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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 different types of
different duration non-data overhead information. Bach 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. 4), 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 sequentml
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
data field structure to accommodate the needs of the data field
construction network. This result is facilitated by transferring
datafromthemsportpmcessortoanassomatedmwrfaeelbuffer
network (46) in response to a 3/8 symbol clock, in combination
with a predetermined buffer fullness level. A counterpart transport
processor/decoder (86) at a receiver (fig. 17) coacts with a data
field processor (75) and similarly exhibits uninterrupted operation
at a constant uniform data rate.

(54) Title: TRANSPORT PROCESSOR INTERFACE FOR A DIGITAL TELEVISION SYSTEM -
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the associ ated data words, anong other information. Thus an outpﬁ?
fromthe tranport processor is a packetized datastream conprising a
sequence of transport packets. The transport packet 3 0 format: enhances

t he prospects of resynchroni zation and signal recovery at a receiver,
eg., after a signal disruption which may . result froma transm ssion
channel disturbance. This 'is acconpl i shed by providing header .data
from which a receiver can determne re-entry points into the
datastreamupon a loss or 3 5 corruption of transmtted data. WO
96/ 01024 - PCT/ US95/ 07459

2 A high definition tel evision (HDTV) terrestrial broadcast
systemrecently proposed as the Gand Al liance HDTV systenlln 5 the United
States enploys a vestigial -sideband (VSB) digital transmi ssi on format
for transmtting a packetized datastream with a prescribed data field
structure. The Grand Al liance HDTV systemis a proposed transm ssion
standard that. is under " consideration in the United States by the
Federal Communications 1 0 Comm ssion (FCC) through its Advisory Committee
of Advanced Tel evi sion Service (ACATS). A description of the G and
Alliance HDTV system as submitted to the ACATS Techni cal Subgroup
February 22, 1994 (draft docunent) is found in the 1994 Proceedi ngs of
t he National Association of Broadcasters, 48th
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¥ 5 Annual Broadcast Engi neering Conference Proceedi ngs, March 20-. 24,
1994. wo96/01024 | N the Grand Alliance system data is arpeimgsssorssoa
seqguence of data fields.  Each field structure includes 313 segnents: a
field 20 sync segnment (which does not contain payl oad data) followed by
312 data segnents. Each data segnent includes a data conponent and a
forward error correction (FEC) conponent. A synchroni zing (sync)
conponent prefaces each data segnent. A transport processor provides
fixed length 188 byte packets to a 25 transm ssion processor, which
perforns various coding functions on each packet to produce output
symbol segnents to Dbe conveyed to an out Put transm ssi on channel. Each
byte conpri ses TRANSPOng‘?@&E?%anJ EER FAGETFBR AoDIGHTALOTELEVEJON S¥S3IEMbol s. The
data packets contain data in conformance with the 1 SO MPEG 3 0
(I'nternational Standards Organi zation-Mving Pictures Experts G oup)
MPEG 2 data conpression standard. The transport processor provides
only the data packets to the tr gl ofi fie Inventigpcessor, which adds an
overhead FEC error detection and correction conmponent to each segnment,
and an overhead field sync 35 segnent at the begi nning of each data field,
i e., between eachThis inygntign ds mgatadf taethie sfhejde of sdigitad signal of data f1 ow
gUC'SI'} UESSII(%N . 5oce\§9n%6/ B Qtticular, the invention concerns a gystem to

acilitate transport processor 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
and transmission systems. One such system is described in US

20 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
variable length codeword data into packed data words. An

25 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
comprising a sequence of transport packets. The transport packet

30 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
determine re-entry points into the datastream upon a loss or

35 corruption of transmitted data.



regul ated to performthese operations since, as will be seen, the
over heagyddefprgRAmonent s and the overhead field sync segrﬁqtmsg?lm“%ccur at

different tinmes and exhibit different durations. ackets
are separated by an interval which pernmits over head required by each
data segnent (eg., FEC data) to be I nserted into the datastream by the
transm ssion processor. 1 0 However, the packet datastream nust be

i nterrupted and del ayed for a period of tinme equal to a segnent

i nterval when the | onger durati#n field sync segnent, which does not
contain a data payload |ike the other packets, is to be inserted into
t he dat ast digh definition r tedevisiamt(EEDTY )t terrestrial t broadcast upt and 1 5

T erent s e L oL pR¥6d \gndhe GRiAY ARMCEERIBTY Syt in | ovne) ot
i fferen ra

312 pasgkefﬁ%)rﬁgltﬁﬁu lgly\§a¥s ?ﬁl%]eﬁ ‘#?-EE“&’ 2?@8) dlglt"lilnterval s, as
will be diraasmission jormat for transmitting a padkevized Qfatigheedmventlon

The i nveniqitp HPptes rgﬁtgrﬂa%fchélﬂakg'?&drgt el"Hé*QElﬁﬂd Alhaggéaﬁ m as

menti oned above ",not I rea reduc oughput

rate, but SEHER JSoduPEQ ‘Pﬁﬁﬁi- Gfﬁ‘l’s@?Hﬁﬁ% standagdothathés vederdat a packets. The
occur r enceonsideratiomain- ghe f Unitedi States by thepFReldetali @(ﬁﬁiﬁﬂrﬁcz&i&&' f icantly

par DO o Sss?%'%@&%‘?iqﬁg@@m dis, ARG (CARERRS of Advangsdeq’ dara
stream uf@lavisign Serdrpl (AGATS): rd description: of the GranduAiléameet s bet ween
the { r ansBEDTVPspaies as SEBit&d to thel m&mssq'egﬂnma?cgﬁgg% n?tzaz Ihgn and

ul t t
}are? \?\Zg]nt ;Er b?i}ﬂ' ofg 21 w"?écﬂ?‘b‘?’ﬁﬁ"% hgsCHQGEQt ?‘igﬁ‘sedgt%%*t ream It is ve

li kely thHroczacdmgs of the National Association of Broadcasters, 48th

15 Annual Broadcast Engineering 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) component. A synchronizin'g'
(sync) component prefaces each data segment. A transport
processor provides fixed length 188 byte packets to a- _

25 wansmission 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 stbols. The data’
packets contain data in conformance with the ISO-MPEG'

30 (International Standards Organization-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 component 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



35 HDTV dat astream wi || be subject to recording by either studio or

consuner eggdegedls T0 sat i sfy MPEG tim ng requirenents,
G0l 100y MR PCT/ uggl?/‘bs?ﬂ%"é'sy\o

4 recording system must faithfully reproduce the packet tim ng,

I ncl udi ng any non-uni form gaps between packets, which nust be 5 _
mai nt ai ned between the packets as such gaps occurred. This requi r ement
significantly increases the conplexity f circuits needed to interface
to a recording systen1 In addltlon such gaps produced by

transm ssi on r e mai nt ai ned ag ermodul ator_ in a
recei ver. Hlated” 't p Q"Br OPRTALIANSy SINCE, a%ﬁlzms’a@oégfﬂ}s &) oyed in
t he conmzthafd :FEQsd:mnponentsndad the verhead figldc lsght ZﬁékrﬁéﬁtaSt ream

represents ngoe%ﬁr eé:{eh?ffgi.é}ﬁd %%(H%tt ad{ f)eq& {lg%g{%e system

according to t elnventlonelmna enee 15 data field
structure, which may be of the type exh| biting a non- uni form data

i eront dUgBLisan et e han ooy crnaerval WHTCH' gBHNAS O oy
Systom as deoertAd° fellygen ‘ulp eaHPORESocell Tog  FEC Haiac o bipors
processor (eifisertesk into nthey dasastream byathet ransmissies opradessoheader s) is
operated @t Fbwevel efie'Padket 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 throughput 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 the packetized datastream. It is very likely that an
35 HDTV datastream will be subject to recording by either studio or
consumer equipment. To satisfy MPEG timing requirements, any



constant uniformdata rate in a:systemwhich inserts non-data over head
i nf or matwops/aab24li f f erent duration into the datastream tpcT/US9s/of489m the
predet erm ned sequential data field structure. The 2 5 transport processor

i s advant ageously operated at such constant uniform data rate w thout
having, to nodify a predeterm ned. original data field structure. This
process is facilitated by transferring data from the transport
processor to an associ ated interface/buffer network in response to a
predet erm ned cl ock. 30 I n accordance with a feature of the

I nvention : S il ek,: ' 1 aa/ ck device is
situated i_?\écéﬁ d}ng % S?]%?aﬁﬁ%&a? %l't'?g'%{bgS%tpgg@?%%m&gpﬁa%&?fowlﬁﬁe out put of
t he t Ingluding anyodwsnsunifony gaps betwses /packets, which must be

PCT/ US®5/ Orkiftained between the packets as such gaps occurréd. This - A

e bi & R pIEIRBE SiBRRKARIRL IREFESRE e Samafe i f gircHiR o rale.

In a di sclBbeeded taninterface -_tmbomm;‘dir_lg)fsxstmnprlasaddition, anyvsudh ??br?n tata

I R Bt o e S

~ The. present invention is advantageously employed in the
context of a system intended to process a packetized datastream
representing a predetermined sequential .data field structure. A .
system accordi_ng' to the invention eliminates the need to align the
15 darta field structure, which___ma_y 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 s_equential data field structure. The

25 transport processor is advantageously operated at- such :constant
uniform 'dat_a rate. without having to modify a- predetermined
original data field structure. This process is facilitated by
transferring data from the transport processor to an associated
interface/buffer. network in response to a predetermined clock.
In accordance with a feature of the invention at a_

transmitter, a video . recording/playback device is situated in a

constant data rate datastream path from the output of the

transport processor. '

35



¥ 0 for providing byte data to a buffer interface network at a uniform
data rate.wghgofmifer wites data in response to the 3/ 8 Spcehgsdforass and
reads out data at a non-uniformrate to a data field construction
networ k. The field construction network operates at a non-uni form dat a
rate for producing a sequence of output synbol 1 5 field structures in
response to byte data and non-data overhead I nformati on. The data
field construction network requests datg at - a non-uniformrate. The

i nterface network converts this request to a uniformdata rate request

to the transport processor. 20 In a disclosed receiver, enbodi nent
of the present COYRIGTPAT!, LEANSPOEL \RIQCSFIRTMCCRdeRs At cBNTES8IVET t s a

sequent i al Slmlmt)a élibitss unuvterrupted\ dpérationelal ar conseadn phdfoeases the
recei ved ¥ data field structure at a non-uniformdata rate to

produce “data at a non-uniformrate. A buffer interface network
25 responds to a 3/8 SC read clock for converting this data to an

out put MPEG byte ¢t asuwwsﬁmbngmnmamlmmuaffafdﬂpiesem rate.
Thi s dat astream |$8$r ocessed %rx a trans hi bits
n

ort d,?»? odag >Fi :
uni nt er r upt ed®SEBNAR; o URANSPUEBIGRSSOhi PR, A8 éml"'emmm esponse to
the 3/8 SC SConstant. ugiform data rate in response t®ra e3/8DBE: symbioinclockt he -

Dr awi ngsy 10 q for proy (éﬁ;t tﬂéﬁe d&zﬁw {¥-a Iﬁlf?er " mterfacE' Ela’fv?ork gl | Sﬁﬁﬁ fm 2

sequential data rontzin sync) and
data segnent Sata rate The buff gr_mazutes data in response to the 3/8 S cloc

PCT/ US95/ 074%Ad reads out data at a non-uniform rate to a data field
construction network. The field construction network operates at a
" non-uniform data rate for producing a sequence of output symbol
15 field structures in response 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.

20 In a disclosed receiver embodiment of the present
invention, a received symbol datastream exhibits a sequential
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

25 responds to a 3/8 SC read clock for converting this data to an
eutput MPEG byte datastream exhibiting a constant uniform data
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.

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

including synchronizing (sync) and data segments.



6 Figure 2 is a block diagramgenerally illustrating apparatus
for proegswlongsa packeti zed datastream 5 Fipgtnesosiodspi cts a
packeti zed dat ast ream havi ng non- uni form overhead interval s between
dat a packets. Figure 4 is a block diagramof a transmtter
encoder 10 including a buffer/interface network and data field structuring
network according to the invention responsive to packetized input byte
data for providing output synmbols toga transm ssion channel. _
‘Figure 5 illustrates a television channel spectrumthat may 1 5 be used to

convey out put ta provi ded the system of Figuyre 4,. shown in
relation to a 6%9‘?2@'0 dhaft 'Rﬁ%&'géﬁgépﬁi&ﬁ{]e-éﬁﬁﬁngiustrdtm%mw

Fi gures 6ft6 prosiessinga\acfpacketizedodatasttam.t h t he 20 operation of the
transngtter system shown in Figure 4. Figure 17 is a block

di agram of a regeiver, decqder includi.n a basebapd data field
processor and gﬁﬂ‘@r A Hepigtsc @ ﬂéFgﬁ)?%gd data&‘éﬁgpdﬁ‘ﬁﬁl‘ig) RO i nvention

responsi vaiiforpaceeeshead iinpervabsy rietivedn - dhsd apacketsr ovi di ng out put byte

data to a transport processor. o Fi gures 18-27 depi.ct waveforns
associated with the  _ operation of the receiver system shown in Figure
17. Figure 4 is a block diagram of a transmitter encoder -

10 including a buffer/interface network and: data field structuring -
network according to the invention responsive to packetized input
byte data for providing output symbols to a transmission channel.

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
20 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
according to the invention responsive to packetized input symbol

25 data for providing output byte data to a transport processor.

