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Recording and reproducing an MPEG information signal on/from a record carrier.

RELATED APPLICATION

This application is a continuation-in-part of commonly-assigned apphmuon,
Serial No. 08/225,193, filed April 8, 1994, entitled *Recording And Reproducing An MPEG
Infonnauon&gnalOanromARecordCamer in the names of W.J. Van Gestel, R.W.J.J.
Saeijs and LA. Shah. |

BACKGROUND OF THE INVENTION

| * The invention relates to a recording arrangement for recording an information
signal in tracks on a record carrier, the recording arrangement comprising
- an input terminal for receiving the information signal,
. channeleneodingmeansforchannelencodingtheinformaﬁonsighalsoasto
obtamachannel signal suitable for recording in a track on said record carrier,
- writing means for writing the channel signal in the track, the channel signal
comprising subsequent or a succession of signal blocks, each signal block comprising a first
block section which comprises a synchromzauon signal and a second block section which
oompnsesanumberofchannelbyﬁes, toareeordcamerobtamedthhtherecordmg
arrangement, and to a reproducing arrangement for reproducing the information slgnal from
the record carrier.

A recording arrangementasgwenmmeopetﬁng:pmagmph is known from EP-

A 492, 704 document(l)mthehstofreferences thatanbefoundattheendofﬂns
apphcauon .
The known arrangement isarecording arrangement of the helical scan type,

such as used in a digital VCR (DVCR) and records an information signal comprising a

dlgmlaudlosxgnalandadlgxtalvxdeoslgnalmandxomgmlrecordmgsectorsandwdeo
signal recording sectors respectively in subsequent tracks where, when recordmg a track, the
video signal recording sector in a track comes first and is followed by the audio signal
recording sector. Theorderinwhichmesectorsoccuriﬁamkmhoweveralsobeinthe

reverse order. Further, other sectors may be included in a track, such as a clock run-in area

located at the beginning of a track, so as to enable a locking-in of the internal system clock
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on the signals read from ‘the track, and prw_nﬁle and postamble areas that are located -
between the various sectors and function as an edit gap. Reference is made in this respect to
the earlier filed European patent applications No. 93.202.950, reference (2) in the list of

 references, and No. 93.201.263, referenced (3) in the list of references.

The prior art reference documents relate to proposals for the mhnuon of a
new digital video cassette (DVC) recprder standard, which enables the recording and -
reproduction of digital video and digital audio on/from a longitudinal magnetic record carrier
such as magnetic tape. Thxsnewdlgxtalwdeorecorderstandardwﬂlleadtonewdngm

- video recorders/reproducers of the so-called DVC type.

BRIEF SUMMARY OF THE INVENTION .

The invention aims at providing a recording arrangemient which is capable of
recording other types of information signals in the known tape format as defined in the
preambie. The ret_:ording arrangement in accordance _with the mvenuon is characterized in
that the information signal is an MPEG information signal in accordance with an MPEG
format, the MPEG information signal comprising subsequent or a suecasmn of transport
packets, thatthechmmelencodmgmeansmadaptedmsmemhumcmfomauonmcluded
mxtransportpacketsoftheMPEGmfonnauonsxgnalmtheswondblocksecuonofagroup
ofystgnalblocksofﬂmchannelugnal ﬂlatthesecondblocksecuonofatleasttheﬁrst
signal block of the group ofy signal blocks comprise a third block section for stormg
Menuﬁcauonmfomanonmmhfymgmeagnalchckasbmgﬂleﬁmmgnﬂchkofme

- group of y signal blocks, and that x and y are integers such that x=1 and y=1. More

specifically, the recording arrangement in accordance with the opening paragraph is
cha:actenzedmmatthemfmmauoungnﬂuanWEGmformanonmgnalmaccordance
mthmthBGformat,theMPEGmfommhonsxgnaloompnmgsubsequmtmspon |
packets, ﬂlatthechannelencodmgnmnsmadaptedmsmmhumemformauonmcluded
in x transport packets of the MPEG information signal in the second block sections of a
group of y signal blocks of the channel signal, that the second block sections of the signal
blocks comprise a third block section for storing sequence number information relating to a
sequence numberoftheszgnalblocks and that x and y are integers such that x21 and y=1.
The invention is based on the following recognition. The draft Grand Alliance
HDTV System Specification dated February 22, 1994, document (4) in the list of references,
more specifically chapters V and VI of the specification, oomptiées a description of 2
transport system for transmitting an MPEG information signal, which includes a data
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oompressed dxgxtal v1deo signal and a correspondmg data compressed digital audlo 31gnal for
broadcasting purposes or for tmnsnusswn via a cable network. The MPEG information
gnalxsmtheformoftransportpackets having either an equal length or a variable length in
time. In both cases, however, a transport packet comprises 199 bytes of information, the
first byte of which being a synchronization byte. :
A transmission suchanMPEGmfonnaﬁonagnalmtheformofarecordmgon

_areproducnonfromarecordcamer, suchasamagneucreeordea!"erasaupe, require

special measurestobetakenmordertomhzesuchhndoftransm.sslonvmﬂlehwwntape
format. Morespeaﬁeaﬂy,thenwenuonmhtesmsmnngmemwonpacketsmthemgnal
blocks of the known tape format.

Generally, it can be said that, when storing the mfonnauon included in a
number of x transport packets of the MPEG information signal in a number of y signal
blocks_,‘ some unoccupied' space remains avail_able in the y signal blocks for the etorage of
additional information, which additional information relates to the specific application of
recording and reproducing the MPEG mformauon signal on/from the record carrier. Ina
specific example of the DVC format, the second block sections of five signal blocks. Now,
llbytes(=5x77-2x 187)remamavaxlablemtheﬁvesngnalblocks Those 11 bytes can
bedmdedoverthesecondblocksecnonsofmeﬁvesxgnalblocksmvanous ways so as to
obtain the third block sections. One such way is that the first two bytes of all second block

‘sections are available as third block sections and that the last byte available can be considered
_ asathirdblocksecﬁmmindimtetheboundarybetwwntheinfomaﬁonofthetwomspon
' packetsasstoredmtheﬁveslgnalblocks

In the above example, 1dent1ﬁmuon mformauon identifying the slgnal block as
being the first signal block of the group of y signal blocks can be stored in a third block
sec&onoftheﬁrstsignalblockinagmnpofysignalblocks Or, sequence number
information (sequence numbets) relating to the sequence of the signal blocks can be stored in
thetmrdblocksecnons Thlssequeneenumbermalsobexdennﬁedasaconnnmtycounter
The measures proposed resuit in 2 number of advantages.

‘The advantage of using identification information identifying a signal block as
being the first signal block in a group of y signal blocks, is that the beginning of a group
can be detected, which sunphﬁes the read-out of the data during reproduction.

.One advantage usmg sequence numbers is that, when reproducmg the signal
blocks, it can be decided upon retneval of the sequence numbers, whether a signal block has
been missed beeause of reproducnon errors or not, so that an error correction or concealment
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can be carried out. Another advantage is that one may ‘shuffle the information to be stored in
the signal blocks upon recording. Upon retrieval of the sequence numbers it is possible to . -
realize a corresponding deshuffhng in response to the sequence numbers retneved SO as to
obtain the original data stream.
Further, havmg sequence numbers mcluded m the third block sections of the

srgnalblocksmakesrtpossrbletorepeats:gnalblocksmﬂ:ecasethataﬂansportpacketof
the MPEG data stream stored in those signal blocks requires a lugher protecnon against

: enomthatmnoccurdunngﬂrerecordmgandasubsequentnpmducnonprocess

Therecordmgan'angementasgwenmtheopenmgpamgraphmayalsobe |
characterized in that the information signal is an MPEG mformauon s1gnal in accordance
with an MPEG format, the MPEG information sngnal compnsmg subsequent transport
packets, matthechannelencodmgmennsamadaptedwsmreachumemfomanonmcluded
mxtransponpacketsofthemEGmformauonslgnalmthesecondblocksecnonsofaﬁrst-
groupofyﬁrstsxgnalblocksofsardsrgnalblocksofmechannelsrgnalsoastoenablea
normal play mode using video mformatron stored in said first group of y first sxgnal blocks
during a normal play reproduction mode, the channel encodmg meens further bemg adapwd )
mmmeveamckmodevxdeosxgnalﬁomﬂmMPEGmformauonmgnalandbemgadaptedm
store said trick or feature mode video signal in second block secuons ofa second group of z
secondsrgnalblocksofsaldslgnalblocksofthechannelsrgnalsoastoenableamckplay
mode using thevrdeomformauonstored_msmdsecondsxgnalbhcks,thatthesecondblock
sections of at least one signal block in eachfirst and second group of first and second signal
blocks respectively comprise a third block section for storing identification information
indicating whether the group compnses first slgnal blocks or second srgnal blocks, and that
x,yandzaremtegerssuchtlmtx;l y>1andz>1

.Momspeaﬁclny,themfomanonmgmlmanMPEGmformumsgnalmaccordmcewnh

an MPEG format, theMPEGmformauonsxgnaloompnsmgsubsequentu'ansponpackets,
that the channel encoding means are adapted to store each time information included in x

: transportpacketsoftheMPEGmfonnauonsxgnalmthesecondblocksecuonsofagroupof

y signal blocks of the channel sxgnal that the second block sections of at least those signal
blocksmagroupofysrgnalblocksﬂ)atcompnsesmestartpornonofan'ansponpacket |
comprise a third block section for stonng sequence number information relating to a trans-
port packet sequence number correspondmg to the transport packet havmg its start portion
storedmtlteseoondblocksecnonofthesxgnalblock,andthatxandyaremtegerssuchthat
leandy>l mrsenablesareproducnonmmereproducmgarrangementmanonnal
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play mode using the first signal blocks and a reproduction in a trick play mode using the
' second signal blocks, in response-tothe detection of the information mdrcaung the groups

compnsmg first signal blocks or second signal blocks respecuvely

The recordmg arrangementasglvenmthe opening paragraph may also be
charactenzedmthatthesecondblocksecuonsofallmgnalblocksmeachﬁrstandsecond

 group of first and second signal blocks respecuvely compnse a third block section for stonng

identification information indicating whether the group comprises first s1gna.l blocks or
second slgnal blocks. More specxﬁcally, the second block sections ofa group of y signal

