
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The offset thus allows users to skip backwards or forwards in
a recording.

Figure 1c) shows a schematic view of editing the data streams.
The data including source and playback timestamps are recorded
on the storage media 26 with no special attention given to the
timestamps, as for example shown in Figure 1lb. Editing of the
data stream occurs at the editing suite 28. -

During editing the data stream is given a new set of playback
timestamps that define the relative times at which each
timestamped section of data is to be played. The cut and edited
data stream is joined to give an edited data stream 30. The
original first timing sequence with the source timestamps
remains, with jumps in the track where data has been edited.

The second timing sequence containing the playback timestamps
is re-written by, for example, deriving a signal from the
source timestamps via offsets. The re-written second timing
sequence provides a consistent time track for playback purposes
without any jumps in it. This removes cumulative errors where

the precise times of cut points differ because of incompatible
sampling rates.

If several video clips are to be spliced together and an
accompanying audio track is to be added, the source timestamps
can be used by a computer system to determine which parts of
the video have associated audio tracks. The computer edits
together the exactly corresponding sounds to any given video
clip without the need for manual alignment after each cut.

During editing of a collection of streams that are to be
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In Figure 2 stored data streams 32,34 are fed into time gates
36,38. The time gates 36,38 initialise with the largest
possible time offset TOff so that no data will be played out.
The time gates 36,38 read the input streams until the first
timestamp is encountered. This is held (as the playout time
will be a long way in the future), and its value is available
as an attribute of the gate module.

A controlling system 40 reads the current timestamp values as
supplied by the time gates 36,38 from all the streams that are
to be synchronised, and from these values determines at what
time offset to play the media stream to loudspeakers 44,46.

As an example of how offsets can be used, the initial playback
timestamps may be 941 and 946, and known to be relative to the
same timebase. The controlling system 40 reads the actual time
from the gate modules 36,38, or some other source, and this may
be 1000. The controlling system 40 subtracts the current
timestamps from the current time and adds a time quantity, for
example 1 unit, to ensure that every piece of data in the two
streams is seen. The playback offset for each timegate is set

according to the earliest playback timestamp (941), and so is
set to

1000 - 941 + 1 = 60.
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playback offset set to 1000 - 946 + 1 = 55.

The controlling system 40 identifies that stream 32 is late,
and forwards the stream, discarding data, until the playback
timestamp of stream 32 reaches 946 at real time 1001, when the
stream will start playing. Stream 34 also starts at time 1001.

Note that in these examples of offset use, the streams are
synchronised together. The choice has been whether to start
the streams in a ragged fashion showing all data, or to jump
forward to a time when all streams have data.

The timestamps are applied in a time data format having a 64
bit representation. Each timestamp is a 64 bit word
interpreted as a 2’'s complement binary representation in units
of 2x10* second since GPS epoch(Midnight, 5th January 1980).
The top 32 bits represent binary GPS seconds, the bottom 32
bits binary fractions of each second. Thus low precision code
uses just the top 32 bits as a 2’s complement number of seconds
since the GPS epoch. High precision code down to the nanosecond
level can be accommodated by the bottom 32 bits, the time
resolution of the system being about 0.2ns.

With 2’s complement the top bit of the 64 bit word represents
whether the number is positive or negative. If the top digit
is 0 the number is positive, if the top digit is 1 the number
is negative. By specifying 2’s complement rather than
unsigned, and thus giving each timestamp a positive or negative
value, library code can handle negative times, ie times before
GPS epoch, in calculations. This time format is only valid for
times between the years 1915 and 2045, i.e. until the positive
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The use of 2’s complement in the system ensures that negative
numbers can be processed easily. This reduces the chance of
user error when manipulating different data streams using the
addition or subtraction of timestamps.

The retention of the original source timestamps allows data to
be retrieved according to the times of recording (e.g. between
6 and 7pm on 5th November), enables streams to be synchronised
even if they have been recorded on different media, and makes
it possible for a program to systematically add new audio and
video tracks to an edited sequence, even where it has pauses,
speed changes or other effects. The source timestamps also
provide an unchanging reference time scale from which playback

timestamps can be computed with no cumulative error after
multiple edit.

