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TRANSPORT PROCESSOR | NTERFACE AND VI DEO RECORDER/ PLAYBACK f,\ ';’ FOR A
Rl G TAL TEWRVSBI2K SYSTEM Fi el d of the Invention 1 0 ‘EFE@%‘H% ntion
is related to the field of digital signal processing. In particul ar, the
i nvention concerns a systemto facilitate video record/pl ayback operation
while processing a field structured datastream suitable for conveying high
definition television (HDTV) informatioh. 15 Background of the Invention
Recent devel opments in the field of video signal processing have produced
digital high definition television signal processing 20 and transmnission
systens. One such systemis described in US Patent 5,168, 356- Acanpora et
al . I'n that syYRANSPORE RROCESSORAINTERBAOE: ANDTVIDEQC REGORDER/POLABAEK dAPPA t FOR e
with the §nov\m DIHTA L FMERECISIPN €STEM st andard, is conveyed to a transport
processor” A mejor function of the transport processor is to pack 25

vari able | ength codeword data into packed data words. An accumnul ation of
packed data words, called a data packet or -data cell, is prefaced by a

header containing information i (}%QH% ?ﬁe t’?ﬁgﬁﬁéﬁd ated.data words, anong
e tranp '

other information. Thus an out puat t processor is a
packeti zed datastream 3 O conprising a sequence of transport packets. The

transporj gpacket This invention is related to the field of digital signal
processing. In particular, the invention concerns a system to
facilitate video record/playback operation while processing a field
structured datastream suitable for conveying high definition
television (HDTV) information.
15 | | - |
Background of the Invention

Recent developments in the field of video signal processing
have produced digital high definition television signal processing
20 and transmission systems. One such system is described in US
Patent 5,168,356-Acampora et al. In that system, a codeword
datastream, including codewords compatible with the known
MPEG data compression standard, is conveyed to a transport
_processor. A major function of the transport processor is to pack
25 variable length codeword data into packed data words. An
accumulation of packed ~data words, called a data packet or data
cell, is prefaced by a header containing information identifying
the associated data words, among other information. Thus an
output from the tranport processor is a packetized datastream
30 comprising a sequence of transport packets. The transport packet
format enhances the prospects of resynchronization and signal
recovery at a receiver, eg., after a signal disruption which may
result from a transmission channel disturbance. This is ,
accomplished by providing header data from which a receiver can
35 determine re-entry points into the datastream upon a loss or
corruption of transmitted data. ' '



L4

format enhances the prospects of resynchronization and signal recovery at a
receiver after a signal disruption which may result froma

transmi sswea‘s’@w&-'hnel di sturbance. This is acconplished byPETESIA74E header
data fromwhich a receiver can 3 5 determne re-entry points into the
datastream upon a loss or corruption of transnmtted data. WO 96/ 01025 2
A high definition television (HDTV) terrestrial broadcast syst emrecently
proposed as the G and Alliance HDTV spstemin 5 the United States enploys
a vestigial sideband (VSB) digital transmssion-format for transmtting a

packetized datas h .a prescrihed leld struycture, The G and
Alliance HDTV s tShSrR \g “ﬂF’@Boé"e]GVlsﬂﬁﬁs&ibi\g}] tgfrastrialy broadeast under
consi der at i systém tdventlyi pecp&iedt as ﬂn}e Gran#eAdliancCHDTV ?t@ﬂsilﬂ- 0

Servi co ( AdRFS) “%?é%@.sp%ﬁ'gw# s BPET SERel, YBRRGRT o e "

em as
submitted ttéalﬁ'f@lsﬂm oraeainifes| trgasgnamg Febpaekstized dargstreamaf t

g(r)ggglggtsg elrv?lthounﬁrdsﬁnbh%ﬂ%&%ﬁ@l@%éggﬂtﬂf& The ;Gr?ad\&it%g{n?ﬂcsmvat ion of
Pr oceedi ngsssys'%{ﬁchs - prQ osél’@gg hORNISH 5 lc']da d 'that is under
consideration in the United States by the Federal Communications
10 Commission (FCC) through its Advisory Committee of Advanced
Television Service (ACATS). A descriptioh- of the Grand Alliance
HDTV system as submitted to the ACATS Technical Subgroup
February 22, 1994 (draft document) is found in the 1994 ' | ‘
_ Proceedings of the National Association of Broadcasters, 48th
15 Annual Broadcast Engmeermg Conference Proceedmgs, March 20-

24, 1994.

In the Grand Alliance system, data is arranged as. a sequence
of data fields. Each field structure includes 313 segments: a field
20 sync segment (which does not contain payload: data) followed by
312 data segments. Each data segment includes a data component
and a forward error correction (FEC) compon'eht. A synchronizing
(sync) component prefaces each data segment. A transport
processor provides fixed length 188 byte packéts--to a
25 transmission processor, which performs various coding functions
on each packet to produce output symbol: segments to be:
conveyed to an output' transmission channel. Each byte comprises
a predetermined number of symbols, eg., 4 symbols. The data
~ 'packets contain data in conformance with the ISO-MPEG
30 (International Standards Orgamzatlon -Moving ' Pictures Experts
~ Group) MPEG-2 data compression standard. The transport
processor provides only ‘the data packets to the.transmission
processor, which adds an overhead FEC error detection and
- correction 'componént to each segment, and an overhead field sync
35 segment at the beginning of each data field, ie., between each
group of data field segments. The rate of data flow must be



I'n the Grand Alliance system data is arranged as a sequence of data
fields. Each field structure includes 313 segnents: a field 2 0 _ sync
segnent (\MOE60W3es not contain payl oad data) followed by BGHU{01458
segnents. Each data segnent includes a data conponent and a forward error
correction (FEC) conponent. A synchronizing (sync) conponent -prefaces each
data segnent. A transport processor provides fixed |ength 188 byte packets
to a 25 transm ssion processor, which Xerforns various coding functions on
each packet to produce out put synbol segnments to be conveyed to an out put

transm ssi on_chan .. Each byte c ris - predetern.ned. n er .of
synbol s, egqg. ,fcgtﬂégﬁ‘aoa?sPef?ﬂ dﬁleégp B?J@?‘i’“goﬁﬁ“?gn aga'péﬂi, ﬁec drfrance with
t he | SO MPEGoSethead REC neernpaa¢ntSt andiathes o®ethedad: figldnsyas i segnmendt ur es

Experts qour&cﬁPFagr diffateh C AN 2RO RXAIHIN @i feredb &drafieRpor t processor
provi des only the data packets to the transm ssion processor, which adds an

overhead FEC error detection and correction conponent to each segnent, and
an overhead fiel dThenpaskéts asgrseparatedt by begimerved efhiebcpemmits fiel d,
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seen, the inserted into the datastream by the transmission processor. :

10 However, the packet datastream must be interrupted and delayed
for a period of time equal to a segment interval when the longer
duration- field sync segment, which does not contain a data
payload like the other packets, is to be inserted into the
datastream. A datastream created by the need to interrupt and

15 insert different duration overhead information (FEC and Field
sync) at different times is illustrated by Figure 3. This datastream
‘comprises 312 packet byte plus FEC intervals between Field sync

intervals, as will be discussed.
20 Summary of the Invention

The inventors have recognized that an interrupted
datastream as mentioned above not only undesireably reduces the
data 'th_roughput ‘rate, but also produces non-uniform intervals

25 between data packets. The occurrence of such non-uniform inter-
~ packet intervals significantly complicates the signal processing -
requirements. -

In particular, the inventors have recognized that an

30 interrupted data stream undesirably complicates the interfacing
requirements between the transport processor and the
transmission processor at the transmitter, particularly with
respect to data synchronization, and between any system for

: recording and playing back the packetized datastream. It is very

35 likely that an HDTV datastream will be subject to recording by
either studio or consumer equipment. To satisfy MPEG timing



over head FEC conponents and the overhead field sync segnent 5 occur at
different_ti nd exhibit different durations. The pac par at ed
by an int"%‘?é‘g‘i3 i ch permits overhead required by each dgf?’g%&e‘%? (egq.,
FEC.data) to be inserted into the datastream by the transm ssion processor.
1°0 However, the packet datastream nust be interrupted and del ayed for a
period of time equal to a segnent interval when-the |onger duration field
sync segnent, which does not contain. a data payload |ike the other packets,

is to be inserted into the datastream A datastream created by the need to

I nterrupt and S5 insert different duration overhe. nformatlon FEC and
Field sync)reﬁtul’fﬁ‘T‘T'é‘tsen‘l‘“X i Wé:gfggl& Iﬁyéé‘?mat‘%HStb)faﬁﬁg‘u ¥ Eepreduce gthiest ream

conpri ses Spﬂ:lqnachmmlgytmcﬂnhdmgFEﬁyl rltoarunifsrrhetgsapenba\médl gyavketsyt er val s,
as wll gbe g nvent i-on The
[ nventorss have recg | zeénall'qtamed bert e?ernuﬁ edp%at ast ream asgng#\t i.oned above
not only un‘ﬂ‘é‘é%ﬁ%‘&blgghlﬁemﬂi&emﬁﬁt cHgatficansly ningreassse the, €oOmPpLexity oduces

non-uni f or npf RiLUWIR Reeded tocinveffacdatm aaarewxfdsnz sstaac Unr additiodf, such
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an 3 0 i nt emaipainedataasdemodulatorsin gbirgceiyenl i cates the interfacing

. I’eCIUI reruents betvveen t he transport processor -and .t he .transm ssi on processor

at the transmtt articularly-wth
‘Hle Bresent “invention' tis advantageously employed -in- the

context of a system intended to process a packetized datastream
representing a predetermined sequential data field structure. A
system according to the invention eliminates" the"need to align the

15 data field structure, which may be of the type exhibiting a non-
uniform data rate-due to different types of non-data overhead -
information of different duration such as'that .employed by the
Grand Alliance HDTV system as described above.

20 At a transmitter, a transport processor. (eg., for forming data
packets with aSsociated_ headers) is operated at an uninterrupted
constant uniform data rate in a system which' inserts non-data
overhead information of different duration into. the:datastream to
form the predetermined sequential ‘data field structure. The

25 ransport processor is advantageously operated at such constant

| uniform data rate without having to modify a predetermined
original data field structure. In accordance with the principles of
the invention at a transmitter, a video recording/playback device
" is situated in a constant uniform data rate datastream path from

30 the output of the transport processor.. ' - :

A counterpart transport processor/decoder at a receiver
similarly exhibits uninterrupted operation at a constant uniform
data rate. A video recording/playback device is situated in a
35 constant uniform data rate datastream in the mput path of the
transport processor/decoder - '



r:espect to data synchroni zati on, and between any system for recordi ng and

- pl ayi ng ba&@ acketized datastream It is-very 35 1lik HDTV
dat astream sMﬁ%e subj ect to recording by either studio O?c%i‘(t)t%ﬁgﬁl%?ﬁ

equi pment. To satisfy MPEG tim ng 4 requirenents, any recording system
must faithfully reproduce the packet timng, incl udi ng any non-uniform
gaps between packets, 5 whi ch nust be nmaintai ned between the packets as
such gaps occurred. This requirenent significantly increases the conplexity
of circuits needed to interface to a recording system In addition, any

such gaps produced by transn ssion cessi st b |nt ained at a
denodul ator in a rétét \é?‘%fﬁaTﬁénﬁ&ééﬁﬁtemﬁé‘a t(aousl y
enpl oyed in tinventiongxa txfanapelytslpencessntenpetatcb epr@mesmlatqmu i zed
dat astreany fee&?s%&w hﬂﬂfo%npfd%i’aetrsfemlae& sasbe%l al mats@ fgy%tsblsad&ture A

system accord* I.nvention elim

ne n
data field st Pﬁ?\é‘dl%lmenﬂ§tabé° ot b e’E JBF-?IE%?I l?ief‘f’ﬂ a?tng ““{}ﬁ}mor m
data rate duedam ¢ittf Fhenbuffepewrités rdma diat aesponseetnd thef38n80 choak

di fferent dur %%V%aag @“aaat q?t% e,m}{ Bﬁﬂgrﬂygﬁtgeté}f%ta&"ﬁélﬁnce HDTV system

as descri bed ansm t ransport processor
(eg., for foreomsjruption network. The field construction network operates at a

10 non-uniform data rate for producing a sequence of output symbol
field structures in responsé to byte data and non-data overhead
information. The data field construction network requests data at
a non-uniform rate. The interface network converts this request
‘to a uniform data rate request to the transport processor. A video

‘15 recorder/playback device is located in signal path between the
transport processor and the interface network.

In a disclosed receiver embodiment of the present

invention, a received symbol datastream exhibits a sequential

20 data field structure. A data field processor processes the received
symbol data field structure at a non-uniform data rate to produce
output data at a non-uniform rate. A buffer interface network
responds to a 3/8 SC read clock for converting this data to an
output MPEG byte datastream exhibiting a constant uniform data

25 rate. This datastream is processed by a transport decoder which
exhibits uninterrupted operation at a constant uniform data rate
in response to the 3/8 SC SC clock. A video recorder/playback
device is located in a signal path between the interface network
“and the transport decoder.

30
Brief Description of the Drawings
In the drawing:
35 . Figure 1 illustrates a sequential data field structure

including synchronizing (Synq) and data segments.



packets wi th associ at ed headers) is operated at an uninterrupted constant
uniform data rate in a system which inserts non-data overhead information
of diffeM6Ma88ation into the datastream to formthe prEdetePitted ;
sequentjal data field structure. The 2 5 transport processor is '
advant ageousl y operated at such constant uniformdata rate w thout having
to m)dlfy a predetermned original data field structure. In accordance with
the principles of the invention at a sransmtter ~a video

recordi pg/ pl ayback device is situated in a constant uniform dat a rate -
dat astream path from 3 0, utput of the t rocessor.

count er.part trarés‘SBFq %r@césgﬁ}&d 3fam agengrgﬁ ﬁ&@r‘”&? mnaya'ébsm bits
uni nterfuptfed prevessing) atpackecizetadatasnieaai.m data rate. A video _
recordi Bg/ pl ayback device is situated in‘a 3 5 constant -uniform data
Fate da astream_.in the input path of the transport processor/decoder.

WO 96/ 01025 Figure 3 depicts a packetized datastream havingaynisos/ 07458 5 I n
a di scl psedqirifrmg "ovefieadiatirvaly Wétwiden Waegephckérsention, a transport
processor operates at an.uninterrupted 5 constant uniformdata rate in
response to a 3/8 SC synbol clock for providing byte data to a buffer
interface networliigure & usig dlockiadiagrameof ehdranshiitter venaoderdata in

respongy t GnkfifliRg8 aSeuttedfifiterface network and data field structuring
network, suitable for: use with video recorder apparatus according
to the invention. ' :

. Figure 5 illustrates a television channel spectrum that may
15 be used to convey output data provided by the system of Figure 4,
shown in relation to a conventional NTSC television channel
spectrum.

- Figures 6-16 depict waveforms associated with the -
21) operation of the transmitter system shown in Figure 4.