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

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

Figures 30-32 depict waveforms helpful in understanding

the operation of the invention.
35



30 Figures 28 and 29 respectively show’additional details of

t he syst enwo®bniogures 4 and 17. Fi gures 30-32Pefms§§,07%veforn1s
hel pful i n understandi ng - the operation of the invention. 35 WO
96/ 01024 - . PCT/ US95/ 07459

7 Figures 33 and 34 respectively illustrate apparatus as

di sclosed in Figures 4 and 17 in the context of a video 5 o
recordi ng/ pl ayback system . - Det ai | ed Description of

t he Dr.awi ngs Figure 1 depi c?s a data field structure proposed

for use by 1 0 t G an |l iance HDTV systemin the United States, in a
system Y f or plr];ggggiﬁ %‘fé‘"}f}a etrFthyz?i)ﬁsi WHFALe AAPBRANS 38y nhol

dat ast r eam r alisalosed iingFiguresia andi E7 dnsthwcgntemi of Er Oiiwfbed by a
transm sson IJha®SP 0 input data packets froma
T

precedi ng transport ransmni ssi on processor and the 1 5
transport processor wll be discussed in connection with Figure 4. .

Each data field structure DéraildeDeseriponhepqaki Brgwygc segnent
(whi ch does not contain payl oad data) preceding a group of field dat a

segnents each having an associ ated sync conponent.. Each
Figure 1 depicts a data field structure proposed for use by

10 the Grand Alliance HDTV system in the United States, in a system
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
preceding transport processor. The transmission processor and the

15 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
field data segment includes an 187 byte data packet component, a

20 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
processor provides 188 byte packets of input data plus segment

25 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
(2-level) in order to make packet and clock recovery rugged, and
35 exhibits a pattern that repeats regularly at a unique rate to
permit reliable detection at a receiver under noise and



field data segnment includes an 187 byte data packet conponent, a 20 one

byte syng caonponent prefacing each data segnent, and a forward error.
correcti 9? 9(6f9 conponent follow ng the data. Asso BB each
segnent is an interval "Y' defining a data di sabl e interval between
each data packet. The transport processor provides 188 byte packets of
I nput data plus segnment 25 sync to the transm ssion processor. The

transm ssi on processor adds FEC coding and field sync overhead

i nformation, and produces out put8 segnents in synbol formto be
conveyed to an out put transm ssion channel. 3 0 . The sync

conponent ingerferemced conditiens: hThegsypnct sgmibo}se are not iRded-Sphsmonnponent
faci 11t ateoarif ofedy P ark! fifey interlcavey! tid ?iblang,(@*ase lock at a

recei ver under extrenme nolrse an nt er erence con | ons. The 4-synbol
sync conpotfRPORENt,; Mayy contain ?spederr)anﬂﬁnbr%ré}uweﬁa@ dya88t%€s and cl ock

recovery rseygeal purgoses Itemobim a médmr ot deferimneaite RGIMMnlGY at a

uni que 1 aler elch dataPRE, 'add h! dlsd Ve’ b8 b arf egBEfiLYSln JICT NOIsE and

8 i rieseivareas ca cuBiningoreferante sjgrals yabremove cimersyrubal- 8utdonon

or trelli SomeﬁlefbnﬂsorofaﬁﬁeifeﬁehcbntnrmaVﬁfbwiie@ 4 1Rbshs$ WY whichogponent may

cont aﬂ) psr%%g{)veg'arrlnfyméetgrnea{]nce Whet?)er of ‘Mot to use an inteference
rejection filter, and ‘it may be used’ for dlagnostlc purposes such as
measuring signal-to-noise -characteristics and channel response.
The : field sync component - furthermore may be used by phase ‘
tracking networks in the receiver to determine phase control loop

15 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 correspond to the interlaced picture
fields which comprise a picture frame of an NTSC television signal.

20 Figure 2 illustrates, in general form, the processing of one
type of data field segment 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
illustrated by Figure 2 includes a 187 byte MPEG-2 transport data

25 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
sync byte to facilitate packet synchronization. This may be

30 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
coding component are 2/3 trellis coded and mapped to' 828

35 symbols before being 8-VSB modulated. Techniques for
performing such 2-VSB and 8-VSB modulation are well known. A



several purposes. It provides a neans to deterni ne the beginning of
each dat a Wwoakdio2and may al so be used by an equalizer in apcT/uss/@asd ver as

a training reference signal to renove intersynbol and ot her forns of
I'nterference. It also provideS a neans by which a 1 0 receiver nmay
determ ne whether or not to use an inteference rejection filter, and
It may be used for diagnostic purposes such as measuri ng

signal -to-noi se characteristics and chagnel response. The field sync
conponent furthernore may be used by phase tracki ng networks in the

component . ¢ eIt RAE TR0 hBinent °04 ooy VI TE 8 Coutputehdine” 00 ooy
or interl eave’Pntainst A 4 mhpnfesymecomponsat follomeds byo anoB2Besymbal i | v

correspong t od4thefierd ebhménpladn%al% MPEG! dhta Wl IFEC@4thSe a picture
frame of an NTSC tel evision signal Figure 2 illustrates, in

‘general form the processing of one type of data field segnent 22 by
transni ssi on procesigore ahdrepresentst pupapketizext odatastreami in Fcgnformancehi s

segnent is Ogt;f tl&l%a?aatf?eld strp gmavfb Eﬂ% ny geﬁla;]bcf 'dgké’ fié:@Bbll%

832 synbol s e se ,st rate
MPEG 2 trans ?"5“2% eacbamtlg}i‘lﬁefs%%d dé;a a@"@n t@@?ﬂﬁe%nﬂﬁﬁ%t and

f ol | owed1 iy speclﬁmmseacthaFE@momgmam incluides namgmz&vli@ed Sol onon

arit S ket used in e.Gand Al |ane HDTV
Yot em i nol uddicoinpAsihlk. (R LAHA . nORS  TaciBiin Nople ¢ okl iveess) LABK

“sync byte to dgmdntery @npampessmgnaarEEsz@: Tm:n k88mqatbebﬁe@ off ol | owed
by an opt i onaéacﬁdae ehParBe 3666 m ‘Ahfe'il tblgg 1rs%n%wt§i@rmtﬁwals (c*rglésjoacket

gilng& Q/PESf g?"té‘ pﬁ%gﬂg%hgygge Fﬁt mq%ai%ﬁcﬁg%gm a%Bet segnent
and the FBC clock cintiénvgls ¢opcles)it Whien 2he timel fors inssteidgaadfiekpsysct o 828 3
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inhibited for a 228 clock cycle interval, which corresponds to a
segment clock interval (ie., 20 + 188 + 20 clock cycles). The field
sync segment does not contain a data payload as is contained in
20 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
requirements with respect to the interface between the transport
25 and transmission processoi's 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
complicates the task of recording the packetized datastream on
30 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

output signal produced by a demodulator at a receiver.
35 '
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9 resul ting output field segrrent 24 conveyed to an out 4ggannel
cont ai n¥P#1fnbol sync conponent fol | owed by an 828 sy rﬁfé‘i ta field
conponent contai ni ng MPEG data and FEC dat a. Figure 3
represents a packetized datastreamin confornmance with the data field
structure shown in Figure 1. Each data field has 312 segnents each

i ncl udi ng sync, data and FEC conponents. More 1 0 specifically, each data
field segnent includes an interval 10 enconpassing 188 data byt es

i ncl udi ng sync ("packet bytes") and an interval enconpassing 20 FEC
bytes. The 188 T adéncritedofproblemsaptoduegdebly ahe anewewainted by 188 cl ock

interval s e y nt are
accorrpanl e‘;cf&g&Il gaﬁs ?ssofﬁqulﬁj?[grzagjlzgg & t(ﬁ'% ﬁéace\ha&na géntal me for
i nsertPng ad F%‘iedl #pdc resolved ch Yre%t-'%ﬁ‘?mvé% agardanegsyithsith® of dat a/ FEC
segment s gést lifivention) Mhi kbhé edistchosed %?&e@th ogKtrausperti gtcéessbr whi ch

+

cvel ooy " gchisgdaa TETRE of Aol \Ptcest gl rdiey IF osBInE. s 1 s

cont ai ned tonazolockachosm: lagt f\ttmtmnsognﬁm daghinsodislatiopt schemeé beivgdat a f1 ow

undesi rabl ell! Oﬂgﬁegldt‘éﬁéﬂb 'dHrﬁ efdtion d’fera""%‘ﬁ?fe?ﬁ%&?a?ce as
shown, i n ur e | ST U ata Flow and: uneven . inter-. . packet
gaps bpeatfl wagkp locat | (EARSPPE, PIRECHSOrdaldea requi renments

Wi th respatansmission ilayer f\alrrehb(ptrwesses hthet dates fiar tacaordaaod ‘witnsni ssi on
processor ;3. Ahfink 8 € dhfA 1! SHuchid. rﬁﬁe'a\d%'antage of the disclosed
system is that it is not necessary to modlfy the original data field .
structure to achieve the desired constant uniform data rate '
15 operation. In addition, parameters such as "symbol rate, segment
interleaving, Reed- Solomon error codmg and synchromzatron
components ‘are unaffected

In the transmitter system of Figure 4 according to the

20 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 umform data rate.
Interface 16 provides output byte Data at a non- -uniform rate to a
data field construction network and coder 17. Network 17

25 operates at a non-uniform data rate for producmg a sequence of
output symbol field 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 thls request to a

30 uniform data rate request signal (Packet Request To Transport)
which is supplied to transport processor 14. '

More " specifically, transport processor 14 is included in a

system transport layer, and network 17 is included in a system

35 transmission layer (also including output processor 18) which is
separated from the transport layer by interface 16. Data source 12



and al so reduces the data throughput rate. Moreover, it is difficult

~to synchr ogigzé3n @,t he data field structure when pl ayi ng ba §35/07459
recorded nateri The non-uni form gaps between packets greatly
conplicates the task of recording the packetized datastreamon 3 0 studio

or consuner recording equi pment, since the uneven inter- packet gaps
_ nmust be maintained as they occurred, ie., the recordi ng equi pnent nust
- faithfully reproduce the MPEG packet timng. In addition, the uneven
. gaps nust be nalntalned in an outﬁdt signal produced by a denndulator
at a receiver,. WO 96/ 01024
PCT/ US95/ 07459c1udes MPEG compatible data compression networks and The

descri bted pr(ﬂrbefﬁ?espMFE@-Q lb)yté heatl Ny ARansPart -p roce?sedsi“;‘QKet'EdeHr% ¢ Ived by
associ at ed W efhe

a systemg ﬁg@gé{sggg& ‘%’? We%ﬂpﬁi“} S:f'y«?g%rﬂ‘?‘? r&’é?f? Ispst afanewﬁf cl osed
system a trari babrare pevensually formegrintesfixeddiengthatl@s sbyste) adatanst ant

uni form dat a gagkets., PEASIP DORERL is préfﬁcé’d‘I#a leéhﬂ%?rkf&ﬁ alrifigt ' on of the

dat a nodul atIOP schene f ? SO0 controls the
operation of 1BI9fFaauen; Hiustratively denpting, HTOLHAM SQUIRS, WERFYiEH et¥RCans por t

processor ancind other tinforsmdtion Qitsbﬁbhf Vﬂnd:hewmﬁge&&e&ld flﬁ'&@laﬁlgthélt f
cocor dang, pbbodtueg paRSH BN Iaf Rofhiiaty BOREMpngS Y oo ©
ori gi nal dat dnseres @ l -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,

15 interleaving to reduce the impact of data burst transmlssxon
errors, and symbol mapping.

Network 17 perforrhs a data field construction function

wherein input data packets are formed into a data field structure

20 including data, FEC and field sync components as described
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

25 operates in response to a symbol clock SC and clocks derived
therefrom as will be discussed. A suitable symbol clock frequency
is 10.762237 MHz.

The disclosed system according to the present invention
30 achieves uniform data rate operation of the transport processor
without modifying the original data field structure, eg., one field
sync segment every 312 data segments, producing a uniform data
flow using a 313 segment field. Moreover, it is not necessary to
interrupt the datastream for inserting field sync overhead
35 information between data fields.



structure to.achieve the desired coristant uniform data rate 1 5

oper at i Qfig odrglezddi ti on, parameters such as synbol rate, 207450

i nterl eavi ng, Reed-Sol onon error codi ng and synchroni zat'i on conponent s
are unaffected. In the transmtter system of Figure 4
according to the 20 present invention, a transport processor 14 operates
at an uninterrupted constant uniform data rate for providi ng MPEG
Byte Data to a buffer interface net k 16 at a uniformdata rate. °
Interface 16 provides output byte Dat& at a non-uniform rate to a

data field construction network and _coder 1 Net wor k 17 25 operates at a

non-uni form datd®r FABSTEHE, System f EigWwg enesesor 1/4 SGelosk apdnBol fiel d
st ruct ur es 378 S@lock ewheret 8€ iy the dgsemangmbol clock: %Eacﬁéi@téf&ag
i nf or i o feel rk &4 requests data a.
non- um or %1/4 %ea\%!g g& %‘E%Pﬁé\%ﬁé{g _&{7111 bﬁestfﬁé‘sfe_sé’lﬁ'jngq".ml"ﬁferface
network 161a3nthatt & bytes (8 bit®s comprises 4 Symbels @t 2izbits/symbol.eduest
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rocessor o~ it resspecifically,. tr.anspor r oces
Pncl uded i %ﬁg thhms>t,l§ esr%oggrgﬁs‘g‘ rP"fszf?kr‘?‘wﬁﬂboﬂtét%%&i‘?eﬁs%’hcI uded in a
system 3 5fastemrdataszaton 16ay8B (syissemsnln thiensystempuo -be odessibed]8) whi ch
S e O Schaiwend 16 iRiubEe 4 FIFDBUfIAVE Bawbet Sk bfighft, pPALa Source 12
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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
15 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
20 the buffer. A similar requirement applies to. the receiver as will
be discussed. | 3 |

Referring to Figures 6-9, symbol clock SC (Figure 6) and a
derived, synchronous clock 1/4 SC (Fig. 7) are generated by a
25 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
30 clock (Fig. 8) synchronous with the SC and 1/4 SC clocks from
timing network 40. Figure 9 (shown for reference only) depicts a
one-byte wide pulse associated with the presence of the one byte
sync pulse that appears as the first byte at the beginning of every
data packet. :
35



11 I ncl udes MPEG conpati bl e data conpressi on networks and
provi des I\ﬁg%,gldgyte data to transport processor 14. Transpefiusofo7aéeocessor
t.