The use of the GPS time standard makes high accuracy time
hardware available worldwide, avoids problems with leap
seconds, and is easily related to UTC. Discussion of GPS
standards and associated accurancy figures when related to UTC
are contained in ‘Technical Characteristics of the Navstar GPS,
NATO Navstar GPS Support Group, June 1991.7

Figure 3 shows a schematic diagram of how timing sequences are
applied by use of an ATM (Asynchronous Transfer Mode) computer
network. The ATM Network 48 is a computer network which
continuously sends small cells of information between
individual processing sections and so controls the interaction
of different sections such as a data collection section S0, a
data storage facility 62 and a user display section 70.
Switches 58,60 are provided within the network 48 to direct the
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i/vli' gihven ﬁ ?%é?&koagafayét)w éd%é'f?&%ﬁ@%dtﬂi\@;) d&}‘:hmagah%fmzata \&fhdédédf?f St
ich eac i mest anped _sectjon o aljs to pl.aye cut, an ite
data stream i% Fb?ﬁe ong- oikAs n"%ﬂft &ﬁidd'gtsé sf? e?;rﬁ:%ﬁﬁ.latlﬁi B'P‘i;'B?'ﬂalt rst,
tinmng sequersditohes SBe68oandeduentst thpssmakhi atze wf htheinpsader t ithe rack
where data ngg,ieaRscdd &% pddde Ceaght 48119 ?@M?aﬁ&nfd@'ﬁbﬂg £t

pl ayback tinmestanps is re-vvr?tten . 4LOL _exanpl e, deriving_ a |€ IngirF;om
the source ti 24Rg §pthe merworkTpddress, ARy Fd™ei Rfﬂ§° ‘gﬁ ce
provi des a cdssiusednto measureandw ffastpthybeeld prrpyved sthrdughoutanhe ATMs in

[ Thi's T eMy@s,ymUL gL | YRS QT QN B8y ! NeiiiebhigathaRS iyl ROAH S

di ffer because of 1 nconpatible sanpling rat several video clips are
to be spliced®eSgomattashed Via M aT #gtuaBko*8rack is to be added, the
source timestanps can be used by a conputer systemto determ ne which parts

of the video faxg, %%iaa{:g&{éﬂso dre? @i Seud gdcgﬂoq&r e%‘lh@:iet Oﬁéé‘l?cgﬁ?t he

exactly correspondi ng soundsS to any gl veén video C E wi thout the need Tor

manual ~ al i gnriHee aPrekoeaich(¥exsion 2) by D.L. Mills in DARPA Network
Working Group Report RFC-1119, University of Delaware,

September 1989.

The data collection section 50 comprises a video camera 52, an
Analogue to Digital(A/D) converter 54 and a processing unit and
network interface 56. The video camera 52 converts an optical
scene into a live video analogue data stream. This analogue
signal is sent to the A/D convertor 54 for conversion to a
digital signal before passing to the processing unit 56 where
the first and second timing sequences are applied to the data
stream. The processing unit and network interface 56 is
typically provided by an Olivetti Research Laboratories ATMos
board with a local digital clock signal. The software protocol
defining the addition of the timing sequences containg the

timestamps to the data stream is provided from the ATM Network
48.

The data storage facility 62 comprises a disc storage facility
64 sometimes known as a disc brick, a signal convertor 66 and
a data processing unit 68. The data processing and interface
unit 68 is typically another ATMos board and allows connection
via switch 60 into the controlling ATM Network 48.

The user display section 70 comprises a video display unit 72,
a D/A convertor 74 and a data processing and interface unit 75.



