: Packetg -Di gital Datastream Apparatus 5 This invention is related to the

fiel d0 I'gital signal processing, and nore particularly to a systemfor
_ forrrattl ng a sequence of packets in a packetized data stream sui | e, fOr
use 10 in a high definition television (HDTV) system Recent d ts

in £he £ield of video signal processing have produced digital high
definition television signal processing and transm ssion systens. One such
systemis described in US Patent 5,168, 356- Acanpora et al. In that system
a codeword 15 datastream including codewords provided in accordance with-
the MPEG data conpression standard as is known, ‘are conveyed to a transport

processor. A mgjor fynction o e.dr ort processor is to pack variable
| engt h codeword dat a#aﬁk@tvﬁieﬁ}&t%lamﬁsmmc PRaratas of packed data
words, 5cal l ed a data packet or data 20 cell, is prefaced by a header
containing information for identifying the associated data words, anong

other information. Thus an output fromthe tranport processor is a
packetized dat afhisdanvemtion iisi related agudnecdield of adipinilt sipaakets. The

t t f or r c of chro ation and
i gnar o5 BOESkng” AR MONE 6ERIGEHY WBPECHTuln ok PARNE i oh
result f rosfﬂ%le!lﬁangfn Bagkets cimranglacketizedbdata stteamr switableg forauser dat a
from Wy chindar Ageh veefiition S RVHiBR HIJ’PV?]Y%%%HS into the datastream

upon the occurr nce 0SS or Qor fransmtted data. 3 0

An HDTV terrest FS‘FmbrdGXG eggsstlﬁnm"ecfé‘?ml Plpvistae sdgnal processing
have produced digital high definition television signal processing -

and transmission systems. One such system is described in US
Patent 5,168,356-Acampora et al. In that system, a codeword

15 datastream, including codewords provided in accordance with the
MPEG data compression standard as is known, are conveyed to a
transport processor. A major function of the transport processor is
to pack variable length codeword data into packed data words. An
accumulation of packed data words, called a data packet or data

20 cell, is prefaced by a header containing information for 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
format enhances the prospects of resynchronization and signal

25 recovery at a receiver, eg., after a signal disruption which may
result from a transmission channel disturbance, by providing
header data from which a receiver can determine re-entry points
into the datastream upon the occurrence of a loss or corruption of
transmitted data.

30 An HDTV terrestrial broadcast system recently proposed as
the Grand Alliance HDTV system in the United States employs a
vestigial sideband (VSB) digital transmission format for
transmitting a packetized datastream. The Grand Alliance HDTV
system is a proposed transmission standard that is under

35



the Grand Alliance HDTV systemin the United States enploys a vestigial
sideband (VSB) digital transm ssion format for transmtting a packetized
datastream The Grand Alliance HDTV systemis a proposed transm ssion
standard that is under 35 2 consideration in the United States by the
Fed&r al *Comuni cations 5 Conmmi ssion through its Advisory Committee of
Advanced Tel evision Service. In this system the data is arranged as a
sequence of data fields. Each field Ztructure includes 313 segnents: a
field sync segnent (which does not contain payload data) followed by 312
data segnents. Each data segnent includes 10 a data conponent and a

forward error .correction (FEQ) .co nent hron ng (sync), conponent
i s associ a?%%slg&e{ﬂl%cw &g‘?a@s"@&fgprgtat% tbryar@%o c QBYNUBIGALIQNSs 188
byt e f Bx edCoammti$sipnc kertom ghf 1tkatmdtrmoathaﬂﬂﬂitse‘d Cbl”(f mmmt EI whi CP C1s
erforns v di | ch,dat,a. packet to produce outpu
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conpri ses eqiensgst of nilatad figldse Eash sf;eiﬂoSB'uctuJe lm;:ladm)(ﬂléi A descr: ption
of the G ng e BN (A ca
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Broadt@st a data component and a forward error correction (FEC) component.

A synchronizing (sync) component is associated with each data
segment. A transport processor provides 188 byte fixed length
packets of data to a transmission processor, which performs
various coding functions on each data packet to produce output
15 symbol segments to be conveyed to an output transmission
channel. Each byte comprises a predetermined number of
symbols, eg., 4 symbols. A description of the Grand Alliance HDTV
system as submitted to the ACATS Technical Subgroup February
22, 1994 (draft document) is found in the 1994 Procéedings of the
20 National Association of Broadcasters, 48th Annual Broadcast
Engineering Conference Proceedings, March 20-24, 1994,
The data packets contain data in conformance with the ISO-
MPEG (International Standards Organization-Moving Pictures
Experts Group) MPEG-2 data compression standard. The transport
25 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
segment at the beginning of each data field, ie., between each
group of data field segments. The data flow is regulated to
.30 perform these operations since, as will be seen, the FEC
components and the field sync segment occur at different times
and exhibit different durations. Several techniques exist for
regulating the data flow to match the output symbol transmission
requirements of the data field structure. One technique calculates
35 the payload throughput rate from the output symbol clock
frequency and the inserted overhead. This requires that the




"Engi neeri ng Conference Proceedi ngs, March 20-24, 1994. The data packets
contain data in conformance with the | SO MPEG (International Standards
Organi zati on- Movi ng Pictures Experts Group) MPEG 2 data conpression
standard. The transport 2 5 processor provides only the data packets to
thetransm ssion processor, which adds an overhead FEC error detection and
correction conponent to each segment, and an overhead field sync segnent at
t he begi nning of each data field, ie3, between each group of dat a field
segnents. The data flowis regulated to 3 0O performthese operations
since, as will be seen, the FEC corrponents and the field sync segnent occur

at differe tines a d exhi_bi erent, durations. Several techniques
exi st for &g ed’tqyné) the fleg tt9 FED¥AYt Aatag fron: the nts8NSPeEnsm ssi on
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| nput of a phase locked loop network is undesirable since it adds
significantly to the cost and complexity of the system.
Another technique is to modulate the data flow from the
transport processor to the transmission processor in a burst-like

15 fashion, using a clock derived from the symbol clock. In this case.
MPEG-2 packets containing 188 bytes of data are input to the
transmission processorl as a continuous burst, with packets being
separated by intervals during which the FEC overhead for each
data segment is inserted into the datastream by the transmission

20 processor. However, the packet datastream must be interrupted
and delayed for a period of time equal to a segment interval when
the longer duration field sync segment, which does not contain a
data payload like the other packets, is to be inserted into the
“datastream. The inventors have recognized that such an

25 interrupted datastream not only undesireably reduces the data
throughput rate, but also produces non-uniform intervals between
data packets. Such non-uniform inter-packet intervals
significantly complicateés the signal processing requirements, as
will be discussed in connection with Figure 5.