14 packs e MPEG bytes into fixed | ength data words that are
eéventually forned into fixed Iength (188 byte) data packets. Each
packet is prefaced by a header containing information illustratively
denoting program source, service type and ot her information describing
and relating to the data in the 1 0 associ ated packet payl oad data.
Transport processor 14 al so Cinsert® a 1- byt e MPEG packet sync at the
begi nni ng of each . packet. Transm ssion processor 10 perforns

operations incl udThg 3/8 SG epeak Bsifgeneratgd byrcaunting gyclest pbsyabalect i on

codi ng, fiel n i B9Cbbi r i i : .
coding, fiel oRkNSC. Unit 32°gbhérdted tRidel Subsil Bilses foPeoy eight

rgtio, 1.5 tekl t.h t of .dat
burst tra&nsnPY F%rpatl' symbg] r"'t!?lgl,? iédﬁé‘#% Isgﬂiiﬁi%ﬁ .“s"aeml o gcposg}\tlgfao?k 17
performs a detlatibnglip betwetenutie did fS@cclosk and theedB $CG gdack.ddny packet s
aync componebyRoMARe of %'eﬁ‘&“r alses Pwithin AIF @ 166k HilSe iblenval iy o ¢
frominterfabe wednie deyglop they élgqesa(g\xﬁf?c;;’?b\mt ecHHEE PISEHh MEStm

i nt ?ﬂr - paf:ket hﬂ%’?@( suce{al phase relatidri3hiplabatie dl/4!sS@r elock rad hiye rsamer k 17
yatem o0 Fi HiptontoE mysy e hEURAL e Re0HR" HEOSE BRECK &P The®' "
cl ocks derivéft SC clockr éfd rthe transmittebeandl secriven. %'hesiﬁlu%tmtédsynbol cl ock
frequency  configuratioh®ef theMs8 SC clock in Figlte 8 KChavastag¥suemaccording
to ._t he preseg{(aél \(ent,lori 3 8 achi eves, uni f Qrm, data ra}t|e (gper tion of the
transport prHEsEds signa \hﬁt%ﬁt‘%ﬁ’&i"?!ﬂmgmahé igh; Wit they SRS S&ed
structure, eg@whiohnds feasily detected/rmt thegibepinmingrof 2a2hdpackespgamdtis,
P;Oﬁgf ! ﬁgcgsgg%){ﬂ%)g}gﬂwate at a T8%iVet."Arfh1dgcus SBRNatioRd perthiheryer. 1t
the use of any six of eight symbol clocks to generate a 3/4 SC
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
20 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
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.
25 ' : |
Timing control network 40 facilitates the generation of' the
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
30 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
10) exhibits non-uniform inter-packet gaps. A portion of a data
field is depicted, specifically the last two data segments 311 and
312 of one data field, a field. sync segment 313 at the beginning of
35 the next data field, and the first data Segment of the next data
field. This signal exhibits data “enable” intervals when data is



interrupt the datastreamfor inserting field sync overhead 3 5 information °

bet ween wipssnibise! ds. WO 96/ 01024 PCT/US95/07459

PCT/ US95/ 07459 12 The
transmtter systemof Figure 4 uses a 1/4 SC clock and a 3/8 SC cl ock
where SC is the system synbol clock. The choice of a 5 1/4 SC cl ock for
signal processing as wll be seen results fromthe fact that 1 byte
(8 bits) conprises 4 synbols at 2 bijtgs/ synbol. A 3/8 SC clock is
preferred for 8-VSB systens, while a 3/4 SC cl ock, also within the

scope of ttjegugst‘éﬁe'(‘e%d}{w@dtﬁgﬂgtng S1 ¥ edih’ Eg déso fygchromfz@ﬁt Wﬂ’;ﬁjl 1§ rate

16- VSB sy be desc udes a
FI FO buffelr 448C symbol ¢k aud data lsab%ngﬁéf‘fa pr&@eBsor 14 and the

i nput  §f Cba:tnapﬁsmgdzoonﬁt TSEtSy@tlibol clocketntervaldy .whor €FE@t 2 packets from

by ot ARG k01’6 addea 6°he Harklefiilchy 3B3R1 P RECTOT DG B0
packet s arsymbkoldctogk in®rvals mirene field s:mctouﬁornmtmm lSeEpcbﬂseadﬂodt he 1/4

SC ol ock. {teeAl data fidlBEs THS Odigharis seﬁeeaxtmlile% : g8t machine

th th | pcked
;?gnglr asr;'s@lrbcﬁgngﬁ h“?t?"éq’fgpggtsl ve%@ rwﬁ gﬁH‘VB - 46 so that data

i's 10 transfered synchronousl y bet ween the transport processor and 20
the buffer. A Shgikal noRRUIK 4P PhspiRls' 65 the 3R° SCOGRla T/ cWlblics e
. for generating an output 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
15 clock. This Packet Request sxgnal contains constant uniform gaps
between packet requests for producmg a umform data rate and
uninterrupted data flow. The constant uniform gaps of 125 cycles
of the 3/8 SC clock between packet requests facthtates the
umnterrupted seamless insertion of overhead data such as FEC
20 information and the field sync between. data fields into the data
stream by network 17 to create the data fteld structure, as will be
explained subsequently

“The dlsclosed system is. concerned thh processmg a
25 datastream havmg a fxeld structure with 313 segments per fteld
consisting of a field sync segment followed by 312 data field
segments. 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 mcludmg |
30 8-VSB and 16- VSB for example. These options will be better
' understood after’ the followmg discussion relatmg Flgures 10 and
11 to Figures 30, 31 and 32. From this dxscusston it w1ll also
become clear that the prmclples of the present invention are also
applicable to other types of data field structures. | N
35



Referring to Figures 6-9, synbol clock SC (Figure 6) and a derived,
synchronowo wloaes 1/4 SC (Fig. 7) are generated by a 25 pdrngseagezasnt r ol
network 40, eg., a mcroprocessor, in network 17. Net wor k 40 al so
‘generates a Data Field Packet Request. signal (Figure 10) which is
synchroni zed to synbol clock SC since the 1/4 SC clock is used to
generate the Data Field Packet Request. A timng signal generator 42
in network 16 generates the 3/8 SC 3015 clock (Fig. 8) synchronous with the
SC and 1/4 SC cl ocks from timng network 40. Figure 9 (shown for

reference only) | £- byt .d ul se associated with the

presence of the g_glgé E@’i‘é@“’m °£§E‘§“g%|§%% hitco_oélﬁgaéﬁr °ra§'et ﬁﬁsqlp; -byte at

t he begi nni rgmbediment, in the ontextaofethe 3iescribed 31 segroenp4lata

g’g/ gg951|507iﬁ_81d structurte'. The structtu_re of thcle Figufre l}mwlal@form may var TBﬁ't
clock is generate count i cyc 0 Q C . i

42 gener at es?} Ar g'é"cglﬂ"pl?? %tgrgsa:f cf?’%g\‘i‘ér f@“@"]tfﬁ/ gorrespoads, 1oy %E;%Pr}'ﬁol

cl ock SC. Fiblr athichadepigts Ithesunifiormodatapoatei [Packet Requelsatseatsto p bet ween

o R B o Bk in RO 1 40 55

pul ses within | hterval ma op the 3/8

pul t . .
SC cl ock, bueytendock, %I%i{g%ﬁ“al- If aptwiceaas fa8d3i9n86e clagkais onship to
the 1/418C chxedk foanHet §@néa®EVSB modulation, the Packet Request to

transport processor 14 would be configured as shown in Figure
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

15 increased significantly, to 438 cycles of the 3/4 SC byte clock. In
this example the number of cycles in each data segment has '
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

20 Although the number of bytes/segment has increased, the
structure of the data packet remains unchanged. The structure of
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

25 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
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. '

30

Figure 32 illustrates the use of a faster 3/4 SC clock in a

higher data rate 16-VSB modulation system. The result is the
same as in Figure 30. In the 16-VSB case the symbol clock
frequency (SC) doubles, and twice as many packets are

35 throughput per unit of time compared to the 8-VSB system. The
188 byte-clock data interval and the 125 byte-clock inter-data



1 0 relationship nust be maintai ned between the 3/8 SC cl ock and the
1/4 SC clock in the transmtter and receiver. The ill us;%(g%ﬁ%smusg

confi guRP¥HO%% the 3/8 SC clock in Figure 8 is advant t hat
this signal is easy to develop and align with the sync byte (which is
easily detected at the beginning of each packet), and is 1 5 easy to
replicate at a receiver. Anal ogous observations pertain to the use of
any six of eight synbol clocks to generate a 3/4 SC cl ock,
particularly for a 16-VSB signal. TRé illustrated rel ati onship bet ween
the illustrated clocks is produced in timng control . network 40 by

resetting disgblenimenail aree thé Sange adgin ahet$VIB4cRe because ofkthehat causes
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byte b&i ncassaeistad frnedulationetype. Thees OW 18 8C & °%IF ght t&daWeE of synbol

clock SC rﬂ’dtabﬁtQSS‘-WSDUﬁ'lodulaudﬁ'leSﬂf& fasier3/4uSC alook he wsmgm t he

recei ver/ decoder.. ng control network 40 facilitates the
generati orf#R THE 18- VS@atrgofl%qtbA'glructure containing 312 data segnents

and one field 'sync segnent. The Data Field Packet Request signal

(Figures 10, It card)bd TSHGWE! ¥kthé0d6§%&)|§fmﬁoh'cﬂbcﬁ Gl stidheps forsclss

byt es:and 30 | ow. | eve In response to. the '
ol ook10' (cemnd/bita ArlbISE RIERcFITRES SSHVER i ETODANES WithI T8 40 (i gur e
10) exhi blﬁdld%@ihgu@lxbﬁésﬁamtwhtq@ﬁﬁbwtegaqhs symbols iper ffeld: dat a field

~1s depicted, specifically tyt pEs 311 and 312 of
one data field, a field slﬁg?%éegi fgﬁta'te@he egi nni_n of 3 5 the next

data field, andX{H8 i réx aadts( e'gnbhtbOéh rpneeSﬁektsyabms ield; field. This
si gnal exhi bi t (188" a ?gla{sg;gesémgegyﬁlb@wmgfa Gb@gmd;ﬁ ' WD 96/ 01024
PeT U?%S/ 07459 (X + 1) represents segments/field (eg., 313); '
S represents symbols/segment (eg., 832);
X represents data segments/field (eg., 312);
Y represents the inter-data interval; and
' N is a factor to be determined. | |
20 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
SC clock.

Transport processor 14 is clocked by the 3/8 SC clock to

25 read out data, and responds to the Packet Request signal from unit
44 by delivering the 188 bytes of an MPEG data packet dunng
188 cycles of the 3/8 SC clock, as represented by Fig. 12. Figure
12 actually depxcts a Data Valid signal that is output by ‘transport
processor 14 simultaneously with the 188 byte data packets. The

30 Data Valid signal exhibits the form of the Packet Request To
Transport signal (Fig. 11). The Data Field Packet Request from
timing circuit 40 in network 17 (Figure 10) is not synchronous
with the Packet Request To Transport signal from network 44 (Fig.
11). '

35



14 requested (each conprising 188 data bytes synchronized with 188
1/ 4 SC syniwoogmiozaks), and data "disable" intervals (each srcTrushegnssdsi ng
20 1/4 SC synbol clock intervals) when FEC information is to be added
to the datastream or 228 1/4 SC synbol clock intervals when field
sync information is to be added between data fields. This signal is a
free-running input to a system control network 44 associated with
network 16. 10 - Cont r ol netwi)r7k 44 responds to the 3/8 SC and 1/4
SC cl ocks for gener at| ng an out put ‘Packet Request to Tr ansport -si gnal

hown in ELgur naI requests a 188 byie data packet
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sync segnent context the
di scl osed sy§?€ &ﬂm P equests  for, franpperd Bfoqeﬁ\iﬂ‘Bllé ¢ sk &) ock,

eg., faster plaokés dfndkladmmetwork3/l4 Pla idtezfdoe aeeworkSQ6 rardahat
rmdyl ation sqRGRFed ' fifit Bdi¥er 46 has reached a predetermined fullness
level, eg., half full. The fullness level of buffer 46 is indicated by a
15 Fullness flag, which is applied to a control input of controller 44.

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

- 20 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
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

25 the 3/8 SC and 1/4 SC clock relationships. |

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 |
30 (SOP) flag received from an alignment network 45 via buffer 46.
Controller 44 provides a control signal (Figure 14) to the Read
Enable (REN) input of buffer 46 to enable buffered transport
packet data to be read out to network 17 at the appropriate time.
This occurs as follows with reference to Figs. 13-16. The Fig. 13
35 signal is similar to the previously discussed Figure 10 signal.



30 8-VSB and 16-VSB for exanple. These options will be better

under st WR9%a48102 t he fol |l owi ng di scussion rel ating Fi gureer/bSosmnske 11
to Figures 30, 31 and 32. Fromthis discussion it will also become
clear that the principles of the present invention are also applicabl e
to other types of data field structures. 35 WO 96/ 01024

PCT/ US95/ 07459 15 _ The
wavef orm of Figure 10 is a constant yfgor the discl osed enbodi ment in

the context of the described 313 segnment data 5 field structure. The

t t f ot r asafu ction of factors
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to 626 (twhifde Tofor %%d“?f 51313 ¥ MhE) paeRel 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 packet.