- blocks each comprise a third block secnon for storing sequence number information relating
~ to a transport packet sequence number correspondtng to the transport packet of Wthh |

information 1sstoredmsa1dsxgnalblock _
Storing a packet sequence number has its advantagee if an MPEG data stream is
recexved having a constant bit or transport rate, and comprising a number of dlfferent video
programs interleaved in the MPEG data stream. Generally, such data stream has a too high
bit rate for recordmg the total data. stream on the record carrier. Typmlly, the MPEG bit
rate is 45 Mbps, whereas the record carner typicaily records wrth a2s Mbps bit rate. The
recording arrangement now compnses a program selector for retnevmg one vxdeo program

_ mdconespondmgaudromgnalﬁomtheMPEGdatasueamsoasmobtamtheMPEG

information signal for recordmg As information corresponding to only one video program is
included in a MPEG transport packet such program selector selects only those transport
packetsﬁom&eMPEGdatas&emnﬁatcompnsemfomauonconespondmgmsaxdoﬂy
one video program. ThatmeansthatsomepacketsoftheongmalMPEGdatasmn
received are deleted. Uponreproducuonhowever,anMPEGvrdeoslgnalmaccordancewrm
the MPEG standard, howvernowcompnsmg_onlythe_onevrdeo.progmm should be
regenerated or recreated. Such regenerated data 'stream'should have the transport packets
thatwereselecteduponrecordmgatthesamelocauon thatxsmoneorotherway,dummy
packetsconespondmgmthepacketsdehteduponrecordmgmustbemsemdmme

.regenerated data stream. Uponrecordmgasequmcenumber:saddedtoeachu'ansport

packetrecelved that is: alsoforthepacketsthatmllbedelemd 'I'hesequencenumbersof '
thepacketsthatareselectedandstoredlsstoredmtheﬂurdblocksecuonoftheslgnal
blocksmwhrchatransportpacketrsstored Uponreproducuon,asequenceofnumbersls
retrieved, where subsequent numbers will not necessanly be next higher numbers In that
situation one or more dummy packets must be inserted so as to regenerate the replica of the
original MPEG data stream. - ”



10

15

20

WO 95127977 - -  PCT/IB95/00165
. : 6
The recording arrangement as grven in the opemng paragraph can further be
characterized in that the mformanon signal is an MPEG mformatlon srgnal in accordance

with an MPEG format, the MPEG mformanon s1gnal compnsmg subsequent transport
packets, the recording arrangement compnsmg detecuon means for detectmg the moment of

'mwptofmenansponpackeuandforgeneraungnmgmfomaumforeachmspon

packet received, theunungmformanonforauansportpacketcorrespondmgtosardmoment'
ofrecexptofsardtransportpacket thatthecha:melencodmgmeansareadapnedtoeachume

smremformauonmcludedmxuansponpacketsoftheWEGmfomauonngnalmme
secondblocksecuonsofagroupofyslgnalblocksofmechannelslgnal that the second -
block sections of at least those signal blocks i in a group of y slgnal blocks that compnses the -

* start portion of a transport packet comprise a third block secuon ‘for storing the tmung

information for said uansport packet having its start pomon stored in the second block

'sectlonoftheslgnalblock andthatxandyarexntegerssuchthatleandy>1

More specxﬁcally, the second block sectlons of a group of y stgnal blocks each comprise a
third block section for stormg the timing mformauon correspondmg to the transport packet
whtchhasmformauonstoredmﬂtesecondblocksecnonofsaxdsxgnalblock. ) |

Storing timing mformauon correspondmg to transport packet requrres that the recording
arrangement is provrded with detection means for detecting the time of receipt of a transport
packetThxsmeasurehasxtsadvantagesrfanMPEGdatasueamxsrwewedhavmga '
variable bit rate, and compnsmg a number of d:fferent vrdeo programs mterleaved in the
MPEG data stream. Ashasbeensardabove gmerally,suchdatastreamhasatoohxghbrt
rateforrecordmgthetotaldatastreamonthereoordm Themordmgarrangementnow
oompnsesaprogramsdecbrformmwmgmewdeopmgmmmthrtsconupondmgaudlo
srgnalfromﬂleMPEGdatasueamsoastoobtamtheMPEGmfonnanonngnalfor
recording. AsmformauoncorrespondmgtoonlyonevrdeoprogramxsmcludedmaMPEG

- transport packet, suchprogramselectorselectsonlythosetransportpacketsfromtheMPEG

30

data stream thatcompnsemformauoncorrespondmgtosatdonlyonevxdeoprogram By
detecting and stonngtheummgmformauon coxrespondmgtoatransportpacket the
reproducing arrangement will be mpable ofretnevmg the tmung mformauon and recmung
the MPEG information srgna.l usmg said timing information.

It should be noted that the measures discussed above can be applied solely or in
combmatxon with one another in the recordmg arrangement Asa result, record carriers will

* be obtained having signal blocks stored in tracks on the record carrier, the signal blocks

having a ﬁrst block section which compnses ‘a synchronization signal and a second block
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section which comprises a number of channel bytes, x transport packets of the MPEG

information signal being stored in the second block sections of a group of y signal blocks of
the channel signal. Further i in accordance with the invention, '

- the second block section of at least the first signal block of the group of y signal blocks
comprise a third block section for stonng identification information identifying the sxgnal
block as being the ﬁrstslgnalblockofthegroupofyﬂgnalblocks or

- sa1d identification mformauon is sequence number information and the second block
secuons of a group of y sxgnal blocks all comprise a third block section for storing sequence
number information relating to the sequence numbers of the signal blocks, or

- the second block sections.of the signal biocks each comprise a third block section for

storing identification information indicating whether the signal block comprise *normal play’
data or ‘trick mode’ data, or - '

- the second block sections ofatleastthosesxgnalblocksmagroupofy signal blocks that
comprises the start portion of a transport packet comprise a third block section for storing
identiﬁéation information relating to a transport packet sequence number corresponding to the
transport packet having its start portion stor_ed in the second block section of the signal
block, or | . |

- the second block sections of at least those signal blocks in a group of y signal blocks that
comprises thestartpomon ofatransportpacketcompnseatlnrdblocksecnonforstonngthe
tumngmfonnanonforsmdmwonpacbthavmgntsstanpomonstoredmthesecond
block section of the signal block, or

- third block sections comprise mformanon resulting from a combination of one or more of

the measures listed above. :
Itwﬂlbeapparentthatarepmducmgarrangementhllbeneededwmchxs
adapnedtoeachspecnﬁcembodxmmtofﬂxereeordmgamngement S0 as to enable a
reproducnonofthemEGmformauonslgnalrecordedontherecordmer Such
reproducmg arrangement is the subject of the clmms directed to the reproduction

The invention also includes the method of mmitﬁng timing critical data over
an asynchronous channel without changing any of the critical timing information; in other
words, to make the asynchronous channel transparent for the timing critical data. This is
achieved, broadly speaking, by tagging one or more of the transmission units making up the

. data with timing information before sending it over the channel, and then using the tagged

information to recreate the proper data timing at the other end of the channel. As an
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example, the data-can be an MPEG information signal, and the channel a DVCR. But the
invention is not limited to this application and can also be applied to asychronous channels
such as a computer network, a telephone network or a dlgml interface.

SUMMARY OF THE DRAWINGS
' Theseandotheraspectsofthemvenuonwxnbeapparentﬁ'omandelucldated
with reference to the embodiments described hereafter and the accompanymg drawmgs,
Wthh : '
Figure 1 shows'the track format of a record carrier of the DVC-type
Figure 2 shows schemaucally the contents of the video signal recording sector .
in the track of Figure 1,
) Fxgure 3 shows schemanea]ly the senal MPEG data stream and the format of
the transport packets included i in the serial MPEG data stream,
Figure 4 shows an example of the snorage of two transpon paclnets in five signal
blocks,
' Figure 5 shows the contents of the track when havmg MPEG information
recorded in it, '
Figure 6 shows one embodixhent of the mordmg arrangement,
Figure 7 shows one embodxment of the reproducmg ammgement .
FxgumSashowsanexmnpleofanongmalsenalMPEGdatastreamhamga
constant bit rate and packet rate, Flgure 8b the MPEG data stream that is xeeorded and
FlgumScﬂleregenexatedrepheaoftheongmalsenalmEGdatas&eam
~ Figure 9 shows one embodiment of the normal play’ prooessmg unit in the
recordmg arrangement of Figure 6,
Figure lOshowsoneexampleofasequmceofﬂueegronpsofﬁveslgnal
blocks each,
Figure 11 shows another'example of 'a sequence of three groups of five signal

Figure 12 shows one example of the ’normal play’ processing unit in the
reproducing arrangement of Figure 7, | _ '

Figure 13a shows an example of an original serial MPEG data su'ea_m having a
variable bit rate and packet rate, Figure 13b the MPEG data stream that is recorded, and
Figure 13c the regenerated replica of the original serial MPEG data stream, :
Figure 14 shows another embodxment of the *normal play’ processing unit in the
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recording an'angement of Frgure 6, : .