30 In particular, the inventors have recognized that an
interrupted data stream undesirably complicates the interfacing -
requirements between the transport processor and the
transmission processor, particularly with respect to data
synchronization, and between any system for recording the

35 packetized datastream. It is very likely that an HDTV datastream
will be subject to recording by either studio or consumer



"1 0 and output phase and frequency rel ati onshi ps. However, the use of a
phase | ocked | oop network is undesirable since it. adds signifi€antky to the
cost and conplexity of the system Another technique is to nodul ate the
data flow fromthe transport processor to the transm ssion processor in a
burdt-lgke 1 5 fashion, using a clock derived fromthe synbol clock. In
this case MPEG 2 packets containing 188 bytes of data are input to the
transm ssi on processor as a continuagis burst, with packets bei ng separated
by intervals during which the FEC overhead for each data segnent is

I nserted into the datastrean1by the transm ssion 20 processor. However,

t he packet dat astrea Mérrupt ed and del ayed for a perjod of t| e
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processing,r I'Scussed th Fi gure 5.
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t he transp (g{lgcessor and t ansm ssi on processor rly with
r espect to %ﬂrhrlﬁn?z&??‘%er -and between any systemfor recording the 3

5 packeti zed ddthestinterfacd tbétweear the i lrahypobhatprabesdorV aadt akT eam
transmission - processor is important in many applications, eg.,
television broadcast. In such case the transmission processor will

15 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

20 of synchronization at the receiver. A broadcast studio normally
will have 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

25 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,

30 which would have both a packet and a data field structure. Each
studio recorder ‘would be undesireably required to have
complicated interfaces that 'synchronize the tape output to both
the packet and field boundaries. Additional information about the
field structure would be required to be passed across the

35 interface, or developed by monitoring the data flow at the
interface. The tape interface would contain provision for packet



"will be subject to recording by either studio or consuner 4 equi prent .
To satisfy MPEG timng requirenents, any recording 5 system nust
faithfully reproduce the packet timng, including any non-uniform gaps

bet ween packets, which nust be naintai ned between the packets as such gaps
occlirred. This requirenent significantly increases the conplexity of
circuits needed to interface to a recording system In addition, any such
gaps 10 produced by transm ssion pr$cessi ng nmust be naintained at a
denodul ator in a receiver. The interface between the transport processor
and the transm ssion processor is inmportant in nmany applications, eg.,

tel evi sion broadcast. In such case the transm ssion processor wll 15 be
" required t 8ygendetectiomdfield pdetedtioa fand dufficiempumemory rtoptbufferonhe

transmsssi ev4 §i cel | yv.on..t Lat errupt ed
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broadcast studi o rmal | ] have multiple ba e pl ayers
pre-prograﬁ%@%g‘rﬁgﬂﬂﬁ?&h&l by 2 $xstem Jcsprfing: ita: thes pringiples @fial in a
ti med mannthe presentt dpeeptioner s out put transport packets contai ning
transgqyt stream i nformati on. Each tape player synchronizes its

The - present invention is advantageously employed in the
context of a -system intended to process a packetized datastream
representing a data field structure of the type described above,

15 including information occurring at a non-uniform rate due to, for
example, different types of overhead information of different
duration. Specifically, a system according to the present invention
configures the datastream so to make the data field structure
transparent to data processors at an encoder or decoder so that

20 the datastream is processed seamlessly and without interruption.

In a system according to the present invention at a
transmitter/encoder for example, a packetized datastream is
processed to produce an output datastream representing
sequential datafield structures each containing data and overhead

25 information. An input network prdvides an input datastream
comprising data packets separated by inter-packet gaps. An
overhead network provides a . field overhead information segment
having a duration different than the duration of inter-packet gaps
within a data field. A transmission processing network responds

30 to the datastream and to the field overhead segment for
producing an output datastream representing a sequence of
"datafield structures each comprising a field overhead segment and
a data field containing a group of data segments. The input
datastream exhibits con_stant"uniform inter-packet gaps with a

35 constant uniform data rate over a plurality of datafield structures.



25 output to the flow of data to the transm ssion processor;, which is not
permtted to alter its field rate or field structure. Non-uniformgaps in
the fl ow of packets fromthe transport processor to the transn ssion
processor have the effect of nmaking the transm ssion data field structure
an artifact in the data flow at the interface, 30 which would have both a
packet and a data field structure. Each studio recorder would be
undesireably required to have conplifcated interfaces that synchronize the
tape output to both the packet and field boundaries. Additional information
about the field structure would be required to be passed across the 35

I nterface, -Qr vel oped by mopitoring the . data.flow at the.interface. The
. tape int erxgge%\%bfﬂrgp c‘d“?%?ﬁcg?to\ﬁaﬂsoﬁr? oﬁ“"b%'&%éepegv ta; é‘frﬁétadﬁt the i on,
field §et esedmlessndnsertioni efit overheagd tinfdrmhaont iwethoutddnterfrupting

structure. dighifigeamorp! i cations are produced by pre-recorded tapes, and
. . t am; : . . .
I nsertion of |oca progran’m ng and commercials. These conplications and
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advant ageou d in the context of a systemintended to _process a

packet i zedtralﬁ%/@gﬁrgl@ﬁ%gf‘é‘iﬁségén‘t"i TESRONSSt 401 AR Hpt, (Rytgy eclock: havinge
descrii@ed abfrequency that exhibits an integer relationship to the frequency
of an output (symbol) clock.