Figure 17 is a block diagram of a receiver decoder,
including a baseband data field processor and buffer/interface
“network, suitable for use with video recorder apparatus according
25 to the invention, for prbviding output data to a transport

. processor. '

Figures 18-27 depict waveforms associated with the .
-operation of the receiver system shown in Figure 17.

~ Figures 28 and 29 respectively show additional details of
the systems of Figures 4 and 17.

Figures 30-32 depict waveforms helpful in understandmg
35 the operation of the invention.




a‘nd reads out data at a non-uniformrate to a data field _co'nstructio'n

network. The field construction network operates at a 1 0 - Unj m
data rate %?9%918%ci ng a sequence of output synmbol field Sé]%#&%iégl n

response to byte data and non-data overhead information. The data field
construction network requests data at a non-uniformrate. The interface
network converts this request to-a uniformdata rate request to the
transport processor. Avideo 1 5 recorger/playback device is located in
signal path between the transport processor and the interface network. In a
di scl osed receiver_enbodi_nent of the present |nvention, a received synbol
dat ast r eam exhi bi Fa84rese r?t"idal342(§esfg%th"eﬁyellbuséWEc?BP%r.atW Ata field
processor pr alisslesed tihe Figures v& damiy ifoltoglether fwithda stideet ure at  a

non-uni f ogm . d u t: -uni.formrate. A
buffer i n?er&gégfﬁg%m%gb?%lgpg%ﬁggt_%ﬁgatfﬁg lgC%raggrc#]a &Qgckqvlglgrmceonverti ng
this data to Rnaplesutofvties presentydnyentienm exhi biting a constant uniform
data 25 rate. This datastream is processed by a transport decoder which

exhi bits uninterrupted op att |%g t a .canstggt unbf ormdata rate in
response to the 3/8 SC SCLRfGied RestriRlopeh A8 PEP4IEIck device is
| ocated in a signal path between the interface network and the transport:

o R S A M P o Sy
for processing a packetized datastream. An output symbol _
datastream representing the data field structure is produced by a
transmission processor in response to input data packets from a

15 preceding transport processor. The transmission processor and the
transport processor will be discussed in connection with Figure 4.
Each data field structure includes an overhead field sync segment
(which does not contain payload data) preceding a group of field
data segments each having an associated sync component. Each

20 field data segment includes an 187 byte data packet component, a
one byte sync component prefacing each data segment, and a
forward error correction (FEC) component following the data.
Associated with each segment is an interval “Y” defining a data
disable interval between each data packet. The transport

25 processor provides 188 byte packets of input data plus segment
sync to the transmission processor. The transmission processor
adds FEC coding and field sync overhead information, and
produces output segments in symbol form to be conveyed to an
'output transmission channel.

30 .

The sync' component associated with each segment and the
field 'sync component facilitate packet and symbol clock
acquisition and phase lock at a receiver under extreme noise and
interference conditions. The 4-symbol sync component is  binary

35 (2-level) in order to make packet and clock recovery rugged, and
~exhibits a pattern that repeats regularly at a unique rate to



I ncl ud| ng synchroni zi ng (sync) and data segnents. WD 96/ 01025
" PCT/ US95/ 07458 6 Figure 2 is a block diagramgenerally il I ust ratl n?
appar at u?qwol??rsocesm ng a packetized datastream 5 Fi gur s a

e -

packetized datastream having non- uniform overhead int erval S bet ween data -

packets. Figure 4 is a block diagramof a transmtter encoder, 10

including a buffer/interface network and data field structuring network,
suitable for use with video recorder gpparatus according to the invention.
Fi gure 5 illustrates a tel evision channel spectrumthat may 15 be used to
convey but put data provided by the systemof Figure 4, shown in relation to
a conventi ommwr&habéeedctscunncaarmmecemct noder I-ngsn eands- 16 depi ct

wavef or frs aﬁﬁ&%iérﬁé th&uf&h% Z?h @t?‘?ﬂbi BFE? ricfta L§ 61 rﬁéﬁ%tem shown
in Figure

. 0 er deco I ncl udi ng
a basebénd %‘at‘ Fe??fzﬁﬂ'oﬁ%%%? éﬁd b‘!fgfl&"‘)’? 1ch cS%08r K, sw tabl e for
use with vicemponrenr dnayappateahu;:sandondndgnﬁ&equehoei hfanldn\,seﬁ%s)n for

providi ng vl FRirfoldd. 21t pROVRIRE  a means to determine the beginning
. of each data field, and may -also be used by an equalizer in a
! receiver as a training reference signal to remove intersymbol and
10  other forms of interference. It also provides a means by which a
. receiver may determine whether or not to use an inteference
rejection filter, and it may be used for diagnostic purposes such as
measuring signal-to-noise characteristics and -channel re's'pohse_.
~ The field sync component furthermore may be used by phase =
15 tracking networks in the receiver to determine phase control loop
. parameters. Like the sync component, the field sync component is
. not error coded, trellis coded, or interleaved. In this' example the
' data fields do not necessarily corréspond to the interlaced picture
fields which comprise a _picturé frame of an NTSC television signal.

Figurelz illustrates, in general form, the processing of one
type of data field seg'ment' 22 by transmission processor and
output - processor units in Figure 4. This segment: is one of 312 data

. segments of a given data field totalling 832 symbols. The segment
2) illustrated by Figure 2 includes a 187 byte MPEG-Z'transport data
. packet prefaced by a one byte sync component and followed by
an associated FEC component containing 20 Reed-Solomon parity
bytes. Each transport packet as used in the Grand Alliance HDTV
"system includes a 4 byte link header, the first byte of which is a

30 sync byte to facilitate packet synchronization. This may be
followed by an optional adaptation header, with the remainder of
the packet being MPEG data payload. The one byte sync
component ‘is mapped to 4 symbols before being 2-VSB-

| modulated. The 187 byte MPEG packet segment and the FEC

35 coding component are 2/3 trellis coded and mapped to 828
symbols before being 8-VSB modulated. Techniques for




ﬁLocesso_r. Fi gures 18;]27 depi ct waveforns associated with the operation of
the receiver systemshown in Figure 17. 30 Figures 28 and cid vel
show addi twm%lq}ét ails of the systens of Figures 4 .and 17;%&{032#)@?&30- 3%
depi ct waveforns hel pful in understanding 35 the operation of the
invention. ~ WD 96/ 01025 _ - .

PCT/ US95/ 07458 7 Figures 33 and 34 respectively-illustrate apparatus as
disclosed in Figures 4 and 17 toget her gvith a video 5 recor di ng/ pl ayback
device situated in accordance with the principles of the present invention.
Det ai | ed Description of the Drawings 1 O Figure 1 depicts a data
field struct qrmipgssuch @-Visd: and &Y SEB anadmlationnaee rwall kyewamAn t he

United Stategesilfing Dutp@fiedd pé%lﬁeﬁlsim convegket iz ath Giftpet 'chadne A
out put sypgbol datastre mrelg)resen ing the data:.field stru e.l roduced
by a trandmi §§’P6ﬂ“§r%c€s§'&‘? 9l SYRG RO ﬁ?a)lﬁ?wﬁgt By pait P2 1 5
precedi ng tr alaspdi¢cldpcompseent cohtainingn MPEG datzpraudeEEEr datal t he transport
processor will be discussed in connection with Figure 4.
Figure 3 represents a packetized datastream in conformance
with the data field structure shown in Figure 1. Each data field has
10 312 segments each including sync, data and FEC components. More
specifically, each data field segment includes an interval
encompassing 188 data bytes including sync (“packet bytes”) and
an interval encompassing 20 FEC bytes. The 188 data bytes of
each segment are accompanied by 188 clock intervals (cycles),

15 and the 20 FEC bytes of each segment are accompanied by 20
clock intervals (cycles). When the time for inserting a field sync
segment arrives, the transmission of data/FEC segments should be
inhibited for a 228 clock cycle interval, which corresponds to a
segment clock interval (ie., 20 + 188 + 20 clock cycles). The field

20 sync segment does not contain a data payload as is contained in
each packet data segment. This disruption of the data flow
undesirably produces uneven intervals, or gaps, between packets
as shown in Figure 3. Such disrupted data flow and uneven inter-
packet gaps greatly complicates the signal control and hardware

25 reQuirements with respect to the interface between the transport
and transmission processors at both the transmitter and receiver,
and also reduces the data throughput rate. Moreover, it is difficult
to synchronize to the data field structure when playing back pre-
‘recorded material. The non-uniform gaps between packets greatly

30 complicates the task of recording the packetized datastream on

' studio or consumer recording equipment, since the uneven inter-
packet gaps must be maintained as they occurred, ie., the
recording equipment must faithfully reproduce the MPEG packet
timing. In addition, the uneven gaps must be maintained in an

'35 output signal produced by a demodulator at a receiver.



Each daféa field structure includes an overhead field sync segment (which
does not tain_payl oad data) preceding a group of field _data segnents
each ha\!n%rbgﬂl@gsom ated sync conponent. Each 20 field FSHFASa¥Y skt
i ncludes an 187 byte data packet conponent, a one byte sync conponent

prefaci ng each data segnent, and aforward error correction (FEC) conponent .

follow ng the data. Associated with each segment is an interval "Y".

defi ni ng a data disable interval betvwegn each data packet. The transport 25
processor provides 188 byte packets of input data plus segnent sync tg t he
transm ssion progessor. The transm ssion_processor adds FEC coding an
field sync overhiﬁﬂ ﬂﬁﬁﬁbﬁﬁlm lema - produress buttbet uneyemnintern synbol

formto be pmivaygdpk oaswdciatedUtvith airfegular %\rdi'héﬁ@ehatzﬁ%g he sync

conponery a $69 d | d syne,co onent

faglpl i tg e §§ egé stljgn%gll%%cl ogkgggg 8 oﬁc%ﬁfgaﬂﬁﬁsg thodheat a receiver
under ext rePr’éPsﬁBF S@V&ﬁﬂonntmf@ﬁeﬂt@ @%ﬁddlsmsmm aTtmn«sPe;mmbces,snc
conponent i prdbel@dfsy dat® pdcketsvatl h anﬁhﬁ?ruﬂl%l‘]ﬁkéaﬁa?Kﬁt iR
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£ used. This clock also controls the operation of a buffer/interface _
1 network located between the transport processor and a-
transmission layer which processes the data in accordance with a
predetermined data field structure. An. advantage of the disclosed
system is that it is not necessary to modify the original data field
| structure to achieve.the desired constant uniform data rate
15 operation. In addition, parameters such as symbol rate, segment
I interleaving, Reed-Solomon error coding and synchronization
components- are unaffected.

In the transmitter system of Figure 4 according to the
2|b present invention, a transport processor 14 operates at an
| uninterrupted constant uniform data rate for providing 'MPEG
Byte Data to a buffer interface network 16 at.a uniform data rate.
The MPEG Byte Data path includes video recorder/playback
| apparatus in accordance with the principles of the present
25 invention as will be seen and discussed in connection with Figure
33 to be discussed subsequently. Interface 16 provides output
_byte Data at a non-uniform rate to a data field construction _
network and coder 17. Network 17 operates at a non-uniform
; ‘data rate for producing a sequence of output symbol field
3) structures in response to the byte data and non-data overhead
. information (FEC and field sync). Network 17 requests data at a’
non-uniform rate via a Data Field Packet Request signal. Interface
network 16 converts this request to a uniform data rate request
. signal (Packet Request To Transport) which is. supphed to
35 transport processor 14,

-



pernmit reliable detection at a receiver under noise and interference
conditions. The éénc synbol s are not Reed- Sol onon 5 or trelll d, nor
are they i MOA6f04¥ed. The fiel d sync conponent may contain pseudo-rando
sequences, and serves several -purposes. It provides a means to deternine
the begi nning of each data field, and nay al so be used by an equalizer in a
receiver as a training reference signal to renove intersynbol and 1 0

other forms of interference. It also grpvides a neans by which a receiver .
may determine whether or not to use an inteference rejection filter, and it

may be used for diagnostic purposes such as nmeasuring signal -to-noise
characteristics aMbrehapegificalypdranspornhere¢essar s%dscmﬁgw%tmf 8rthernore

may be used Fysrtghﬁsc?axﬂs rt UEPSK] A0 NRWRk S 17 nist hficudedi Wera tsyseher i ne
phase const_ro oop $ar E,g’ter?._l Li ke ‘tgpe s§ng conPonent e fi. i‘d. sync
conponent® i s TRFEMisTIER laygEq(alse gincluding {RUIPYS, PFOGESSPL S d.waﬁ ths
exa{rpl e ]E hel Separatede|fdomd chelotramspoet slayet \by dnterfaeend &.oDate sauree | kéed
picture fie hbﬁ;qir@r' Rt AY sofMndflvdrks € i sion signal.
2 0 Figure cilp@agtrat es,b?ﬁlpgtelﬁlecrpa&tgogénﬂﬁ?ﬁéeﬁ%?o%ess| ks hﬁe{one typegof :
data field spgewides 2MREG? Jbyiei €aid topIRERAB PEARPSSAE p{}g girr%%l%%r&r units
:‘ine:::jg;”? |4| p}'&%ggﬁqﬂﬁfﬁafks SthﬁnMREG%?tdiahaosé'gﬁdnlmgmh datgi weardslata -
_ in S ol s. e S i ' t V 4Bt pure 2
i ncl udeg1 18¥ e ‘T\’é@%ﬁl’ ré{gﬁéfg@tfé%gclﬁgklﬁsﬁg?gcg t%y dgt%ne byt e
sync conponeipacketd. fEddhopadkey isrprefaced dyea@ hemderoeestainingont ai ni ng 20
Reed- Sol omon;peyridation illustratively denoting program source, service type
and other information describing and relating to the data in the
associated packet payload data. Transport processor 14 also
15 inserts a 1-byte MPEG packet sync at the beginning of each
- packet. Transmission processor 10 performs operations including
input buffering, FEC error detection/correction coding, field sync
insertion, trellis coding to improve carrier-to-noise ratio,
interleaving to reduce the impact of data burst transmission

20 errors, and symbol mapping.