During editing of a collection of streans that are to be

9 synchronised, the playback tinestanops may be set an a common _basis so
that only a single tine offset needs to be conputed as in the case of
unedited streams. This is performed by a controlling systeminteracting

with tine t|n nodul es as shown in Figure 2. Alternatlve%'t‘-‘@m
synchroni se OBP%VEhck can be initiated by giving an offset t-ai ned
bet ween the playback tinmestanps of each ggream and real tine. The offsets
can be enforced in the destination machine such as a video display or

| oudspeaker The ¥iata puecessingmpindit apdt setwotke igftexdiacecdf be simideagdy as

data is rel eﬁqgh{dsomgcgkayggﬁ{geg@gacg&m sWitdH @¢r.e 2 stored data streans
32,34 are fed into tine gates 36,38. The tine gates 36,38 initialise with

t he | argest possible tinme offset Toff so that no data will be played out.
The time gatRsGCHS réteivat 7T8ereceining richrs puwlisels EhemfGPSttténammthqrd s

encount er ed. § M G4 %SaQSLHd(fﬁétJ%;ﬁﬂ §¥Oﬁge&{{§5Q¥JJ1 tﬁﬁlgﬂgbfﬁﬁﬁ

future) and its value 1s avall as an a ate nodu e.
reference for the timing sequences. e recelver 78 is

connected into the ATM Network 48 by a further ATMos board 80,
typically by use of an RS 232 interface, and the switch 60. The
time pulse from the receiver 78 is used to calibrate and
synchronise the clocks on each of the ATMos boards. Typically
the boards can be calibrated to within 100 us although better
accuracy can be achieved if necessary.

In use a video data stream from camera 52 has playback and
source timestamps applied at ATMos board 56. An information
cell comprising one or more timestamps is sent via switch 58
to the appropriate part of the processing network. Switch 58
allows combination of data streams from the data collection
section 50 with those of the data storage facility 62. Data
streams from the data storage facility 62 may be stored with
timestamps or alternatively timestamps, in particular playback

timestamps, can be applied to the data stream by ATMos board
68.

The different data streams are combined according to the
playback instructions contained within ATMos board 76 and sent
via the D/A converter 74 to the video display unit 72. The
different data streams supplied through the ATM network 48 to
the_ video display unit 72 can be synchronised or offset
relative to each other depending on the software protocol
supplied to the ATMos board 76 by the ATM network 48.



A controlling system 40 I mestanp val plied b

the tine gates 36,38 fro ¢ ' that. are to-
fromthese val ues determ \ﬂ“’mﬂﬂg\offset to pl
to | oudspeakers 44, 46. axampl @ ofF how of fsets

initial |rrestarrps may be 941 and 946, and knomﬁ,@m@tivé to
t he sane tm@@& The controlling system 40 reads the actual tinme fromthe

gate nodul es 36,38, or sone other sourcejsand this nmay be 1000. The
controlling system 40 subtracts the current tinmestanps fromthe current
time and ad me quantity, for exanple 1 unit, to ensure that every

pi ece of data in the two streans is seen. The playback offset for each

timegate is get acqeé&ww éP 5@&1&@ kimat iRlFayvhackod %Bstaarwaﬁa%aremd SO
Is set to 1000 - 941

This of fset CRRGESingG eﬁlﬁ? SEtFBsst%\#t Linkinge Higst, gpd- sgrepd aﬁél“%??eam
3fl to start séqikiftres @ith tA86dath strearfplthdofirstt rseguenaeeprowingga

permanent time record of when the data first originated and the
second sequence being re-writable when the data stream is
changed as during editing, such that time information in the
first sequence provides a permanent record of the originating
time which is always maintained with any data preserved from
the original stream, whilst the second sequence provides an
internally consistent timetrack which is updated each time the
data stream is changes so as to be consistent with any
derivative of the original data stream, for subsequent replay
and editing purposes.

2. The method of adding time information to a data stream
according to claim 1, wherein the timing sequences are
generated and transmitted with the data stream.

3. A method of adding time information to a data stream
according to claim 1 or claim 2, wherein the data stream and
timing sequences are buffered before being transmitted to
reproduction apparatus.

4. A method of adding time information to a data streanm
according to any of claims 1 to 3, wherein the data stream and
timing sequences are recorded in a linked manner and the timing
sequence information is embedded in the data stream.