In a preferred embodiment, an output symbol datastream
from the transmission processor represents a sequence of data
fields each containing a plurality of MPEG data segments with

15 associated error correction overhead data. Each data field is
prefaced by 4 field sync segment representing overhead
‘information of a different duration. An input byte clock frequency
is an even integer sub-multiple of an output symbol clock
frequency. Fixed length input data packets encompass a fixed

20 number of input clock cycles, and each packet is separated by a
fixed, uniform inter-packet interval encompassing a prescribed
number of input clock cycles. The number of clock cycles
occurring during inter-packet intervals is a function of factors
such as the number of segments in a data field, the number of

25 symbols in a data segment, the duration of each data segment, and
the duration of the field sync segment. .

Brief Description of the Drawings

30 In the drawing:
- Figure 1 illustrates one of a sequence of data field structures
including synchronizing (sync) and data segments. |
Figure 2 is a block diagram generally illustrating apparatus
for processing a packetized ' datastream.
35 Figures 3 and 4 generally illustrate the processing of
alternative forms of Figure 1 data field segments.



"1 5 including information occurring at a non-uniform rate due to, for
exanpl e, different types of overhead information of different duration.
~Specifically, a systemaccording to the present invention configures the
datastream so to make the data field structure transparent to data
praqtessers at an encoder or decoder so that 20 the datastream is
processed seam essly and without interruption. In a systemaccording to the
present invention at a transmtter/encoder for exanple, a packetized
datastreamis processed to produce an output datastreamrepresenting
sequential” datafield structures each contai ning data and overhead 25
i nformation. An_input network provides an input datastream conprising data
packet s separ at Edgwte i ntdgpigtsc leetpagkgtizedn datastreamd having kngm-ovi des a
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of datafi elgfl tructur eﬁ .each .conprising a field overhead segnent” and a data
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data for providing output symbols to an output processor for
transmission.

Figure 13 illustrates a television channel spectrum that may
be used to convey output data provided by the system of Figure
15 12, shown in relation to a conventional NTSC television channel
spectrum. |
. Figure 13A is a general arrangement of receiver apparatus.
Figure 14 is a block diagram of a receiver counterpart of the
transmitter encoder system of Figure 12.
20 Figures 15 and 16 depict datastreams associated with the
processing of packetized data by the system of Figure 12.
Figures 17 and 18 depict datastreams associated with
alternative processing of packetized data by the system of Figure
12.

25

Figure 1 depicts a data field structure proposed for use by

the Grand Alliance HDTV system in the United States, in a system

.30 for processing a packetized datastream. An output symbol
datastream representing the data field structure is produced by a
transmission processor 16 in Figure 2 in response to input data
packets from a preceding transport processor 14 in Figure 2.
Details of the transmission processor will be shown and discussed

35 in connection with i“igure 12. Each data field structure includes a
field sync segment (which does not contain payload data)



‘5 seamless insertion of overhead information wi thout interrupting the
datastream In accordance with a feature of the invention at a
transmtter/encoder, the data packets are read into the transn ssion
processor in response to an input (byte) clock having 1 0 a frequency that
exhrbits an integer relationship to the frequency of an output (synbol)
clock. In.a preferred enbodi nent, an output synbol datastreamfromthe
transm ssi on processor represents a gequence of data fields each containing
a plurality of MPEG data segnents with 1 5 associated error correction
overhead data. Each data field is prefaced by a field sync segnent
representi [}g r head mforrpa f a different duration. An input byte
clock freq ﬁﬁ?&“g 4nSEM 9tp ISEfE aly psegments| EX)f Eaghofielditdatanbol ci ock
frequeniliy délgxmlht' mhgesnmtlmta}tzw%@as @élfé?tglégﬁﬁp&%édtxeéj meﬂl!mber of
i nput cloc and.ea acket is ed by a,fix orm .
i nter- packle%t"’%}é Fgﬁpaqneélﬁcmfgég’é\%gfa&hprdggigﬁqgéﬂe'%nﬁ@i’ 8f %’H’Bﬁd &reek
cycl es. Theomedtion (FECocompariens foltowingigheudatsy Imt ehis pidhisttationt er val s

the nunber o ‘*&esfi@ﬂtﬁ%iﬁ ] GRable BUNA BCon LR, D ol o o

segnent, arvll dihoxwn oin (Sﬂbsmfmteﬁlgemc Tbgntmnsperu gfroBessari pt i on of
the Dripgi n?ﬁoﬁhes 188 by'té‘ uﬁﬂqcéﬁa&f rlfﬂlggf' e té tHe Ushhdhfssigne of a
sequence of data fiel ures I nc synchroni zin sync and dat a

processor, whic pro uces output segments in symbol form

conveyed to an output transmission channel.
The data segment sync component and the field sync

component facilitate packet and symbol clock acquisition and

15 phase lock at a receiver under extreme noise and interference

" conditions. The 4-symbol data segment sync component is binary
(2-level) in order to make packet and clock recovery rugged, and
exhibits a pattern that repeats regularly at a unique rate to
permit reliable detection at a receiver under noise and

20 interference conditions. The data segment sync symbols are not
Reed-Solomon or trellis coded, nor are they interleaved. The field
sync component may contain pseudo-random sequences, and
serves several purposes. It provides a means to determine the
‘beginning of each data field, and may also be used by an equalizer

25 in a receiver as a training reference signal to remove intersymbol
and other forms of interference. It also provides a means by
which a receiver may determine whether or not to use an
inteference rejection filter, and it may be used for diagnostic
purposes such as measuring signal-to-noise characteristics and

30 channel response. The field sync component furthemore may be
used by phase tracking networks in the receiver to determine
phase control loop parameters. Like the segment sync component,
the field sync component is not error coded, trellis coded, or
interleaved. In this example ‘the data fields do not necessarily

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

segment s.