~ Network 17 performs a data field construction function

wherein input data packets are formed into a data- field structure
.including data, FEC and field sync components as described

25 previously. Data packets are provided from interface network 16
to network 17 with constant uniform inter-packet gaps such that
the data fields are formed by network 17 seamlessly and without
interrupting the datastream. The transmission system of Figure 4
‘operates in response to a symbol clock SC and clocks derived

30 therefrom as will be discussed. A suitable symbol clock frequency
is 10.762237 MHz. |

The disclosed system according -to the present invention
achieves uniform data rate operation of the transport processor
35 without modifying the original data field stnicture-, eg., one field
sync segment every 312 data segments, producing a uniform data



byt es. Ijt_ach transport packet as used in the Grand Alliance HDTV system

I ncl ude | ink header, the first byte of which is ' c byte
to faci ﬁi?g:&g}aipﬂezlgket synchroni zation. This may be foll omege.tl)‘élsgsrllo‘-’géé?i onal -

adapt atiion header, wi-th the renaminder of the packet being MPEG data

payl oad; The one byte sync conponent is napped to 4 synbol s before being
2-VSB nodul ated. The 187 byte MPEG packet segnment and the FEC 35 coding
conponent are 2/3 trellis coded and nppped to 828 synbols before being

8- VSB npdul at ed. Techni ques for WO 96/ 01025 9. perform ng such 2-VSB and
8-VSB nodul ation are we|]. known. A resuliing output field segnent 24

conveyed t o TIgW ousipEt a chbhiegment: Held. sMereaver, sif sonot nesessarpotdent

L ol | OV\IB:@J by interBa®t shebahtadtreand iﬂdrdiﬁwgﬁﬁgemeldoyﬁé _nbv'?lMBEG dat a ﬁnthEC
at a. IFgur 4 e Tl atastream I n conformance wth the
data field gf‘f%’i‘?@?‘g&sﬁ%@%@ﬁ'ﬁaﬁiguf@?‘??'-' Each data field has 10 312

segnent s each includi.ng sync, data .and FEC conponents. More specifically,
each data field sp@MeRhsiitbt'd95iedn dfMFREuRl 4eieRMRasA RC t36calna Ryt es
%Rcl udi ng Sé’r)gﬁgp&gléﬁt\ggﬁgegg _ .atrgﬁl%as&sé;grt&e_rv I leglco . a@% nﬁ 20 FEC bytes.
The 188 dat s e r ONPEM OGS 288 ENOICR Phferval s
(cycles), 1/4 SC clock for signal processing as .will be seen results from the

10 fact that 1 byte (8 bits) comprises 4 symbols at 2 bits/symbol. A

. 3/8 SC clock is preferred for 8-VSB systems, while a 3/4 SC clock,

also within the scope of the present invention, is preferred for

faster data rate 16-VSB systems. In the system to be described,

, network 16 includes a FIFO buffer 46 between the output of

15 transport processor 14 and the input of data field construction

network 17. Byte data packets from 'transport processor 14 are

read out from transport processor 14 and are written into buffer

46 in response to the 3/8 SC clock, and data packets are read out

of buffer 46 to coder 17 in response to the 1/4 SC clock. Both of

these clocks are generated by a digital machine rather than by a

more expensive phase locked loop network. The 3/8 SC signal

clocks both transport processor 14 and buffer 46 so that data is
transfered synchronously between the transport processor and

the buffer. A similar requirement applies to the receiver _és will

be discussed. ' |

210

_ Referﬁng to Figures 6-9, symbol clock SC.(Figure 6) and a
derived, synchronous clock 1/4 SC (Fig. 7) are generated by a

' timing control network 40, eg., a microprocessor, in network 17.
Network 40 also generates a Data Field Packet Request signal
(Figure 10) which is synchronized to symbol clock SC since the
1/4 SC clock is used to generate the Data Field Packet Request. A
timing signal generator 42 in network 16 generates ‘the 3/8 SC

: clock (Fig. 8) synchronous with the SC and 1/4 SC clocks from

-5 timing network 40. Figure 9 (shown for. reference only) depicts a

one-byte wide pulse associated with the presence of the one byte




i E an? t?e 2? FEC 3%tes of each segnment are acconpani ed by 20 cl ock

I nterval s cles en the time for inserting a field s

arrives, t MO ssion of datal FEC segnentsgshould be Yﬁﬁpﬁﬁggﬁﬂéor a
228 clock cycle interval, which corresponds to a segnent clock interval
(ie., 20 + 188 + 20 clock cycles). The field 20 sync segnent does not
contain a data payload as is-contained in each packet data segnent. This

di sruption of the data flow undesi.rably,produces uneven intervals, or gaps,
bet ween packets as shown in Figure 3. gach di srupted data flow and uneven

I nter- packet gaps greatly conplicates the signal control and hardware. 25
requi rement s g¢nthpuRepeeit agpedre antthe f first bgtevaenthehbegimmingoof ewedy

transm ssi on C £ at th the transmtter and receiver, and al so
reduces the o‘gqtg %ﬁ?g%ghput rate. Moreover, it is difficult to synchroni ze
to the daba field structure when playing back pre- recorded material. The
non-uni f orm gaps: bﬁ{é"@?@ $’@C&%§ B eshénated by countingadyles fof spmbobf

recordin -
aui prent.  oicbEk S (Bl R RRrsale aa@us€ i%y t RS, A0 gﬁ*as t hey
occurred, ie.pulsése ofequnhohglmﬂmuslﬁmﬁxgms fandt ﬁfulusyrmt@msdp@ém MPEG
packet 11 M Noreiddh Jﬁﬂgﬁt%&wee eUT{W‘SC aBek N W 'F7BNSE) ORRLL ARG 3 S
Put. s %nalco%gmauon o ggl? 1 lator n°8°cloc 1 O q 3
pulses wit in" an 8 cloc " pulse mterva may
be used to develop the 3/8 SC clock, but the three pulses must
have a fixed phase relationship to the 1/4 SC clock, and the same
relationship must be maintained between the 3/8 SC clock and the .
~ 1/4 SC clock in the transmitter and receiver. The illustrated
15 configuration of the 3/8 SC clock in Figure 8 is advantageous in
that this _signal is easy to develop and align with the sync byte
~ ¢which is easily detected at the beginning of each packet), and is
easy to replicate at a receiver. Analogous observations pertain to
the use of any six of eight symbol clocks to generate a 3/4 SC
20 clock, particularly for a 16-VSB signal. The illustrated relationship
between the illustrated clocks is produced in timing control
network 40 by resetting a counter at the rising edge of the 1/4 SC
clock that causes the packet sync byte to be output from buffer
46. The symbol clock is counted from O to 7, with O being
25 synchronous with the packet sync byte being output from buffer
46, Any three of eight counts of symbol clock SC may be used, but
the same three must also be used at the receiver/decoder.

Timing control network 40 facilitates the generation of the
30 data field structure containing 312 data segments and one field
sync segment. The Data Field Packet Request signal (Figures 10,
13) from network 40 exhibits a high logic level for 188 bytes and
a low logic level for 20 bytes in response to the 1/4 SC clock.
The Data Field Packet Request signal from controller 40 (Figure
35 10) exhibits non-uniform inter-packet gaps. A portion of a data
field is depicted, specifically the last two data segments 311 and



10 The described probl enms produced by the uneven inter- packet gaps
associated with irregul ar overhead data are 5 addressed and resol ved by a
syst em ' WR988¥3% dance with the present invention. In thePGr&SPYYAB systema .
transport processor processes data packets at a constant uniform data rate
in response to a clock chosen as function of the data nodul ati on schene
bei ng used. This clock also controls the operation of a buffer/interface 10
net wor ki | ocat ed between the transpori 4processor and a transm ssion |ayer

whi ch processes the data in accordance with a predetermned data field
structure. An advantage of the disclosed systemis that it is not necessary
to nodify SAe ef ianendatafiedds acfigld tsymet segmens 3dRi at/ she Heeginringeof const ant
uni form dghe dextedd@ fieldpanat iR firkh datdlisekfibnt Pf aRBt R Gue) as synbol

rate, seg [ [l eayin ced- Q L QL, codi ng.and ,synchroni zati on
conmponent s : 5% ?ﬁi?f%gﬁﬁldg"f‘%‘&ﬂ’* aaég'ﬁ\bfete "‘fﬁ% m%'hSP EF‘E%H% 4 according
to the 2 Orequestedit (dachecomprisingt 188sdata bytesesynchronizgeerwiths 188 an
butrer | nearf SCnEVRBol KItRYN arl diyd Msiile” RVALTAAIES B G Data path
Phel e v ERBPIEE A 181 S0 SEmba FIPak Bt 2l BeAnEE i th 1 he

pri nci pl es infortriation ¢saot b addedtentheodaeestrsahd, be 228:r1/4n8Cdi scussed in

connecgt jyon W hh Fi; e: | S ' u Vio LAt LT 6
o ovi el o POl [oRSkEigterigls Nonch *RURF Syne HEGRGRbhY s 1B; BE Gided’
construct i &gtween "data fields. This signal is a free-running input to a -
system control network 44 associated with network 16.

Control network 44 responds to the 3/8 SC and 1/4 SC clocks

11 for generati'ng an out'put Packet Request to Transport signal as

| shown in Figure 11. This signal requests a 188 byte data packet

from transport processor 14 every 313th clock cycle. of the 3/8 SC

clock. This Packet Request signal contains constant uniform gaps

| between packet requests for producing a uniform data rate and

20 uninterrupted data flow. The constant uniform gaps of 125 cycles
of the 3/8 SC clock between packet requests facilitates the
'uninterrupted seamless insertion of overhead data such as FEC
information and the field sync between data fields into the data

_ stream by network 17 to create the data field structure, as will be
2% explained  subsequently. '

The disclosed system is concerned with  processing a
datastream having a field structure with 313 segments per field,

. ‘consisting of a field sync segment followed by 312 data field

3(‘5 Segmehts. In this context the disclosed system will work with -

. multiples of the 3/8 SC byte clock, eg., faster clocks including
3/4. SC, 3/2 SC and 3 SC in data modulation schemes including
8-VSB and 16-VSB for example. These options will be better

- understood after the following discussion relating Figures 10 and

35 11 to Figures 30, 31 and 32. From this discussion it will also



network and coder 17. Network 17 operates at a non-uniformdata rate for

produci ng a sequence of output synbol field 30 structures_l se to
the byte d¥®2M8Snon-data overhead information (FEC and ffrw%’%’g‘@

Network 17 requests data at ‘a non-uniform rate via a Data Field Packet

Request signal. Interface network 16 converts this request to.a uniform
data rate request signal (Packet Request To Transport) which is supplied to
3 5 transport processor 14. WO 96/1051025 1 1 More specifically,

transport processor 14 is included in‘a systemtransport |ayer, and network
17 is included in a system5 transm ssion layer (also including output
processor 18pevdmehclear sthaar thiee principlest of theapmsent inygatiobyarentadsd ace 16.

Data source éﬁgﬁﬁz}%lﬁdﬁtéﬁgﬁwa&f Ridta OBERI GRAREERS] ON networks and

provi des MPE ato ansport processor 14. Transport processor 14
packs t_hes MPEG bytes into fixed |ength data words 10 that are eventually
L or meg | gt o fi xedf[hengahhe$d'&8 dfyFegurdal@ isaakeonstaktador phe kdisclosegr ef aced
y a header t ade Nl i N ' [ ratd ot} o) m sour ce,
strvi o type RipRiReay i 1B TEMAGR: ot it b@és@ﬁé‘ SIRCeERheRt ™ 20
the associ at Si¢lpastrectupery (Thed stracture TR g0 Figwicodds savefarm| may vary

as a function of factors as follows. Figure 30 corresponds to Figure
10 11, which depicts the uniform data rate Packet Request sent to
transport processor 14 by network 44 in response to the 3/8 SC
byte clock for an 8-VSB signal. If a twice as fast 3/4 SC clock is
used for the same 8-VSB modulation, the Packet Request to
transport processor 14 would be configured as shown in Figure
15 31. Since the size of each data packet is fixed at 188 bytes, the
data packet interval remains unchanged at 188 cycles of the 3/4
SC clock. However, the inter-packet data disable interval has
increased significantly, to 438 cycles of the 3/4 SC byte-clock. In
this example the number of cycles in each data segment has
20 increased to 626 (twice as many as the previous example) due to
the twice as fast 3/4 SC byte clock. In other words:
626 segment clocks - 188 data clocks (fixed) = 438 clocks
Although the number of bytes/segment has increased, the
structure of the data packet remains unchanged. The structure of
25 the data field also remains unchanged since each data field still
comprises 312 segments each containing a 188 byte data packet,
prefaced by a field sync segment. Analogous observations pertain
to other faster clock multiples such as 3/2 SC or 3 SC, where the
number of byte clocks in the interval between data packets would
30 increase proportionally. The 3/8 SC clock has been found to be the
lowest rate clock for clocking 313 bytes/segment in a 313 '
segment data field. : |

Figure 32 illustrates the use of a faster 3/4 SC clock in a
35 higher data rate 16-VSB modulation system. The result is the
same as in Figure 30. In the 16-VSB case the symbol clock



15 inserts a 1-byte MPEG packet sync at the beginning of eac[\) F?cket
Transni sgjon processor 10 perforns -operations including input buffering,

FEC erroW%%‘l"ﬁeﬁ ‘on/ correction coding, field sync insert ,5&1‘ TU$9507458s codi ng
to inprove carrier-to-noise ratio, interleaving to reduce the inpact of
data burst transmssion 2 0 errors, and synbol mapping. Network 17
perfornms a data field construction function wherein input data packets are
formed into a data field structure IP | udi ng data, FEC and field sync
conmponents as described 25 previous § Dat a packets are provided from
interface network 16 to network 17 with constant uni form i nter-packet gaps
such that tfrequéacy. (S@) ctimﬂﬂesfandEdvi@xa astmank pdckatanaressly and without

t ti T. tr S f _Flaure oper at es.
i ?éé”p @Hftgompﬁ F‘S‘gﬁ o, <RRNsEE R 1B RSB, sl Be e v 1
be di s 8: /Qyéﬁ‘l nbeteralo@ands thgudRdy bite- ﬂpcioazzwrdm The
di scl osed siysabéenmmal d!regtlfeosiﬂne 8¢ dactte I39VEB 'é&éeaﬁéﬁa‘i‘x‘éesof“lh orm data

rate opera PRt cessor 3 out npdi fying. t
ori gi nal E‘%’ﬁ&f’%‘l@qq}e ‘;@F‘@ @' 886 ShEed; @?‘g \é{? aagae ﬁ@n@feVéry 312 dat a
segrrents gssaniatedgmodmation rtypeatEhe slmea’/81sc5clbck is to lower
- data rate 8-VSB modulation as the faster 3/4 SC clock is to higher
'10¢  data rate 16-VSB modulation.