5. A method of adding time information to a data stream
according to claim 4, wherein the £first and second timing
sequences are embedded into the data stream together.

6. A method of adding time information to a data stream
according to claim 4, wherein the second timing sequence is
embedded into the data stream after the first timing sequence.
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lf the streams 32,34 are to be started si mul t aneously, then_the |ater of

S |1 e B

late, and forwards the gtréan! discarding data, until th -
timestanp of stream 32 reaches 946 at real tinme 1001, whe mw ||
start pl ayWW?eam 34 also starts at tine 1001. Note that 1 n these

exanpl es of offset use, the streans areisynchroni sed together. The choice

has been whether to start the streang in a raggeq fashi on show ng _all data,
or to junp forwdr dethod (PhpafALRgatime; 80y ft%h. @ af%g ﬁq:rﬁ?ﬂ"arrps
are appl i edacecoriingreodel@insoninak dwe\d3 ,ngharéinbithe tisyngsseguenrces are Each
timestanp | ' ' d as a 2's conpl enment binary

repr esent at %?)%r%n s%ﬁ:lat@grtgggfgoii%% P‘fﬂag'econd since GPS epoch(M dni ght,

5th January 1980). The top 32 bits represent binary GPS seconds, the bottom

3r21 bits gizna_ry fxaﬁwgms 6f adaingeadrd iTﬁm&nlf dh&cm{jeﬁé shomamadesepﬂmju?]t
the top ts a 2's_conpkenent n A s t poch.
H g preot sPEROTEiS dfu et Bho Ty SESesRinBL (AR ing, vliedbdn MaeTdaraPOCT,
bott om 32 bFtream s weserded Pnka ¢h ssPrage Bediwmand tHeaBe6end Biming "\t h
2's CO,WF! enBBguénte EP.:P é&-ﬁé&{oﬁhﬁg %ghi Ftimépadgafﬁteemt SsmsebaeqqéMwun?er
IS positive [, negatl ve. e 6] | | S e N |
Lhe top di gPALFESS o Fhath B FORELALRF bine Seqypicd {TBhskpeR oL W

conpl enent diatomtinuitdresynsiogfadilitdtehsubgequent cneplay nand sefiting

positive or gRegrdi y&ra de4Ranml.i Drary code can handl e negative tinmes, ie
ti mes before

9. A method of adding time information to a data stream
according to any of the preceding claims, wherein the first
permanent timing sequence is derived from an absolute
reference.

10. A method of adding time information to a data stream
according to any of the preceding claims, wherein the second
timing sequence is in relative time units.

11. A method of adding time information to a data stream
according to any of the preceding claims, wherein the timing
information in the timing sequences is provided by a series of
timestamps.

12. A method of adding time information to a data stream,
according to claim 11, wherein the timestamps are applied using
a 64 bit time data format.

13. A method of adding time information to a data stream
according to claim 12, wherein the 64 bit time data format is
interpreted as - a 2’s complement binary representation so as to
allow negative times to be handled in the same format as
positive times during calculations.

14. A method of adding time information to a data stream

This Sheet Has Been
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GPS epoch, in calculations. This tinme format is only valid. for tines

bet ween the years 1915 L “m “I unmti | the positive_—
11 time is reached at lﬂ I” is 1. This is suffTI-glseSHEEll Héd:gﬁ”
nul timedia tinestanping” reqw ‘reents.  Alternativel y the rkeHd m'nr

counting at e’?h%’% 45 can be taken into account. The usggﬂ

conpl enent ystem ensures that negative nunbers can be processed
easily. This reduces the chance of user eréor when nanipulating di fferent
data streans using the addition or subtraction of tinestanp The
retention of "‘FHBrgH’%l 2 Sk LlnestanP ald oWbenain tt@ebes?’éﬁﬁ e®&d

accordi ng toth.hestam 0§ pestuibng (£ldghg bievaitd surbaidWivh Satying
Novenber), e&g?k: streans to be synchroni sed even if they have been
recorded on Tht medi a, and nmakes it possible for a programto
systematically add new audi o and video tracks to an edited sequence, even

Wlﬂere it hgs mause:shméﬂaﬁﬂ @ﬂ?ﬂ&&fn@r;thEe&nglﬁf:ﬁéﬁﬁon V\gbeﬁsmrtge dvidgast anps
al SO provi de _a cnan rere nce Lne_S e rom 1.C
i nestanps cARCBEAEBAn St aErn 10 sanneIp hec AATAL, A iR Aihing

sequences have differently spaced timestamps.