Figure 15 shows another embodxment of the normal play’ processing umt in the
reproducing arrangement of Frgure 7, '

Figure 16 shows the record carrier and the read head scanning the record
carrier during a trick play mode, ,

Figure 17 shows the sequence of sxgnal blocks in a track forming the tnck play
area,

Figure 18 shows another embodiment of the mvennon combining the recordmg
and playback systems,

Frgure 19 shows an example of the input and output data streams from the
apparatus of Figure 18,

_ Frgure 20 shows another example of input and output data streams from

apparatus similar to that of Figure 18,

Figure 21 shows one form of data block of the mventron for transmission over
an asynchronous channel, o '
Figure 22 shows _in. more detail the block payload ot‘ the data block of Figure

Figure 23 shows various taggmg options in accordance with the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
Fxgnrelshowsthefonnatofthesrgnalsastheyarerecordedmatrackona

magnencrecordcnmerbymeansofahehcalscanvrdeorecorderofﬂreDVCtype The left

endofthetracklmFrgurellsthestartofthetrackandthenghtmdofthen'ackrsthe

 terminal part of the track. The track comprises a number of track parts. Thetrackpart

denotedbyGlrsthepreamblel:rackpart Anexampleofthepreambletrackpartﬁl has
been described extensively in reference 1. '

The track part G1 rsfollowedby trackmgtonereeordmgpartTPl which is
denoted by ITI (insert timing mformatton) track part and whrch contains a tracking tone,
synchronization information and identification (or timing) nnfonnauon Further explanatron of
thecontentsofthel'ntrackcanbefoundmreference(S)

The track part TP1 1s followed by an edrt gap GZ The edit gap GZ is followed
by the track part TP2, which is the audio signal recordmg sector and comprises digital audio
information. The edit g_ap ‘G3 is followed by a track part TP3 whtch is the video signal
recording sector and compnsesdrgrtal video information. The edit gap G4 is followed by a
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.. track part TP4, denoted by INDEX and which comprises among other 1tems subcode

mformauon, such as absolute and/or relative time information and a table of contents (TOC). -
Thet:ackxstermmatedbymen'ackpartGS . Itcanbesaxdthatthesequenoeorderm
which the parts TP1, 'I'P2andTP30ccurmtheu'acksmaybed1fferent .
ThecontentsofthewdeosxgnalrecordmgsectorTPSnsngmmFlgurez
Figure 2 in fact shows schematwallyanumber of 149 horizontal lines, denoted by j=1to
j=149, havmg bytes of information stored in it. The 149 hnuare in fact 149 signal blocks
(or sync blocks) that are stored sequenually in the video s:gnal recordmg sector TP3. 90
bytes of information, denoted by i=1to i=90, are stored in each signal block.
~ The first two byl:es (1—1 and i=2) of mhmgnalblockfonnasynchronmhon
pattemonbyteslong Thefollowmgthreebytesmeachslgnalblockformanmcode
comprising among other items mformanon which indicates the sequence number of the signal
blockmthewdeoslgnalrecordmgpartm Thelastexghtbymxnthesxgnalblocksform
horizontal parity information. Vertical parity information is stored in the storage locations
—6 to'i=82 inclusive of the last 11 signal blocks.
Bytesofwdeosxgnalmfonnanonarestoredmthestoragemnonn 61to
i=82 inclusive of the s1gnal blocks having the sequence numbers J=3 to j=137 inclusive.
Bytes of auxiliary data are stored in the storage locations i=6 to i=82 inclusive of the signal
blocks having the sequence numbersj =1, 2 and 138. Theslgnalblocksa.testored
sequentially in the video mgnalpartm startmg with the signal block denoted y=1,
followed by the signal block denoted_1=2 andsoonunnlthesxgnalblock denowdj 149.
Theauxﬂ:arydataforstoragemmeugnalblochdmoﬁedj =1, Zand 138 can
beteletextdataorcontroldata. '
Itshonldbenotedhereﬂlatltmbespeclﬁedthatﬂleauxnmrydatawﬂlbe |
smredmadxfferentlocanonmmememory Refermcexsmademthmmpectmdocument
(1), Figure 13, whereﬂieaunlmrydatamstoredmthememorypartdenowdbym
FxgureSshowsschemancallytheMEGdatastrmapphedtoarecordmg
arrangement in accordanee with the mvennon The MPEG data stream eompnsu subsequent

transport pachets denoted by ..., Py, Pk, Pk-w . The packets each ‘comprise a packet

paclnetscanbetransmmedmadatasu'wnhavmgacomtant bxt rate. Thxsmms l:hat the
packetsareequallylong,uewedmnme,andarerecexvedataﬁxedpacketrate The

'transportpacketsmayalsobetans:mtwdmadatasmmhavmgavanablcbltrate In this

situation, the packets need not be of the same length, viewed in time, and may be received
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‘with a variable packet rate. The first byte in the packet header PH is a sync byte. The sync
‘yte is identical for all the transport packets. The other three bytes in the header comprise ID

information, such as a packet identifier. For a further explanauon of the contents of the ID

_ mfonnauon, reference is made to document (4) in the list of references, more specifically

chapter V, paragraph 5.1 on page 27

- The body pomon of the transport packets oompnse each 184 bynes for swnng
the video and audio information that should be transmitted in accordance with the MPEG
format. The body portion of one transport packet can store either audio information
corresponding to a certain video signal, or the video signal. Further, in the case that a
number of video programs are transmitted via the MPEG data stream, the body portion
stores a video signal corresponding to one of such video programs transmitted.

One aspect of the invention now aims at recording the video signal, and the
corresponding audio signal as may be appreciated, corresponding to one of those video
programs transmitted via the MPEG data stream, on the record carrier having the track
format disclosed in Figure 1 and 2. Information stored in the transport packets should be
stored in the signal blocks, more specifically, in the 135 signal blocks denoted j=3 to j=137
in the video signal recording part TP3 of a track. The two sync bytes, denoted i=1 and 2,
the ID information in the form of the three ID bytes denoted i=3, 4 and 5, as well as the 8
horizontal parity bytes, denoted by i=83 to 90, in those signal blocks are required for a
correct recording and reproduction. As a consequence, only the 77 bytes, denoted by i=6 to
82, in the signal blocks denoted by j=3 to 137, are available for the storage of the transport
packets of the MPEG information. The part of the signal blocks formed by the 77 bytes i=6
to 82 is defined as being the second block sections of the signal blocks. |

Assynchronmﬂondunngreeotdmgandreprodncnonlsassuredby meansof
the sjncwordsmachoftheslgna_l blocks, there is no need for transmitting the sync bytes
of the transport packets via the record carrier. So, before storing the information comprised

_ inmeu'anSpOrtpacketsintheseoondblockwctionsofthesignalblocksdenotedbyj=3to

135, the syncbyteofallmen'ansportpacke’mmthrownaway As a result only 187 bytes of
information should be stored in the signal blocks for each transport packet.
Asxmplecalculauonmakesclmrthattwou'ansponpacketsmbestoredm |
ﬁve signal blocks, and that 11 bytes remain available for the storage of other information.
Fxgure4gwesanexampleofhowmetwomsportpacketscanbestoredmthesecond
block sections of the group of five sxgna.l blocks, denoted SB1 to SBS in Figure 4. Figure 4
only shows the contents of the second block sec_nons of length of 77 bytes included in the
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signal blocks. As can be" seen in Figure 4, the 11 bytes are diVided over the groﬁp of five
signal blocks such that each second block section comprises a third block section TB3.1 to
TB3.5, of two bytes longatthebegmmngofthesecondblocksecnonsoftheﬂvesxgnal
blocks SB1 to SBS respectively, and a third ‘block section in the form of one byte, denoted
by FB, 1sava11ablemtheth1rdsxgnalblockSBB The 187bytaoftheﬁntnansportpackct

'arestoredmthes:gnalblockssm SB2 and SB3, wheretheﬂneembymofthepacket

headerofﬂlefirsttransportpacket indicated by TH1, a:estotedﬁrstmﬂxesxgnalblock
SB1, dxrectlyafhermethxrdblocksecnonTB31 andnexttheﬁrstnﬁrstbytesmthebody
ofmeﬁmuansponpacketmsw:edmemﬁermmeseeondblmksecuonofmeslgnal
block SB1. Thenext75bymmmebodyoftheﬁrstuansportpacketarestoredmﬂ\e
second block section of the signal block SB2, after the third block secnon TB3.2, and the last
37bytesmthebodyofﬂzeﬁrsttransportpachetarestoredmthesecondblocksecnonofthe
signal block SB3, after the third block section TB3.3. : N

Next comes the byte FB, which indicates the boundary between the information
of the first and second transport packets stored in the group of five signal blocks. The 187
bytes of the second transport packet are stored in the signal blocks SB3, SB4 and SBS, where
thethreembytesofﬂtepacketheaderofﬂteseeondmsportpacket mdumedby'l'm are
storedﬁrstmthesxgnalblocksm duectlyaﬁerthebyteFB Nextﬂxeﬁrst&ﬁrstbym:n
thebodyoftheseconduansportpacketarestoredﬂxemﬂermmeseeoxmblpcksecnonof
the signal block SB3. The next 75 bytes in the body of the second transport packet are stored
in the second block section of the signal block SB4, after the third block section TB3.4, and
thelast75byminthebodyofthe.mbhduansponpﬁchetatémredinmemwndblock_
section of the signal block SBS, after the third block section TB3.5.

It should be noted that also another spreading of the 11 available bytes over the

five signal blocks is possible. As an example, the 11 bytes could have been split into two

third block sections, the one third block section having as an example 6 bytes and being
locatedatthebegmmngoftheﬁrsts:gnalblocksm andtheotherthudblocksecuonofS
byteslongbemglomtedmtheﬂnrdsxgnalblockandmdwaﬂngtheboundarybetweenme )
twotransponpacketssmredmmeﬁvemgnalblocks Anoﬂlerexamplecouldhavebeento
haveathxrdblocksecnonlocatedatmebegmmngofthesxgnalblocksSBlandSB‘.’aand
another third block section in the third signal block SB3, indicating the boundary between the
two transport packets stored in the five signal blocks, where the third block section in the
signal block SB1 can have eg. 4 bytes, the first third block section in the signal block SB3
eg. 3 bytes and the third block section in signal block SB3 indicating the said boundary being
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eg. 4 bytes long. - : .

The third block sections TBS 1 to TB3. 5 can be used for the storage of
additional information. As a first example, the third block section TBS 1 can mclude an
indication identifying the stgnal block SB1 as being the first signal biock in a group of five
signal blocks. Thlscanbereahzed bystonngmonespeclﬁcbltlocanonmthetturdblock _
section TB3.1 a bit value of a certain polarity, such as ’0’ or ’1°. In the same bit locations in
the third block sections TB3_.2 to TB3.5 a bit value of the opposne polarity should be stored.
In another example, sequence number information, eg. sequence numbers running from 1 to
5 can be stored in the third block sections TB3. 1 to TBS respectively, of the group of five
signal blocks, where the th.i'rd'block section TB3.1 has the eequence number *'1’ and the third
block section TB3.5 has the sequence number ’S’ stored in them. Three specific bit locations
in the third block sections TB3.1 to TB3.5 are reqmred to stored the sequence numbers. The
sequence numbers can however also run across the group boundaries 5o as to identify a
larger sequence of signal blocks, eg mthmonetrack, orevenm more than one track.