"Figure 2 is a block diagram generally illustrating apparatus for

processi ng a packeti zed datastream 3 5 Figures 3 and 4 generally
illustrate the processing of alternative forns of Figure 1 data field
segnent s. 7 Figure 5 depicts a packetized datastream having non- 5
uniformsi nterval s between data packets. Figures 6-11 depict packetized
datastreans having uniforminterval s between data packets in accordance
with the principles of the present igvention. Figure 12 is a block diagram
of atransmtter encoder 1 0 including a transm sSsion processor responsive
to packetized input data for. providing output synbols to an out put
processor for transmission. Figure 13 illustrates a television channel
spectrum t hat nEig8wE @selblustra&m\ﬂeygmrphtam@mgcrpeot/i@femguyalt he system of
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packet is prefaced by a header that contains information denoting
10 program source, service type and other information describing
and relating to the data in the associated packet payload data, for
example. Transmission processor 16, which will be discussed in
detail in connection with Figure 12, performs operations including
FEC error detection/correction coding, field sync insertion, trellis
15 coding to improve carrier-to-noise ratio, interleaving to reduce
the impact of data burst transmission errors, and symbol
mapping. Transmission processor 16 illustratively responds to an
input bit clock SC/2 derived from an output symbol clock SC, both
of which are internally generated by unit 16. Transport processor
20 14 also responds to the SC/2 clock. An ENABLE signal from
transmission processor 16 enables processor 14 to send processor
16 a 188 byte data packet during enable intervals, and inhibits
the sending of data packets during data disable intervals. An
output symbol datastream from unit 16 is processed by an output
25 unit 18 before being conveyed to an output channel. Output
processor 18 includes a pilot signal insertion network, VSB
modulator and Radio Frequency up-converter, as will be
discussed.
Figure 3 illustrates, in general form, the processing of one
30 type of data field segment 20a by units 16 and 18 of Figure 2. The
segment illustrated by Figure 3 includes a 188 byte MPEG-2
"transpon packet containing a one byte MPEG sync component,
prefaced by a one byte segment sync component and followed by
an associated FEC comporien’t containing 20 Reed-Solomon parity
35 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



" Figures 17 and 18 depict datastreans associated with alternative processing
of packetized data by the systemof Figure 12. 25 Figure 1 depicts a data
field structure proposed for use by the Gand Alliance HDTV systemin the
United States,+-in a system3 0 for processing a packetized datastream An
output synbol datastreamrepresenting the data field structure is produced
by a transm ssion processor 16 in Figure 2 in response to input data
packets froma preceding transport jgyocessor 14 in Figure 2. Details of the
transm ssion processor will be shown and discussed 3 5 in connection with
Figure 12. Each data field structure I ncludes a field sync segnent (mhlch
does not contain payload dat precedj ng .a roup of fleld dat a

segments (SynC éa@ﬁ which ea@ paskghéarmhmmaa engnlhiss mRY eb@at a packet
conpongnt , fellewedeby nNo® qumm tan@hahbaaeﬁamtldam yefidnder ofd a

forverd er il RGP MPEG, SRS Theh i, Behlfs SBbescln' .2,
packet as pidposed slatavfield ssmtlmeqmerhavﬁnguiibz datae fieldnsegments d@€ksor 10
ool S O3t R € AR, BB 0L
transm ssi addigiemtel the PEG 2 sync component The one byte segment
10 sync is mapped to 4 symbols before being 2-VSB modulated. The
188 byte MPEG packet segment, with FEC coding, is 2/3 trellis
coded and mapped to 832 symbols before being 8-VSB modulated.
Techniques for performing such 2-VSB and 8-VSB modulation are
well known. A resulting output field segment 20b conveyed to an
15 output channel contains a 4 symbol segment sync component
followed by an 832 symbol data field component containing an
MPEG sync component, an MPEG data component, and an FEC
component.
The arrangement of Figure 4 is similar to that of Figure 3
20 except that the input segment structure 20c is different. In Figure
4 the segment sync component is replaced by the MPEG sync
component, ie., only one sync component is used. This results in
one less byte in the 187 byte ‘MPEG data packet. After processing,
the data/FEC component of output segment 20d contains four less
25 segment symbols (828) than in the Figure 3 example, since only
one sync component is used. In this system one byte (8 bits)
corresponds to 4 symbols (2 bits per symbol).
Figure 5 represents a proposed packetized datastream in
conformance with the data field structure shown in Figure 1, with
30 each data field having the characteristics shown in Figure 3, ie
312 data field segments and one field sync segment. More
specifically, each data field segment includes 188 data bytes
(“packet bytes”) and 20 FEC bytes. The 188 data bytes of each
segment are accompanied By '188 clock cycles, and the 20 FEC
. 35 Dbytes of each segment are accompanied by 21 clock cycles. The
21st clock cycle accomodates the insertion ‘of the segment sync



"The data segnment sync conponent and the field sync conponent facilitate
packet and synbol clock acquisition and 1, 5 phase |ock at a receiver under
extrene noi se and interference conditions. The 4-synbol data segnent sync
conponent is binary (2-level) in order to nake packet and cl ock recovery
rugged, tand exhibits a pattern that repeats regularly at a unique rate to
permt reliable detection at a receiver under noise and 20 interference
conditions. The data segnment sync sygbols are not Reed-Sol onon or trellis
coded, nor are they interleaved. ,The field sync conponent may contain
pseudo-random sequences, and serves several purposes. It provides a neans
to determ ne the begi.nni ng of each data field, apnd may al so be used by an
equal i zer S8MRopent, Whepe the stime; far rinserting o dield §b’9ﬁab‘egme|ﬂém)ve
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of an NTSCEAGMEE, s g ahgpp ed data flow and uneven 1nter-packet gaps

greatly comphcates the signal control and hardware requirements
with respect to the interface between the transport and
transmission processors (units 14 and 16 in Figure 2), and also

15 reduces the data throughput rate. Moreover, as noted previously,
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 studio or consumer recording

20 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 be
a demodulator at a receiver.