16. A method of adding time information to a data stream
according to any of the preceding claims wherein the time
information is added to a plurality of data streams, so as to
allow linking of different data streams.

17. A method of adding time information to a data stream
according to any of the preceding claims, wherein the timing
sequences are used to synchronise live streams.

18. A method of adding time information to a data stream
according to any of the preceding claims, wherein at least
three timing sequences are stored with the data so as to allow
the storage of at least two sets of second timing sequences,

each of which corresponds to a different presentation of common
sets of data streams.

19. Apparatus for performing any of the methods according to
the preceding claims.

20. A method for adding time information to a data stream
substantially as herein described with reference to and as
illustrated in the accompanying drawings.

21. Apparatus for adding information to a data stream
substantially as herein described with reference to and as
illustrated in the accompanying drawings.

This Sheet Has Been Replaced

LT




qultiple edit. The use of the GPS tine standard makes high accuracy tinme
hardware availahle worldw de, avoi.ds problems with |eap seconds, and is
easily related to UTC. Di scussi on of GPS standards and associ at ed
accurancy figures when related to UTC are contained in ' Technical
Characteriséi s of the Navstar GPS, NATO Navstar GPS SupRqbcdsioses June
11991.° shows a schematic diagram of how ti m ng sequences are
applied by use of an ATM (Asynchronous Transfer Mde) copputer network Th%
ATM Network 48 is a conputer network which continuously seﬁ_fi§3§1@g4rlHA@e§;§m i
of information between individual pfpcessing sections anfi so oggEdIABED t he ”

interaction of different sections sUédh as a data col |l ect

data storage fI@alli 2 and a user ectPon 70. Switches 58, 60 are
provi ded within rk 48 to d e

12 cells. Each 1 ¢ ' ' formation with the network _
address of each ng cont ai ne a header 5 bits long. Each cell.

address is translated within the swt s 58 60 and due to the small size

of the headef~\{{Ty—m > 3\16
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swi tches 58, 60 process each cell quickly and direct them according to the

" network address. A network tinme_protocol _NIP is used to neasure—how-fast

~the Tells travel throughout the ATM Network 48. This allows for

« synchroni sati on between each section attached via the ATM Network 48.
Network time Protocols are discussed in, for exanple, Pr ot ocol
(Versi onWO9R978 | M ||s in DARPA Network Working Group Report RFC- 1119,
Uni versity of Del aware, Septenber 1989. The data collection section 50
conprises a video canmera 52, an Anal ogue to Digital (A/D) converter 54 and a
processing unit and network interface 56. The video canera 52 converts an
optical scene into a live video anal e data stream This anal ogue signal
is sent to the A/D convertor 54 for conversion to a digital signal before
passing to the processing unit 56 where the first and second tim ng

sequences are applied to the dakm stream The processinggunit and networKk
al

interface 56 is typically provided by an Aivetti Rese h Laboratories
ATMos board with a_local di gk cl ock si gRale= Fae=soHt wai e=pret oeql

defining the ition of the t'i-r{i ng sequehces containg the tinmestarips to
the data sjre IS, i ded fromthe ATM Network 48 ¢ data stqrage
facility 6 [ S\ drage facility 64 sdmetimed known ag a disc

brick, a sj a data processing . The data
processingjand inte e unit 68 is typicglly andt? }s board dnd
al | ows conmection via switch 60 into the gontrol | et work 4
L-----~—-—- '
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The user display*section 70 conprises a video display unit 72, a DA
convertor 74 and a data processing and interface unit 76,
13 The data processing unit and network |nterface 76

board connected into swtch 60.
fromGPS transmtters in orbit around the eart
absolute tinme r nce for the tim no sepuences
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(57) Abstract 32