15 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

20  unit 58. This insertion of overhead information is accomphshed
w1thout interrupting the datastream.

o Referring 't_o.. Figure 4, inserting the field sync segment -
wit_hout stopping or disrupting the datastream is facilitated by the
25 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 needed to constitute a data field will have been transferred
30 from transport._proce..ssor 14 to buffer 46. Buffer 46 is relatively
small, in this example large enough to accomodate 4 data packets.
The predetermined buffer fullness level is 2 data packets, but this
level may vary with the requirements of a particular system. In
practice, this level should be determined so that, for the known
35 data internals and data disable intervals in a given system, the.
buffer will not overflow when buffer read out is stopped to insert



t'he twice as fast 3/4 SC byte clock. In other words: 626 segnent
clocks - k@8 oggfozs C! OCks (fixed) = 438 clocks 20 Al thoughpétyessswriser of

byt es/ segnent has i ncreased, the structure of the data packet remains
unchanged. The structure of the data field al so remai ns unchanged
since each data field still - conprises 312 segnents each containing a
188 byte data packet, prefaced by a field sync segnent. Anal ogous

observations pertain 25 to other fast clock multiples such as 3/2 SC or
3 SC, where the nunber of byte clliks in the interval between data
packets woul d I pncyease, prqportjonglly. The 3/8 SC cl ock has been found
to be the overhgadsin F@"&“oégmf éhecaﬁ@ﬂrﬁﬁ“‘&llsn yWald; 8eh APtY Bty 313
segnent dat aofhieg! ime30 When buffer réagliraut3?s immbmentatibs stéygpedsaoof a faster

3/4 SC clgock. jn A | AT 1S i The
result ist hg{s@rt ovgglﬁ%ﬂag??érrﬂiﬁ%%} e(aegg’g,. ]t?erwt Eggngb% @gs g}éﬁifgg g/n ool
cl ock f dagupaekets scpntaug | tes beawaitien de huffen 46 RicRe€anyant 3 5
throughput pghifeftnt rdte fFi@ﬂr&qflI)arEﬁ'rihg this $m¥SBuffest48ndobsenot fill 188

byte-cl ock dgta Lateryel G0 1 NR.ART HieS) 956 bOkeLor ShacaaskensC
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rel ati ofsgii PoRetieabrhbftari19CHisSBRES 3R dolBfhedat tndeationOf Akle? the
overhead has been inserted during the read disable interval, data
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
15 transport 14 processes data packets without interruption.

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

20 to refill from the transport processor.

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

25 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
disabled. This condition may occur, for example, when system
operation is initiated or after a system reset, eg., at a time T1.
Typically the data field structure is initiated at the beginning of

30 the transmission day, and the transmission of data packets
continues uninterrupted from then until station sign-off at the
end of the transmission day. During this time, while reading out of
buffer 46 is disabled, transport processor 14 continues to send
data packets to buffer 46 in response to the Packet Request To

35 Transport signal from controller 44. After a pretermined number
of packets has been stored and the buffer fullness condition has



5 associ ated nodul ation type. The slower 3/8 SC clock is to |ower
data r aW@ %0128 nodul ation as the faster 3/4 SC cl ock i ecrausbs/efasy

data rate 16-VSB nodul ati on. It can be shown that the desired
synbol clock relationships 1 0 (eg., 3/8 SC, 3/4 SC etc.) can be derived
I n accordance with the foll ow ng expression which relates the synbols
per field: NX(188 + Y) = S(X + 1), where

X(188 + Y) and S(X + 1) both represget synbol s/ fi el d; (188 +Y)
represents synbol s/ data segnent (X + 1) represents

sogrent s/ thdiiod, M) Fuliness flag (FFy 985 CoflgbsSYIRO oo™t (20
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Valid sigg |t t f Sﬁ? eqguest 0. . . ansport.
si gnal (Fi gnaf Tr%e &ﬁi v@l eltgngé«;@gF% eg}e #@%Jahd ?ligHFLg circuit 40
in networ K rgure 10) is not synchronous - With the Packet Request

To Transport SI gnal from net wor k 44 (Fig. 11). 35 _ ‘

Alignment circuit 45 in Fxgure 4 fac1htates the above-

15 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 which are clocked by the 1/4 SC
Read Clock of buffer 46, and which are enabled by the Read

20 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

25 flip-flop 102. The Packet Start signal is a buffer delayed version
of the SOP signal input 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
30 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 “mvalld” overhead intervals between each data packet
interval in accordance with the waveform of Figure 16. The
datatream from FEC unit 50 is applied to a parallel-to-serial data
35 converter 52. Unit 52 converts each paralled 8 bit byte into a
group of four 2 bit words which are output serially. Using well-
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17 wo 96/01884 dat a packet s fromtransport processor lapthebssorasoe
applied to buffer 46 in network 16. This buffer is relatively small, 5
several packets in depth. Buffer 46 also receives the Data Valid

signal at a Wite Enable (VEN) input to enable the data packets to be
witten to buffer 46 in response to the 3/8 SC Wite clock . (WCK) .
Buffer 46 also receives a Start O Pac ei (SOP) flag from transport
processor 14. This flag is generated at“the beginning of 1 0 each data

Peiost s for kRAWSpsahniABen ot dal (5O At 33, ars pAGcreibs eaded (&
Eetvvork %7 vi anitndr forc producingk thfeeaoutputt bits (twmmfeﬁnuﬂbnlbhslfaim 46
as reac e el e

ful |l ness &gvePR%f g%ﬁié@r&%nhgl"{:ﬂdﬁigtfg& Bl'&§' fwg gi.-ﬂllﬁhg%gs t& plj—% chis
applied to a sigmaldp-naipeit performanes| (The sq4 bits are providedr agording teat a

packet is C' Oskﬁfh g,'i'é thed %l%&ﬁtﬁﬂeﬁam ples 1&8/\73111%0&?& Sndint fit fed SC
cl ock (Figs. ? Dur |

remai ning .12 cles of e 3/8 SC
cl ock, no dat éﬂr qu%fcl?éd qpﬁ{q,}g§0m CRpjCAPn 'méhglPhSuge ALeT yput %’B buf f er
46 i s unifor madrich eproiides the thied dbiesint laecordamce datha thate from buffer 46.

The outp to da |l ed by the Data Frane Packet Request
si gnal. f;iom c}’?ec%a%mmedmag%ﬁﬂhggta Frame Packet Request signal and the

Packet Request to Transport signal are not synchronous but are rel ated

- through 25 the 3TReSoutpud Jf 4rellis Cotiels 54! &rnpriséy RS 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

15 one output symbol, and time multiplexes these output symbols
with a field sync component of predetermined value from unit 60
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

20 into the following eight symbol levels, respectively

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

Control 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

25 that unit 60 is enabled to output field sync segment information
during an interval of predetermined duration produced between
adjacent data fields, ie., after every 312 data segments as
discussed. Each field sync segment is predictably multiplexed into
the data stream between groups of field data without interrupting

30 the data flow, as previously discussed regarding the operation of
buffer 46. Multiplexer 58 also replaces the MPEG sync component
at the beginning of each packet with a segment sync before output
processing by unit 18.

35 An 8-level symbol data 'signal from unit 58 is provided to
output processor 18, where a small pilot signal may be added to a



Controller 44 contains |ogic networks responsive to the 3/8 SC cl ock,
to the WRyswoerl d Packet Request signal, to the buffer perudidhtsaess flag
(Fig. 15) frombuffer 46, and to the Start of Packet 30 (SOP) flag

received from an alignnment network 45 via buffer 46. Controller 44
provides a control signal (Figure 14) to the Read - Enabl e (REN) i nput
of buffer 46 to enable buffered transport packet data to be read out

to network 17 at the appropriate tiﬁ' This occurs as follows with
reference to Figs. 13 16 The Fig 35 signal is simlar to the
reviously di scu ure 10 WO 96/ 01024 '
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packet bei n nmation is
i nserted ﬂm%a%ethfatSH%VBH’rnOfqu @SFH@QOVSB modula on' 51gnal for

this example, relative to a standard 6 MHz NTSC channel spectrum _
as shown in the lower diagram. _ ' '

15 Figure 17 depicts a VSB receiver .incorporating the principles
of the present invention. A baseband demodulated Symbol Data
~ datastream from a preprocessor 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
20 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
25 uninterrupted 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.

More specifically, a signal received from a transmission
30 channel is processed by an RF tuner 70 including channel selection
and mixer circuits to produce a frequency downconverted signal.
This signal is subjected to IF filtering and synchronous detection
by pre-processor unit 72 using known signal processing
techniques to produce a baseband signal. Unit 72 also mcludes an
35 equalizer to compensate for transmission channel amplitude and
phase perwrbations. A Symbol Data output signal from unit 72 is



‘byte FEC overhead interval at the end of the preceding packet. 1 5 Both
t he Dat awoesdodoRacket Request (Figure 13) and the buffer PCT/USISEHI? Enabl e

si gnal when present (Figure 14) exhibit.a non- uni form inter-packet
‘gap structure required for inserting the 20 byt e FEC over head
i nformation by.unit 50 of network 17, and for I nserting the |onger

duration field sync overhead information by 20 unit 58. This insertion of
overhead information is acconplished 23 Wi t hout interrupting the
dat astream Referring to Figure 4, inserting the field sync

segnent 0¢Q' h t is facilitated
by the 25 ﬁgﬁgﬁ% 9 80181 el Lt[latddaﬁln% Ef?g}ﬁhfl% ?ﬁaf:nonbl nation with

wite clockin
t he predete ﬁ{%é’(?"zﬁ?lf@?"?ﬁl AR setheévélg%aﬁaemsw 1804t AL v
written §nt evhichfisr tHé ihverset fof theapspoessing guerformedichypahkets are

request ed. ?‘%“ﬁ&grd@%ﬂ%‘ %lfdeF’@Heoq t he exact nunber of data byt es
ata fie

needed to cons ute Wi I'T have been transferred 3 0 from
transport processor 14 to buffer 46. Buffer 46 is relatively small, in

ekt sr e, STk oSer angiegiciaks YBE g 98 Bl
Ir?ny vary w l“ﬂ t% E‘h QrIeshonding go gﬁtart gtFear Pé%fﬂérﬁf btﬁ“s an practi ce,
this | h@ outpitd dm:amam r(iMBEGs(ByﬂsaData))rprth:lddmomaSHEnspma internals
e bt ShPARGAPRIREIRL 80 GuaBhR) S, Afaream MHACEG B 2
PCT/ US95/ 0743asa) provided from transport processor 14 m the Figure 4
: transmitter system. The input Symbol Data applied to symbol
_ mapper and de-mux unit 74 corresponds to the Output Symbol
15 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 packets that
respectively define adjacent data fields (Figures 1 and 3). Thus
the receiver input symbol datastream exhibits a non-uniform data
20 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
25 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 - input
30 symbol datastream produced after demodulation and equalization
is applied to symbol mapper and de-multiplexer 74, which
performs the inverse of the operations performed by mapper 58
in Figure 4. Unit 74 maps each symbol to a 3 bit word which is
trellis decoded to a 2 bit word by trellis decoder 76 in conjunction
35 with unit 78. Unit 74 also replaoes the segment sync at the
beginning of each segment packet with an MPEG packet sync. A



109 overhead information into the datastream and will not enpty at
ot her ti buffer read out is nonentarily stopped sert
over head II’]?‘OI’H%’?I on (eg., field sync) into the dat astreal;é)mjgb""m45'g

packets continue to be witten to buffer 46 at a constant unlform rate
(Figure 11). During this tinme buffer 46 does not fill up conpletely.
The constant uni form gap between data packets (Figure 11) all ows
enough time for buffer 46 to refill while read 1 O out is nonentarily

di sabl ed for overhead insertion. Aftéd the over head has been inserted
during the read disable interval, data - 1s again read out from buffer
46. Duri ng symbalf dtatasetretamepttocessqdorby unit blrasemmntdredhby hnan90

-conti nuouslyy et Nghed egg\‘ﬁ}&@t %{ i'lfdcle{nforma{ijﬁ E’tﬁ% dat ast ream

flows without .Interrupti ransport packet s
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: fer 46 contains T-ess than a predeterm ned nunber of

|nd|cagbng
data 2 packets At thIS time the Data Valid.signal fromnetwork 44 (Fig.
16) is "l ow' (aletpu} guomps ofifoueai big data efordsffrom Afelliasdecmter

di sabl ed | qﬁ%{.ﬂo% S operat I on
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processor Bppliedt npweceweselmffer/mterface network 84 together with a

Data Valid signal, clocks SC and 1/4 SC, and a Packet Start signal -

from controller 92. The SC symbol clock and the 1/4 SC clock are

synchronous and are produced by a local oscrllator in controller

20 92. The Packet Start Srgnal is generated in response to the

appearance of the sync byte at the begtnnmg of each packet. FEC

unit 82 generates the Data Vahd signal in response to the Packet

Start signal.

25 Bufferltnterface network 84 is Stmtlar to transmitter
network 16 and is shown in Figure 29 ‘The mterface network of
Figure 29 includes a FIFO buffer 100, a system controller 120, a
3/8 SC clock generator 122 and an alignment circuit 145, all of
which elements exhlbtt charactensncs similar to those of

30 counterpart elements for transmitter network 16 shown in Figure
28. Buffer 100 of thure 29 lS essenttally the same as FIFO buffer
46 in transmttter buffer network 16 in thure 4, except that the
Read and ‘Write clocks are mterchanged Spec1ftcally, ‘the Write
clock input WCK of buffer 100 responds to the 1/4 SC clock, and

35 the Read clock input RCK of buffer 100 responds to the 3/8 SC
clock. In Figure 29 the SOP input signal to register 110 is a



data packets to buffer 46 in response to the Packet Request To 3 5
Transport wopsatozhr om controller 44. After a preterm ned mramhrseso745s9 of
packets has been stored and the buffer fullness condition has WO
96/ 01024 PCT/ US95/ 07459

20 been satisfied, the Fullness flag (Fig. 15) changes state and

. exhibits.a high logic |evel. Buffer 46 again receives a Read Enable 5

- signal for outputting data packets. Thgsbuffer Read:Enable operation
is initiated at the | eading edge of the first data enabl e i nt erval

Fui | noos conditicand pretsiol of 8 BaBlesd Sty il "»dF W08 S0P impur 18,170,

full ness condition being sati i .

first (sync) tEARSPOBf PEOGesser $4cieta idelayedyversiont of the SOP imputi tmi ng of a
packet re§juegegistédm 1@ Data Fi el d Packet Request - signal (Fig. 13)
and wth the beginning of the Data Valid signal (Fig. 16).