In another example, one speclﬁc bit lomnon in the third block sections TB3. 1
to TB3.5 of a group of five slgna.lblockscanbeusedtostoreenherabxtvalueofone
polarity, such as *0’ or '1’, so as to indicate that the video data included in the signal block
is so-called ’normal play’ data or a bit value of the opposite polarity, so as to indicate that
the video data included in the signal block is so-called *trick play’ video data. The use of the

‘normal play’ video data and ’trick play’ video data will be explained later. _

Inagmnanotherexample sequencenumbersaregeneraﬁedmresponseto
tmnsportpacketsmmeWEdemeamthausmved Ashasbeenexplamedea:het
snchMPEGdatastreameanmcludemoreﬂlanonevxdeopmgmm As the bit rate of the
MPEGdatasueamunormaﬂyhgherthanthebltmeofthemgnalthatcanberecorded
only one video program may be selected from the serial MPEG data stream for recording.
Selection ofonevideopregrammeensselecﬁonofuansppnpacketsoutof_thedata stream of B
the MPEG data stream that comprise the information relating to said video program, and
deleting the other packets. Consequently the serial array of transport packets that will be
recorded have sequence numbers that not nececsanly are next lngher numbers, as those
sequence numbers of the transport packets deleted are not present. When storing the
sequence numbers in the third block sections, those sequence numbers can be retrieved upon
reproduction. By checking the subsequent sequence numbers retrieved, it can be established
whether the original MPEG data stream apphed to the recordmg arrangement, originally
mcluded deleted transport packets between two transport packets reproduced. If so, a replica
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of the ongmal MPEG data stream can be regenerated by msertmg one or more dummy
packets between the two transport packets reproduced. . |
. In a related example timing information is stored in the thxrd block sections,
for the same reason as given above, namely for regeneratmg a rephca of the original MPEG |
datastreem, mthecasethatsuchdatastreamrsadatasuumhhvmgavanablebltrate _

_ Itwrllbeclearthatalsoacombmanonoftheaddmonalmfonnanondescnbed
abovecanbemcludedmthe ll bytesavarlableforthestomgeofsuch mformatsonma
group of five signal blocks

As an example, 1thasbwnmadecleerabovethata3—brtword1snwdedmme
third block sections to indicate the séquence numbers of the slgnal blocks in the group of five
signal blocks. More specifically, the 3-bit words "000°, ’001’ ’010’ 011’ and "100° could
have been used to identify the sequence “That means that the 3-bit words "101°, "110° and -
*111° remain available for a further identification. Asan example the 3-b1t words '101° and -
’110’ could be used to identify either normalplay data or tnckmode data

Frgures shows thettackformatofthen'acktftheMPEGmfomauonhasbeen _
stored in the second blockpomons ofthestgnalblocks ofthettackportronTPBofogure l

now denoted by track portion TP3’. FlgureSshowstheﬁrsttwosrgnalblocks() 1,2) in the

track portion TP3’ that still inciudes the auxrhary data, followed by 135 signal blocks (j=3

“toj= 137)nowcompnsmgtheMPEGmformauonandtheaddmonalmfonnauondescnbed

above. Next one signal block G=138) also comprising the auxlhary data, followed by 11
signal blocks eompnsmg the parity mformanon The storage of the MPEG information and
the additional information in the 135 srgnal blocks may reqmre an addmonal error encoding

'steptobeeamedoutonthesardmfonnanon resulnngmaddmonalpantymfomauonthat

should also be stored in a track.’ AstheMPEGmformanon whrchmcludesvrdeo
information and corresponding audio information, is stored in the signal 135 blocks in the

track portion TP3’, therexsnoneedforstonngaudromfomauonmthetrackpomonTMof

Figure 1. This portion, now denoted by TP2’ mFrgureS eenbeusedtostorethepanty

‘information resulting from the additional error encoding step.

Figure 6 shows schemanmlly one embodiment of the recordmg an'angement
The reeordmg arrangement comprises an input terminal 11 for recemng the MPEG serta.l
data stream for recording transportpacketsmcluded in thedatastreammthesrgnal blocksof
the track portions TP3’ ofthetracks Themputtermmal 11 xscoupledtoanmput 120ofa
'normal play’ processmg unit 14. Opnonally, a 'trick play processmg umt 16 is provided
having an input 17 also coupled to the input terminal 11. Outputs 19 and 20 of the ’normal
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play’ processing unit 14 and the ’trick play’ processing unit 16 (1f present) are coupled'tb

corresponding inputs of a multiplexer 22. It will be clear that in the absence of the "trick

play’ processing unit 16, also the muitiplexer 22 will be absent.

An auxiliary signal generator 24 is present for supplying the auxiliary signal
mformanon for storage in the signal blocks denoted by j=1, 2 and 138, see Figure 2. Outputs
of the multiplexer 22 andthegmeramruarecoup_le_dtocorrespondmg inputs of an error
correction encoder unit 26. The error correction encoder unit 26 is capable of carrying out a

 first error correction encoding step, denoted ECC3, and a second error correction encoding

step, denoted ECC2. Next a third error correction encoding step, denoted ECC1, is camed
out in an error correction encoder unit 28,

The recording arrangement further compnses a generamr 30 for adding the ID
mformauonmthebym i=3, 4 and 5 of the signal blocks, see Figure 2, for adding the index
mformauon for storage in the track pomon TP4, see Figure 5, and the gap information for
realizing the gaps G1 to G5, see Fxgure 5. After combination of the ngnals in the combining
unit 32, the combined signal is applied to a unit 34, in which an encoding is carried out
where each time 24-bit words of the incoming bitstream are converted into 25-bit words,
where a sync word is added so as to obtain the first two byfus (i=1,2) in the signal blocks
mdwheremeMinfomaﬁonisaddedformemmemk'porﬁonTPl.

The 24-t0-25 encoding carriéd out in the encoding unit 34 is well known in the
art. Reference is made in this respect to US patent No. 5,142,421, document (5) in the list of
references. This documentaléoducribaaway of adding the sync word to the data stream.

An output of the encoding unit 34 is coupled 0 an input of & writing unit 36, in

' whlchmedatasueamobtamedwxﬂltheencodmgumt%mreeotdedmtheslammkson

the record carrier, by means of at least one write head 42.

The first error correction encoding step, denoted ECC3, is required so as to
realize the additional error protection of the MPEG information to be recorded on the record
carrier, andresul&mpantymformahonﬂnatwﬂlbesmredmthemkporuonM’ as has
been explained previously. The second error correction enc.ding step, denoted ECC2, results
mthevemcalpantymformauonthatwﬂlbestoredmthellsxgnalblocks(l =139 to 149) of
thetrackportionTPS’,seéFiguresZandS.Théﬂlirdenotcomcﬁonmcodingstep, '
denoted ECCI, results in the horizontal parity information that will be stored in the last 8
bytes of the signal blocks in the track portion TP3", see Figure 2 and 5. o

Before afurﬂterdacnpuon of the normalplay processing unit 14 and the
*trick play’ processmg umt 16 of the recording arrangement of Figure 6 will be given, ﬁrsta
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schematic de'sctiption of the reproducing arrangement will be given. This has the advantage
that, when further describing certain measures applied in the processing units 14 and 16, a
direct relation can be given to the advantaga and consequences of those measures dunng
reproduction. = - | _ :
~ Figure 7 shows schematimlly an embodiment of a repmducﬁon arrangement for
reproducing information from the record carrier 40 obtained with the reoordmg arrangement
of Figure 6. The reproduction arrangement comprises a readmg unit 50, having at least one

: readmghadszformdmgmformanmﬁommeslm-mksonmerecordeamerm.An

output of the reading unit 50 is coupled to an input of a decoding unit 54, which carries out a
25-to-24 decoding on the signal read out, so as to convert 25-bit words in the incoming data
stream into 24-bit words. Next, after having selected out in the selector unit 56 all those
information that is not required for recreating a replica of the original MPEG data stream, an
error correction is carried out in the error correction unit 58. It will be clear that the error
correction carried out has three steps. OneerrorconecnonstepbasedontheECCI using
the horizontal parities, seeFxgureZ aseconderroreonecnonsﬁepbasedonEccz using
the vertical parities, andatlnrderrorcorrecnon step based on ECC3, usmgthepanty
information stored mtheu'ackporuon'I‘P2’ Seel'-'ngures

TheoutputtenmnalofﬂteenorconecnonumtSstcoupledtoanmputofa
’normal play’ processing unit 60. Optionally, a ’trick play’ procusmgumt&xspmvxded
having an input also coupled to the output of the error correction unit 58. Qutputs 64 and 65
of the 'normal play’ promsmgumtﬁOandthe tnckplay processing unit 62 (if present) are
coupled to corresponding terminals a and b respectively of ‘a switch 66, a c-terminal of which
is coupled to an output terminal 68, It will be clear that in the absence of the *trick play’
processing unit 62, also the switch 66 will be absent. If the reproducing arrangement is
switched into a *normal play’ reproduction mode, this means that the record carrier is |
transported at a nominal speed, that the *normal play’ processing unit 60 is enabled and the
switch 66 is switched into the position a-c. If the reproducing arrangement is switched into a
"trick play” reproduction mode, also called *feature mode’, this means that the record carrier
is transported at a speed other than the nominal speed, that the “trick play’ processing unit 62
is enabled and the switch 66 is switched into the position b-c. '

Now a further discussion will be given of the processing units 14 and 16 of
Figure 6, in combination with the processing units 60 and 62 of Figure 7.

It is assumed that the recording arrangement is capable of selecting one video
program and its corresponding audio signal from the serial MPEG data stream that is applied
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to the input terminal 11, in response to a selection signal supplied to the arrangement by a
user. As has been said earlier, only those transport packets in the serial MPEG stream should

be selected that include information relating to the video program selected. Figure 8a shows
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the serial MPEG data stream as a funcnon of time comprising the transport packets denoted
Py. It should be noted that the transport packets of the MPEG data stream do not comprise a

packanumber The packet number k, gwmmthepacketsml‘-’ngure& are therefore the
numbersthatwﬂlbegeneratedby thepachetnumbergenerator 86ofl=1gure9thathllbe
discussed later. _ : _
Selecting only those packets of the packets P, ofFlgure 8a that include informa-

tion relating to the video program selected means, as an example, that the packets B 4, Py ;,

Py Pyya, Pyyy Pryg Will be selected and that the intermediate packets will be thrown

away. As a result, a data stream has been obtained in the recording arrangement for
recording on the record carrier, as shown in Figure 8b, which shows the data stream as a
function of time. No conclusion should be drawn from the timing in the time scales of Figure
8a and 8b, nor from the relative location between the time scales in Figure 8a and 8b. This
for the reason that, -ashasbeensaidpreviously, the'bitraueoftheoriginaIWEGdata
stream (Figure 8a) is different from (lngher than) the bit rate with which the selected
tmnsportpacketswxllbereoordedonthereeordcamer

An embodiment of the 'normal play’ processing unit 14 forreeordmgadata
stream as shown in Figure 8b is shown schematwally in Figure 9. The embodiment denoted
14’ in Figure 9, comprise a selector unit 76 having an input coupled to the mput 11 of the
unit 14°. The selector uni,t.76 has another input 78 for receiving the selection signal supplied
by the user. An output 79 of the selector unit 78 is coupled to the input of a sync stripper
80, whoseoutputxsooupledmamgnalcombxmngumt& Further, an output 81 of the
selector 76 is coupled to a control input 83 of the combining unit 82, for supplymg a control
signal to the combining unit 82.