It can be shown that the desired symbol clock relationships
(eg., 3/8 SC, 3/4 SC etc.) can be derived in accordance with the
following expression which relates the symbols per field:

15 - NX(188 + Y) = S(X + 1), where »
' X(188 + Y) and S(X + 1) both represent symbols/fleld
(188 + Y) represents symbols/data segment; :
(X + 1) represents segments/field (eg., 313);
_ S represents symbols/segment (eg., 832):
2C X represents data segments/field (eg., 312);
' Y represents the  inter-data interval; and
N is a factor to be determined. -
N has been found to be 8/3 in the case of a 3/8 SC clock in an 8-
-VSB system, and N has been found to be 4/3 in the case of a 3/4

25] SCclock.
Transport processor 14 is clocked by the 3/8 SC clock to
read out data, and responds to the Packet Request signal from unit
'44 by delivering the 188 bytes of an- MPEG data packet during -
3C; 188 cycles of the 3/8 SC clock, as represented by Fig. 12. Figure

12 actually depicts a Data. Valid signal that is output by transport
processor 14 'simultaneously with the 188 byte data packets. The
Data Valid signal exhibits the form of the Packet Request To

- Transport signal (Fig. 11). The Data Field Packet Request from
35 timing circuit 40 in network 17 (Figure 10) is not synchronous




flow using a 313 segnent field. Mreover, it is not necessary to interrupt

the datastream for . inserting field sync overhead 5 mforgg@u @ ween
data fiel (WO9MW2§ransnitter systemof Figure 4 uses a 1/4 SP% 8,nd a

3/8 SC clock where SCis the system synbol cl ock. The choice of a 1/4 SC
clock for signal processing as will be seen results fromthe 10 fact that
1 byte (8 bits) conprises 4 synbols at 2 bits/synbol. A 3/8 SC clock is
preferred for 8-VSB systens, while a /74 SC clock, also within the scope of
the present invention, is preferred fdr’ faster data rate 16-VSB systens.
In the system to be described, network 16 includes a FIFO buffer 46

bet ween the @4itpuhe dPacket RequemoTo Meawsposorsidnblafrém heetivorkt 441 (Kigt a
field constrxsy on network 17. Byte data packets fromtransport processor
14 are read from transport processor 14 and are witten into buffer 46
in respofse to the 3/8 SC clock, and data packets are read out of buffer 46

tg gngggfrdlg in reTatenastat a&i@@tslhzbrﬁcutﬁh t ﬁﬂid&ssﬁr 140 (Datd)esge cl ocks are .
e y a ita e. rather | ocked
| oop net wor k@ Pﬁﬁ%‘9§P8 gg?% é} alh JEBERLk h@] ﬁ‘f‘ mS ﬁgg@ilé%& p#’iagn
buf fer 46 soseveral qucketss in rdeptheBuffer déhrlswaetsivoettheePatheValidnsport '
processol and; gn'aﬁ A?Uif teAEﬁhﬂTel Eﬁmhgﬁmeteméltﬂé 4t BECIE&@%Ver as
25 be di scussed gg to Fi ﬁ f’é"g SC (Figure 6)
and a ddr@vele wyitiem é‘?loti}%f k1M TESERASC{Q the,) e‘&é’r‘%t‘é y a timng
control net WWCKY., Badfer 46 nrilsy egteives ao8tart 1OfnPhoketk(SOP) flag from
transport processor 14. This flag is generated at the beginning of
each data packet concurrent with the sync byte which prefaces
each data packet. Requests for transport processor 14 to send a
15 packet of data to network 17 via interface network 16 are not
honored until buffer 46 has reached a predetermined fullness
level, eg., half full. The fullness level of buffer 46 is indicated by a
Fullness flag, which is applied to a control input of controller 44.

20 -~ A 188 byte data packet is clocked into buffer 46 every
188/313 cycles of the 3/8 SC clock (Figs. 11 and 12). During the
remaining 125 cycles of the 3/8 SC clock, no data is clocked into
FIFO 46. The input data rate to buffer 46 is uniform and exactly
matches the output data rate from buffer 46. The output data rate

25 is controlled by the Data Frame Packet Request signal from circuit
40. The Data Frame Packet Request signal and the Packet Request
to Transport signal are not synchronous but are related through
the 3/8 SC and 1/4: SC clock relationships.

30 . Controller 44 contains logic networks responsive to the 3/8
SC clock, to the Data Field Packet Request signal, to the buffer
Fullness flag (Fig. 15) from buffer 46, and to the Start of Packet
(SOP) flag received from an alignment network 45 via buffer 46.
Controller 44 provides a control signal (Figure 14) to the Read

35 Enable (REN) input of buffer 46 to enable buffered transport
packet data to be read out to network 17 at the appropriate time.
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work 40 al so generates a Data Fi el d Packet Request signal (Figure

h is synchroni zed to synbol clock SC since the 1/4 SC clock is used
aWo W60202at a Fi el d Packet Request. A tim ng signalpayausesietass 42 in-
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p the 3/8 SC clock, but the three pul.ses must have a fixed phase
ship to Nerndlly,SthecRead, Emable ségredneFigel B4)i i 3hhohronviusbe

o0 NSRS £t DBaSEuclackeall Hongt (o B SAPRAL ST,
that, Aormgdlyy @appgars at the beginning of each. data packet causes
controller 44 to provide an output to the REN input . of -buffer 46 to
stop buffer 46 from reading out data. Specifically, ‘controller 44 is -
programmed to respond to the SOP flag by reading out buffer 46
for 188 bytes, then stopping buffer read out for the 20 byte FEC
interval. This allows. FEC network 50 in transmission coder. 17 to
calculate error coding information for the pé,cket that immediately
precedes the current packet being held in buffer 46. This error
coding information is inserted into the datastream during the 20
byte FEC overhead interval at the end -of the preceding packét.
Both the Data Field Packet Request (Figure 13) and the buffer
Read Enable signal when present (Figure 14) exhibit a non-
uniform inter-packet gap structure required for inserting the 20

~ byte FEC overhead information by unit 50 of network 17, and for
inserting the longer duration field sync overhead information by
unit 58. This insertion of overhead information is accomplished
without interrupting the datastream.

S

0

Referring to Figure 4, inserting the field sync segment
without stopping or disrupting the datastream is facilitated by the
manner of read/write clocking of buffer 46 in combination with
“the predetermined buffer fullness level. Packets are continuously
~written into buffer 46 from the: transport processor as packets are
requested. Over one data field period, the exact number of data
bytes-_néeded to constitute a data field will have been transferred
from transport processor 14 to buffer 46. Buffer 46 is'_relativély
small, in this example large enough to accomodate 4 data'pack_ets.
The predetermined buffer fullness level is 2 data packets, but this
level may va'ry with the 'requirements of a particular system. In




fhat this signal is easy to develop and align wth the sync byte (which is

easily detected at the beginning of each packet), and is e?@i" | cate
at a r ecei WO96/0023| ogous observations pertain to the use o aﬁ‘ixsg%’éé of

-ei ght synbol clocks to generate a 3/4 SC 20 clock, particularly for a
16-VSB signal. The illustrated relationship between the illustrated clocks
I's produced in timng control network 40 by resetting a counter at the

rising edge of the 1/4 SC cl ock that cggses t he packet sync byte to be

~output frombuffer 46. The symbol clock”™ s counted fromO to 7, with O

being 2 5 synchronous with the packet sync byte being output from buffer
46. Any t hr epraéties,ghisc taved sshsfuldybe) odeterminedssonthatpdonsdg, kbown he same

aci 11 tatgs (han JuTAls Hnd o A S i B e e g 312
str.ucture cont aini
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B ol e ol b Rl boac) et ity o -
depi cted, sped4thi padiets tduntimet td Wee detitenegreniffer346 anca condtantl2 of one
data flell aut];i &,ﬁ' rate C(F?E@rréeritl).sbgurﬂ{g R P UG 96 does not fill
up completely. The constant uniform gap between data packets
(Figure 11) allows enough time for buffer 46 to refill while read |
‘out is momentarily disabled for overhead insertion. After the
overhead has been inserted during the read disable interval, data
15 is again read out from buffer 46. During all of this time transport
processor 14 has been continuously sending data packets to buffer
46, whereby the datastream flows without interruption while
transport 14 processes data packets without interruption.

20 When a faster byte clock is used, eg., 3/4 SC or 3/2 SC,
buffer 46 will not run empty because the inter-packet intervals in
8-VSB mode are longer. This allows additional time for the buffer
to refill from the transport processor.

25 The buffer 46 Read Enable is also disabled by controller 44
if the buffer Fullness flag exhibits a low logic level, indicating that
buffer 46 contains less than a predetermined number of data
packets. At this time the Data Valid signal from network 44 (Fig.
"16) is “low” (absent) since the reading out of buffer 46 has been

30 disabled. This condition may occur, for example, when system:
operation is initiated or after a system reset, eg., at a time TI.
Typically the data field structure is initiated at the beginning of
the transmission day, and the transmission of data packets
continues uninterrupted from then -until station sign-off at the

35 end of the transmission day. During this time, while reading out of -
buffer 46 is disabled. transport processor 14 continues to send
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yjnal exhibits data "enable" intervals when data is requested (each
0 %%t a bytes synchronized with 188 1/4 SC syREHUSWGHEs), and

sabl e" intervals (each conprising 20 1/4 SC synbol _

C information is to.be added to the datastream or 228 1/4 SC1 0

| ock intervals when field sync infornmation is to be added between

l.ds. This signal is a free-réraﬁi ng input to a system control

44 associated with network 16. Control network 44 responds to the

and 1/ 4 SC cl ocks for generating an output Packet Request to

t sdajaapackets towbuffer 4@ Line rdspontbi ® shgnPdckie (REGHSstaTHB88 byt e

KelTiandfibhy AISPA" brdhOEBARBNIe] 48y AMer 13! Bre OCk VGl galy Lhe 3/8
i RS i

[
N S T L LTI

uptbnendaaasfa‘d:d),vwheﬂl%ulhmstﬂag amgf a sy caﬁp%esoistale%rwcl es of the

GBI I0Rle VR B deer M bALT eor o & s Ehabley e

datsignale for Qlﬁpbtttﬂﬂe di’éll apackessmibg huffeor Read Enablecate the data

FUQipﬂiQﬁxoﬁsls\MiﬂﬂnaE’&i AtSthe1@ddih e@d ?Hﬁef?fsltydatzhgn%]ﬁc' osed

s co r0cessing g { 55T peam having afreld-structure
) séB Q tﬁ@'r alﬂpég B?ﬁsﬂ'gq ﬁg ngss 4 fagegaewns sHYyReSPORSY | owed by
. fitel 63 follnesegonditon | beingi satisfigd:x Conbequmb}),0aed $irhigem Wil |

h T2, the first (sync) byte of a data packet is aligned with the
beginning of a packet request from the Data Field Packet Request
signal (Fig. 13) and with the beginning of the Data Valid signal

4  (Fig. 16).

Alignment circuit 45 in Figure 4 facilitates the above-
described operation illustrated by Figures 13-16. Circuit 45 is
shown in Figure 28 together with networks 17, 42, 44 and 46 of
) Figure 4. Alignment circuit 45 comprises cascaded “D” type flip-
flops (registers) 102 and 104 whi'ch are clocked by the 1/4 SC
Read Clock of buffer 46, and which are enabled by the Read.
Enable input (REN) provided to buffer 46 from system controller
44. Data from buffer 46 is conveyed via flip-flops 102 and 104 to
transmission coder 17. Controller 44 produces a buffer Read -
Enable signal in response-to a Start Of Packet (SOP) flag (a register
delayed version of the input Packet Start signal) from an output of

3(

flip-flop 102. The Packet Start signal is a buffer delayed version
"of the SOP signal mput to buffer 46.

_ Continuing with Figure 4, output 8 byte parallel Data packets
from network 45 and the Data Valid 'signal (Figure 16) are applied
to respective inputs of FEC unit 50 in transmission coder 17. FEC
unit 50 adds 20 bytes of FEC data to the datastream during the

data “invalid” overhead intervals between each data packet
interval in accordance with the waveform of Figure 16. The

clock intervals)-

*



ful tiples of the 3/8 SC byte clock, eg., faster.clocks including 3/4 SC,

3/2 SC an%@g@ﬁ%{] data nodul ati on schenes incl uding 8- VSBp?ﬁﬁ?g%ﬁﬁﬁB for

gxanpl e ions will be better understood after the oW ng

di scussion relating Figures 10 and 35 11 to Figures 30, 31 and 32. From
this discussion it wll also 1 5 beconme clear that the principles of the
present invention are also applicable to other types of data field
structures. 5 The waveformof Figure 2b is a constant for the disclosed
enbodi nment in the context of the described 313 segnent data field
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by netwosk 4foup 6fesoene bio words3whidiC drgt eurpuoderfatly. aUsBlgVSEélla—l gnal . If

a twce as 3/ S d the
Packet Requé@[%wrb ‘é?'i’ﬁ&ﬁ%g-t Iﬂb‘% o((i:?iél sor}'i4ur\ﬁlxlgu fa.%g Z)é’%?eﬁﬁ aédgﬁ%
Figure 1 5 udit 54 dfor preducing threeeautiputthitsodtket mfgrmma@a bitswed byt es
the data pagjgt dbﬁtv%HV?éddxﬂfﬁﬁwsbitﬁ'Cftﬁ'“%ér}atth&Einﬁﬁﬂtﬁ§s qb impr&iél SC
cl ock. However, the in Efac ket dat@}dls bl e interval $ | nate ed :
i gni 11 cant ISyEnalgomnalse, prEOTRANCHe ThesesBits, LS (piiRded naceording |
10 a predetermined algorithm, examples of which are known in the

art. Coder 54 operates in conjunction with bit generater unit 56,

which provides the third bit in accordance with the

predetermined algorithm.

15 The output of trellis coder 54 comprises a sequence of 3 bit
trellis coded words, with four 3 bit words constituting a byte.
Symbol mapper 58 maps each 3 bit input word from coder 54 to
one output symbol, and time multiplexes these output symbols
with a field sync component of predetermined value from unit 60

20 to produce an output symbol datastream. In the mapping function
"of unit 58, eight progressively increasing numerical binary output
values from unit 54, from 000, 001, 010,.... to 111, are translated
into the following eight symbol levels, respectively |

7 -5 -3 -1 +1 +3 45 +7. .

25 Cortrol signals for field sync generator 60 and mapper 58
are provided by timing control network 40, eg., a microprocessor.
Network 40 controls the operation of field sync generator 60 so
that unit 60 is enabled to output field sync segment information
during an interval of predetermined duration produced between

30 adjacent data fields, ie., after every 312 data segments as _
discussed. Each field sync segment is prediétably multiplexed into
the data stream between groups of field data without interrupting
the data flow, as previously discussed regarding the operation of
buffer 46. Multiplexer 58 also replaces the MPEG sync cc_imponent

35 at the beginnir_ig_of each packet with a segment sync before output
prbcessing by unit 18.
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spectrum shapes the signal for transmission' over a standard 6
MHz television channel, modulates (upconverts) the data signal
onto an intermediate frequency (IF) carrier, and translates the
resulting signal to an RF carrier. Figure 5 depicts, in the upper
diagram, the spectrum of the baseband VSB modulation signal for
this example, relative to a standard 6 MHz NTSC channel spectrum
as shown in the lower diagram. T '

Figure 17 depicts a VSB receiver incorporating the principles
of the present invention. A baseband demodulated Symbol Data
datastream from a p'réprocessor 72 exhibits a sequential data field
structure as described previously, with' a non-uniform data rate. A
data field processor 75 associated with a system transmission:
layer processes the symbol data field structure with a non-
uniform data rate to produce output Data at a non-uniform rate. A
buffer interface network 84 converts this data to an MPEG Byte
datastream exhibiting a constant uniform data rate. This
datastream is processed by a transport decoder 86 which exhibits
unintérrupted operation at a constant uniform data rate for
providing  decoded byte data to an output processor 88. Transport

‘decoder 86 is associated with a system transport layer. The MPEG

Byte Data path includes video recorder/playback apparatus in-
accordance with the principles of the present invention as will be
seen and discussed in connection with Figure 34 to be discussed
subsequently. . ' o ' ' _
More specifically, 'a signal received from a transmission

channel is processed by an RF tuner 70 including channel selection
and mixer circuits to produce a frequency downconverted signal.