25 The described problems produced by the uneven packet
gaps are addressed and resolved by a system in accordance with
the present invention. Spec1flcally, the .inventors have recognized
that in a packetized data transmission system, the problems
mentioned above may be avoided by providing uniform inter-

30 packet gaps dimensioned as a function of factors including the
number of segingnts per data field and the duration. of an
overhead segment to be inserted, such as the field sync segment,
for example. In addition, the inventors have recognized that a
datastream of packets sepératéd by uniform gaps is

35 advantageously facilitated by using an input bit clock frequency
that is an integer sub-multiple of an output symbol clock



"9 Figure 2 illustrates a general arrangenent of signal 5 processing bl ocks
for processing the described datastream Data source 12 provi des MPEG 2
byte data to transport processor 14, which packs the MPEG bytes into fixed
| ength data words that are eventually formed into fixed length (188 byte)
data packets. Each packet is prefaced by a header that contains information
denoting 10 program source, service type and other information describing
and relating to the data in the asqogi ated packet payl oad data, for

exanpl e. Transm ssion processor 16, which will be discussed in detail in
connection wth Figure 12, perforns operations including FEC error
detection/ gorrection codln field sync insertion, trellis 1 5 coding to

i nprove caffGauency. ribeseby a@lilmmiltmi&rﬂ&a\nﬂﬂﬂ tforr phase laekednbeep of data
bur st ty anasiweile Theodssclassl Sdﬁ”fbﬂlreémpﬁs %)pﬁézfﬂlé”tésmgﬁ?pﬂﬂﬁﬁ 16
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be - transmission system need to be controlled in accordance with the
requirements of a particular system.
The frequency of the transmission processor input byte
15 clock may be specified as the frequency of the output symbol
clock (SC) divided by an even integer when the number of
symbols per field segment is even. However, an odd integer may
be used. The frequency of the output symbol clock is a function of
the number of output symbols per data field. The number of
20 symbol clock cycles per field (SC/field) is found by multiplying
the number of symbols per segment (S) times the number of
segments per field (X + 1), according to the following expression:
_ SCffield =S (X + 1).
In this expression the number “1” accounts for the field sync
25 segment associated with each field. The number of input clock
cycles per field is equal to the number of data segments per field '
(X), multiplied by the sum of the 188 data bytes/clock cycles per
packet segment plus the number of clock cycles'(Y) in the interval
betwqen packets. Thus
.30 input clock/field = X(188 + Y)
The symbol clock divided by an integer N produces the desired
frequency relationship to the input byte clock for achieving the
uniform interval results noted above. Thus



- discussed. Figure 3 illustrates, in general form the processing of one 3 0
type of data field segment 20a by units 16 and 18 of Figure 2. The segnent
illustrated by Figure 3 includes a 188 byte MPEG 2 transport packet

contai ning a one byte MPEG sync conponent, prefaced by a one byte segnent
sync cofrmponent and foll owed by an associ ated FEC conponent contai ning 20
Reed- Sol onon parity 35 bytes. Each transport packet as used in the G and
Al l'iance HDTV systemincludes a 4 khyje link header, the first byte of which
is a 10 sync byte which enabl es packet synchronization. This may be 5
foll owed by an optional adaptation header, with the remai nder of the packet
bei ng MPEG dat a payl oad. This exanpl e repreéents a proposed data field

structure havi ng 312S€4figldi=linpueplockSigld)= XS yinbb), swhelehyer segnent,
and a gegnent sync conpongnt in addition to the MPEG 2 sync conponent. The
one byte segnent 10 sync is mapped to 4 synbols before being 2-VSB

nodul at ed. The 188 byte MPEG packet segnent, with FEC coding, is 2/3
trellis coded and megged: 1 =BR¢188 bY)s ahdf or e bei ng 8- VSB nodul at ed.

Techni ques for perform g such 2-VSB and 8-VSB nodul ation are well known. A
resulting output field gnent 20b conveyed to an 1.5 output channel
contains a 4 synbol segnent sync conponent followed by an 832 synbol data

fi QI dl gomponent cont?ig@&fn_,_ '[('S/N) - 188]

Only a few unique solutions exist where both X and Y are integers,
given S symbols per segment. Two examples are shown in Figures
6-7, where S = 836 symbols and N = 2, ie., the frequency of the
15 input clock is a one-half sub-multiple of the frequency of the
output symbol clock. In these examples even values of integer N
pertain since the number of symbols S is even, but odd values of
N may also be used in accordance with the requirements of a
given system. The Figure 6 and 7 examples pertain to the dual-
20 sync segment illustrated in Figure 3.