Themput 11 is further coupled toanmputofapacketdetector&t which has
an output coupled to an input of a packet number generator 86. An output of the generator
86 is coupled to a second input of the comblmng unit 82.

~ The selector 76 selects the transport packets Py 4, Py, Py, Pyig, Pryss Pros
from the serial MPEG data stream applied to the input 11 in response to the selection signal
received via the input 78. The packets selected are applied to the sync stripper 80, in which
the first sync byte in the packet header PH, see Figure 3, is deleted from the packets, in
accordance with a description given previously. The packet detector 84 detects the receipt of
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each ;- cket in the original serial MPEG data stream applied to the input 11 and generates a
clock impulse for each packet detected. The generator 86 includes a counter that counts up
under the influence of the clock.impulsés applied to the generator 86. Asa consequence a
next higher count number is applied to the output for each clock impulse received. At the
output 87 of the generator 86 thus appear count numbers .... k-4, k-3, k-2, k-1, k, k+1,
k+2, k+3, k+8, ... Under the influence of the control signal applied to the control input 83
of the combining unit 82, the control unit combines the packets Py 4, Py.;, Py, Prya, Prras
Py . s selected by the selectbr 76 as well as the count numbers k-4, k-1, k, k+2, k+4, k+8
out of the count number stream supphed by the packiet number generaﬁor 86 for storage into
the signal blocks
_ Flgure 10showsanexamplehowmemsponpacketsandmecorrespondmg
packetnumberscanbestoredmthegxoupsofﬁveslgnalblocks Figure 10 shows three
subsequent groups of five signal blocks, denoted G1, G2 and G3 in which the information is
stored. In the third block section TB3. 1 of the first signal block SBI of the group G, the
packet number k-4 i is stored and the mfonnauon compnsed in the packet P, , i is stored
thereaftermthesxgnalblocksSBl SBZandSB30fthegmqul Inthet!mdblocksecnon
denoted FB of the third stgnalb_l_ockSBS of the group Gl, the packet number k-1 is stored
and the information comprised in the packet P, ; is stored thereafter in the signal blocks
SB3, SB4 and SBS of the group G1. In the third block section TB3.1 of the first signal block
SB1 of the group G2, the packet number k is stored and the information comprised in the
packet P, is stored thereafter in the signal blocks SB1, SB2 and SB3 of the group G2. In the
thxrdblocksecnondemwdFBofthetlurd ﬂgnalblocksm ofthegmquZ the packet
number k+2 is stored andthemformauoncompnsedmthepacketPHzxs stored thereafter
mthesxgnalblnckssm SB4 and SBS of the group G2. Inthethudblocksecnonm 1of
the ﬁrstsxgnalblockSBl of the group G3, the packet number k+4 is stored and the
information comprised in the packet P, ., is stored thereafter in the signal blocks SB1, SB2
and SB3 of the group G3. In the third block section denoted FB of the third signal block SB3
of the group G3, the packet number k+8 is stored and the information comprised in the
packet Py . is stored thereafier in the signal blocks SB3, SB4 and SBS of the group G3. As
long asthenumberofbxtsofthepacketnumbernsmallerthanorequalms the packet
number will fit in the third block section FB, which is 1 byte long. -
Another example of storing the packet numbers in the third block sections is
given in Figure 11. In the third block sections TB3.1, TB3.2 and TB3.3 of the signal blocks
SB1, SB2 and SB3 respectively of the group G1, the packet number k-4 is stored and the
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information comprised in the packet Py s stored in the signal blocks SB1, SB2 and SB3 of
the group Gl, as explained previously with reference to Fig_i;re' 4. In the third block section
denoted FB of the third signal block SB3 of the group G1, as well as in the third block
sections TB3.4 and TB3.5 of the signal blocks SB4 and SBS of the group Gl, the packet
number k-1 is stored and the information comprised in the packet P, , is stored in the signal
blocks SB3, SB4 and SBS of the group G1, as explained previously with re“zrence to Figure
4. In the third block sections TB3.1, TB3.2 and TB3.3 of the signal blocks SBI, SB2 and |
SB3 respectively ofthegroqu2 mepacketnumberkmstoredandmemformauon
comprised in the packet P, is stored in the sxgnal blocks SB1, SB2 and SB3 of the group G2.
In the third block section denoted FB of the third signal block SB3 of the group G2, as well
as in the third block sections TB3.4 and TB3.5 of the signal blocks SB4 and SBS respectively
of the group G2, the packet number k+2 is stored'and the information comprised in the
packet Py, is stored in the signal blocks SB3, SB4 and SBS of the group G2. In the third
block sections TB3.1, TB3.2 and TB3.3 of the signal blocks SB1, SB2 and SB3 of the group
G3, the packet number k+4 is stored and the information comprised in the packet P, ., is
stored in the signal blocks SB1, SB2 and SB3 of the group G3. In the third block section
denoted FB of the third signal block SB3 of the group G3, as well as in the third block
sections TB3.4 and TB3.5 of the signal blocks SB4 and SBS of the group G3, the packet -
number k+8 is stored and the information comprised in the packet P, ¢ is stored in the
sxgnalblocksSBS SB4andSBSofthegroqu3

Instead of storing the packet number k-4 in the third block section TB3.3 of the

signal block SB3 in group G1, one could have stored the packet number k-1 in said third
block section. Instead of stoﬁng' the packet number k in the third block section TB3.3 of the
signal block SB3 in group G2, oneoouldhavesmredthepacketnumbuk+2msa1dﬂurd
block section. Inmdofstonngmepacketnumberk+4mthetluxdblocksecnon'I'BB 3 of
the slgnalblockSBSmgroqu3 onecouldhavestoredthepacketnumberk+8 in said

third block section.

Figure 12 sche'matically shows an embodiment of the *normal play’ processing

" unit 60 of the reproducing arrangement of Figure 7, for regenerating a replic: of the original
MPEG data stream of Figure 8a from the data stream as shown in Figure 8b, using the

packet number information also stored in the signal blocks, in the way described above. The
regenerated replica of the MPEG data stream is shown in Figure 8c. The embodiment of the

normal play’ processing unit of Figure 12, denoted by 60", comprises a demultiplexer 90
having its input coupled to the input 59 of the processing unit 60° for receiving the
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subsequent groups of signal blocks, such as the groups Gl, G2 and G3 of Figure 10 or 11,
and for retrieving therefrom the packets that are supplied to an'output 91 and for reirieving
the array of packet numbers ... k-4, k-1, k, k+2, k+4, k+8 .... from the third block
sections in the signal blocks, and for supplying the said array of packet numbers to an output
92. The packets retrieved are supplied to a sync adder circuit 94 in which the one byte long
packet sync signal is reinserted as first byte in all the packets. The packets thus obtained are
supplied 0 an input 95 of a combining unit 96. The output 92 of the demultiplexer 90 is
coupled to inputs 97 and 98 of the combining unit 96 and a dummy’ packet generator 100
respectively. An output 102 of the dummy packet generator 100 is coupled to an input 103 of
the combining unit 103. An output 105 of the combining unit 96 is coupled to the output 64
of the *normal play’ processmg unit 60°. -

Let us nowassumethatthepacketh_4andtl1epacketnumberk-4arerem=ved
fromtheﬁrstgroqul of five signal blocks, andareapphedtothecombuungumt%and
the dummy packet generator 100. This results i in the packet Pey bemg supphed to the output
105 by the combining unit 96. Next, the packet P,.; and the packet number k-1 are retrieved
from the group Gl and are applied to the combining unit 96 and the dummy packet generator
100. It is established by means of 2 comparator and/or a subtractor (not shown) that the
packet number k-1 is not the next higher packet number of the packet number k-4, received
previously, and that two packet numbers are missing. As a result, the dummy packet
generator 100 generates twice a durnmy packet of the same l'eh'gih as the other packets in the
data stream, and the combining unit 96 inserts those two dummiy packets in the serial data
stream, directly after the packet P, 4, see Figure 8c. Next, the combmmg unit 96 inserts the
packet Py, into the serial data. stream. ' ' '

Itshouldbenotedhm,thattherexsnospecxﬁcneedfmmegenerator 100 to
be explicitly a dummy packet generator. It is also possible that the generator 100 i is a dummy
info generator that generates dummy info of a certain length in time, this length of time
being equal to the length of time of a packet or equal to a muitiple of the length of time of a
The packet Py is the next packet that is retrieved by the demultiplexer 90, and
the packet is supplied, after the addition of the sync byte, to the input 95 of the combining
unit 96. Thepacketnumberklssupphedtoﬂlemputs97and98 of the combining unit 96
and the dummy packet generator 100. As-the packet number k is the next higher packet
number to packet number k-1, no dummy packet is generaued and the packet Py is supplied

" to the output 105.
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Next the packet Pk+2 is retrieved. After companson of the packet numbet k+2
with the prevmus packet number k retrieved, it appears that one dummy packet must be

..msertedmthesenaldatastream Next, the packet P, , , is added to the data stream, see

Figure 8c. This process is continued for the other packets, so as to obtain the regenerated
replica of the MPEG data stream of Figure 8c. When comparing Figure 8a and 8c, it will be
clear that Figure 8c shows an MPEG serial data stream having the same bit rate and packet
rate as the MPEG data stream of Figure 8a. This data stream can now be applied to a
standard MPEG decoder which is capable of decoding the one video program selected by the
recording arrangement during recording, from the MPEG data stream of Figure 8c.