I ncreased to
ce as many as the previous exanple) due to the twice as fast 3/4 SC
CXO%9/0102% her words: 626 segnent clocks - 188 dat aPEVHEIN4SB; xed)
ks Al though the nunber of bytes/segnent has increased,
e of the data packet
data field al so remai ns unchanged since.each data field stil
each containing a 188 byte gata packet,
Anal ogous observations pertain to other faster clock multiples

3, SC, ,wh he nunber. of byte, clgcks in | I nt I
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conprises 312
prefaced by a field sync

19 a faster 3/4
em The result



di sable interval are the sane as in the 8-VSB case because of the

rel ati onshi betmeen the cl ock speed and the data rate of its ted
godulatlon“§& 2%he sl ower 3/8 SC clock is to |ower data Fﬁ?@ﬂéagéé?
modul ation as the faster 3/4 SC clock is to higher .1 0 data rate 16-VSB
modul ation. It can be shown that the desired synbol clock rel ationships
(eg., 3/8 SC, 3/4 SC etc.) can be derived in accordance with the follow ng
expressi on mhich rel ates the synbol s field: 15

NX(188 + YY) S(X + 1), where X(188 +9$? and S(X + 1) both represent
synbols/fleld (188 + Y) represents synbol s/data segnent; (X + 1)
represents sé‘ighmnﬂgh&l db dsybggeted31®)IF ffiltering aad espnehmltmlss;lmnonsegrrent
(e9., 832)7 By pre-procesdrCURRSTN! Ssfifl AoRRAACAERAl | Holeldifie 312):

repr esentg | r1t at a ter vag C, tci r m ned. N
has been ouﬁECIT'BQBﬁs 8‘P3PF Y95e ac J3¥ asggngl Sé?‘b‘F o.([:% 3150 48 %SB“syst em
and N has beequibizerl o0 doenpgérbater fore tramsenis§ioa chénaél arﬁﬁlmidi:ckand

Transport BT 938 pertdrtatichls 04 °8 Jmsloi "Bad uffu sfital! Aoke hip s gt 2, and

responds to t 85t SI |ver|ng he 188
bytes of an NbETWaIdS f.)\bhjﬁ@teddl}@l Helliy deQL‘E: ngycﬁoég"aéd eHOr3/ 8 SC cl ock, as

{ﬁp{ esent efl Q%étEétﬂ?n/éarreEhtﬁW @nd?2 oﬂféﬂl%iéﬂaldﬁﬁbé‘és%mglllﬁataa nYaanet si gnal
da?a :0ch Py kﬁqﬁ is the MnverSe of the processing per?o?nl{gdybw thh the 188 byte
transmlt_ter system of Figure 4.

Symbol clock SC and derived clocks 1/4 SC and 3/8 SC are
identical to corresponding clocks at the transmitter. Thus an
15 output datastream (MPEG Byte Data) provided to a transport
processor/decoder'86 corresponds to the datastream (MPEG Byte
Data) provided from transport processof ‘14 in the Figure 4
transmitter system. The input Symbol Data applied to symbol
mapper and de-mux unit 74 corresponds to the Output Symbol
20 Data from network 17 in Figure 4. The input Symbol Data
* datastream contains a relatively long duration field sync _
_component between groups of shorter duration data packcts'that
respectively define adjacent data fields (Figures 1 and 3). Thus
the receiver input symbol datastream exhibits a non-uniform data
25 . rate. Before being applied to receiver transport processor 86, this
non-uniform rate input symbol datastream is converted to an _
MPEG Byte Data output signal (from network 84) which contains
data packets occurring at a constant uniform data rate separated
"by uniform inter-packet gaps. Such a constant uniform rate
30 datastream advantageously facilitates data processing and data
de-multiplexing by transport decoder 86, which operates without
interrupting the datastream.

More specifically, a non-uniform rate baseband mput
35 symbol datastream produced after demodulation and equalization
is applied to symbol mapper and de-multiplexer 74, which



Data Val|id si gnal exhibits the formof the Packet Request To Transport
signal (Eig. 11). The Data Field Packet Request from3 5 timng circuit
40 in net‘WgP‘f( (Figure 10) is not synchronous 1 7 wi PRIUBSO8 L ot
‘Request [To Transport signal fromnetwork 44 (Fig. 11). 5 The data packets
from tnansport processor 14 (Data) are applied to buffer 46 in network 16.
This bufiffer is relatively small, several packets in depth. Buffer 46 al so
receiveg the Data Valid signal at a Wdte Enable (WEN) input to enable the
data pagkets to 1 0 be witten to buffer 46 in response to the 3/8 SC

Wite cl f t fl
rom tr dnepirioihs (e 1fUedB B the %@Wén?@%@% ra‘% o7 é%@é?oﬁ ng of
each data pRc Kigurgohc Uik 4 maps each §ym;bog ik wexsk achicheisch dat a
packet . §Reqmeldiss déosddd aosp2 tbmrwomssoy tiedlis Odewa@rma i coRfifileflonof data

to network r red ungi fer 46 has
reached |a p‘&gtgepglrtmgg dj'?i?e?‘ge%lé\g é\pgaceg §‘ %&npnflﬁy'nc aHw-f'{"?ul | ness | evel
of buffér 4Awginningdiofash Begmentipaskes witkgn WPEG ipackpplsyad. th a contr ol

i nput oft coyinibdll Sarddreadt rocessed A aﬁupﬁﬁ idahibmiarkat bySunl9lhed i nt
buffer 46 every 188/,313 c ?es of h:eyl 81 cll ngﬁor? ga b?( uﬁit 9?
During fhe tO dhtect ‘the "appearance of ontrol information pr sent dunng :

1D field sync intervals, eg., so-called * trammg srgnal 1nformanon for
use by a preceding equahzer in unit 72, mode selection
information, and other information. This mformatlon is extracted
by unit 90 and conveyed to preceding circuits in accordance with
the requlrements of a particular system.

Output gronps of four 2 bit data 'words from trellis decoder
76 are converted from serial form to 8 bit (1 Byte) parallel form
by serial-to-parallel converter 80. Serial words from converter 80
are applied to error detection and correction unit 82, eg., a Reed-
2  Solomon decoder. An error corrected Da,ta_ signal from unit 82 is
applied to receiver buffer/interface network 84 together with a
Data Valid signal, clocks SC and 1/4 SC, and a Packet Start srgnal
from controller 92. The SC symbol clock and the 1/4 SC clock are
synchronous and are produced by a local oscillator in controller
25 92, The Packet Start Slgnal is generated in response to the
appearance of the sync byte at the begmnmg of each packet FEC
unit 82 generates the Data Valid signal in response to the Packet
Start signal.

30 - Buffer/mterface network 84 is similar to transmrtter _
network 16 and is shown in Flgure 29. The interface network of
Figure 29 includes a FIFO buffer 100, a system controller 120 a
3/8 SC clock generator 122 and an allgnment circuit 145, all of
which elements exhibit characteristics similar to those of

3F counterpart elements for transmitter network 16 shown in Figure
| 28. Buffer 100 of Flgure 29 is essentially the same as FIFO buffer




remai ning 125 cycles of the 3/8 SC clock, no data is clocked into Fl FO 46.
The input data rate to buffer 46 is uniformand exactly na out put
data rate VOBt fer 46. The output data rate 25 s co%ﬁéﬁ?é@g tﬁe
-Data Frame Packet Request signal fromcircuit 40. The Data Frane Packet
Request signal and the Packet Request to Transport signal are not
synchronous but are related through the 3/8 SC and 1/4 SC cl ock

rel ati onshi ps. 30 Control |l er 425contains |ogic networks responsive
to the 3/8 SC clock, to the Data Field Packet Request signal, to the buffer

fI'ng rocel vedd horafethiddo Bubtdr BEuis 3818 Figlfe 3. eells TS the ( 500
provi des a cdtgadolandi YVieite cloeks arg dinterghangediec dpecifBallynathee WRE) i nput
of buffers546 diacienaphe WaK orebluffé@non0fdsppadkab @t #/4 sdeis@adandt to

network 17 at,t appropriate tidge. 01025
PCT/ US95/ 07438¢ Iikge RIGE 3ot R rof, putter 3&%% Tesponfs foethe, B(&SC 13. 16.
" The Fig. 13 <ilogkl In Figure 29r theo SOR: ippety signal ytodregistes dd OFigyar e 10 si gnal .

5 Normal ly, t d Si ' 43: 081 S 5Lan bbbk ke Field
Dat a Packet I%g#fj%gfa g&gfﬁi %wa@fﬁg‘a ?ﬁ%ﬁsgghé ll’aéﬂfagte g%?rr\:ﬁl \5& g?)pear s at
t he begi nni nd¥ sP@QcPr&ﬂséoé)zgégé? @ slelayed version of the SOP input' to™ "

10 register 110.

Continuing with Figuré 17, a packetized baseband MPEG
byte datastream from network 84 is processed by a transport
processor/decoder 86, which basically performs the inverse of the

15 operations performed by transport processor 14 at the '
transmitter (Figure 4). Transport processor 86 decodes data into
its constituent components. Processor 86 includes various data
processing and demultiplexing circuits including header analysers,
signal routers responsive to header information, MPEG

20 decompression networks and other image and audio data
Processors which provide signals that are formatted as required
by video/audio processor 88 in Figure 17. Video and audio data
recovered by transport decoder 86 are respectively processed by
video and audio networks in'a unit 88 to provide image and sound

25 information suitable for reproduction. | |

Detector 90 in network 75 also provides a Field Marker
signal to control unit 92. The Field Marker instructs controller 92
-not to write the field sync segment to buffer network 84, whereby
30 a resulting output datastream is devoid of the field sync
- component. Output data packets from buffer network 84 form a
single datastream that is devoid of the field sync component,
whereby the MPEG Byte Data datastream from network 84
exhibits a constant, uniform data rate and constant, uniform inter-
35 packet gaps.



control ller 44 to provide an output to the REN i nput of buffer 46 to 1 O
stop bufiffer 46 fromreading out data. Specifically, controller 44 is

pr ogr ameWO960128 pond to the SOP flag by readi ng out buff ®CTHSIHSY g
bytes, tthen stopping buffer read . out for the 20 byte FEC interval. This

all ows FEC network 50 in transm ssion coder 17 to cal cul ate error coding

I nformat/i on.for the packet that inmmediately 1 5 precedes the current packet
being held in buffer 46. This error c$ﬁ| ng information is inserted into the -
dat astream during the 20 byte FEC ovefhead interval at the end of the

precedi ng packet. Both the Data Field Packet Request (Figure 13) and the
buf fer Read EnabRemnsovingl théeoverheadnfieldi syne segmenthititliont BEopping

n ?raﬁ?ﬁéﬁhggﬁﬂe GHR [ BaiiftdhcOby) T Malifict oy O PYte FEC

or nat | I NS rtlngthelonger
f i é?%ﬂ WIHE GMEEdOf r#‘éﬁf%ts%ﬁ“bﬁomhlﬂaﬁégn withs thesertion of
over he i nfppederetminéd Befferphiltiad \Méloupauteterawt«tmtmm%ﬂ?t ?St :eam
ef enrin g segnen out st oppi ng
or i st gpt 1 R e Sodrred I M et uGUeiof oA kekEls BB e Lo
cl ocki ng of avaflable. 4@ven anenidatmtfield werind: Hhepexanst BumhcedOf)ldataer ful | ness
level . PackehfesiiReded! id UdhsttuR Q daY!'ﬁiél‘an will havdf fbgén‘lﬁfa ed he

t ranspo cessor as packets r..on eriod,
Lhe onallb MugsEangHorh pracessars Shodeam bulten ¢ BHiEom Rasks 4

%ﬂiﬂéﬁ dh¢i |1 have
been trinsfeamed sfzeonrndr fullpesst rpquiresent ds4 Buffdrudbent 4he Buf fer 46 is

relatively yransmitter. When writing to buffer 84 is momentarily disabled to
remove overhead information (eg fleld sync) from the
_ datastream, data packets continue to be read out to ‘transport |
15 processor 86 at a constant uniform rate. Dunng this time buffer
84 does not empty completely. The constant uniform gap between
data packets allows enough time for buffer 84 to empty parttally
while writing in is momentarily disabled to remove the overhead
: information from the ‘datastream. After overhead information has
2|0 been removed during the write disable interval, data is again
written to buffer 84. During' all of this time transport processor 86 .
has been contmuously receiving data packets from buffer 84
whereby the datastream flows without mterruptlon while
transport 86 processes data packets without _mter_ruptlon

The waveforms shown in Figures 18-27 pertain to receiver
operatlon Clock synchromzanon at the receiver is achieved by
" using the packet sync byte, Wthh as explamed prev1ously is the
" first byte of every data packet As in the case of the transmitter,
after the sync byte at the begmmng of a packet is sensed (Figure
21) a symbol clock SC (Figure 18) and a mutually synchromzed
1/4 SC clock (Figure 19) are generated Also as in the transmitter,
a counter is used to count ‘cycles of the 1/4 SC clock for producing
the receiver 3/8 SC clock (Figure 20). This counter is reset to zero
synchronously with each packet sync byte. The observations made
previously with respect to the structure and characteristics of the

t
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Smal |, in th| s exanpl e | arge enough to acconodate 4 data packets. 35 The
predeterm . er fullness level is 2 data packets, but gdiinssokfraes nay
yary with the requirenents of a particular system In WO 96101025 19
practice, this level should be deternmined so that, for the known data
internals and data disable intervals in a given system the 5 buffer wll
not overflow when buffer read out is stopped to insert overhead information
into the datastream and will not enptf7at other tines. Wien buffer read
out is nmonmentarily stopped to'insert overhead information (eg., field sync)

constant 10 SRt syt REECAS ?ﬁi‘é}“&&p S0 Y b v DY 8 € at 2
not fill up celopkeatethe redeiveronbheadi4 tSbQ w8nSEaclockasheuld

(Figure 1%) ahd Q‘d%nﬁeﬁllgﬂ theBrdymitters ahd46edsivé@fl Il while read out is
monmentarily disabled for overhead insertion. After the overhead has been

inserted during the read disable interval, data 1 5 I s again read out
from buf fer 46. DdFiguge a22 ibkustraies thmmutpahdbanat Valise ¢iming signals been

cont i nuous! v 5eplepd 9! guRagkeb detuBhl 175 et e BRGEL 2

i thout i nt crsigpel dremaprocessor 75y Shwpeicl s, Maata| alkd: SgBab. og.. /4
SC or 3/ % (BC, corresponds to the shape . of the Data s_1gnal from processor 75. :
- This Data Valid timing signal exhibits a non-uniform characteristic
with non-uniform inter-packet gaps, including ‘a 20-(clock) count
gap corresponding to inserted FEC data in the Data signal, and a
significantly wider, 228-count gap corresponding to the inserted
15 field sync in the Data signal. Data packets in the Data signal appear
during the positive-going 188 count intervals of the Data Valid
signal. Thus the Data signal from. network 82 exhibits a non-
uniform data flow with respect to the packet data. The
counterpart of the Figure 22 Data Valid 51gnal at the transmitter is
20 shown in Figures 3 and 10.