A method of adding time informa-
tion to a data stream is provided. First
and second timing sequences are linked
with the data stream, The first timing se-
quence provides a pcrmanent time recond
of when the data in the stream first orig-
inated. The second timing sequence is
re-writable when the data stream is al-
tered, for example by editing, %0 as to
ensure an internally consistent time track
is provided each time the data stream is
changed. The timing
rived from absolute references such as
Global Positioning System (GPS) Time.

34

The first and second timing sequences
may be stored separately to the data
stream. Two or more sers of second
timing sequences may be provided, cor-
responding to different presentations of
common sets of data streams.

é!i éé!-—-o-
44
3 {42 |
46




ti mestanp ﬁ% ?'ioé{ ively tinestanps, in particul ar playback ti nestanps,
can be appli*ed data stream by ATMos bo E;i T e dif Zﬁpt dat a

'streans are conbined according to the playbac ructigns co hed
Wi thin ATMbs boar This’Sheé Hgs BeeinReplaca theilD/A conver gr 74 to the video
di splay unit 72. T ta stfteans supplied throug

network 4 Lo t he mu u m nit 72 can be synchroni zed THW%%%HAS BEEN
relativec h ot ependi ng on the software protocol s

ATMbs board 76 by the ATM network 48.

d ai ms I:lig A S’ﬁfe%%% 311? ag%!dﬂg {r%é nﬁ. 8%5930{101:% dat 3.3k 6P ean

conpri si eps of secon i mng sequences mnth the
dat a streemprikéngi rthe smeoﬁr ol'i@khgga Heargtanand t $aEORScdrEMGIg when

t he dat asEﬁ]ﬁéthE' waﬁt eHeald b t3eGaNd EHRAUTER: t&cpger{& Widwdsng f the
data streamis edited, such that time information

first se ce
prOV|desaaPEEWﬁﬁﬁBﬁtt%@ﬁoFﬁcﬁthﬁé wheRi e t?l#&?%ﬁﬂ?ﬁﬂ?%? 3§“P
mai nt ai neﬂewrséhoﬁaysdqﬁan@ée}s@iugdrémmtﬁm@rwmma&hétdmnswmqtgr| sed
in that the segond uence provi des a cqptln ern%IB% con§:stent

tine tratR2REREH3Fs H &3968 tlng, such” that YWe {n¥orma
first sequence provides a permanent record of the originating

time which is always maintained with any data preserved from
the original stream, whilst the second sequence provides an
internally consistent timetrack which is updated each time the
data stream is changed so as to be consistent with any
derivative of the original data stream, for subsequent replay

"and editing purposes.

2. The method of adding time information to a data stream
according to claim 1, wherein the timing sequences are
generated and transmitted with the data stream.

3. A method of adding time information to a data stream
according to claim 1 or claim 2,'wherein the data stream and
timing sequences are buffered before being transmitted to
reproduction apparatus. )

4. A method of adding time information to a data stream
according to any of claims 1 to 3, wherein the data stream and
timing sequences are recorded in a linked manner and the timing
sequence information is embedded in the data stream. '

5. A method of adding time information to a data stream
according to claim 4, wherein the first and second timing
sequences are embedded into the data stream together.

6. A method of adding time information to a data stream
according to claim 4, wherein the second timing sequence is
embedded into the data stream after the first timing sequence.
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- DR D e
each tinmesthe data streamis edited so as to be consistent with data stream

as edited, f ay and editing purjpos CEMENT & TET-HoT
adding tine c’mﬂmﬂmmrm”mrdat a stream aCCOI‘dIFn)gJ t?%s?;A ol ﬁfg/xﬁerel mtﬁp
timng sequencdes‘ark geneyated and transnitted w‘ﬁ@k{}g‘ ata
met hod of adding time information to g data strearp g gp:r‘ﬁr”a[mi or
claim2, wherein the data stream and *mi ng seq erﬁ:§%ﬁ€ fed- befor el -