Figure 13a shows an MPEG serial data stream as a function of time, the data
stream comprising packets P, having a variable length, and the bit rate in the data stream
also being variable. It should be noted that the transport packets of the MPEG data stream do
not comprise a packet number. The packet number k, given to the packets in Figure 13a, are
therefore only added in this description for identification purposes. Figure 14 shows -
schematically an embodiment of the .’normal play’ processing unit 14 for recording one video
program that is included in the serial data stream as shown in Figure 13a. The embodiment
denoted 14" in Figure 14 shows large resemblances with the embodimer.. »f Figure 9. The
embodiment 14" differs from the embodiment of Figure 9, in that, instead of the packet
number generator 86, now a timing detector 110 is presént, having its input coupled to the

- output of the detector 84, and having its output 111 coupled to the input 112 of the

combining unit 82. | : _
| Selecting only those packets of the packets P, in the serial data stream of Figure

- 13a that include information relating to one video program that will be selected again means,

as an example ﬂlat the p“m Pk-4’ Pk-l’ Pk’ Pk+2’ Pk+4’ Pk+8 will be selected and that

| thexntennedmepacketsmllbemrownaway Figure 13b shows the data stream of the

selectedpacketsthathllbesmredmthegroupsofslgnalblocks as already has been
explmnedw1threfereneetoF1gures 10 and 11. It should be noted also here that there is no
time relationship between the time axes in Figures 13a and 13b. Further, it should be noted
that, althonghmepacketsmthedatastrenmofﬁgure 13a have unequal length, they all

. include 188 bytes of information. Therefore, the packets selected and dlsplayed in Figure 13b

have been shown as packets having an equal length _

- The embodiment of Figure 14 receives the data stream of Figure 13a and selects
therefrom the packets Piss Pi1s Por P2 Prsds Prsse The packet detector 84 detects the
receipt of each packet in the original serial MPEG data stream apphed to the input 11 and



10

15

20

25

30

WO 9527977 . ' ' S PCT/IBY5/00165
| 2 o
generates a clock impulse for each packet detected. In response to each clock impulse
received, the timing detector 110 detects the time mstants te see Figure 13a, of occurrence
of the packets P,. Thus at the output 111 of the detector 110 appear the time instants ... .,
t3s 2otk ber --- €C. Moreover the time detector 110 detects the lengths of the time |

intervals dt, between two subsequent time instants, where dt; équals the time interval t , 4.
Those time interval values dt; are also applied to the outpiit 111. Under the influence of the
control signal applied to the control input 83 of the combining unit 82°, the control unit

combines the packets Py.4, Py, Py Psgs Pyygs Prsg Selected by the selector 76 as well as

the time instants and corresponding time intervals t, 4, dy.y, .15 g &, Oty, teyr, dtk.,.z.
4> Ate i gs beipgy dby g OUt Of the information stream supphed by the nmmg detector 110
for storage into the signal blocks '

The storage of the transport packets in the signal blocks will be carried out in
the same way as discussed aboﬁe*with-'reférence to F'iguies 10 and 11. ‘l'he’siorage’ of the
unnngmfomauonmtheﬁmdblocksecnonsmbeasfoﬂows |

~ In the third block section TB3.1 ofﬂleﬁrstslgnalblockSBl of the group Gl
of Fxgure 10, the timing information t, 4 and dt, , is stored. In the thn'd block section
denoted FB of the third signal block SB3 of the group G1, the tunmg information t.; and
dt,., is stored. In the third block section TB3.1 of the first signal block SB1 of the group
G2, the timing information t, and dt, is stored. In the third block section denoted FB of the
ﬂurdsxgnalblockSBSofﬂ)egroup(ﬂ theummgmformanontk+zanddtk+zxsstored In

- the third block section TB3. lofﬂleﬁrstmgnalblockSBlofthegmqu3 thetumng

information t, . , and dt,, ,is stored. In the third block section denoted FB of the third signal
block SB3 of the group G3, the timing information t, . and dt, , ¢ is stored. |

It may be so that the third block section TB3.1 in the first signal block SB! in
the groups and/or the third block section FB in the third signal block SB3 in the groups
is/are too small for storing the timing information. In that case, the timing information can
bestoredsomewhueelse ormbesmredpartlymtheﬂnrdblocksechon'l‘BSlandFB
andpartlysomewhereelse see below.

_ Inaccordancethhﬂxeexampleofﬁgm 11, thennnngmfonnauontmand
dt,.4 is stored in the third block sections TB3.1, TB3.2 and TB3.3 of the signal blocks SB1,
SB2 and SB3 respectively of the group G1. The storage of the timing information can be
carried out once in the total storage capacity of the third block sections TB3.1, TB3.2 and
TB3.3 or can be repeated at least once. As an example, the timing information ¢, 4 and dt,,

*is stored in each of the third block sections TB3.1, TB3.2 and TB3.3. The timing
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information t,.; and dt;. can b stored in the third block sectioiis FB, TB3.4, and TB3.5 of
the signal blocks SB3, SB4 and SBS respectively of the group G1. The storage of the timing
information can be carried out once in the total storage capacity of the third block secnons
FB, TB3.4 and TB3.5 or can be repeated at least once. As an example, the timing |
mformanontk_4anddtk_4xssmredmeachofthemudblocksecnonsTBS4andT835 It
may be possible to store the nmmg information for the packet Pk_l in the third block section
TB3.3. It is furtherpossxbletosmrethetxmmgmfonnauonmtheﬂnrdblocksecnons 1'334
and TB3.5, and not in the block section FB. ' '

The timing information for the packet P, can be stored in the third block
sections of the group G2 in the same way as the timing information for the packet P, , has
been stored in the third block sections of the group Gl. The tumng information for the
packet Py, can be stored in the third block sections of the group G2 in the same way as the
timing information for the packet P, ; has been stored in the third block sections of the group
Gl. __ o |
The timing information for the packet P, 4 can be stored in the third block
sections of the group G3 in the samewayasthennnngmfonnanon forthepacketPH '
been stored in the third block sections of the group G1. The timing information for the
packeth.,.acanbestoredmthethxrdblocksecnonsofthegroup63mthesamewayasthe
timing information for the packet Py ; has been stored in the third block sections of the group
- Figure 15 schemaucally shows an embodiment of the *normal play® processing
unit 60 of the reproducing arrangement of Figure 7, denoted 60*, for regenerating a replica
of the original MPEG data stream of Figure 13a from the data stream as shown in Figure
13b, using the timing information also stored in the signal blocks, in the way described
above. The regenerated replica of the MPEG data stream is shown in Figure 13c. The
embodiment 60°*of Figure 12 shows a large resemblance with the processing unit of Figure
12. The demultiplexer 90’ is again adapted to retrieve the packets from the subsequent
groups of signal blocks, and to supply the packets to the output 91. The demultiplexer 90" is
further adapted to retrieving the timing information t, and dt, from the third block sections
in the signal blocks, and for supplying the said timing information to the output 92. A sync
byte is added to each packet in the sync adder 94. The packets thus obtained are supplied to
the input 95 of the combining unit 96°. The output 92 of the demultiplexer 90 is coupled to
inputs 97 and 98 of the combining unit 96’ ahd a dummy info generator 100° respectively for
supplymg the timing information to the combining unit 96’ and the generator 100°.
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Let us now assume that the packet P, 4, and the corresponding timing
information are retrieved from the first group G1 of five signal blocks, and are applied to the

 combining unit 96° and the dummy packet generator 100°. This results in the packet P,

being supplied to the output 105 by the combining unit 96', in response to the timing
information. The length of the packet Py, will be equal to dt, and the packet will be
applied to the output 105 at a time instant cormpondmg to tH Next, the packet P, and
meummgmfomauonconesponmngwmepacketh.laremedfromthegroquI and

: areapphedtothecombxmngumt%’ andthedummypaclnetgenetator 100°. It is established,

by means of a comparator and/or a subtractor (not shown), that the time instant t, , is not
equal to t,_,+dt, ,. Consequently at least one packet-following the packet Py 4 has been
thrown away during recording. As a result, the dummy info generator 100’ generates a block
ofdummymformauonsoastoﬁllthegapbetween theendofthepaclnetPH, attheume :
instant tk_4+dtk_4, and the time instant t, ,, see F1gure 13c.: -
Next the combmmg unit 96’ inserts the packet Pk, havmg the length dt, , into
the serial data stream.
Thepackethxsmenextpacketthatlsremevedbythedemuluplexer% and
the packet is supplied, after_theaddmonofthe sync byte, to the input 95 ofthecombmmg

~ unit 96’. The timi_ng information eorrespondin_g',-to the packet Pk is suppliéd to the inputs 97

and 98 of the combining unit 96 and the dummy info generator 100°. As t, equals t, ; +dt,,

'no dummy information need to be is génemted, and the packet Py is supplied to the output
'105. ' '

Next the packet Py ,., i retrieved. After comparison of ty,, ith ty+dt, it is
establishedthatagapisprmtthatneedtobeﬁlledwiﬂl dummy information generated by
the generator 100°. Next, the packet Py, having a length dt,; is added to the data stream,

see Figure 13c. 'I‘luspmcmxsoonunuedfortheotherpackets S0 as to obtain the regenera-

tedrephcaofthemEGdaummofFlgurq.IBc.WhencompmngFgure 13a and 13c, it

- will be clear that Figure 13c shows an MPEG serial data stream having the same (variable)

bit rate and packet rate as'the MPEG data stream of Figure 13a. This data stream can now
beappﬁedmastandudWEdeoderwhichiscapabhofdewdingmeomﬁdwmgram
selected by the recording arrangement during recording, fromtheMPEGdatasmnof
F1gure13chavmgthevanableb1tratcandpacketrate. o
B Now,omermfonnanonwxllbedescnbedthatcanbemsertedmthefreespace
in the groups of signal blocks alone or together with the packet number information and/or
themmngmformauondmnbedabove ' '
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One example 6f Siich other information is the inférmation identifying a signal
block in a group of y(=>5) signal blocks to be the first signal block in the group of signal
blocks. Such information can be stored in the third block secnons TB3.1 of the signal blocks
SB1 in the groups Gl, G2 and G3, m Figures 10and 11. .

Another example of such other information is the mcluslon of a signal block
number in the third block sections of the signal blocks such as in the situation of Figure 11.
Signal block numbering can be carried out within a group, so that in the example of Figure
11, the numbers 1 toSaresmredmthemlrdblocksecnonsTBS 1 toTB35respect1velyof
the signal blocks SB1 to SBS in each group. Signal block numbenng can also be realized for
a larger number of signal blocks, belongmg to more than one group of signal blocks. One
could imagine that all the signal blocks in one track have a uixique signal block number
stored in the third block sections of the signal blocks. Now, all the signal blocks in a track
can be identified by their unique signal block number.