It is noted that the value of Y, the interval between data
packet segments, is large enough to provide the interval needed
for transmission processor 16 to subsequently insert the desired
“number of overhead FEC bytes per segment, and the overhead

25 field sync segment per field, without interrupting the data flow as
will be discussed. In Figure 6 for example, there are 418 data
segments between each field sync segment. For N=2, the input
clock frequency is SC/2, one-half the frequency of output symbol
clock SC. Each segment interval contains the equivalent of one

30 extra symbol clock cycle, ie., two extra SC/2 input clock cycles.
Therefore each segment interval contains 418+1=419 cycles of
input clock SC/2. Since each segment contains a fixed number of
188 data bytes and associated 188 SC/2 clock cycles, the
remainder of each segment encompasses 419-188=231 cycles of-

35 the SC/2 input clock. Specifically, each 231 clock cycle inter-
packet data disable interval accomodates the time needed to



* MPEG sync conponent, an MPEG data conponent, and an FEC conponent. The
arrangenment of Figure 4 is simlar to that of Figure 3 20 except that the
i nput segment structure 20c is different. In Figure 4 the segment sync
conponent is replaced by the MPEG sync conponent, ie., only one sync
cogponent is used. This results in one less byte in the 187 byte MPEG data
packet. After processing, the data/ FEC conponent of output segnment 20d
contains four less 25 segnent synhois (828) than in the Figure 3 exanple,
since only one sync conponent is used. In this systemone byte (8 bits)
corresponds to 4 synbols (2 bits per synbol). Figure 5 represents a
proposed packetized_datastream.in conformance with the data fjield structure
shown in Finpere the BEG overheadnhinformation peradatdg sepmeniaranst dhest i cs

'shown isn FFigWd esyhc Idverhédd skpirAehi YetweA"BRMaS fRdlds Oftbt &4 druync segment.
E/bre speci hleg(ngl }éﬁ)rggchgdﬁl@eél elgl segrrlrenhlél nglgdes 188§éi£t 21§yt ?{%ra( packet
ytes") an F t €5, AHBSR/INENTSy 38 BECRRIOCEEYfent 1 ar &
acconpani e8Cf2 ¢RREke Icyekesc haves beamdaddumalatéCThi® dvrrésporidscagh836gnent
are acconp nélgd gg 2 c{ %ck c c(I:les n‘-égﬁ 2[1118<:t ¢l ock glcl e a%ccorrpdat es the
nser tion SYCIEReOE SR STRol clogk, 3nRRIchA Fxacly: 196 UBE  nser ting a
field syncreqporedittcd seamlessly, inbertt thensfieklsisymcofsegntent FBEtweement s nust
‘be i nRicpi t £ilcRhe AgoifhsC diC Haty CdegrhBh&' WHlich "BbAbkfiRte" SaRReLE Harp Segment
fields. This insertion is accomplished without disrupting the
datastream, as will be discussed in greater detail in connection
with Figure 12 considered with Figure 15. In addition, certain
aspects of Figures 6-11 will be shown and discussed in greater
15 detail in connection with Figures 12 and 14. _
In the illustrations that follow, a suitable symbol clock
frequency was found to be 10.762237 MHz. The input clock
arrangement of Figure 6 addresses the situation where each data
field contains both segment sync and MPEG sync components (as
20 shown in Figure 3), 836 symbols per segment, and 418 (data +
FEC) segments between each field sync segment. In this example
the ratio N of the transmission processor output symbol clock
frequency to the input clock frequency is 2. The input clock
exhibits a constant, uniform 188 clock cycles during each packet
25 data byte interval, and exhibits a constant, uniform 231 clock
cycles during each inter-packet (data disable) interval. The 231
clock cycles provide sufficient time so that, without halting the
data flow, the transmission processor can insert the FEC overhead
component for each segment, and the field sync overhead segment
30 between data fields. Figure 7 illustrates a similar constant uniform
data enable/disable geometry except that 232 clock cycles occur
during the intervals between data packet intervals. In Figure 7,
209 data segments occur between each field sync segment, one-
half the number of segments of the Figure 6 example. A reduced
35 number of 209 data segments may be used, for example, where a



“clock interval (ie., 21 + 188 + 21 clock cycles). The field sync segnent
does not contain a data payload as is contained in each packet data
segnent. This disruption of the data flow undesirably 1 0 produces uneven
i nteval s, or gaps, between packets as shown in Figure 5. Such disrupted
data flow and uneven inter-packet gaps greatly conplicates the signal
control and hardware requirenents with respect to the interface between the
transport and transm ssion processof (units 14 and 16 in Figure 2), and
also 1 5 reduces the data throughput rate. Mreover, as noted previously,
it is difficult to synchronize to the data field structure when pl aying
back pre-recorded material. The non-uniform gaps between packets greatly
conpl i cat eparfermange oadvantagei may hbe pabtained ebydaheshraremfoequéntdi o or

CONSUNE§ I eduttdtiteldf ﬁwif@%@nts?,géiggﬁlgto%%nyneve_n i nter - packet gaps nust

be mai ntained as_t hey occurr recordi ng equi pnent must _
faithfully repr orﬁ%gﬂ‘ffﬁ efdeef p%ﬂghetda'tta nsegment mayi be oreduced byeven gaps
ecei ver | B L T B e O SR en packet
gaps are afm%ﬂltarﬁinp%s@ﬁﬁﬁggqé §§?‘§‘55 i $Pesd 6$déﬁéee%h IMPRGpr esent
i nventi on. pAcket fbeginbywithhea i syrentbyns. [Ehie segment zadahféiend, awithcket i zed
o ovi d 8o B3 ST B8 sbdfndlls ds WRoR" ) ol £ cfs P vIGHAN on or
factors i nelisenssgd: Hignesh & and SegHustratepdnpuntbytei elatkand t he duration of
an over heaqrfEibnt Wih HffOAA endbleATsdblE 'gednfety (oS F0ANate
a non-interrupted data stream for a data field with a segment
structure of the type shown in Figure 4. Figure 8 illustrates a
15 preferred input byte clock arrangement for a data field with 416
~ data segment intervals (data + FEC) between each field sync
interval. In this case 188 input byte clock cycles are associated
with each 188 byte data packet, and 229 input clock cycles are
associated with each inter-packet data disable interval, so that at
20 the end of each data field there is sufficient time accumulated for
the transmission processor to insert the field sync segment '
without interrupting the data flow. This arrangement
advantageously exhibits an increased data throughput rate due to
the use of only one sync component. The clock arrangement of
25 Figure 9 is similar except that each data field contains one-half
the number of data segments.
A condition where the output symbol clock and the input
byte clock exhibit an integer ratio of 4 is illustrated by Figures 10
and 11. In the case of Figure 10 a data field includes both segment
30 sync and MPEG sync components (eg., as shown in Figure 3), 209
data segments between each field sync segment, and 836 symbols
per segment. Figure 11 pertains to a data field structure using
only one sync component (eg., as shown in Figure 4), 208 data
segments between each field sync segment, and 832 symbols per
35 segment.- A uniform data enable/disable geometry with constant
uniform gaps between data packets and a continuous,