Alignnment circuit 45 in Figure 4 facilitates the above- 1 5 described
operation illustr&ondinwngi witheFigire187, G pagketized ibaseband SMREGi n Fi gure

28 toget her W%é‘_dﬁh!ﬁéﬁagodnfﬁm\?&l@% i“i@ 3i'o.cess?ﬁi E%g“%etr‘ﬁns ggnnent
pr

circuit 45 conprises, cas D" .type tliQp- registers) 102 and
104 whi ch ar ‘F%éf?é/éefﬁ?&%e%l/ whieh gaswﬂﬁ&dPaf@msO\th%umesrsmeqf ah8 whi ch

are enall @d lopetdtiore gperedrmedEnbyp| gan pRddsspr ovd dgd the buffer 46 from
%Zt gnm y ggzt 't’tlginlsﬂﬁtter (Figtire 28 aTHr&rHscgu? rocesr' B6CARNEIES dded [P T!ops
its constituent components. Processor 86 includes various data
processing and demultiplexing circuits including header analysers,
signal routers responsive to header information, MPEG
15 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
20 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
25 a resulting output datastream is devoid of the field sync

component. OQutput 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-
30 packet gaps.

Removing the overhead field sync segment without stopping
or disrupting the datastream is facilitated by the manner of
read/write clocking of buffer 84 in combination with the

35 predetermined buffer fullness level. Packets are continuously
read out of buffer 46 to the transport processor as packets are



transm ssion coder 17. Controll-er 44 produces a buffer Read | Enabl e
signal WO%M9Ense to a Start OF Packet (SOP) flag (a rexrswsesnrdss del ayed
version of the input Packet Start signal) froman output of 25 flip-flop

102. The Packet Start signal is a buffer del ayed version of the SOP
signal input to buffer 46. Continuing with Figure 4, output 8
byte parall el Data packets fromnetwork 45 and the Data Valid signal
(Figure 16) are applied 3 0 to re gctive i nputs of FEC unit 50 in

transm ssion coder 17. FEC unitT 50 adds 20 bytes of FEC data to the

dat o packBraabes, ovE: one dRBL HeloHBbS, B8 THET nyBbEF ofeM gur o 16, The
dat at r eanbytesmneededinio coostisutappl dath tfir-lld pdﬂalh!&ee-bteem_euaaifeMﬁa 3 ?ou
T I A 4 B PO e 70
96/ 01024 : P US95/ 07459
21 tansmitter: h Whereswriting dat duffeon8dnis. mamentadlyd disgbleds teoded by
dori ved r BLE SRRl HABEAMERN (O rEld Yyn OB B ), c oY > one
si gnal - t oda@sgeaRme datamPacketsTIcOBENBEL (0 be Teady oyt dtaadtanspionty t o a
pr edqt@®r npredsdrI @6 ahna coraante andfordhirate, aDAriAORis' finkd'epuffer art. Coder
>4 operatgs d0es’ Onnétu@%ﬂtgnc%mmtp etbehyt'. %%GE%%E{an‘énhﬁifg?m- gap between
data packets allows enough time for buffer 84 to empty partially
while writing in is momentarily disabled to remove the overhead ' ‘
information from the datastream. After overhead information has
15 been removed during the write disable interval, data is again
written to buffer 84. During all of this time transport processor 86
has been continuously receiving data packets from buffer 84,
whereby the datastream flows without interruption while
transport 86 processes data packets without interruption.
20 | ' o
The waveforms shown in Figures 18-27 pertain to receiver
operation. Clock synchronization at the receiver is achieved by
using the packet sync byte, which as explained previously is the
first byte of every-data packet. As in the case of the transmitter,
25 after the sync byte at the beginning of a packet is sensed (Figure
21) a symbol clock SC (Figure 18) and a mutually synchronized
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
30 synchronously with each packet sync byte. The observations made
previously with respect to the structure and characteristics of the
3/8 SC symbol clock at the transmitter also apply to the 3/8 SC
clock at the receiver. The 1/4 SC clock and the 3/8 SC clock should
be identical at the transmitter and receiver. -
35 ' '



whi ch provides the third bit in accordance with the 10 predet er m ned

al gori t hm yq 9601024 The output of trellis .coder 54 conp ~gauence
of 3 bit trellis coded words, with four 3 bit words cg’gtﬁ]l%?ﬂ‘%lng a

byt e. Synbol nmapper 58 nmaps each 3 bit input word fromcoder 54 to 1 5
one output synbol, and tinme nultiplexes these output synbols with a
field sync conponent of predeterm ned value fromunit 60 to produce an
out put synbol datastream I n the nappi function of unit 58, eight
progressively increasing nunerical bi e y out put val ues fromunit 54,
from 000, 001, 01Q,.... _to 111, are translated 20 .into the follow ng eight
synbol levels, reEigaei 22 illustrates the output Data Valid _timing signal +3 +5 +7.

Control  si gnakediced byehﬂusmcwemwﬂar7§0cmrampwm58me Datgr e provided

by t

cont rol 5 3 nesignal ot Begessser oo Hhe GhABRLoh SREPRs Yatid MENA . *50 i <
enabl ed to ocoyrespdndsl do sthec sbapgreft thenatausignal from goecesgonr’/l.nt er val of
predeterm neg‘g&’ﬁﬂa‘)"lﬂf@qmﬁ?% bﬁéﬁ‘ﬁegxhlblts aéjhﬁﬁleﬁﬁ ?,tna gﬁhﬁic‘é@msti@

after every ment.s | scussed nc segnent is
predictabl y Mith |'H?'b‘9@§ qrpt dnter-paqlq@'é 8aP%h él‘?‘é‘éh’i‘&)é QT(C p&OBRL i el d
data w t hout gaptedrrespondingdGo idsertdthEU data 4n theeData Signal| andsaed

VPG sy ?LQW@%@*WWﬁFw R28pe Al shtheSpPndin t?%ﬁ% ﬁ*ﬁt@éﬁéﬁf the
sync before &alcbuuync in the d2atassigpaby Data tpacets mahe Data signad- appear
synbol data 8hﬁﬁ% the %swm-g%g S188 %lﬂﬂdlﬁt@rvals oo thd UDat¥ ofgssor 18,

where a sml llg%a otl‘ H\e Dat} s1gngld (}rom Refwork 82 exhibits a non-
uniform data flow with respect to the packet data. The
15 counterpart of the Figure 22 Data Valid signal at the transmitter is
shown in Figures 3 and 10.

In contrast, the Data Valid signal provided from buffer
network 84 to transport processor/decoder 86 (Figure 23)

20 exhibits a uniform structure with uniform inter-packet gaps. This
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

25 188 counts of the 3/8 SC clock). Thus the MPEG Byte Data
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

30 based on an uninterrupted flow of data. Transmitter counterparts
of the Figure 23 Data Valid signal are shown in Figures 11 and 12.

Receiver bufferfinterface network 84 operates in a manner
similar to that of the counterpart transmitter network shown in

35 Figure 28. As noted previously, the respective FIFO. buffers differ
with respect to the Read and Write clock inputs. Also, whereas



WO 96/ 01024 ’ ; PCT/ US95/ 07459

22 suppressed RF carrier to allow robust carrier recovery at a

recei vewq}ﬁ@g?z“di fficult reception conditions. Using knd%A/UsOpMse 5
processi ng techni ques, an 8-VSB nodul ator in processor 18 receives the
trellis coded conposite data signal, filters and . spect rum shapes the

. signal for transm ssion over a standard 6 MHz tel evision channel,

nodul at es (upconverts) the data signal onto an internediate frequency
(IF) carrier, and translates the 1 B8resulting signal to an RF carrier. '
Figure 5 depicts, in the upper di agram the spectrum of the baseband
VSB nodul atansmittegnsystémr controllehi 44 eimrifigare r 28 aprosidés @ Rdckedard 6 Mz
NTSC chan A0S oS 1K | | rngdi ags: _ . . Fi gure
17 dep; of & GREHC Mansport MgB0 i ietpbie, (6 X DL HEE Pabid 1 o Bi

i nvent on REQUSEL o Hifh £ MR TERCISPRHBEt YRk, in Figuret 20t sends famm a
LEDTOGESOr Tag s btcher B shodor 4616 s W 50
or ocessor DUBHARCOY o, Hel soREC, S P'ehh (R of chinsgimart pultfsTdBccses the
synbol dagh mpetr@nsnﬁuc;,ur@eimm b@lffﬂrnlﬂo in Eﬁg@t@rlﬁ dist eleazed amd pg Zduce
I O i o M R
uni f dZesety Hutter} Jeach 2 cprrdetermigeds siilingsss {evehsport decoder
86 whi ch beforsi data25s perimittedr tgotbed reabrauti dThist operavivast 4t uni form data
ot oy il PS940, 16 ffadiy 34 B BIARRSSC" S0,
transmitter operation previously discussed with respect to Figures ‘
13-16. ' o '
15 :
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
20 SC clock (corresponding to inter-packet data disable: intervals)
between constant uniform intervals of 188 counts of the-3/8 SC
clock (corresponding to data packet data enable intervals). From
this signal controller 120 produces a FIFO Read Enabl'e"'Signal -
(Figure 25) for buffer 100 and a Data Valid signal (Figure 27) for
25 transport processor 86, both with a constant uniform structure.
These sighals 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
30 control input of unit 120 and to transport processor 86. The buffer
Fullness signal is produced when buffer 100 exhibits a
predetermined fullness. The buffer Read Enable operation is
initiated at the leading edge of the first (positive going) data
Enable interval that appears after the Fullness- siginalwg'oes*highﬂ in
35 response to the buffer fullness condition being satisfied. -
Consequently, at a time T2, the first (sync) byte of a data packet is
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produce a frequency downconverted signal. Thi s si gnal

S

is

|F filtering and synchronous detection by pre-processor
g known signal processing techni ques to produce a baseband

72 also includes an 3 5 equalizer to conpensate for
channel anplitude and phase perturbations. A Synbol
| fromunit 72 is V\D%8/01024

Dat a

terwards'

Wigged, with iy gineiBg, g eyl doa ingerf L of the. B onand

Vrlid evignalg (Figuse n@iner 5  which is the inverse of the
erformed by the transmtter system of Figure 4.
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I ansm ter I npu

la%haeywmxaemprﬂbﬁd 110 Ehauw24m H‘Qlatd‘ﬁﬁbuSYdfOQ}an@Bbﬁ
cont al ns re at| h duration eclldb

processor ps are enable yt thé Read
Enable signal produced by controller 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 processor and the
transmission processor including network 17 is important in many
applications. In television broadcast for example, the transmission
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
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
structure. Non-uniform gaps in the flow of packets from the
transport processor to the transmission processor have the effect
of making the transmission data field structure an artifact in the
data flow at the interface, which would have both a packet and a

}9#({}% dﬁ} hé r§§\n%(&vP ﬁg S g qcks ap%@ sg&f‘lhérg@fiodcs? ansport

Dat a

clock nl§ o@nhqqlemnmnm r7 Q;oMP&@oButc ﬂ):atwgeou put



conponent between groups of shorter, duration data packets that

respect iw@gbopigff i ne adj acent data fields (Figures 1 and gopuydddigass the
recei ver 1 nput synbol datastream exhibits a non-uniformdata 20 rate.
Before being applied to receiver transport processor 86, this

non-uni formrate i nput synbol datastreamis converted to an MPEG Byt e
Data output signal (from network 84) which contains dat a packets
occurring at a constant uniform datg(Qate separated by uniform

I nter-packet gaps. Such a constant uniformrate 2 5 datastream

advant ageoggthy fieddi $tracfupe. Bich RE6WIOS Teddrderdwdald be un&’@s_iféﬂﬂl%']m exing by
transport decod h_oper at e

ear 86h whi ¢ S. W tfh0ut- | %erruptlgg t
dat ast r eanf®quired to have)gomplicaied jinlerfaces, that, SYRChLPRIZE,#RE LaDEang
~input 3 0 owtpuboio damithstheepackpt ahd dieldf beundarieslulAdditionahd equal i zati on
I s applied; | A D5 Csi LDl | _ erfornms the
I nver se 01Eil ;fﬁlgﬁ%{ggﬁa?rons-?%%??glr&rigsﬁ%;mﬁp‘gég%?% r@_ahﬁgdlflto ul?% 4. Unit 74
maps each PBassed| agross theyiinterfacs. war (deviedoped by rmppitering:sheqdad a 2 bit
World by trftbii @t dgheodieterfael ﬁrmrdape_ctﬂteﬁaaé_-wwhk]p ¢uﬁt-hin7&i:rowdi6n74kal so ]
repl aces t nt.syn .1 he .. i nni 0 e t packet wit

" an MPEG pa e§§ ! C%yig &et%&tlg{;@fé%lpofgge%tﬁ?l Ql%d s_u?ﬁ‘giléﬁ l%g}:ipory £s
PCT/ Ub$b/ obuffer the data field structure. Additional complications are synbol
dat ast r eanproueeds 859 ph-reddrded tafesTOind Cindertivn UGH (o8

programming and commercials. These complications and other .

difficulties are successfully resolved by a recording/playback ‘

system employing the principles of the present invention, as

15 shown in Figures 33 and 34.