being transmitted to reproduction appar at us. od* 3Pge§dd1 Hb‘"t‘?ﬁﬁ’e
i nf ormat i ohatwga data stream according to any df clains 1 to 3, \/\265 Eg 199
L...al

the data streamand timng sequences are record DATE OF RECEWRINA
the ti m'nJ(.; se%ence informatiQn i s enbedded in the data stream

met hod of Ladditg™ethed Rfr AREEBE ttotTe dafd omrddMPackr &i Pt EFaFﬁTM
wher ei n t 8émbrisingncklseceteps notig sﬁﬂuengesfaretemhaﬂdeécbnﬁo theidet a

Stream t ogel gt soePysed WRENGULO! AU LME FREGETRLLABLE BrdgidssLt oam

accordi ng Wheréin t sequen nto
the data 8tpemmaaenRtrtine. ¥¢¢@¥dt¢ﬁ1w§e§eqhénééta irst orlglnated and

the second sequence being re-writable if the data stream is
edited, such that time information in the firsr sequence
provides a permanent record of the originating time which is
always maintained with any data preserved from the original
strxeam, characterised in that the second sequence provides a

N continuous, internally consistent time track which.is updated
each time the data stream is edited so as to be consistent with
data stream as edited, for subsequent replay and editing
purposes.

2. The method of adding time information to a data stream
according to <c¢laim 1, wherein the timing sequences are
generated and transmitted with the data stream.

3. A method of adding time information to a data stream
according to claim 1 or claim 2, wherein the data stream and
timing sequences are buffered before being transmitted to
reproduction apparatus.

4, A method of adding time information to a data stream
according to any of claims 1 to 3, wherein the data stream and

timing sequences are recorded in a linked manner and th iming
sequence information is embedded in the datz streaf.
5. A method of adding time information to a data stream

. according to claim 4, wherein the first and second timing
sequences are embedded into the data stream together.

6. A method of adding tiwme information to a data stream
according to claim 4, wherein the second timing sequence is

embedded into the data stream aftex the firet timing seguence.
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7. A nmethod of adding tine information to a data stream according to
claims 1, 2 or 3, wherein the-tifng sequences and the data streamare
stored separately from each g@g 8. A nethod of adding tine

information to j‘“ﬁ I rding to any of the preceding clainms,
wherein the dat

ed onto 3 storage nedi um and the second
timng sequence i % re-recorded when the data streamis’ subsequently edited,
so that a consistent tinme sequence is ensured with no discontinuities, to
facilitate subsequent repl ay_ and editing of the data stream 9. A nethod
of adding tife i tomekbash o6 adding SHIRBNLREEETTHEAPT otAnG FA2thestream
precedi ng cl atesranhgr ebncié:tané iar, sk aersmnaméréimﬂges:eqmm_:peeqaedeesveda

from an absolyLeabeleLenasn o320 prArI8! DOa0L 204 1d:d TadnERRERL I on L0 2

data stream accor |ngto e preceding ¢ wherelnthetlmng
information in the timng sequences I's provided by a series of tinestanps.

1|1 . A net c\gd of Adﬁtlé’cﬁhdd nBfi AkAL gt |t§!1’tné01@1ﬂ&&t&1§i[drﬁaﬁb ac oduh Ngtikeam

cLarm 10, WNELELRGARE TShATRE 28, TAISH 85, Mated! e diE 8L aaca
'stream is recorded onto a storage medium and the second tlmlng
sequence is re-recorded when the data stream is subsé'quently )
edited, so that a consistent time sequence is ensured with no
discontinuities, to facilitate subsequent replay and editing
of the data stream. ‘

9. A method of adding time information to a data stream
according to any of the preceding claims, wherein the first
permanent timing sequence is derived from an absolute
reference.

10. A method of adding time information to a data stream
according to any of the preceding claims, wherein the timing
information in the timing sequences is provided by a series of
timestamps. |

11. A method of adding time information to a data stream,
according to claim 10, wherein the timestamps are applied using
a 64 bit time data format.