‘for exanple. In addition, the inventors have recogni zed that a datastream
of packets separated by uniformgaps is 3 5 advantageously facilitated by
using an input bit clock frequency that is an integer sub-nultiple of an
out put synbol cl ock 12 frequency, thereby elimnating the need for phase
| ocked koop 5 networks. The disclosed datastream is applicable to nore

t han one unique data field structure in terns of the nunber of segnents per
field. Advantageously, with the dlgg osed system paraneters such as the
pil ot frequency of a transmtted VSB signal, synbol rate, segment

I nterl eavi ng, Reed-Sol onon error coding and 10 synchronization conponents
are unaffected. Only the nunber of segnents per data field and the input

cloc kdf reqmmmemiptbﬂedhtmmsa@ ;ﬁbﬂheeunﬂfdbém Q?segn%solx#fﬁli be f
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may be use requency of the%o on of the

number of é@ﬁqs'@se ylﬁb§p§n9‘étrl01!iawﬁhf FwUCST%eah@n'befObfa Ziata sfiedsbl cl ock
cycles per sfm@hﬂre( %ﬁiﬁlb?hi% béthf @eg&e@u §phé | Ald/i NPEGespygber of symbol s

per selg6ren ogngontelnrtrses In this exampf)e the output symbol clock (SC)
frequency is twice the input byte clock frequency (N = 2), and
there are 418 data segments between each field sync segment. In
the following discussion, the block diagram of Figure 12 will be
considered together with data signal diagrams A-F of Figure 15,

15 which depict a portion of the packetized datastream at certain
stages of processing.

In Figure 12, packetized MPEG-2 byte data is provided from
transport processor 14 (Figure 2) to unit 22, which performs |
Forward Error Correction (FEC) processing as known. The input

20 MPEG data contains 188 bytes per segment, including a prefacing
MPEG sync byte, as illustrated by signal A in Figure 15. The input
data is clocked in using an input byte clock (SC/2) with a
frequency one-half the frequency of an output symbol clock SC.
Each 188 byte data segment interval is followed by an inter-

25 packet data disable interval encompassing 231 SC/2 input clock
cycles. Eacli segment encompasses 419 (ie., 188 + 231) intervals of
SC/2 input clock cycles (corresponding in time to 838 cycles of
symbol clock SC), and there are 418 * data segments between field
sync segments. Thus there is one more SC/2 input clock cycle in

30 each data segment than there are data segments between field
sync segments (419 vs. 418). Thus 418 additional cycles of SC/2
input clock will have accumulated after a full data field of 418
segments. The 418 additional SC/2 input clock cycles correspond
to 836 additional cycles of output symbol clock SC. As will be seen,

35 these additional 836 SC clock cycles provide exactly the time
needed to subsequently clock the field sync segment into the




" segnents per field (X + 1), according to the follow ng expression: SCfield
=S (X + 1). In this expression the nunber "1" accounts for thg field sync
25 segnent associated with each field. The nunmber of input clock cycles
per field is equal to the nunber of data segnments per field (X), multiplied
by .the sum of the 188 data bytes/clock cycles per packet segnent plus the
nunmber of clock cycles (Y) in the interval between packets. Thus 30

i nput clock/field = X(188 + Y) The gynbol clock divided by an integer N
produces the desired frequency relationship to the input byte clock for
achieving the uniforn1interva| results noted above. Thus 13 SC/field =

I nput clock/fleld = X(188 + Y), whe N S(X + 1) =
X(188 + Y) ! a&aﬁ!r%mousmg the “outpyt :kaol ¢losky withgsit Oxtieyruptiregy oni que

sol uti ggs %%héﬂwiﬂéemsﬁﬁbfh% aed d4ear ﬂdvpt egers, given S synbols per
segment. Two ex own _in Fi nbols and N

=2, ie., the f%ﬂgﬁkiégﬁer@&r 2451y Sc‘ithRIQC}izn glr&!’r@s @%36 mul tiple
of the f I e G yregfuitet: butthet syeig| indleding ki STy2ecReRTPbEUsEVBY val ues
of integer ul}lnsport processor 14 (Figure 2) to maintain synchronization

between tranport processor 14 and transmission processor 16.

10 Connections of these clocks to the blocks with which they
respectively operate are not shown to simplify the drawing.
Control unit 30 (eg., a microprocessor) generates the signals
necessary to create the transmission data fields of the data field
structure as described above and as appears as output symbol

15 data (signal F). Control unit 30 additionally generates an ENABLE
signal that is properly referenced to the data field structure. Input
MPEG byte data for one field must be written to memory before
switching the memory operating mode from write to read at the
field rate. The ENABLE signal permits one packet of data to

20 proceed from the transport processor to the transmission
processor. A DATA VALID signal generated by the transport
processor in response to the Enable signal permits the transport
system to have a fixed number of clock cycles of delay before
responding to the ENABLE signal.