_ 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-

20 Figure 33 a video tape recorder/playback device 15 receives a
uniform data rate datastream from transport. processor 14, a
provides playback data at a uniform rate to coder and data field.
construction 'netwo_rk 17 via buffer/interface 16. As in the case of
the Figure 4 system, the Figure 33 system exhibits a uniform data

25 flow at 't_he. interface between the transport layer and the
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. |

30 T :
Video recorder 15 may be a commercial ‘device such as a

Panasonic™ D3 video tape recorder for providing byte-by-byte

recording to tape. In some video recorder designs interface 16

may be included in the recorder device itself. Recorder 15 may

35 comprise one of a bank of several video recorders commonly



t'o detect the appearance of Control information present during 5 field
sync i nterwalgspolo2g., so-called "training" signal informati @oarfuspsnr4se use

by a preceding equalizer in unit 72, node sel ection i nformation, and
other information. This information is extracted by unit 90 and
~conveyed to preceding circuits in accordance wth the requirenents of
, a particular system 1 0 Qut put groups of four 2 bit data words
, fromtrellis decoder - 76 are convej ed fromserial formto 8 bit (1
- Byte) parallel form by serial-to-parallel converter 80. Serial words

from convert ar r d,correction unit
82, eg., a R@g'agl%ggd a'ScH%ﬁ@‘?&Ee%t@géés ai kgp?"vg‘r tt§ H,cggfagg aft a signal from
unit 82 is transmigsioad of ovariows viypebof f programe materiahefraor khe4studiget her
with a § Data Valid signal, cI ocks SC and 1/4 SC, and a Packet Start

si gnal from cong.t ol I e 92 SC sy k.an he, 1/ 4_SC cl ock
are synchrongﬁs% ﬂrB c}aB?/ %?CPE)@%H/F@%'E’?FE @?)Y‘anzsléont rol | er
20 92. Thereeeikes {mdirpr(ﬁlegs&sl a unjforen adatd rater drpasiseam o with

appear ance of, n toaF uni t
82 generates tv%gﬁ qunﬁ\/taﬁ,gn% tr{gﬁmq'%g e?pdgﬁsgﬁtte?%égwﬁ ?4 E&d Start
signal . 25 provides playback; data ratca HBifQEMK TBE jte HARSPARt to transnitter

network 1.6 a owssah'a%odér ®6gume 2@1st51heofn1? ufré-C§4 nﬂtswékhtbfits a Figure
29 includes #FFO b ffe t sys rp néro tﬁ ¢ lBIMSC cl ock
gener at or 122l 4p; g]r?r%n% ?cWi Frag%s eallv‘fee&f © "am‘bﬁ% fifs

exhi bit char audelthstirasspnrm layert dnt thJSespStem oecordernt 86paepresermtseat s f or
transmtter REhWHNEr %ﬁ@@“@lgﬂlfbﬂiﬂb% of re@&dlﬁféﬁ[th@.oﬁro‘co Figure 29 is

essentlallythe sa aﬁ {‘ In transmtter % net wor k
16 in Fi gurepAaw@)ngss { AETRl SUCh a%:778Y ahaveybeeD (rEuRGo
intercgahﬁedde&?umchhwmg Ithe ¢Haradheristics of umindf lmmitgummelmlff&sr f1](30
responds to 4 .S 3.5 c er
100 responds% ]41 a %’ﬁ&%‘i& mﬂpqgl oc?(ystt% r@ﬂgé}?eé%ﬁdﬁgpgop%p% ag’lugnal
to register 860are incorporated in a television receiver. Alternatively,

elements 72, 75, 84 and 86 may all be included in recorder 85.
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25 buffered version of the Packet Start si gnal, and the SOP input to
transpd¥@ 9PWaessor 86 is a del ayed version of the SoP PRBUEIVE45%

regi St—@#——l_lﬂ\ Continuing with Figure 17, a packetized baseband
MPEG te datastream fromnetwork 84 is processed by a transport

pr.ocess’i"méwm"ma ich basically perforns the inverse of the 10
operati murtransport processor 14 at the transmtter
(Figure 4). Tran &poft Processor 86 codes data into its constituent
conmponents. Processor 86 includes various data _processing and

demul tipl exing circuits including GhdMSanal ysers, signal routers
responsive to header information, MPEG 15 deconpression networks and ot her

I mge .and audi o data [ 0LEessors WhICh i de ,si.gnal,s that are
formaé?ed as requfred sy“éa qfi BEYFSYHEo 2 pB%@@ g& Figure 17. Video
and audi odatastream comaiming evdidep tinforspation dtmqnmduee aneongmpect i vel y

processedafitsiream teAfficAfflg asd'spgﬁgﬁa@r&s sa 2riblls' edBn' Bohiphrdifg | ™o

and sound l on s tab ctor

90 in net 33 kseaMeRSo cpRstitiged by Had| §1 %ﬂm segmends pagh dpchhingol unit
92. The FjedataMuitkevali and ralcdegnsentt bokttaddinterval, and (b) a field

10 overhead segment with a different overhead interval prefacing
said data segments, said system bemg responswe toa system
clock (SC) and compnsmg - '

a transport processor (14) responsive to input data for ‘
forming data packets of predetermined length

15 an interface network (16) for recexvmg output data from
said transport processor;

a data fxeld construction network (17) operatxve at a
. non-uniform data rate and responsive to data from said interface
network for generating said output datastream representing said

20 sequence of data fields, said output datastream exhibiting data
intervals and overhead intervals of different durat_ibn; and

an output processor (18); wherein
said tranport processor provides output data packets to
said interface network at a constant uniform data rate; and

25 said data field construction network operates at said
non-uniform data rate without interrupting said datastream.

2. A system according to claim 1 wherein
30 said interface network includes a buffer (46) for
transferring data from said transport processor to said data field
construction network;
said transport processor transfers data to said buffer at a
constant uniform data rate; and
35 said buffer transfers data to said data field construction
network at a non-uniform data rate.



not to wite the field sync segnent to buffer network 84, whereby 25 a
resul ti ng wagwsmeiodat astream is devoid of the field sync PCT/GSINpTseEnt .
Qut put data packets—frem buffer network 84 forma singl e dat astream
that is devoi

3 i el d sync conponent, wher eby the MPEG Byte Data
datastream fr m# ! WM"L exhibits a constant, uniformdata rate and

const ant,

uni f or mei cket gaps. Renovi ng t he over head

field sync segnment wt hout st'opping 33 or disrupting the datastreamis
facilitated by the manner of read/ wite cl ocking of buffer 84 in
conmbi nation with the33 A gyseeiat acoorditg hofélaimf U) wirsid evel . Packets are

conti nuously 1 eq Ul BT sl 1 &0 ARcifoel THochloBR PR dest iR Hor™

packets are
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Over one dat Packet Reqiestyl, ahe exact nunber of data byt es needed to
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processor 86 from blﬁﬂ‘der

nigrfags Rl aph Saare: <ot trom SaidTHERSr g

ful | ness reqproesssor atsabodfhstantaunifornhedata ramr tPackiett RequaNteTomr i ting to

buffer 84 is MR Pbﬂ)l |y disabled to renove overhead information (eg.,
field syné) from dat astream data packets continue to be read out
to trans rt 10 processor 86 at a constant uniformrate. During this tine
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4. A system according to claim 2, wherein

said data field construction network responds to said
system clock;

said transport processor operates in response to a clock
which is an integer multiple of 3/8 SC where SC is said system
clock; and ' '

' said buffer writes in data in response to said even

multiple of said 3/8 SC clock.

5. A system 'according to claim 2 wherein

said buffer size is significantly less than a field of data;
and - '

said integer is an even integer.

6. A system according to claim 1, wherein

said input data is MPEG compatible data;

said segment overhead interval encompasses FEC error
correction information; |

said field overhead segment contains field sync
information; and

said data interval contains 188 data bytes



84 does not enpty conpletely. The constant uniform gap between dat a
packets al | enough tine for buffer 84 to enpty parti gl eV e
witi ng GBW%ﬁDment arily disabled to renpve the overhe g&ksgm‘ﬁ‘ﬁ%’mor mat i on
fromthe dat astream After overhead information has 1 5 been renpved during
the wite g ] data i s again witten to buffer 84. During
all of th||ﬂ|ﬂﬂmuﬁlllﬂmﬁlumi processor 86 has been conti nuously

recei ving dat & pack®ts® from buffer 84, wher eby the datastream fl ows

Wi thout interruption while tra3\§port 86 processes data packets w thout
I nterruption. 20 _ . The waveforns -shown:in Figures 18-27 pertain to
receiver opefat |/bnsymmckcwdmg dai czlazmoh aavhernm receiver is achieved
by usi ng t he gags era?é’rf?thsﬁld vvﬂa.fég o?etﬂs RheMi@ Yk i S _the

first yt e dat packet. 'As the transmtter, 25
after °§y Z%%ga'a?“ he begi nning of a packet _|,s sensed (Figure 21)
a synbol cl ock SCsgid gysteml8jockn8Ca isnat spinbel clockr oni zed 1/ 4 SC cl ock
(Figure 19) are generated. Also as in the transmtter, a counter is
used to count cycles of the 1/4 SC cl ock for producing t he receiver
3/8 SC clock (Figure 20). This counter is reset to zero 3.0 synchronously

w th each packet SYnCAbWsQemTBEC(ﬂﬂ$@g Mot chim fIHdﬁd furthét ﬁ}ﬁlﬁdﬁi with

resp to the struturea ri st / nbol
cloc‘ljcét the trand ftq el;ecgrg%r?é'%g%écgoapnéﬂiv g't(’:g 33; clié ﬁ%ﬁeay

recei ver. ilThe dousta®t aimifdrmndatahgasy @ammﬁ:amkpaﬂmbedween shid i dentical at
Lhe transgisabrPtob&dr/Ghd 32id interfall REMIAZS ¢
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15 | 9. A system for processmg a dlgltal datastream
contammg video information to produce an output datastream
representing a sequence of data fields each compnsmg plural data
segments each including data and overhead intervals, and a field_
overhead segment with a different overhead interval prefacmg

20 plural data segments, comprising:

a transport processor (14) responsive to input data for
forming data packets of predetermined length |

an interface network (16) for receiving output data from
said transport processor;

25 a data field construction network (17) operatlve at a
non-uniform data rate and responsive to data from said interface
network for generating said output datastream representing said
sequence of data fields, said output . datastream exhibiting data
mtervals and overhead intervals of dlfferent duranon, and

30 ' an output processor (18); wherein. )
| said tranport processor transfers _output data packets to
said interface network at a constant uniform data rate in response
to a clock which is an integer multiple of 3/8_'SC where SC is a
system clock. | i

35



27 Figure 22 illustrates the output- Data Valid tim ng signal
produced byo4gbie2$2 of network 75 concurrent with the Datapchruysosigigeeal from.
processor 75. The shape of the Data Valid signal corresponds to the
shape of the Data signal from processor 75. This Data Valid timng

si gnal exhibit i haracteristic W th non-uniform

i nt er - packet dmml HIH]“H(“I'HIMI:ZO-(CI ock) count gap corresponding to
inserted FEC datacintthe Data" signal, jgd aloO significantly w der,
+228-count gap corresponding to the inserted field sync in the Data

signal. Data packets,jn the Data si a uring the
posi tive-goi ng 188 c&hnt A Syssm cg’FgJ’t“’rge?%éﬁé“Wa?vl avqwrem signal . Thus the
Data signal from net samidk s8gmenli Yatas intereals each invlade ncowstitubhovdatat h

respect tg t e t 1 5 counterpart of the Figure 22 Data
Valid si gsrjlal Qfe ﬁ;& Pqﬁs?nu U&? IS shown in Eigures 3 and 10.

In contrast, the Dat &a'@aloi“@%‘i @meﬁ@pbvm&wq&@m %ﬂﬁarmOdUIatﬂti\ork 84 to
Lransport processor/ gidodata 96 tdristétred 58) réfponsy Nobal 3/8: SO dIBEK:

structure w églﬂm form inter-packet gaps. This signal si gni fies that

t he MPEG Byt ta datastream from buffer network 84 is constituted by
constant uniform indata packdntesagata interyalgatof tianafereed i dawar fedm of 125

counts qfpt h§a1%/ frarfspor Pcﬁ&)ocessor '?@éi/&gur?%;n?ﬁ@%pb\gt’ éUSrCihf'fﬁv }S)a(qkets

("data enabl e” er Thus t he
VPEG Byt e Daptid 318" SEclagk dBopm i i (ombgt auhers DLt ESPHETARAA Hoow 1o
facilitate the uni nterrupted operation of transport processor 86. In
response to the Data Valid signal of Figure 23, transport processor 86
ach|res data packets for processing during each 188-count clock
interval 30 based ohlan AirSystemragaosding ¢ov cleimdi@awhereinsni tter
counterpagts of O e 1IBBRUHEE2% Pasa Valid signal are shown in Figures
11 and 12.

12. A system according to claim 9, wherein
said segment data- intervals each include constituent data
20 elements D in number;
said output processor includes an 8-VSB modulator;
said data is transferred in response to a 3/4 SC clock;
and : )
data and inter-data intervals of transferred data from
.25 said transport processor respectively correspond to D and E
intervals of said 3/4 SC clock, D and E in number, where D is less
than E.

30 13. A system according to claim 12, wherem
D is 188 and E is 438.



Recei ver buffer/interface network 84 operates in a manner Si m' I ar to

t hat of whesepterpart transmtter network shown in 3 %Cfmg%
respect to

noted prew-eusly, the respective FIFO buffers differ
e Read an$ Wite clock inputs. Al so, whereas WO 96/ 01024

th
oor 5 MMM <. 10 e 26 oo Zrnc

transmtter
Request To Transport 5| dgnal* in respgnse to a Data Field Packet 5
Request, the counterpart receiver network in Figure 29 sends an SOoP

flag to receiver t ”SROEgstggrP%‘éé gGmt gbﬁwga‘gge}&g | begi nhi ng of a

new packet. As in e cas cou art ] at the
transmtter, recel - $REMent. riaga |Hltﬂ' Yl$ eeach jipchidearcomstiteent dataef i | | ed

to a pﬁedenemnmedalﬂvaiumaah time the receiver system is 1.0 reset. |

ff 00 d bef d
oot o e b S Gt R el 5 T6- VS modutarth e gres

24-27 and is anal ogididaty ishtran eateddm responsengai at3¥ S@echodkyn previously

di scussed gifgh respect to Fi gures 13-16. 1 5 Controller 120

generates a free- ernl nﬁ; I pter wavef orm shown i n phantom
afp; and;

formin Figure.24. m{g{-%ata “é?(WgaMtgf ATaRsferred: datat &omst r uct ure.
SpecitDcalsajd transpaitgpadcessor respectively correspond to intervals of

said 3/4 SC clock, D and E in number, where D is greater than E.