In contrast, the Data Valid signal provided from buffer
network 84 to transport processor/decoder 86 (Figure 23)
exhibits .a uniform structure with uniform_'inter-packet gaps. This
25 signal signifies that the MPEG Byte Data datastream from buffer
network 84 is constituted by constant uniform inter-packet gaps
(“data disable” intervals of 125 counts of the 3/8 SC clock)
between constant uniform data packets (“‘data enable” intervals of
188 counts of the 3/8 SC clock). Thus the MPEG Byte Data
30 datastream exhibits a constant uniform data flow to facilitate the -
‘uninterrupted operation of transport processor 86. In response to
the Data Valid signal of Figure 23, transport processor 86 acquires
data packets for processing during each 188-count clock interval
: based on an uninterrupted flow of data. Transmitter counterparts
35 of the Figure 23 Data Valid signal are shown in Figures 11 and 12.



buffer 46 will not run enpty because the inter-packet intervals in 8-VSB
mode are longer. This allows additional time for the buffer to refill from
t he trandy@9e01825%cessor. 25 The buffer 46 Read EnREN/&s4507458S0

di sabl ed by controller 44 if the buffer Fullness flag exhibits a | ow |l ogic
| evel , ijndicating that buffer 46 contains |ess than a predetern ned nunber
of datajpackets.. At this tinme the Data Valid signal fromnetwork 44 (Fig.
16) is '{low' (absent) since the readiong out of buffer 46 has been 3 0

di sabl ed. This condition may occur, for exanple, when system operation is
initiated or after sysiemreset at atime Tl. Typically the data
field structure ﬁﬁc‘?‘NFfl E’e‘g&f/a@teffﬁé:ebé@itwmhggéf opREAtes ans nd smiannerlay, and

the transni sigibar ab Mtaopaﬂieetc%uﬁ@ét?jaW%adﬁhhme@r heRyesk Tshemd N {‘hunt It! e,
tationgsi t n ransm ss 0] S

\SAhi | e readgﬁfq'féétﬁ%f uf égd ﬁegég‘bﬁ%aﬁ%d‘es??%%‘bm ‘a%fgjgso?’

continues tWithefgspect 19 the Repak laads Writhioek iaputsn Abspowherdas the Packet
Request |To FaRgAREsT s ;k&ﬂﬁ'c&r{tﬁﬂl‘l&ow Gh! Figdrt 281 tp%sﬁjfﬁt Pg&é&ed number

3 d buf f f b
cat et o REG o TBimpof Fignil sopeionigeto & & acket s a hi gh

| ogi ¢ | evel Reguésiterthé6caunlienpant c ecedvera neewdriEnab Rigaid Xy dends Otk IOUt ting
data pggxetSOPTHEgPYS fiekefRadurbgrt processor 86 to indicate the

beginning of a new packet. As in the case of counterpart buffer 46

at the transmitter, receiver buffer 100 in Figure 29 -is cleared and
refilled to a predetermined level each time the receiver system is

reset. Buffer 100 must reach a predetermined “fullness™ level

15 before data is permitted to be read out. This operation is'

illustrated by Figures 24-27 and is analogous to the related

transmitter operation previously discussed with respect to Flgures
13-16. -

210 Controller 120 generates a free-running internal timing
waveform shown in phantom form in Figure 24. This signal
exhibits a constant uniform structure. Specifically, this signal is
constituted by constant uniform intervals of 125 counts of the 3/8
'SC clock (corresponding to inter-packet data disable intervals)
23 between constant uniform intervals df 188 counts of the 3/8 SC
. clock (corresponding to data packet data enable intervals). From
this signal controller 120 produces a FIFO- Read Enable signal
- (Figure 25) for buffer 100 and a Data Valid signal (Figure 27) for
- transport processor 86, both with a constant uniform’ structure.
30 These signals are produced in response to the buffer Fullness
- signal (Figure 26) and the SOP flag input to register 110. ‘This flag
is a buffered and delayed version of the Packet Start signal. The
- (register delayed) SOP output of register 110 is applied to a
control input of unit 120 and to transport- processor 86. The buffer
35 Fullness signal is produced when buffer 100 exhibits a
predetermined fullness. The buffer Read Enable operation is




‘Operation is initiated at the |eadi ng edge of the first data enable 1 0

i nterval that appears after the Fullness flag goes high in_r o the
rECTRa

full ness cHIRASIBIRS bei ng satisfied. Consequently, at a ti
(sync) byte of a data packet is aligned with the begi nning of a packet

i rst

request fromthe Data Field Packet Request signal (Fig. 13) and with the

: the Data Valid signal 15 (Fig. 16). Alignnent circuit 45 in
- Figure 4 facilitates the above- descriB&d operation illustrated by Figures
13-16. Circuit 45 is shown i'n Figure 28 together with networks 17, 42, 44
and 46 of 2 G

flip- flops (%%fs?é?i)‘ﬁio%%@%e&% R C S N

begi nni ng of

d ock of buffEna

conveyed via

| e, iniptvahnthat appeashaafterd ths Fullnessasignakngess high 1OREN)
provided §0 bygkpehsetbol EEN sufséreTullaBiy Wonditidd . béiaiga shtisfieduf fer 46 is

Controller 44 bﬁl%%g@?al 3? ﬁndeéggdttﬁﬁg%%é @&éggﬁa%%sétggfpg%ggb?%g% iét art

Of Packet (SGHigrddagvitln thegbegisning:|ofyadvalid sdata istenviab ¢

signal) from sQuts s b op 102.° The Packet Start signal i
Galigubignhl g?:l%l#gp%fg}; p signal is a

buf fer del ayed version

she Pat@ket Start

signal input to buffer 46. 30 Continuing

with Figure 4, output 8 byte parallel Dat a packets from network 45 and the
gnal Bbitgflip-fléps and thepReed ¢lock qREK) iimpui mfubsffer 84EC uni t

3 BOKEHCE, W SRESE dioRR ity Belbbien B G $233n( 0 he

Dat a Val ij® si
50 in transm
dat ast ream du

15

20

response to the SC and 1/4 SC clocks as discussed previously. The
3/8 SC clock is also applied to controller 120. MPEG Byte Data are
conveyed via flip-flops 110 and 112 to a data input of transport
processor 86 when these flip-flops are enabled by the Read
Enable signal produced by coniroller 120. At the same time, the
SOP flag is conveyed to transport processor 86 together with the
Data Valid signal (Figure 27) from controller 120. The Data Valid
signal. is provided to transport processor 86 to enable it to acquire
data during intervals when valid packet data are present.

The interface between the transport processo_r_and the
transmission processor including network 17 is important in many

_ applications. In television broadcast for example, the transmission

25

processor will be required to generate and output data fields

‘without interruption once transmission has begun. Television

receivers rely on this uninterrupted stream of data fields
including field sync segments to maintain synchronization. Any

. change in the data field rate or structure during broadcast would

30

35

result in a loss of synchronization at the receiver. A broadcast
studio normally has multiple banks of video tape players pre-
programmed to automatically switch to appropriate source
material in a timed manner. These tape players output transport
packets containing transport stream information. Each tape player
synchronizes its output to the flow of data to the transmission
processor, which is not permitted to alter its field rate or field



35 data "invalid" overhead intervals between each data packet interval in
accordance with the waveform of Figure 16. The 2 1 datatream from FEC
unit 50 iE024MM%%d to a parallel:to-serial data converter PEPUSY4745857
converts each paralled 8 bit byte into a 5 group of four 2 bit words
which are output serially. Using well- known techniques, the data fromunit
52 are 2/3 trellis coded by unit 54 for producing three output bits (two

i nformation bits and one derived redWancy bit) for every two input bits
to i nprove signal -to-noise performance. These bits are provided according
to 1 0 a predetermned algorithm exanples of which are known in the art.
Coder 54 opstrugtaze. Naoupiferm gapsi im the t flgwnof apackatsi frofs thehi ch provi des

~the third biran§fordCprocERS6E t lthe t hﬁnﬁhﬁé&%ﬁrg?d&%sg# Gfviel '*Emf effect The
out put %f t(r) | 1 LB CQQE@ 54 co.r-t%rl_sga‘f a ﬁeﬂgen e__gr 3 bi tﬁ_har&g.l | st coded
wor ds, Wit hOF JOR<HE'PC WABEMESSHAL 44t HE'S stpHcturesan, oF pHt the nmps
each 3 bit datgufloworat theorimicofiee, Svhich smalduhgue beylbolpacket drdra
ot cdet o1 m noald, ieid  pRUbLRK Fch Jhdiod el Wag (OB, BEGsifGably
- dat ast r eam T4a¥Itede tﬁabﬁl"ﬁg‘:?’ icated dﬂtﬂﬁﬁ‘fe%éhaéiwhwmgﬁesm viep$
. increasi ng outpati malbdithnehey packputandhifield boamiaries. Kdditioadl 000, 001,
010, - 1.0 ' Oinkbdmafibi hbBHF1RECHeld structure would be required to be
passed across the interface, or developed by monitoring the data
flow at the interface. The tape interface would contain provision
for packet sync detection, field detection and sufficient memory to o
buffer the data field structure. Addi_tibnal complications are

15 produced by pre-recorded tapes, and insertion of local
programming and commercials. These complications ‘and other
difficulties are successfully resolved by a recording/playback
system employing the principl_es ‘of the present invention, as

“shown in Figures 33 and 34. | R

20 ' '

Figures 33 and 34 respectively represent the transmitter
and receiver systems shown in Figures 4 and 17, except that the
systems of Figures 33 and 34 include a video ‘recorder device. In
Figure 33 a video tape re’corder/pl'aybackl device 15 receives a

25 uniform data rate datastream from transport processor 14, a
provides playback data at a uniform rate to coder and data field
construction network 17 via buffer/finterface 16. As in the case of

~ the Figure 4 system, the Figure 33 system exhibits a uniform data
“flow at the interface between the transport layer and the -

30 transmission layer'.' In this example data source 12 includes a
broadcast studio video camera and an MPEG coder for encoding
camera output signals prior to packetizing by transport processor
14. - . - _

35 Video recorder 15 rri‘ay be a commercial device such as a
. Panasonic™ D3 video tape recorder'fofp'roviding byte-by-byte



into the follow ng eight synbol |evels, respectively -7 -5 -3 -1 +1 +3
+5 +7. 2 5 Control signals for fleld sync gener at or 04Ye per 58
are prOVIdgﬂn%gpqnﬁﬂ ng control network 40, eg., a n1cropr08§§%0r.oﬂg?wor

40 controls the operation of field sync generator 60 so that unit 60 is
enabled to output field sync segnent information during an interval of
predeterm ned duration produced between 3 0 adjacent data fields, ie.,
after every 312 data segnments as di scugsed. Each field sync segnent is
predi ctably mul tipl exed into the data st ream bet ween groups of field data

operation of BAROFRTEE0° ARG i sodhe SadBp SteoPler, deshid: TRette g "o 1 "
conponent 3 Smayt behmdjagedmmghc)freeatderpdekm viscH. :R&Egdentlisynay bef ore
out put pr@eséb{h%g@é Bﬂétoﬂ% bank 9@&?&]&8@0%&:&&%’%0@%{8?@% data
signal fromuni e a

ut put process mal | pil ot
signal may beeaeyed oata § Ss\‘éH Qs é&rﬁi“é?’“té"aﬁalcbwaf% € carrier

recovery at atrmagemissionuofievaribds itgpét of gregramn nmexierial ifoom thsi stgdiciown
si gnal processing techniques, an 8-VSB nodul ator in processor 18 receives

the trellis coded conposite_data signal, filters and
In Figure 34 a video tape recorder/playback device 85

10 receives and processes a uniform data rate datastream (with
overhead information removed) from interface/buffer 84, and
provides playback data at a uniform rate to transport
processor/decoder 86. The system of Figure 34 also exhibits a
uniform data flow at the interface between the transmission layer

15 and the transport layer. In this system recorder 85 represents a
consumer device (VCR) capable of recording off-the-air, or for
playing back material such as may have been pre-recorded by a
device having the characteristics of unit 15 in Figure 33. Unit 85
may be a separate unit in a system where elements 72, 75, 84 and

20 86 are incorporated in a television receiver. Alternatively, '
elements 72, 75, 84 and 86 may all be included in recorder 8S.



spectrum shapes the signal for transm ssion over a standard 6 1 0 VHz
tel evision channel , nmodul ates (uj a signal onto an

i nt er medi Y26 W‘Bﬂuency (1F) carr mmmm“.mmmlmtes t he r #ERMUSPHQF488 gnal to
an RF carrier. Fi gure 5 depicts, i*n thetuppers ditfagram the spectrum of the

baseband YySB=fBdti-ati-en—siganl for this exanple, rela

MHz NTSC hiﬁiSe’BHsdbectrm&m as shown in the |ower diagygmn
depicts 4. Q__Lﬁééf.é# B-i ! ¢ Hhd 190 Re i%ced

: ofiporating $3h& principles of t
i nventi on. i i ated Symbol Data datast reamTﬂummm m
preprocessor 72 exh| bits a sequenti al %E%tl él_el d2 0 st
descri bed previously, with a non-unif ta rate. A data field processor

75 associated with a systemtransm ssion | ayer ‘processes the synmbol data
field stiSucture withla mons sternf 6smeetaistnit@ing 4 adigitiudfadéamnt Data at a

non-uni form e converts this .dat

MPEG Byt e 25‘r°%§ 'Péj ehﬁ {’?‘% fﬁ&?ﬁé?%ﬁ?l%l canal, data a}“f%ft"é SThi's
dat astream 3rd pppequal dﬂ@i Qﬁtﬂr @NGphﬁ&d dadotipaties. \Amechalesx hsdidt s

uni nt er r upt-egh 2@y addfpridings constant uni formdata rate for providing

decoded byte data to a out put pro 88. Transport. decoder, 86 is
‘associated with a sy} %ﬁ? g‘?”{ ?ﬁzéiefjr’or vt ﬂ'/}:@a% c@“sB}‘t‘e“B{PH’npat h
i-ncl uded Ovi déatar gate ddaﬂaptmyhack appar atus in accordance with the

Connecton it Fi e ds P SRk AepRLg Ay dof FE4138 fically.
a signal recH#ideHnitosm zIa'cer M?ﬁté"éi%n rom said data PTOCCSSOT and
: a data field generator (17) responsive to .an output
datastream from said video recorder/playback apparatus for
15 inserting said overhead information into said inter-data gaps of :
~ said datastream, without interrupting sa1d datastream, to form

said f1eld structured datastream represenung sequential data
fields.