Slgnal block numbering the signal blocks as described above has a number of
advantages. Numbenng the signal blocks open the possibility to shuifis signal blocks in an
order different from their original order, as long as the shuffling is done within a group of
signal blocks identified by unique signal block numbers. By dewctmg the signal block
numbers upon reproduction, a deshuffling can be carried out on the shuffled signal blocks so
astoobtamtheongmalsequeneeorderoftheslgnalblocls | |

Anoﬂlermeasureﬂlatcanbeeamedoutrsrepeaungasrgnalblock for the
reason that the recording and subsequent reproducnon of the information included in the
signal block require a higher protection against transmission errors. Repeated signal blocks
will have the same signal block numbers 5o that they are icontifiable upon reproduction.

Further, upon detection of the signa block numbers, it can be detected whether
a signal block has been lost because of transmnssron errors occurring during the subsequent
recordmgandreproducnonstep Whenmrssmgasrgnalblocknumbermasequenceofslgnal
block numbers, it can be decided that the signal block havmg the signal block number that
hasbeenmxssedrslost Uponsuchdetectron anetroreorrecnonoreoncenlmenteanbe
mmedoutsoastocorrectoroonealthemrssmgsrgnalblock '

~ Next, an explanation will be given of the funcnomng of the trick play’
processing units 16 and 62 in the recording arrangement of Flgure 6 and the reproducing
arrangement of Figure 7 respectrvely For carrymg out a trick mode (or feature mode)
reproduction with the reproduction arrangement the record carrier 40 is transported with a
speedotherﬂlanthenommaltransportspeed. F1gure 16 shows the record carrier 40 having a
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numberofslantu'acksrecordedonu Figure 16 also shows a path, denoted by the reference
numeral 120, vmwhxchpaththemdmgheadﬁscanstherecordcametmwdmckmode.
Generally, the mformatmn in the tracks i is recorded by at least two heads having gaps of
different azimuth angles, so that even numbered tracks have the one azimuth and odd
numberedtrackshavetheothermmuth Thatmunsthat,whmmnmgmemordmmer
along the path 120, thehendsz whachheadhasoneofthetwoazlmuﬂlangles ‘will be able
toreadmformauonfromonlytheevennumbaedoronlyﬂleoddnumberedtracks

Inordertoenableareproducnonofvxdeomformauondunngamckplay
mode, especmnymﬂiecaseofwdeomfonnanonbemgmordedmadatareducedfom,1t1s-
reqmred to add specxal trick play information in special locations in the tracks such that those
locanonsuescannedbymehadﬁformevamusuausponspeedsformemdmer
thaxarepossnblematnckplaymode Thlsmckplaymfonnauonxsspemlwdeo
mfomauonmordedmaddmonmthenomalphyvxdeomformaummathasbeenmmrded
mmetracksmmewaydmnbedabove As a consequence some of the signal blocks ina_
u'ackcompnsemxsmckplaymfomlauon,wlnchshouldbescannedandmdbymehmdsz
in the trick play mode. '

ItshouldbenowdhmthatthemBGdata asfarasthewdeodatamthe
MPEGdatasuumxsconcemed compnsesdataredueedv:deomformanon To realize such .
daureducedwdeomfonnanonthemformanoncouespmdmgmmpwmremmuaencoded
soastoobmnsomlledl—fmna Amghetdatareducnoncanbeobmnedbywrymgout
an interframe encoding on at least two subsequent pictures, ruulung in an I-frame for the
ﬁrstpxctureandaP—ﬁameforthewondpwmre Formeaungthetwopncmman
intraframe decoding, mvasetothemu'afnmeemodmg mustbecamedoutonthel—fmme
mfomanon,soastoregmteﬂmﬁrstpmre andanmterfmnedeeodmg inverse to the
mterﬁ'amemodmg,mnstbewnedoutumgboththel—fmmemformauonandﬂreP—fmme
information, soastoregeneratemesecondpxcmre. '

_ Inatnckmode onlyl-ﬁamemformauonmbeusedmregmmteawdeo
signal as retrieving notonly mel-ﬁamemfonnauonbntalsoﬂleconupondmg P-frame
mformanonsoastoreahzeanmﬁerframedecodmg nnotposs:ble.’merefore,morderto .
obtain the trick play mformanon only the information stored in I-frames included in the
senalMPEGdatastreamnsexn'actedandusedas’mkplay data.

Itmbesudthatmaspeclallocauonmatrack,suchasmthelocauon
mdxcatedbyﬂxehatchedarealzzmthemcklumﬁgurem a number of signal blocks
are inserted that comprise the mck_play information. Fxgu_:e__l‘? shows the sequence of
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 signal blocks in the track. 124. The hatched area 122 in Figure 16 is formed by the sequence

of signal blocks SB; to SB; inclusive in the sequence given in Figure 17. The third block
sections TB in the signal blocks comprised in the trick play area 122 of the track now
comprise an indication that the signal blocks comprise trick mode information. This
indication information is denoted by 'T’ in the third block sections TB3 of the signal blocks
SB; 1:0813J inclusive. The ugnalblocksshoredmtheuackpnortothe trick play area 122, as
well as the mgnalblocksstoredmthetrackafterﬂlemckplayarea 122 comprise
information indicating that the information stored in the sngnal blocks is normal play
information. This indication information is denoted by "N’ in the third block sections TB3 in

the signal blocks SB, 5, SBy ;, SBj .

The 'trick play’ processing unit 16 of Figure 6 is thus capable of denvmg the
trick play information from the MPEG data stream applied to its input 17, storing the trick
play information in those signal blocks that are specifically meant for storing the trick play
information in a specific location in a track and for inserting the indication information
indicating that the signal block isa sngnal block in which trick mode information is stored in
the third block sections of those signal blocks. The *normal play’ processing unit 14 will
further be capable of storing the mdxcauon information indicating that the signal blocks
generated by the unit 14 comprise normal play information, in the third block sections of
those signal blocks '

' When the reproducmg arrangement is switched into its trick mode, the trick
play’ processing unit 62 will be capable of detecting those signal blocks that have the *T’
identification stored in their third block sections and to retrieve the information from those
sxgnalblocksforfurtherproeemng soasﬁorealmearevnewmgopuondunngmemckmode

_ The embodiments described above describe a scheme for receiving an MPEG
transport stream, recording it asynchronously on a DVCR, and recreating the original MPEG
transport stream during playback. This can be broadly viewed as a method of transmitting
timing critical data (the MPEG data stream) via an asynchronous channel (the DVCR).

' In addition to transmitting MPEG data streams, there are various other
applications that may require the transmission of timing critical data over an asynchronous
channel. Asynchronous here means that the physical data rate of the channel is different
from the transport rate, the rate of the data to be transmitted, so that the bitwise timing of
data is not maintained through the channel transmission. ' '

" In the MPEG transport stream as an example of timing critical data, the relative
arrival time of a datum which represents timing information of the transport stream, i.e., the
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Program Clock Reference (PCR), must not be changed beyond a specified tolerance through
transmission without changing the PCR value accordingly. This is because otherwise, the
Phase Lock Loop (PLL) circuitry ofadecodethllfaxltoregeneraﬁethedataclock andthe
buffers may under/overflow.

This problem of how. to transmit timing critical data over an asynchronous
channel without changing any datum to be transmitted also exists where the asynchronous
channel is a computer network, a telephone network or a digital interface, e.g. P1394,

As explained above in connection with the MPEG application; the basic scheme
is to tag each transmission unit, ¢.g., an MPEG transport packet, with timing information
before transmission and use the tagged information to recreate the proper data timing at the
other end of the channel. Three possible situations may arise. _

1. If both the size of the transmission unitandthetransport rateareknownand
constant _ : Lo
: Theuansmmersndeofthechanneltagseachmmxsmnuanthasequeme
number w!nchlsmcreasedbyoneateachu'ansmmnonnmt The tagging is done, as one
example, by msemngaﬁxednumberofb;tsmfromofeuchuanstmmonumt. A number of
bits for the tagging is chosen se that the number of sequence represented is large enough to
cope with the maximum consecutive missing transmission units due to, for example, channel
errors. Therecexverﬂdeofﬂlechannelhasabufferandaeounter The counter is loaded
with the sequence number of the first received transmission unit at the beginning of each
transmission session and is increased by one each time when the receiver sends out a
transmission unit or a dummy unit. If the sequence number of a received transmission unit
matches the counter value, the received transmission unit is sent out, otherwise,  necessary
number of dummy units are sent out until the counter value matches the sequence number.
The receiver strips off the tagged mfonnauonandsendsoutau'ansnusuonumtoradnmmy
umtatthehxownandconstantrate : :

2. If the size of the transmission unit is known and constant but the transport rate is
unknown | N

The transmitter side of the channel tags each transmission unit with, for
example, two pieces of information which is sufficient to determine the start time and the

. end time of the transmission unit. ‘For instance, a pair of the start time and the end time

itself or a pair of the start time and the time duration. of the transmission unit can be used.
The receiver side of the channel now has to regenerate the transport rate from the tagged
information in addition to checking the start time of each transmission unit. There is no
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need to msert dummy units m this case, |
fic data is important . :

If there is no need to mamtam the 1d10syncmcy of the entire transport stream |
ie., onlytheunungofspecxﬁcdatahastobemmntamed there is no need to regenerate the
transport rate from the tagged information, prov:ded the tmnsport rate generated by the
receiver is high enough so that no time overlap of trsnsxmss;on units will occur. The
transmitter side of the channel tags each transmission unit with the location of the timing
cnnealdatumandltsexpectedamvalume If the location is known and constant, the
loeanonmformauoneanbeonntted Iftherearemorethanoneunungcnnealdatameach '
unit, a number of extra information pairs can be added accordingly. The receiver side of the
channel determines the start time of each transmission unit from the output transport rate, the
location and the expected arrival time of the timing critical datum. There is no need to insert
dummy- units in this case. '

_ Flgure 18 is a block dxagram of another form of the basic system, again. -applied
to the MPEG application where R represents the transport rate of the MPEG data stream
subdivided into transxmsslon units in the form of a succession of transport packets from a
digital interface (D-I/F) '

Selecuonblock l3000rrespondstotheselector760f1‘-‘1gure9 This
embodiment corresponds to situation 2, and thus comprises a reference clock 132 and counter
133 todeﬁemnneﬂleunungmformanmofﬂlempuueddatasueamandugeachuanspon
packet via block 135 with a “time of arrival” (TOA) stamp and “duration of arrival” (DOA)
stamp, both mthreepect_totheloealeounter. These tagging bits are recorded via buffer 137
onto tape along with the corresponding transport packets (TPs) using the extra bits available
fromthe2ﬁo53yncblocksmappingasdes¢ribed_eerlier. _