15. A system according to claim 14, wherein
15 D is 188 andEls 125.

16. - A system according to claim 9 and further including:
video rcco_rder/p_l_ay_bac'k apparatus. (Fig. 33; 15) located
20 in a constant uniform data rate datastream path between said
* transport processor and said interface network.

17. A receiver system for processmg a modulated
25 packetlzed digital - datastream containing video information
representative of a sequence of data fields each comprising 313 -
segments constituted by (a) 312 data segments each including a
data interval and a segment overhead interval, and (b) a field
overhead segment with a different overhead interval prefacing
30 said data segments, said system being responsive to a system
clock (SC) and comprising: : SR
an input processor (72) for prov1d1ng a demodulated
datastream exhibiting said sequence of data fields and exhibiting
a non-uniform data rate;
35



constituted by constant uniformintervals of 125 counts of the 3/8 20 SC
cl ock (coryweageidsng to inter-packet data disable interval grruseso7ast ween
constant uniformintervals of 188 counts of the 3/8 SC cl ock
(corresponding to data packet data enable intervals). From this signal
controller Read Enabl e si gnal (Figure 25) for

buf fer 100 aiﬂlmmﬂﬂlmﬂmml gnal (Figure 27) for 2 5 transport processor
86, both with*a €onktaht uni*f orm struﬂzure These signals are
produced in response to the buffer |1 hess Si gnal (Figure 26) and the

SOP flag input to reqi buffered and del ayed
version of the Packeg éfl flgjlag%?cesmléa(%). f? é&ﬁ“&"é‘?g dRYEH Eﬁﬁl SOP out put
of register iaforinmatipplfroth tseid demodubatedoidatastreanmvf taurpriodiiz@ and to

transportgpr mOextititibef s8fd nifdraesdaml $a@d: | S produced when
buffer 100 ex ?zgsiﬂia exibi gtern??\% t{lz{ness Thgé buf f er , Reag Enabl e

operation is i nlaf’l HE'@H&&F PREVORK, {84 g&CSeRIVINg: Quytpyt dafasframe
goi ng) data said databfield r;irecuglor;t tamid appears after the Full ness signal

ggte ;Ssp : gg s SConsépgl%i'[%PSR &Q‘Sg&gﬁ ‘;@8%_‘(2#811 @ggﬁgﬁ\g‘(ﬂ(zgg@aﬁ%ﬁe of a data

packet is received &@/rn)lsmd interface network to produce output data;

PCT/ US95 §74%8herein 29 aligned with
the beginning of a valjd data i nt ad J kValk Si gngl
(Figure 27). 5 sal transport co er recelves ata packets from sai

interface network at a constant uniform data rate; and
said data field processor operates at said non- umform
data rate without interrupting said datastream.
15

18. A system according to claim 17, wherein
‘said interface network includes a buffer for transferring
data from said data field processor to said transport decoder;
20 said data field processor transfers data to said buffer at
a non-uniform data rate; and
said buffer transfers data to sald transport decoder at a
constant uniform data rate.

25
19. A system according to claim 18, wherein
said data field processor responds to said system clock;
said transport decoder operates in response to a clock
which is an integer multiple of 3/8 SC where SC is said system
30 clock; and ' |
said buffer reads out data in response to sald multiple of
said 3/8 SC clock.



Both flip-flops and the Read clock (RCK) input of buffer 84 are

cl ockedwioywéemIR43/ 8 SC cl ock |ocally generated by unit 12CTIUs95/07459 r esponse
to the SC-and1/4-Sceteeks—as discussed previously. The 3/8 SC cl ock
is also applied to controller 120. MPEG Byte Data are 1 0 conveyed via

fli p-flopsﬁ!myﬁnamﬂmam data input of transport processor 86 when
these flip t d by the Read Enabl e signal produced by
controller 120. At the sane tinme, th§ SOP flag is conveyed to
transport processor 86 together with the Data Valid signal (Figure 27)
fromcontroller 120. Peyosm Atdording %o sélgiial 185 whereinled to transport
processor 86 to e l g b .tQ acquisre... . data during.ntervals when valid
packet_ data are p?@geﬁﬁé" s?zé.lg ﬁ_lgﬁ;quyn?%ﬁgw t?etf*ﬁé‘inoﬁlﬁéwvransport
proceéoraaﬁd t he " transm ssion processor including network 17 is

i nportant in manysal@ int@pet i§ain Odven lifidgkeVvi si on broadcast for exanple,
the transm ssion =~ processor will be required to generate and out put
data fields wi t hout interruption once transm ssion has begun.

Tel evi si on receivers rely on this uninterrupted streamof data fields
including field sypc K€GIRH, | 1t al vynchs ol ion. Any 25 change
in tlii} data fi el dﬁr} t?%&ggﬁu%%??gi ??%E%ﬁp'g‘g’c%@%ul d - result in a
| 0ss synchr oni 33 eptpat da 1o MPEG compatiblgcdata; studi o normal ly

has mul tipl e banksaidf s¥gment t vsrhphdy fiterwileencompaB§&xd FETE erioR

aut onat | C@(l’#r?‘%@%ts?@érﬁlﬁ%ﬁ;g%“ at e source material in a tinmed mnner.

. These tapé p Jout | ort 30 packets containing transport
stream infornatisid Eeld owgrbeptaingerval costaimsirfieidzeynict s output to the‘

flow of diiferhatidye. 'trans_m_' ssion processor, which is not pernitted to
altei&tsfleldrate or field - structure. Non-uniformagaps in the flow
of p ets fromthe transport processor to the transm ssion processor

have the effect 3 5 of making the transm ssion data field structure an
artifact in the ' a | Ot C | ch. woul d have both a
Dacket and a. 22 51 ts?s{eln?"&c%torﬁilﬂ% -w c%{n? £, Weﬁ-te]m
| said output data _from said transport decoder is in the
form of Byte data; and . o
20 ~ said system clock SC is a symbol clock.

23. A system according to claim 17 and further
including
25 video recorder/playback apparatus (85) located in a
constant uniform data rate datastream path between said
interface network and said transport decoder.

30 24. In a receiver for processing a modulated paéketiied
digital datastream containing video information representing a
sequence of data fields each comprising 313 segments 'constituted
by (a) 312 data segments each including a data interval and a
segment overhead interval, and (b) a field overhead segment with

35 a different overhead interval prefacing said data segments, a data
processing method comprising the steps of



WO 96/ 01024 : PCT/ US95/ 07459
30 daiodsloiakd structure. Each studio recorder woul d lpeTsoseisseabl y

required to*hﬂ%‘e—caﬂ.m%eddl_gterfaces that synchronize the tape 5
out put to both the packet an i el d boundaries. Additional i nformation
about the fieirI d be required to be passed across the
Wltoringthe dat a flow at the interface.
a

I nterface, or
The tape |nterface \}vour' i n provigigon for packet sync detection,

field detection and sufficient nenory to 1 0 buffer the data fleld

structure. Additi onal O{Q’hbgffi‘fa'tf?@sé?ﬁf said dg{agg.ggﬁp tgy or ded

tapes, and insertiaon anm ng. an comre hese
conpl i cati onéemﬂlbl@ datastrgamy jwitht ﬁeé‘%ﬂ“geﬁ@es%‘ﬁl F"’}Fer esol ved by a
recordi ngspl ayback (b) meméeimge(PSpyoverhehd mformiagions feomt saidor esent

ventl on. . aStelnGauSiONh skl °3itbu htfrupging said. dackldulRe & and

34 respectively represe i ver systehls shown
in Figures 4RIﬁd“9ﬂ a estetaptreamatwithea non-upjifermsd @)‘fa Fﬂtﬁires 33 and 34

include a video reCOf(@!)?rdé&\d'xﬁgf (86) dfta Framr §aﬁ3 datadtFen t pitduced in
recorder/ pl ay ac form data. rate datastream

fromtranspo kQ?Se%%&r cgastag? um?or&\ o%tﬁe 1 fﬂ"gack data at a uniform
rate to kOder and dat(d) féariweying (84)ndatautnamnproeessing tepvih) to

buffer/inter Rﬁ.ggegsﬁng Aﬁe#ogct% gat a%g’ggia"ﬁu“ifbﬂﬁ WU Ge? system the Figure

33 systemexhibits uni ow at the i1n erface bet ween t he
transport | ayer and the transm ssion layer. In this exanple data
source 12 includes a

25. A receiver system for processing a modulated digital
15 datastream containing video information representative of a
sequence of data fields each comprising plural data segments each
including data and overhead intervals, and a field overhead
segment with a different overhead interval prefacing plural data
segments, comprising:
20 an input processor (72) for prov1d1ng a demodulated
datastream exhibiting said sequence of data fields and exhibiting
a non-uniform data rate;
a data field processor (75) for removing overhead
information from said demodulated datastream to produce a
25 datastream exhibiting said non-uniform data rate;
an interface network (84) for receiving output data from
said data field processor; and '
a transport decoder (86) for decoding data packets
received from said interface network to produce output data;
30 wherein . -
said transport decoder receives data packets from said
interface network at a constant uniform data rate in response to a
clock which is an integer multiple of 3/8 SC where SC is a system
clock.
35



broadcast studi o video canera and an MPEG coder for encoding canmera

out put signals. prlor to packetizing by transport processor 14. 30
Video r 245 may be a comercial device such as a PCT/US9SMZ4SBNi c" D3
video tape recorder for providing byte-by-byte " recording to tape. In
sone vi deoﬂﬂﬂlﬂ”ﬁ"ﬂﬁ I nterface 16 may be included in the
recorder d m,ﬁm rder 15 may 3 5 conprise one of a bank of
several video rfecbrdtrss conmonl y WO 96/ 01024

PCT/ US95/ 07459 _ 40 31 enpl oyed at
broadcast studios as known to facilitate.the = - transm ssion of various

- type of program meri Al system taceordingi w cldim 25, whereml n Figure 34 a

vi deo tape recordgy; C
uni for ;n data rat egggl ast: ?ﬁ\{% hﬁnéﬁlal%veear‘% qgcr"m%o Pg ?ﬁgaed) from
i nt er f Ace/DEMCBES "‘aﬂb\‘m er, provi des playback data at a uni form rate to

transport 1 O procaidompiecprtesssr. inbRideyShpnB8oVSHEi Q!éhfbd%ﬂaﬂirso exhibits a

e T anaort | oy dhid | Aephfie? dSaidie EAlel "fatt SRS S osury
devi ce (VGRSeTE@;SaBPEWGIk rl@cl‘ﬁsppngﬁ dof at W8 &G cloek;f and pl ayi ng back
material such as rdita ha® REFAabd Cimit&GAlSIeSE tg,y datastream . received by
10 said transport decoder from said “interface network respectlvely
correspond to intervals of said 3/8 SC clock, D and E in number,
where D is greater than E.

15 | 27. A system according to claim 26, wherein
D is 188 and E is 125. |

28. A system accordmg to claim 25 wherein
20 said segment data intervals each mclude consntuent data
elements D in number;
said input processor includes an 8-VSB dem'odulator,'
said transport decoder receives data packets from said
interface network in response to a 3/4 SC clock; and
25 data and non-data intervals of a datastream received by
said transport decoder from said interface network respectively
correspond to intervals of said 3/4 SC clock D and E in number,
where D is less than E.

30
29. A system according to claim 28, wherein
D is 188 and E is 438.



I 5 device having the characteristics of unit 15 in Figure 33. Unit 85
may be a s¥PRAIB4unit in a systemwhere elenents 72, 75, 8CTEHSLP07459 86

Al ternati vel Y, el enents 72,
75, 84 and 86 ncl uded in recor der 85. WD 96/ 01024
PCT/ US95/ 07459} Iﬂ ﬂ E’U’l CLAINS 5
1. A system f packet I zed digital dat astream
. containing video |nforrrat|on to producélan out put . dat astream
representing a sequence of data fields each conprising 313 segnents
constituted by (a) 3BD.daAasystemeatCording [bnﬁlallﬁhl Qg where@,?]data i nt erval ]
and a segnent overhe d I e aver hea g t wt
a different overhead%gh rkﬁe%n?(&b éi%gac SQ'V%IJ gesgaﬂéﬂﬂ’se,“?sgeg
syst em bed ng elempnissily dnt aumbsrst em cl ock (SC) and conpri si ng:

a transport processorsa{dl%pﬁ?sm@esss& ifcludes'ta dPGWSBrdemoduflﬂo?‘ ng data
packets of predeterm n i nterface_ network (16)

ed | engt
for receiving output S Efaf ?'P%ﬂrt ec%d’?%ﬁ%ﬁ)ﬁ%‘”‘p?%@%fmm sai
a data fiel dinmﬁmeunetvmrhwmvmsponjsw):oomesld,t ST cddclg and non-uni form dat a

rate and responsive nﬂ'[“d agge rating

sai d out pyt dat astreté% represe ﬁf’d anéc}%gg sg Sgﬁ%%ﬁégmdﬁcg?ﬁcgﬁ%g sai d

out put dﬁbastspggmragmrb, decderadf gpm said mterface network respectively
correspond to intervals of said 3/4 SC clock, D and E in number,

where D is greater than E.

15 31. A system according to claim 30, wherein
D is 188 and E is 125.

32. A system according to claim 25 and further
20 including
video recorder/playback apparatus (85) located in a
constant uniform data rate datastream path between said
interface network and said transport decoder.