20 o o -

2. A system for receiving a digital datastream
representing sequential data fields containing equal data intervals
and unequal inter-data overhead information intervals, said
system comprising:

25 a data processor-(72, 75) responsive to said received
field structured digital datastream for removing overhead |
information from said datastream without interrupting said
datastream; . |

means (84) for conveying an output datastream from

30 said data processor to an output terminal at a constant uniform
data rate; and : ' .

video recorder/playback apparatus for receiving a
datastream having a constant uniform data rate from said output

terminal.
35



3 i channel is processed by an RF tuner—#0 i ncl udi ng channel sel ection and
m xer circuits to produgﬁ ,l converted si gnal . % /01025
23 Thi s siW@84/01025 subj e 'm mﬂl gﬂﬁi ng and synchrono 9\/)??‘1 gn by
pre-processor unit 72 usihg %knewnssi processing 5 techni ques to
produce a baseband signal. Unit 72 al so incl udes_an. egualizer—
for transm ssion channel anplitude and phase perlfq(.{bﬁu DR HAAT

output signal fromunit 72 is aftervvarg§ subj ect'ed t b s -é\l&f@ deco_|| ng,
forward error detection/correction and’6ther si gh:

1 0 whichis the inverse of the processing perforned by the transmtter
system of Figure 4. SnbaAl sydtenk aStdralimig der clatmi 2| ocherein 4 SC and 3/8 SC

are identical to corr o tt Th 15
e Qo MBED, ormp i |0, Thus an

out put datastream ( a transport
processorﬁdecoder 86 corresponds to the datastream (MPEG Byte Data)
provided fromtransport processor 14 in the Fi gure 4 transmtter system

The i nput Synbol Data ap I|ed to
corresponds to the OJ ?‘ a%gpd)lbﬁggoolf%?%m oo ﬂﬂ leiﬁﬁéﬁmrge 4. The
i nput Symbol Data dateasdateademdﬂral(&é) aeEPORSiVG etoy aﬂom;ltﬂl!? adﬂtéﬁl'%@l d sync
from said video recorder/playback apparatus and operative at a
10 constant uniform data rate for providing an output decoded

uniform data rate datastream without interruption.

5. A method of recording a video signal in a system for
15 receiving a field structured digital datastream representing
sequential data fields containing equal data intervals and unequal
‘inter-data overhead information intervals, said method
comprising the steps of:
(a) removing (75) overhead information from said
20 datastream, without interrupting said datastream, to produce a
datastream with a non-uniform data rate; and
(b) conveying' (84) said datastream produced by processing
step (a) to record"ing/playback apparatus at a constant uniform
data rate. ' |
25

6. A method according to claim 5, comprising the further
step of ' :
"(c¢) decoding (86) output data from said
30 recording/playback apparatus in step (b) at a constant uniform

data rate without interruption.

7. A method according to claim 5, wherein
35 ~ said datastream is MPEG compatible.



csorrponent bet ween groups of shorter duration data packets that respectively

define adj aggRkoeaéa fields (Figures 1 and 3). Thus the rec ' t
synbol datastream exhibits a -non-uniformdata 2 5 rate. Befgirllgg%glea?%g

applied to receiver transport processor 86, this non-uniformrate input
synbol datastreamis converted to an MPEG Byte Data output signal (from
network 84) which contains data packets occurring at a constant uniform
data rate separated by uniformi nter-pagyf gaps. Such a constant uniform
rate 3 0 datastream-  advantageously fac{ ¥t ates data processing and data
de-nul tipl exi ng by transport decoder 86, which operates w thout :
interrupting the datastream Mre sp8333YMBOLY, a non-uniform rate

baseband input ‘3 5 synbol datastream—produced—after denodul ati on and
equal i zation is applied to syntyol neppep SYNG 1de- mul {i pl exer 74, which 24

performs the inverse of the o Cormen—iy] yepper 58 in Figure 4.
Unit 74 maps each synbol SYNC W trellis decoded to a 2
bit word by trellis decoder 76T TcomuncgTom wtirygit 78. Unit 74 al so

repl aces the segnent sync at the beginniryy of each $¢gnent packet with an
MPEG packet sync. A synbol datgbtrea TRAR (ﬁged by| 4812 DAMTAi s noni tored by
unit 90 to detect the appearang¢g_of BENVENTS for ngt ifGEGMENTENt during
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10 field sync intervals eg., so-called "training" signal information for
use by a p 1 equalizer in unit 72, node selection inf i and

of her info?ﬁgﬁﬁ%ﬁg This information is extracted by unit 90 an %@ﬁ?%yed to
preceding circuits in accordance with the requirenents of a particular
system 1 5 Qutput groups of four 2 bit data words from trellis decoder 76
are converted fromserial form to 8 bit (1 Byte) parallel -form by
serial-to-parallel converter 80. -Seriﬁ rds from converter 80 are
applied to error detection and correc /Hzfunit 82, eg., a Reed- 20

Sol onon decoder. An error corrected Data signal from unit 82 is applied to
recei ver buffer/interface network 84 together with a Data Valid signal,
clocks SC and 1/4 SC, and a Packet Start signal fromcontroller 92. The SC
synbol clock and the 1/4 SC cl ock are synchronous and are produced by a

| ocal oscillator in controller 2 5 92} The Packet Start Signal is
generated in response to the appearancé of the sync byte at the beginning
of each packet. FEC unit 82 generates| the Dat-a Valid signal in response to
t he Packet Start signal. 30 - BuffeBlinterface network 84 is sinilar
to transmitter network 16 and is shown .ifn Figure 29. The interface network
of Figure 29 includes a FIFO buffer 0, a systemcontroller 120, a 3/8 SC
cl ock generator 122 and an alignnent it 145, all of which elenents
exhi bit characteristics simlar to those of 3 5 counterpart elenents for
transmtter network 16 shown in Figur

( FIELD SYNC

228

20 188
FIG. 3

FEC
I_E

188

™
0

188

PACKET BYTES

INPUT
CLOCK
CYCLES =
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28. Buffer 100 of Figure 29 is essentially the same as FI FO buffér WO
96/ 01025 Zﬁ, 45&‘0& transmtter buffer network 16 in Figure 4ot ¢ hat
the Read a & 8 cl ocks are interchanged. Specifically, the |te 5 cl ock
i nput WCK of buffer 100 responds to the 1/4 SC clock, and the Read cl ock

i nput RCK of buffer 100 responds to the 3/8 SC Clock. In Figure 29 the SOP .
I nput signal to register 110 is a buffered versiron of the Packet Start
signal, and the SOP input to transportr:ﬂﬂl(r%essor 86 is a del ayed version of
the SOP input to 1 0 register 110. Continuing with Figure 17, a packetized
baseband MPEG byt e datastream fronjyge |125 processed by a transport
processor/ decoder 86, which basica T

~t he i nver N5 T15
operations perfornmed by transport oce%sor 14 at the t ?ﬁ%ﬁq 1 (Figure
4). Transport prIRANSRIRDr 8@/886wspd 141 + il s COI’lStI(’ Wi onent s.
Processor 86 i ncl s vcﬁ-euell-a-t-em % and demultiple |ng circuits

i ncludi ng header anal ysqrs, signal o sgonsi ve to heade

i nformation, MPEG 2 0O dgconpresspyp PEGBYTEd o her i mage ata
processors whi ch providg signal sjfipa a APK d as requin %%M

vi deo/ audi o processp_r__B_E__l_rl_El_gute-.’L - -audio-_data.--., , ORK
] 4 - " FULLNESS e
i WGy JWEN pRo [* G .8
: 1/4SC ~—>{RCK i
NEREAGE | | =) e S i
! = - SYS. |
RN o | M JcoNTROL |
' [3/8SC v ¥ [ Cooprig X :
i [ GEN. ALIGNMENT S :
; &7 a8 i
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i O TIVING PACKET REOUESL» Fogg\gl\&% FE)[?\IOR |
{ “LCONTROL A NSeRTION | oATAVALD |
: | g :
AN PARALLEL-SERAL 5
BEE! : »| BYTE TOBIT PAR | 32 :
| CONVERSION o
MlﬂESM]%SM i _ ,t 2 % |
| | »[TRELLIS CODER || TMESLS BIT |:
] e " {3 L —T
TN S vy !
4 0 [FIELD/SYMBOL [SYMBOL MAP] 55 !
; [_SYNCGEN. ANDMUX P i
RSy e Rttt
CODER AND DATAFIELD - - 10UTPUT SYMBOL DATA g
CONSRTUCTION NETWORK OUTPUT PROCESSOR (MODULATOR) |

v T0 OUTPUT CHANNEL

FIG. 4

SUBSTITUTE SHEET (RULE 26)



recovered by transport decoder 86 are respectively processed by video and
audi o networks in _a unit 88 to provide image and sound 2 5_information

sui tabl e fWro?‘@}S?zéducti on. Detector 90 in network 75 al so SFEW{SM"%{’ Field
Mar ker signal to control unit 92. The Field Marker instructs controller 92
not to wite the field sync segnent to buffer network 84, whereby 3 0 a
resulting output datastream is devoid of the field sync conponent. Qutput
data packets from buffer network 84 forma single datastreamthat is devoid

of the field sync conponent, whereby th G Byte Data datastream from
network 84 exhibits a constant, uniformdata rate and constant, uniform.
inter- 3 5 packet gaps. 26 Renoving the overhead field sync segnent

Wi t hout stopping or disrupting the datastream is facilitated by the manner
of read/wite clocking of buffer 84 in conbination with the predeterm ned
buffer fullness |evel. Packets are continuously read out of buffer 46 to
the transport processor as packets are available. Over one data field
period, the exact nunber of data bytes needed to constitute a data field

wi || have been transferred 1 0 to transport processor 86 from buffer 84.
Buf fer 84 exhibits the same size and full ness requirenent as buffer 46 at

- the
leqmeapm
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L
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/ stope  NTSC
—

"

S A

’!

- t A\l

~VISUAL CHROMA AURAL'
CARRIER CARRIER  CARRIER

le—1.25—>fe—155—>  mequENCIES IN MH2
FIG. 5

-JY-““—T

SUBSTITUTE SHEET (RULE 26)



transmtter. When witing to buffer 84 is nonentarily disabled to renove
over head i lon (eg., field sync) from the datastrea kets
conti nue t?‘gé&ﬁé d out to transport. 1 5 processor 86 at ?‘5‘2@%?’3%5
uniform rate. During this tine buffer 84 does not enpty conpletely. The
constant uni form -gap between data packets al l ows enough time for buffer 84
to enpty partially while witing inis nonentarily disabled to renmove the
overhead information from the dat astszfllgl After overhead information has 2
0 been renoved during the wite dis interval, data is again witten

to buffer 84. Clﬂlng\a-ll Q@D thi©inme transpgrd procesee+ 86 @b been

conti nuously recei vin I s pac s from buf¥er 84, wrereby t¥re= datastream
flows w thout er&ﬁ' ;ém

. i § i ransport aé-:grocesse ata paeckets
wi t hout interrl.u.p.tloh.l_z Jdthe Vialef or s .shovws=Pn Fi gur 18-_é5erta|n to

receiver operat| Cl pck synpchroni zati on atldle receilkr is ladchi eved by
usi ng the pac sync yt e, ichlas explained previoUsTylisthnel]first byte
of every data ket ! he cdse of the transmtter, 3 O aftfer the
sync byte at begl n irI a packet Is sensed (Figure 41) a synbol clock
SC (Figure 18 t 3y, synahronl zed C cl ock (Iji gure 19) are
generated. Al ' ‘hd=+ransni iter, a counter is used tlo countl cycles of
the 1/4 SC cl for pfoducihg t heg recei ver| 3/8 SC cl PCK (Fipure 20). This
counter is re to zefo 3 5 synghronously| with each|packet|sync byte. The
observati ons prevfiouslyfwthtrespect—tp the strufture aphd
characteristi f the] _
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WD 96/ 01025 27 3/8 SC synbol clock at the transnitter also apply to the 3/8
SC cl ock ceiver. The 1/4 SC clock and the 3/8 SC ld 5
be |dent|§gP5§§“% e transmitter and-receiver. Figure 22 ilft@ﬁggﬁggﬂthe
output Data Valid timng signal produced by unit 82 of network 75
concurrent with the Data signal from processor 75. The shape of the Data
Valid signal 1 O corresponds to the shape of the Data signal from
processor 75. This Data Valid timng 35 exhi bits a non-uniform
characteristic with non-uniform inter* ket Io® i @Hudi @A 2Gkc! ock)
count gap corregydndi nggt 0 | mtedcﬁ: data inv=ve Dot si@N, @I a
significantly veder, El'z‘-etcoum—gap aorr espondi ng, {0 the i nsert-ed 1 5field
sync in the Dat |gn = Dat a cket n the Dale= |g§-_9 ap@r dGﬁ-'jng t he
posi tive-goi ng S8 i nt he Data Wali d Elgnal IdThusiithe Data
si gnal fromruﬂummk BIJaxhlmui;a.nhn_lﬂnforn1dat floww th nespect to

t he packet dat a. Tre coujterpart of thg Figure ta lid sijgnal ht the
transmtter is st i n Fi guf e nd 10. | ntras

_ . Data Malid
signal providgd frombuffer netwprk 84 to trans

pr ocess ecoder 86
(Figure 23) ejhibits}a uniformsjrpcture with u rrplok er 2 ket geps.
Thi s
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25
net wor k 8
di sabl e"

uni form.data packets ("data enable"

cl ock) .

tituted by constant uniforminter- packet

si gnal S|gn|f|es that the MPEG Byte Data datastream from buffer

Risokdsd 2

|nterva s of 125 counts of the 3/8 SC cl ock) betmeen constant
intervals of 188 counts of the 3/8 SC
Thus the MPEG Byte Data 3 0 datastream exhibits a constant uniform

data flowto facilitate the uninterrupted operation of transport processor

86.