12. A method of adding time information to a data stream
accordlng to claim 11, wherein the 64 bit time data format is
interpreted as a 2's complement binary representation so as to
allow negative times to be handled in the same format as
positive times during calculations. '

13. A method of adding time information to a data stream
according to claims 10, 11 or 12 wherein the series of
timestamps is positioned along the data stream with varying

spacing between successive time stamps.
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according to claim 1l wherein the 64 bit time data format is interpreted as
a 2's conplenent binary representation so as to allow negative tines to be
handl ed i n t he same format—as—positive times during calculations. 13. A
met hod of addin n to a data stream according to clains 10,
11 or 12 V\,herel |"|Im]mu“ I]Eﬂl I mestanps is positioned along the data
stream wi t h varyi*ngespacifg sbetween su ssive tine stanps. 14.

A method of adding tine information to a data streamaccording to claim13,
wherein the spacing between tinme stanps of the first timng sequence is

di fferent fromt e e ti t f .t.he second .timn
slaquence H “%)%ﬁidl%f gggsﬂa t%egl %g(%?’r%ia%ﬁnto %Y ﬁa{d&tﬁt

accor di ng P&%’rﬁﬂlﬂﬁ tohelpimcddi ndherainsthiespraingebetveen rﬁmemsstuamps s
added to agf uthéi Firet d:a.tnﬁ % [ E8g®ence 4% t&ﬁfé@éh&l BELRT % fstr

dat a strearﬂset Ipformation to
a

od. of di
according ft wrﬁ#bf“t"??e%?d#g eialnﬁ%sc ﬁe‘?%‘f‘?‘?’?hﬁeﬂ?ﬁ‘%

15. A method of adding time information to a data stream
according to any.of the preceding claims wherein the time
information is added to a plurality of data streams, so as to
allow linking of different data streams.

(% 16. A method of adding time information to a data stream
according to any of the preced:.ng claims, whexein the t:.mlng
sequences are used to synchrom.se live streams.

17. A method of adding time information to a data stream
dccording to any of the preceding claims, wherein at least
three timing sequences are stored with the data so as to allow
the storage of at least two sets of second timing ‘sequences,
each of whlch.corresponds to a dlfferent presentatlon of common
sets of data streams. ;

18. Apparatus for: perform:.ng any of the methods accoxding to
the preceding cla:.ms ' S '

19. A video or a audioc signal comprising a data stream, the
stream being provided with time information for use in the
playback and synchronisation of the data stream with another
data stream, characterised in that the time information
comprises a first timing data sequence, each datum of which
relates to a respective part of the sﬁream-which provides a
permanent time record of when the data first originated, and
a second timing data sequence each datum of which relates to
a respective part of the stream which provides an internally
consistent continuous time track, the continuity of which is
unaffected by any discontinuity in the first timing sequence.
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sequences are used to synchronise |live streans. 17. Al nRERIOd M- adBHERD
time information to a data stream according to any of th recedtrrg—ctat
wherei.n at |least three timng sequences are stored with {he q§32§ﬁ?.§%htp
al l ow t.he storage of at |east two sets of second timng PeFUG“ nd Df
whi ch corresponds to a different presentation of common fets._of _data
streans. 18. Apparatus for perfoUJin' ng any of the methodg,agBPFE ng to
the preceding clainms. 19. A video oréa audio signal comprtrstmg—a—tat=
stream the m.bei{ng provi ded wih tioe~~Qf ofpation for use in the

pl ayback and syncﬂlﬁ zation of thejfdata sjfeamw th another data stream
characterised t _the tinme Jhformatijon conprises a first timng data
sequence, each ‘&3 whi ch rel at espective part of the stream
whi ch provides a permanent tinme record of when the data first originated,

and a second tipg ng data sequence eac of éwnch relates to a
respective'l a ' ovijdes ! nternal |l y consi st ent
[

continuous tinme track, the continuity gf ch is unaffected by any
di scontinuity in the first timng sequence.
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