~ On playback, each recorded packet is read out at its correct time and rate
according to the “time of amval" and “duration of arrival® stamp information under control
of a read control block 138. The TOA stamp indicates the time when the VCR should start
reading that particular TP from the buffer 131 and output it to the D-I/F. The DOA stamp
indicates the rate at which that TP shouldbemdout, i.e., 188 bytes of that TP must be
mddunngtheDOAofthatpacket, heneetheraneeanbeeasﬂycompuﬁed The MUX
block 139 is used in the normal way to. mterleave the tagged packets with trickmode and nuill '
packets as desired, and the DE-MUX block 140 acts to strip added packets on playback.
This schemerepmducesanthedesuedpacketsatprecnselymenghtnmeandatmeconect
rates However, the output stream does not fill in the missing packets, hence has gaps. The




10

15

20

25

30

WO 9527977 . | o | PCT/IB9S/00165
30

main reason for ﬂus is that the input stream can have gaps whxch are not an integer number
of transport packet length. For example, theGmndAlhaneestteammexpectedtohavegaps
wlnchareassmallasZObyteslong Theseeanobvmuslynotbeﬁ]ledbytheVCR
Moreover,mﬂnsschememenonrecordedPIDpacketsalsoappwasgapsmtheoutput
transport stream. . . .

| Flgure19g1manexampleofﬂ1euansportstreammulnng Intheupper

_diagram, as an example, themputttansportstrammatwopmgmnsu'eam program A and

B. We record only program A. On playback, allthepacketsbelongmgtoprogmnAare
reproducedatpteclselyme_:rongmalumaandrates howevu'there_lsnoﬁlhngmforthe
nonrecorded program B. H'en'eetheoinput stream, shownmthe lower diagram, is more
burstythanmempntstream IfthempntsuumwasavahdeGsxgnal the output

. stramwﬂlalsobevahd

Theunnngmformanonmthemputdatas&umkmbedeﬁemnnedma
number of different ways not important to the invention. "One sxmple way, as an example, is
toconnectthemputdatastmamtoaknownpacketdeﬁecﬂorcucuu134wh1ch<zndewctthe
start and end times of each incoming TP. The outputs of thepaclnet detector cn'cmt can then
be used to detect counter values of the counter 133 which represmt the desu'ed timing
information. ThereferenceclocleZmustbethesame&equemyfotthetecordmgand
playback process for consistent mta'pretauon of the tagged mfonnanon and appropnate steps
takenmnunahzemewunterl%mapmdemnedmannathatmconmwntdunng
recording and playback. 'merecordednmermformauonxssm;»pedfmmmemsport
suummtheradconuolblock138andlsuwdtodeﬁemunewhenthestoredTPscanbe
output.

For situation 1, wherethenansportmeofthemconungmmponstreamm |
constantandknown avananonontheprevxousmethodanbeusedtorecmteﬂussu-eam
onplayback. Themamfanuesoft!nsembodtmtreqnueonlyaloaleounter(mplaceof
merefermceclockandoounterofhgurelS),mcremenungattheamvalofe;achn'ansport
packet, and tagging each transport packet with a "sequence of arrival® (SOA) stamp, using
the extra bits available from the 2 to S mapping. On playback, each time a "discontinuity”
in the SOA tag is detected, it is assumed to have come from a TP that has not been

recorded. These "missing" packets are replaced with Null packets. All TPs are output at

the known and constant transport rate. The Figure 20 time diagrams illustrate the input and
output streams showing maintenarice of the critical timing mfonnauon |
In the block diagram of Figure 18, only the data flow is shown by the arrows.
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Those skilled in the art will understand that several of the blocks are interconnected for

‘command and control mgnals thatarenot shown in the figure.

As prevmusly mdlcated the invention is also apphmble to other data formats
and other ways of preserving the critical timing data. Fig. 21 shows a block data
transmission unit of some channel in which each data block 150 comprises a preamble 151 in
the form of a block header, a block payload 152 for carrying the data stream, and a
postamble 153 in the form of a block CRC. _Fig. 22 shows one example of the formatting of
the block payload 152 in an MPEG application. In this example, the block payload 152
carries 5 188byteMPEGtransportpackets 160..164. Thaeare6pommrs 166..171 to byte
positions of the transport packets. Data 173. 178 assocxawd with each byte pointer 166.171
is timing information. All pointers and associated data representing timing information
requireanextra24bytes'ason-eexample to be stored in addition to the 5 transport packets.
These are stored in a payload tag or header 180 Assuming for the example 10 bits for each
byte location pointer x 6 pomﬁers (166..171) = 60 bits; 21 bits for each timing data pou'mer x
6 pointers (173. 178) = 126 bits; totalling 186 bits or approximately 24 bytes.

As will be noted, thebyteposmonpomtersneednotallpomttothebegmmng
andtheendofapamcularpacket Intlusexample, whlchlspteferred only byte location

pointers 167 and 168 point to the beginning and end locations of the second transport packet

161. Theomerbytelocanonpmnterspomttoalocanonoffsetfromthebegmmng That
offset location preferably is the location of the PCR, typically located at the 12th byte after
the beginning of the transport packet and which is eonvenuonally used for timer recovery as
asyncpulsetolocktheclockmtlwapparatustotheclockoftheencodmg source of the data
stream. Bythxschmceofbymlocauonpomters only6pomwrs 166..171 are needed to
unambiguously 1denufy the tumng information of the sequence of 5 packets 160..164, with 1
packethavmg2polmersandwnhtheremammg4packetshavmgonly 1 pointer. -The
associated data 173. 178mth1:casexsthenmemstantspmntedtobyﬂle6pomters The
associated data can also include the ‘packet number. Where the bit rate is known and
constant, the data could be the packet number alone. The resultant total payload is the 5
packets 160..164 plus the payload header or tag 180 which contains the timing information
for the succeéding S TPs. - '

It will be understood that what is contained in the header 180 are two fields
associated with information unit. For example, it would contain the byte location pointed to
by pointer 166 and a second field containing, for example, the timing information for that
byte location. | '
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" To implemient the scheme illustrated in Figures 21 and 22, the -same appamtos
depicted in Figure 18 can be used with a block formatter stage posmoned before the buffer
stage 137 to provide the block formatting including provndmg the block headet computing

* and adding the payload tag, and adding the transport packets and _CRC block before

recording. | |
The various tnggmg opuons usable thh the mvenuon are summanzed in Figure
23. Tagopnonlmcludeeﬂlepacketstartandendnmes tagopnon2mcludeethepacket |
startumeandpacketdurauon tagopuonSmcludesaummgcnucaldaumsuchasthePCR
whose location is known thus only 1 pointer or item of mformanon compared with the other
options which require at least two information items.

It will be understood that the expression nnungmfonnanon hasbeenused
herein in its broadest sense to include not only the information dep:cted in Figure 23, but
alsopacketsequencenumbers andmgeneralallmformauonnwdedforunungtransparency
meanmgtha:fmmthevxewofanextemalobservor,mechanneldoesnotaffectoralterthe
timing. '

The mvennonhasbeendeccnbedmammmon whexe real-umedata(the _
broadcast or transmmed—by-cable MPEG information slgnal) is recorded on non-reul-nme
media (the DVCR). Arother lmportant example is what is known as a P1394 D-I/F and in
which an asynchronous transfer is involved in which it is essennal to recover the timing of
the original data stream. ' _

InP1394mtetfaeepmtocal datablockssxmﬂarmﬂ\atshowanxgureZIare
used for data transmission, for example, betweencompuﬁersorconsumerelectromc
apparatus. IfthedatawasMPBGu'ansportpacbts medeecnpuonglvenabovewuhxespect
to Figures 21 and 22 could be used. Inthmcase,thechannelunotstonngthemEGdata
sn'wnbutduetotheasynchmnousnanneofthePISMmﬁerm thecorrectnrmngofﬂle
WEGpackeumlostmthoutmgthemvmnondesmbedherem
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comprising the steps:

(i) providing the mmng—crmal data subdmded into a stram of successive
critically-timed transmission units, :

(ii) determining from the timing-critical data at least one item of timing
information from which the timing-critical data can be recreated,

(iii) tagging at least some of the transmission units with said at least one item
of timing information, | |

(iv) transmitting said trans:mssmn units with the tagged items of nnung
mfonnanon over the asynchronous channel, .

(v) receiving from the channel the transmission units with the tagged items of
timing information, .

(vi) recreating from the information received in step (v) the timing-critical

data. |
2. The method of claim 1, wherein the timing-critical data is an MPEG data
stream, and the transmission units are transport packets.

3. The method of claim 2, wherein the channel is a digital VCR.

4, The method of claim 2, wheremﬂlechannelxsasyncluonmm

5. | The method of claim 1, whemnthcumngmformauonforoneu'ansnumon

umtcompnumlymepmnﬁermabyteloeanonoftheuansmmumtandassomwd
timing information.

6. The method of claim 1, wherein the timing information for a plurality of
transmission units comprises two pointers to byte locations of some of the plurality of
transmission unitsandonepointertoabytelbmﬁonofﬂleremainduoftheplunlityof
transmission units together with the associated timing ' mformauon

7. The method of claim 6, wherein the timing information for the plurality of
transmission units is stored in a data unit associated with the plurality of transmission units.

8. ' The method of claim 6, wheremmetwopomterspomttomestanandend
times respectively of said one u'ansmxssmn unit, '
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0. The method of claim 8 wherem the one pomter is to a byte location in the
transmission unit. :

10. The method of claim 9, wherein data associated w1th the one pomter istoa
time instant of some of the transmission units.

11. The method of claim 10, wherein the plurality of transmission umts are
transport packets of an MPEG information signal. '

12. The method of claim 11, wherein the one pointer points to the PCR.

13. The method of claim 11, wherein the plurality of transmission units are 5 in
number. | _ | o '

14. The method of claim 1, wherein the timing critical data is formatted as a data

block comprising in order a block header, a block payload comprising a plurality of the
transmission units with said timing information, and an error-checking block.

13. -~ The method of claim 12, wherein the block payload comprises a plurality of
transport packets and one tag packet containing the timing mformanon for the plurality of

transport packets
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