In response to the Data Valid signatéﬁi Figure 23,
86 acquires data packets for processing 3

transport processor
ng each 188-count cl ock

interval based on an uninterrupted flow of data. Transmitter counterparts

35

WO 96/ 01025 28 Receiver buffer/interf
simlar to that of the

28. As noted previously,
the Read and Wite clack.inpy
controller 44 in F|gure 28 pr

response to a Data Firel 397 L7
in Figure 29 sends ar 1

I ndi cate the beglnnldg

buffer 46

REEPRD

of the Figure 23 Data Valid signal are shown in Flgures 11

opb
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at the transmtter, receiver buffer 100 in Figure 29 is cleared and
refilled tQN&D@ﬁﬁ termned | evel each tine .the receiver systen1 | S reset.
Buf fer 100 ach a predetermned "fullness" level 15 PGRYSS748t a i s
permitted to be read out. This operation is illustrated by Figures 24-27
and is analogous to the related transmtter operation previously discussed
wWth respect to Figures 13-16. 20 Control |l er 120 generates a
free-running internal timng wavefo%g 3homm in phantom form in Figure
24. This signal exhibits a constant 1 orm structure. Specifically, this
signal is constituted by constant uniform intervals of 125 counts of the
3/ 8 SC cl ock (correspondi 0 inter-packet data disable intervals) 2

bet ween const ant u orm éﬁgervals of colfTy of CMe 3/I~6C cl ock
(corresponding to a packe data enab®™Ni nt &M s) O om&M s si gnal
controller 120 pro@ %ES a &0 Read Enapleg si (Fsgére <for buffer
100 and a Data Val: S|gna Fi gure 27) rtn por roc r -86, both
wi th a constant unI rm St} ure. 30 L**heséJs+gnaF&—areHdPoduced in
response to the buffer Fullneg$s signal (Figure 2) and tlhe SOH fl ag i nput
to register 110. Thislflag'is a buffered ahd del gyed versi on ot t he Packet

Start signal. The | ster d¢l ayed) SeP-ofit | f regi 9t g is applied
to a control inpdgt of unit 120 and to §ranspqrt processqr |86. The buffer 3
5 Fullness sigral is pr d when buffer 100 exhibitg g predeterm ned
full ness. The bufi|f er Read| Enabl e operafion is
]
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WD 96/ 01025 29 initiated at the | eading edge of the first (positive going)
dat a Enabl e Wwawssvogeds t hat appears after the Fullness signal goes highin 5
response to the buffer fullness condition being satisfied ~CH(TASAUMMSS at
atime T2, the first (sync) byte of a data packet is aligned with the
beginning of a valid data interval of the Data Valid signal (Figure 27). 1
0 Both flip-flops and the Read cl ock (RCK).- i nput of buffer 84 are

cl ocked by the 3/8 SC clock locally generated by unit- 122 in response to :
the SC and 1/4 SC cl ocks as di scussed prevgfgsly. The 3/8 SC clock is al so
applied to contraol l er 120. MPEG Byt.e Data “conveyed via flip-flops 110
and 112 to a data input of transport 1 5 processor 86 when these
flip-flops are enabled by the Read Enabl e signal produced by controller
120. At the sane time, the SOP flag is conveyed to transport processor 86
together with the Data Valid signal (Figure 27) fromcontroller 120. The
Data Valid signal .is provided to transport processor 86 to enable it to
acquire 20 data during intervals when valid packet data are present. The
interface between the transport processor and the transm ssion processor
including network 17 is inportant in many applications. In television
broadcast for exanple, the transm ssion 25 processor will be required to

generate and out put da&SThkﬁggaﬁT 1
_ !

PROCESSOR 14 [3/5 SC ' X —--
3/8SC | GEN. je— |
TASC
RCK j&—
DATA -
AALL WCK 104
| 102 <
. Q
. . “[oam |
op TRANSMISSION
0P} 4 Al CODER
S0P | 17
FLAG | | |
DATA | |
VALID,}en .
FIFQ READ !
REN Le ENABLE DATAVAD
NS svs. [“ommD --
| CNTRL. | PACKET REQUEST
‘PACKET REQUEST < 3BSC
TOTRANSPORT Lo te——1/45C

FIG. 28
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W thout interruption once transm ssion has begun. Tel evision receivers rely
on this uni ed stream of data fields including flel nts
to naintai?ﬂigﬁgﬂﬂ%nlzatlon Any change in the data field réﬁ?ﬂ%r s?gﬁcture
during broadcast would 3 O result in a loss of synchronization at the
receiver. A broadcast studio normally has nultiple banks of video tape

pl ayers pre- progranmed to autonmatically switch to appropriate source
material in a tinmed manner.- These tape players output transport packets
cont ai ni ng transport. strean1infornation1 tape player 35 synchroni zes
its output to the flow of data to the tr ssion processor, which is not
permtted to alter its field rate or field WO 96/ 01025 30 structure.
Non-uni form gaps in the flow of packets fromthe transport processor to the
transm ssi on processor have the effect 5 of making the transm ssion data
field structure an artifact in the data flow at the interface, which would
have both a packet and a data field structure. Each studio recorder would
be undesireably required to have conplicated interfaces that synchronize
the tape output to both the packet and field boundaries. Additional 1 0O
information about the field structure would be required to be passed across
the interface, or devel oped by nnnltqugg the data

FROM

——>
CONTROLLER 3/8SC
92 7asc] GEN. | 3BSC__
RCK e _
WeK fe—1145C 12 “éx‘?%?
DATA, ~110 L DATA
| HFO -QEE&—O-D‘V,Q'——-———*AD @ :
- | TRansPoRT |
PSAT%KRETT B‘ﬁfﬁ sop |_ENA PROCESSOR =
ART | S0P Ly ol AAE TE sp g
oa | "
I
REN L NESS - [ DATAVALD )
CNTRL. le——3/8 5C
——1/45C
1207
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flow at the interface. The tape interface would contain provision for
packet syng, d ion, field detection and sufficient nenor fer the
data fiel d&sqﬁgs@g&%re. Addi tional conplications are 1 5 p%&h%gg%?
pre-recorded tapes; and insertion of |ocal progranm ng and comercials. -
These conplications and other difficulties are successfully resolved by a
recordi ng/ pl ayback system enploying the principles of the present

i nvention, as shown in Figures 33 and 34. 20 Figures 33 and 34 respectively
represent the transnitter and recei {4/{8/stens shown in Figures 4 and 17,
except that the systens of Figures 33 and 34 include a video recorder
device. In Figure 33 a video tape recorder/playback device 15 receives a 25
uniform data rate datastream from transport processor 14, a provides

pl ayback data at a uniformrate to coder and data field construction
network 17 via buffer/interface 16. As in the case of the Figure 4 system
the Figure 33 systemexhibits a uniformdata flow at the interface between
the transport layer and the 3 0 @ transmssion layer. In this exanple data

source 12 includes a lg=epdcast studi i deo caneraégﬁlan-NPEG coder for
encodi ng canmera out putg¥y gnal s pri oievty packeti zi ngeNgy transport processor
14. 3 5 Vi deo recorder 15 may be a conmercial device such as a
Panasoni c[err] D3 vid€&d ape record€X¥ or provi di ngCBY¥t e- by- byte

L. _ i L
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3 1 recording to tape. In some video recorder designs interface 16 may be

I ncl uded i order device itself. Recorder 15 may 5 i one of
a bank of 5gé§ggﬁﬁéldeo recorders comonly enpl oyed at broaﬂ%&gg&@igﬁios as
known to facilitate the transmission of various type of program materi al
fromthe studio. In Figure 34 a video tape recorder/playback-device 85 1 0
receives and processes a uniformdata rate datastream (with over head _
~information renoved) frominterface/ buffer 84, and provides playback data
at a uniformrate to transport processofz oder 86. The system of Figure
34 also exhibits a uniformdata flow at the interface between the
transmssion layer 1 5 and the transport layer. In this systemrecorder 85
represents a consuner device (VCR) capable of recaording off-the-air, or for
playing back material such as may hgve uﬁ' pres- ridcor ded by a deV|ce havi ng
t he characteristics of unit 15 in Fifjgur Unift” 85 may be a separate unit
in a system where elenents 72, 75, |86 are incorporated in a
_television receiver. Alternatively, elenmegts 72, 75, 84 and 86 may all be

i ncluded in recorder 85. CLAI M5 _ UNIFORM DAT E
. — \ A RAT
IRANSPORT ~ ¥8SC—{ SRANSFORT “le— " OPERATION

UNIFORM DATARATE | 14
"~ MPEG BYTE DATA -
(FIG. 12) (15

VIDEO —~REQUEST FOR DATA
PLAYBACK RECORDER AT UNIFORM RATE

AT UNIFORM | (FiG. 1)
DATA RATE A6

TRANSPORT- 3/ 5c —» ™ BUFFER
IBAI}LS.M_SSIQN 1450 —» ,NTERFAC/E — _ UNIFORM DATA RATE

. OPERATION
NON-UNIFORM DATA’-l I\_
REQUEST FOR DATA AT
| WD CODERAD | | (68 q00
IRANSMISSION DATA FIELD (oS 1019
LAYER ("| CONSTRUCTION
17{__NETWORK_~]™-NON-UNIFORM
I DATA RATE
OPERATION
oUTPUT
SYMBOLS

FIG. 33
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1. A system for transmitting a digital datastreamrepresenting sequential
data fields contalnlng equal data intervals 5 and unequal inter-data

over head | NQ¥¥H82Son intervals, said systemconprising: a REAPFBUEsOr
(14) for providing a constant uniform data rate dat astream vi deo
recorder/ pl ayback apparatus (15) for receiving 1 0 said uniformrate

dat astream from said data processor; and a data field generator (17)
responsi ve to an out put datastream from said video recorder/ pl ayback
apparatus for inserting overhead infornﬁsiﬂg into said unequal inter-data
overhead intervals of said datastream [ ut interrupting said 1 5
datastream to form- said field structured datastream representing
sequential data fields with equal data intervals and unequal overhead
intervals. 20 . 2. A system for receiving a digital datastream
representing sequential data fields containing equal data intervals and
unequal inter-data overhead information intervals, said system conprising:
a data processor (72, 75) responsive to said received 25 field structured
digital datastreamfor. renoving overhead information from said datastream
W thout interrupting said datastzgfnl means (84) for conveyi ng an out put

dat astream from smwoces Pﬁgpﬁacggéé)ﬁji termnal at a const ant

uni form LAYER
| i\/—DEMOD SYMBOL DATA WITH
75 | NON-UNIFORM DATA RATE
J DATAFIELD AND DATA FIELD STRUCTURE

PROCESSOR
DE-STRUCTURED DATA
, T
TRANSMISSION- - "TINTERFACE-BUFFER| '
INTERFACE  _{3/8SCGEN]  ~{~UNIFORM DATA RATE
192 QPERATION
R —mm
MPEG BYTE DATA WITH
RECORDER UNIFORM DATA RATE

% lf\/ (FIG. 23)

' -
. TRANSPQRT TRANSPORT
[AYFR  3/85C | DECODER A~ UNIFORM DATA RATE
- OPERATION

DECODED
BYTE
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FIG. 34
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3"0 data rate; and Vi

dat astreH"I"”ﬂ’/ ' tant uniform data rate from said output
ter m nal L/ "ﬂm’nmﬁyst em for transmtting a digital datastream -
representind séquéntsal »data fields cgpt ai ning equal data intervals-

unequal i

nter-data overhead information intervals, said 5 system

corder/ pl ayback apparatus for receiving é

and

conprising: a data processor (14) f@@LAIMS ding a constant uniform data-

rate datastream video recorder/playback apparatus (15) for

uniformr

recorder/

unequal |
interru

repr esent

10

15

20

25

receiving said

ate datastreamfromsaid data processor; 1 0 a data
field generator (17)1lrespospstem tforatransmpttingiaa adigitehnddtastreany d vi deo .

iRppP id10TddthS gleld | r | |
E{e?rf_@gﬁté ngﬁﬁegguihmdedrtg Se‘l%{gc&ﬁ’ﬁiﬁ‘ﬁ@d dquial’ dRid Ofheefals
| s

#d sungaual Jane

sai d

al d dafasttea w t hout
a2 1 GV eTReds AREOTMANAN o ATETY AlSe o SR ast r eam

i snsténbd eemipeivingt data fields with equal data intervals and
unequal overhead integr S, %I r IV i
fromsaid data fiel dggé#gr gg'g?gss?a dgé{e) %{C&gg | iaal%oéfg(téﬁaﬁg

.data rate datastream:

tream

video recorder,fplayback apparatus (15) for receiving

said uniform rate datastream from said data processor; and -

a data field generator (17) responsive to an output
datastream from said video recorder/playback apparatus for
inserting overhead information into said unequal inter-data
overhead intervals of said datastream, without interrupting said
datastream, to form -said field structured datastream representing
sequential data fields with equal data intervals and unequal
overhead intervals.

2. A system for receiving a digital datastream
representing sequential data fields containing equal data intervals
and unequal inter-data overhead information intervals, said
system comprising: '

a data processor (72, 75) responsive to said received
field structured digital datastream for removing overhead
information from said datastream without interrupting said

. datastream;

30

means (84) for conveying an output datastream from
said data processor to an output terminal at a constant uniform
data rate; and _
| video recorder/playback apparatus for receiving a

' datastream having a constant uniform data rate from said output

terminal.



nodul at ed signal for transmission; wherein 20 sai d over head
i nformati on i ncl udes data—ever head I nformation and field sync overhead
inf or mat i

Imuﬂ ccupyi ng overhead intervals of unequal duration.
. 9. A syst M'ngjmlpaim& wherein 2 5 ‘sdid.field..

. structured ddt astreans

rises a sequence of fields each including (a) a

- plurality of data segnments each including a data interval and a data
. overhead interval, and (b) a field sy3dlsegnent containing said field sync
overhead information prefacing said plurality of data segnents. 30 AMENDED

SHEET

8. A system for transmitting a digital datastream
representing sequential data fields containing equal data intervals
and unequal inter-data overhead information intervals, said
system comprising: '

a data processor (14) for providing a constant uniform
data rate datastream,; '

video recorder/playback apparatus (15) for recewmg
sa1d uniform rate datastream from said data processor;

10 a data field generator (17) responsive to an output
datastream from said video recorder/playback apparatus for
inserting overhead information into said unequal inter-data
overhead intervals of said datastream, without interrupting said
datastream, to form :said field structured datastream representing

15 sequential data fields with equal data 1ntervals and unequal
overhead intervals; and

a modulator responsive to said datastream from said
data field generator. to produce a Vestigial Sideband (VSB)
modulated signal for transmission; wherein

20 said overhead information includes data overhead
information and field sync overhead information respectively
occupying overhead intervals ‘of unequal duration.

W

9. A system according to claim 8, wherein
25 said field structured datastream comprises a sequence
of fields each including (a) a plurality of data segments each
including a data interval and a data overhead interval, and (b) a
field sync segment containing said field sync overhead
information prefacing said plurality of data segments.
30

AMENDED Speer
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(57) Abstract

A transmitted high definition television signal is represented by a packetized datastream configured as a sequence of data fields (Fig.
1) with a non-uniform data rate due to unequal inter-data overhead information intervals. Each data field is prefaced by a Field Sync
overhead segment followed by 312 packetized data segments each with associated overhead information (FEC). At a transmitter (Fig. 33),a
transport processor (14) forms data packets with associated headers and exhibits uninterrupted operation at a constant uniform data rate, while
supplying a packetized datastream to a network (17) which constructs sequential data fields by inserting the non-data overhead information
into the datastream. The transport processor is advantageously operated at a constant uniform data rate without having to modify the original

transport processor to an associated interface/buffer network (46) in response to a 3/8 symbol clock, in combination with a predetermined
buffer fullness level, Specifically, a video recorder/playback device (15) receives a constant uniform data rate packetized datastream
from the transport processor, and outputs a constant uniform data rate datastream to the interface/buffer network. A counterpart transport
processor/decoder (86) at a receiver (Fig. 34) coacts with a data field processor (75) and similarly exhibits uninterrupted operation at a
constant uniform data rate, A video recorder/playback device (85) receives a constant uniform data rate datastream from an interface/buffer
(84) after removal of overhead information, and outputs a constant uniform data rate datastream to the transport decoder.