25
33. In a receiver for processing a modulated digital
datastream containing video information representing a sequence
of data fields each comprising plural data segments each including
data and overhead intervals, and a field overhead segment with a
30 different overhead interval prefacing plural data segments, a data
processing method comprising the steps of
(a) demodulating (72) said datastream to produce a
demodulated datastream with a non-uniform data rate;
(b) removing (75) overhead information from said
35 demodulated datastream without interrupting said datastream, to
produce a datastream with a non-uniform data rate;



intervals and overhead interval's of ‘different duration; and

an out pwo groeexassor (18); wherein sai d tr gpGdosgias €SSOr

pr ovi des.—eul—pULhdat\aLS\GMetS to said interface network at a constant
uniformdata rate; and 2 said data field construction network
oper at es raﬁm . niformdata rate without interrupting said

dat astrea ! c”fn”,"””m?”, ' 2. A systemaccording to claim1 wherein 30
said interface nétwhrksincl udes a byffer (46) for transferring data
fromsaid transport processor to sald data field construction network;
said transport processor .tra rg.data to_ sai uffer at_ a. ._const ant
uni f orm dalto a _ralto e?g)aﬁ%cgdg‘g 865" dacd g&ra fﬁ}af gfl?ats;rgﬁg? e‘?ré’%HﬁF‘A Wb said
dat a fi el dtepoifb)ir andi on " network at a non-uniformdata rate. WO
96/ 01094 conveyj 4) data from processing UsgS/ 07459

3. A %stem accprc(jcli) c‘)l %1“5 r%sl?. vsher ei’m.pr SSing steB.Ca_ﬁ a?% data field

ng t - .
const ruct PB‘PF%&%MFQR Gl @ eonstant ypiforms daga rate rin, reSPOBSSOLK 3at a

non- uni f otlockatwhiclktis {dheeger andltiple 0P8 SCRatierstSC isndl system
said int eE{da&e network requests data fromsaid . transport



‘processor at a constant uniform data rates(Packet Request To

Tr anspor two 98/61024 4. A system according te cpcu/us9sd7aseherein
said data field construction network responds to said system cl ock; 1
5 said transport processor operates in response to a clock
‘which is an integer multiple of 3/8 SC where SC is said system cl.ock;
and said buffer wites in data in response to said even
multiple of said 3/8 SC clock. 20 1/13 5. A system according to
claim 2 wherein said buffer size is significantly |ess than
a field of data; and 25 kd I nteger is an even integer.
6. A system according to clai m 1, \ﬁﬁgSXMﬁg said input data is
MPEG conpatible data; 3 0 sald seqgoent gver head i nterval
enconpasses FEC error correctFilEhDSYN%irration; sai d
field overhead segnent Ls—ftetd—ym = br mat i on: and
said data interval cont3dl
[ ]
DATA AND FEC } 215263%3
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WD 96/ 01024 i PCT/ US95/ 07459

34 wO096/01024 /- A system according to claim 1, wherPCTIUS95/07459

output data from said transport processor is in the form 5 of Byte
‘data; and said systemclock SCis a synbol clock. -

8. A systemaccording to claim 1 and further including: 1 0O

vi deo recorder/ pl ayback apparatus (Fig. 33; 15) l|ocated in a constant
uniform data rate datastream path gﬁquen sai d transport processor
and said interface network. . A system for processing a
di gital datastream contalnlng vi deo |nfornat|on to produce an out put
dat astream representing a sequence of data fields each conprising

pl ural data segnents each including data and overhead intervals, and a
field overhead segnent with a different overhead interval prefacing 20
pl ural data segnments, conpri sing: ‘ a transport processor (14)
responsive to input data for f of ning dat a packets of predeterm ned

| engt h; an interface ng m%ék (16) for receiving output data
from said transport processor; a data field construction

network (17) operative at a non unlforn1data rate and responsive to
data fromsaid interface — <
&N

188

( FIELD SYNC

228

FIG. 3

PACKET BYTES
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network for nerating said output dat astream representing sai d
sequence 3&Y0 1824f I el ds, said output datastream exhibiti RCI/GI9807459
intervals and over head interval s of different duration; and 3 0

an out put processor (18); wherein said tranport processor
transfers out put data packets to said interface network at a constant
uniform data rate in response Iock which is an integer nultiple
of 3/8 SC where SCis a system cI ' WO 96/ 01024
PCT/ US95/ 07459 = t1%m according to claim,
wher ein - sai d segne AB%D U al s each jnclude constituent
data 5 el ements D i n nunber; sai d out REQUESE s or

A id data {s1@F D&y red in

i ncl udes an 8- \IBANSPRRT | at3f8r5 \ 1
response to a 3/ YEC cleete
intervals of transferrdd data from
respectively correspondq to int
nunber, where D is gredter thanjHp

data and Ji nter-data
ransport procgssor

0C
of MPEGBYTfsa' HP 3/8 SC cl C%ﬁﬂﬁiﬂﬁﬁﬁﬁ in

DATA NETWORK
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11. A system according to claim 10 wherein 15 ° D s 188andEi s 125.

12. A syswemémt2dr ding to claim9, wherein PEFU§9HWE¥ent dat a
interval s each include constituent data 2 0 elenments D in nunber

sai d out put processor includes an 8-VSB nodul at or; sai d data
Is transferred in response to a 3/4 SC cl ock; and - dat a
and inter-data intervals of transferred data from 25 sai d transport
processor respectively correspond to E)ng E intervals of said 3/4 SC.
clock, D and E in nunber, where Dis le 3 ‘than E. 30

13. A system according to claim 12, wherein Dis 188 and
E is 438. WO 96/ 01024 '

PCT/ US95/ 07459 36

14. A systemaccording to claih19, wherein
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said segnent data intervals each include constituent data 5 el ements D

I N nunber ; wWo 96/01024 sai d out put processor includes aptEa¥stir4so

nodul at or ; : said data is transferred in response to a 3/4 SC
cl ock; and data and inter-data intervals of transferred
data from1l 0O said transport processor respectively correspond to -

I nterval s of said 3/4 SC clock, D and E in nunber, where Dis greater
t han E. 15. A systes}l‘{tgcordi ng to claim 14, wherein 15
Dis 188 and S 1205, 16. A systemaccording. to claim9
and -further inCrudi gﬁ OC? =44 vi deo $eor der/ pFaybac par at us

(Fig. 33; 15) dwyategdR0cty agopstant unifdrm data Tate datastream path
bet ween sai d p=—— t%sp prg sor and sapesi nterfa@ﬁnet\@ﬁ(

17. A-recei vH‘sys. pr Ssing a no ted 25 cketsm=ed di gital
dat astream c i ni ng]videq infojmation eprese Lve g sequence

of data field ch copprisiing 313 ~ segnents constitutled by (a) 312

data segnents h incjuck a ! data interval and a sgqgnent qver head
i nterval, and a fikpl over head seg with a diflferent Jover head
I nterval prefgerng s ata §egnents, sai d system beijng resgonsive to
a system I ck (SP) and conpji sing: anldi nput__fr ocessor
(72) for providimg a denodulfated | dat asjt ream exhi pi ti ng pai d sequence
of data field d exhjbiti '
1 —u—
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a non-uniformdata rate; 35 WO 96/ 01024 -

PCT/ US95/ OWé96/01024 37  PCT/US9SI07459 a
data field processor (75) for renoving overhead: i nformation from said
denodul at ed datastreamto produce a 5 datastream exhibiting said
non-uni form data rate; an interface network (84) for

recei ving output data from said data field processor; and

a transport decoder (86) for decoding 6 1‘3 packet s received from said

interface network to produce output data; 10 VAeiSd & vTsaid
transport decod®¥ ece™Ies dabfdpackeR from sai¥— TThterf™e f&M™ork at

a constant unifdrm dafa rate™and ¥ gi dga figld @essor
operat es at sai won-%ormd di xfate wt [ r up==lg '

dat astream 15 8. gst em accdeleh nglibe- c| dids 17 Ldwer ei n
said interface hwor ddmc| udkd=a bldeber for tr errin data firom

said data field prtcessorlto sai ( transEort dect ; 20 sai d
data field pr ro fers datg ai d buf at %n- uni Tior m

data rate; and
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said buffer transfers data to said transport decoder at a const ant

uni f or m dave 96/610 25 19. A system accor di ror/usesoi4sd m 18,
wherein - said data field processor responds to said system
cl ock; said transport decoder operates in response to a

cl ock which is an integer nultiple of 3/8 SC where SC is said system
30 cl ock; and said buffer reads out data in response to
said nmultiple of said 3/8 SC cl ock.7/13 WO 96/ 01024

PCT/ US95107459 38

20. A systemaccording to claim 18, wherein sai d buffer
size is significantly less than a field of data; 5 and R

said integer is an even inte
to claim 17, wherein TONTROL
dat a; sai d
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correction information; and . 'said field overhead i nterval

cont ai ns f W 2%/0924C I nformation. 15 22 PCANSYSHTA
according to claim 17, wherein said output data from said
transport decoder is in the formof Byte data; and 20 sai d
system clock SC is a synbol clock. 23. A system according
to claim 17 and further I ncl udi 25 vi deo
recorder/ pl ayback apparatus (85) Iocgyga in a constant uniform data
rate datastream path between said i nterface network and said
transport decoder. 30 24. In a receiver for processing a

modul at ed packetizeehNg  @vptal datastegam cpedhai nigepVvi dga nformation
representing a Cskquend\bf data fidte$ eaC@NJconpCNEi ngCNIB segnent s
constituted by (&) 313‘_&ata segnents_each i ncl udi ng a dats interval
and a segnent rhea&Shterval, afedb) &Diel er n€dd segment with

3 5 adifferent otachead ikdterval prefdadng sBLd datigrsegneals, a data

processi ng net hod conprisimg the steps of . _ 96/ 03024
PCT/ US95/ 07459 E l
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(a) denodul ating (72) said datastreamto produce a denodul at ed

dat ast r earwoigs10a4 non-uni form data rate; 5 ('b) pepusvsiongso( 75)
overhead information from said denodul at ed dat astream wi t hout
interrupting said datastream to produce a datastreamw th a

non-uni form data rate; (c) decoding (86) data fromsaid

dat ast ream produced in " step (b) at a constant uniformdata rate; and
10 (d) conveying (84) data fr rocessing step (b) to
processing step (c) at a constant uniforﬁ?'dl%ta rate. 25. A

recei ver systemfor processing a nodulated digital 1 5 datastream

containing video information representative of a " sequence of data
fields each conprising plural data segnments each i ncl udi ng data and
overhead intervals, and a field overhead segment with a different
over head interval prefacing plural data segnents, conprising: 20
an i nput processor (72) for providing a denodul ated dat astream
exhi biting said sequence of data fields and exhibiting a non-uni form
data rate; a data field processor (75) for renoving overhead
information fromsaid denodul ated datastreamto produce a 25 datastream
exhibiting said non-uniform data rate; an interface network
(84) for receiving outd dat-a-f rom 42 said data field processor; and
a transport decoder (& 2C Gl £ ta packets SC reseivedtism said
interface network th 3830 ,3é8EN a, |
—L | ' 1/4 SC
~ RCK
3/8 SC
DATA| WCK[e— - 104
C al—-»
DATA LV D | DATA
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— 4 >0 0
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30 wherein said transport decoder receives data packets from

said wo ssrdiezse networ k at a constant uni form dat a rat ecrruseseasnse to
a clock which is an integer nmultiple of 3/8 SC where SCis a system
cl ock. 35 WD 96/ 01024
PCT/ US95/ 07459 40
26. A system according to claim 25, wherein - sai d segnent
data intervals each include constituent data 5 el ements D in nunber;
sai d input processor includes an 8-VSB dftB! at or; sai d
transport decoder receives data packets from said I nterface network
In response to a 3/8 SC cl ock; and data and non-data
intervals of a datastream received by 1 0 said transport decoder from
said interface network respectively correspond to intervals of said
3/8 SC clock, D and E in nunber, ~ where Dis greater than E. 15
27. A system according to claim 26, wherein Dis 188 and E
is 125.
122
FRoM _SC ,—C
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> SOP D Q FLAG SOP o 86
o s
L
RN I LLNESS DATAVALD
1 svs. —
CNTRL. j&—23/8 SC
| —1/4SC
120~

SUBSTITUTE SHEET (RULE 26)



28. A system according to claim?25, wherei'n 20 sai d segnent data

i nt er val sweaemioeacl ude constituent data el enment s D | RCHUSE®7459

said i nput processor includes an 8-VSB denodul at or; sai d
transport decoder receives data packets from said i nterface network
in response to a 3/4 SC cl ock; and 25 data and non-data
intervals of a datastream received by said transport decoder from
said interface network respectiveIY1/1§h-correspond to intervals of said
3/4 SC clock, D and E in nunber, ere Dis less than E. 30

29. A system according to claim28, wherein Dis 188 and E is
438. WD 96/ 01024

PCT/ US95/ 07459 41 30. A
system according to claim25, wherein _ sai d segnent data
interval s each include constituent data 5 elenments D in nunber;

sai d i nput processor includes a 16-VSB denodul ator; sai d

transport decoder receives data packets from said
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interface network in response to a 3/4 SC ¢l ock; and data .and
non- dat a | MOR6I2d of a datastream received by 1 0 said ecanspswassdecoder

from said interface network respectively correspond to interval s of
said 3/4 SC clock, D and E in nunber, where D is greater than E 15
31. A systemaccording to claim30, wherein Dis 188 and E is
125. 32. A systemaccording to claim25 and further 20
i ncl udi ng vi deo recorder gyﬁ¥gack apparatus (85) located in a
constant uniformdata rate datastreanlg etween said i nterface
networ k and sai-d transport decoder. 33. In a receiver for
processi ng a nodul ated digital ' datastrean1conta|n|ng vi deo information
representing a seguence of dat g elds _eachqgonprising plural data
segment s each i ncl udi ng data ahd oDAfAead |ptervals, and a field
overhead segment with a 30 differeft S80BRBEad [nterval prefacing plural
data segnents, a data- processi ng nethod conprising the steps of
(a) denodul ating (72) said datastreamto produce a denodul at ed
datastream wi th a non-uni form data rale, I \j ng (75)
over head i nf or rggal om s %t(g > dmOﬂTedggl[]_gEB E%MWWO
i nterrupting s%ﬁltre#ﬂ PROCESSOR af dat
non- uni f orm dat a ; '
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WD 96/ 01024 PCT/ US95/ 07459

42 w0 96/01024 (C) decoding (86) data from sai d dat ast r pefpogsspgaeed in
step (b); and 5 (d) conveying (84) data from processing step
(b) to processing step (c) at a constant uniform data rate in response
to a clock which is an integer nmultiple of 3/8 SC where SCis a system
cl ock.
13/13
72
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