25 The DATA VALID signal provided from transport processor
14 to FEC unit 22 enables unit 22 to read and process input data
from transport processor 14. This process is assisted by the
ENABLE signal from control unit 30, which signal informs the
transport processor that the transmission processor is ready to

. 30 acquire a data packet for processing. The format of input signal A
(Figure 15), with each input segment constituted by a 188 byte
data enable interval followed by a data disable interval, is
determined by the format of the ENABLE signal. The ENABLE
signal enables an output register of the transport processor to

35 transfer a packet during the Data Valid interval. A null packet is
transfered in the absence of data in an output register of the



‘ pertain since the nunber of synbols S is even, but odd values of N may al so
be used in accordance with the requirenents of a given system The Figure 6
and 7 exanples pertain to the dual- 20 sync segnent illustrated in Figure
3. It is noted that the value of Y, the interval between data packet
segnents, is |arge enough to provide the interval needed for transm ssion
processor 16 to subsequently insert the desired nunber of overhead FEC
byt es per segnment, and the overheaq!gS field sync segnment per field,

Wi thout interrupting the data flowas will be discussed. In Figure 6 for
exanple, there are 418 data segnments between each field sync segnment. For
N=2, the input clock frequency is SC/ 2, one-half the frequency of output
synbol cl otrhn§portEgprbcessprpnwherdbey vile amifarnmns gébmeeguioflthet of one 30
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i nter- packtaips a2 4P tgrmmeéir VHIMEBEE o tasOYHRS-t i me needed to 14
insert the FEC BEQ it 22na4dsd0 dytareof FEE de@ RS tdepioRdt B9 Sighap! d sync
over hggyl >BY90F rﬁ‘ig%%émfﬁnle%%gﬁg filelI %SC/ZA‘uoecrk %ygflelsl during the data
disable interval. Signal B is concurrently applied to 65 KByte
segment memories 26 and 28, each of which stores the data/FEC
segments for full adjacent data fields. These units alternately
write and read data in ping-pong fashion at the data field rate in
15 response to a control signal from unit 30, whereby one memory .
writes in the data/FEC segments for one data field, while the other
‘reads out the data/FEC segments for a prior adjacent data field,
and vice-versa. Units 26 and 28 both write in response to the
SC/2 input clock, read in response to an SC/4 clock, and provide 8
20 bit (one byte) output words. Signal B illustrates the writing in of |
data at SC/2, and signal C illustrates the reading out of data at
SC/4, one half the write rate. B
Output data/FEC segments from memories 26 and 28 are
field rate time multiplexed by unit 34 into a single datastream of
25 8 bit (1 byte) words in response to a control signal from unit 30.
This datastream comprises a sequence of groups of segments from
successive data fields, and is applied to a parallel-to-serial data
converter 38. Unit 38 converts each parallel 8 bit byte into a
group of four 2 bit words, which are output serially. The data
30 from unit 38 are 2/3 trellis coded (as known) by unit 40, which
outputs 3 bits (two information bits and one derived redundancy
bit) for every 2 input bits for improving signal-to-noise
characteristics. These bits are provided according to a
predetermined algorithm, examples of which are known in the art.
35 Coder 40 operates in response to symbol clock SC in conjunction



"field s worth of 418 data segnents has been processed, 418 extra SC/ 2 cl ock
cycl es have been accunul ated. This corresponds to 836 cycles of output
synbol clock SC, which is exactly the tinme required to seanl essly insert
the field sync segnent between 1 0 adjacent groups of data segnents which
constitute adjacent data fields. This insertion is acconplished w thout

di srupting the datastream as will be discussed in greater detail in
connection with Figure 12 consideregignith Figure 15. In addition, certain
aspects of Figures 6-11 will be shomn and discussed in greater 1 5 det ai
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output symbol datastream. In the mapping function of unit 50,

15 eight progressively increasing numerical binary output values
from unit 40, from 000, 001, 010,... to 111, are translated into
eight symbol levels -7, -5, -3, -1, +1, +3, +5 +7. Unit 45 normally
provides a predetermined value segment sync component, which
is mapped to a predetermined symbol value by unit 50.

20 Optionally, the MPEG sync component may be used in place of the
segment sync. In such case, the generation of a segment sync
component by unit 45 would be inhibited, and the MPEG sync
component would be removed from the output signal of FEC unit
22 and conveyed to unit 50 via unit 45, ie., outside the main data

25 processing path to unit 50.

Control signals for memories 26 and 28, field multiplexer 34,
converter 38, field sync generator 48 and mapper/multiplexer 50
are provided by control unit 30, eg., a microprocessor. Control unit
30 provides packet read/write enable and disable signals, timing

30 signals for controlling the ping-pong operation between memories
26 and 28, and field rate switching signals for mux 34, for
example. In particular, unit 30 controls the operation of field sync
generator 48 as a function of the field rate ping-pong switching
between memories 26 and 28, such that unit 48 is enabled to

35 output field sync segment information during an interval of
predetermined duration produced between adjacent data fields.



“during the intervals between data packet intervals. In Figure 7, 209 data
segnents occur between each field sync segnent, one- half the oaunber of
segnents of the Figure 6 exanple. A reduced 3 5 nunber of 209 data segnents
may be used, for exanple, where a 15 perfornmance advantage may be

obt-ai ned by the nore frequent 5 occurrence of the field sync conponent.
The overhead of each data segnent may be reduced by using only one sync
conponent, namely the MPEG 2 sync epgponent, since the MPEG 2 standard
specifies that each MPEG packet begins with a sync byte. This segnent
arrangement, with 1 0 832 synbols per segnent, is shown in Figure 4 as
previously discussed. Figures 8 and 9 illustrate input byte clock
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datastream includes a uniform -sequence of 836 symbols
beginning .with four segment sync symbols, followed by four
. MPEG-2 sync. symbols and an MPEG data packet (including FEC
bytes). Each segment of output datastream signal F is clocked by
15 836 symbol clock cycles. This is two symbol clock cycles less than
the 838 symbol clock cycles which are equivalent to the 419 SC/2
input clock cycles of input datastream signal A. Thus each output
segment requires two less symbol clock cycles (836 versus 838)
compared to the corresponding input segment. These two symbol
20 clock cycles, when accumulated over the 418 data segments that
constitute a data field between field sync segments, provide
exactly the additional time needed by unit 50 to clock the field
sync segment into the datastream using the output symbol clock.
Specifically, 836 symbol clock cycles (418 x 2), the same number
25 of clock cycles used to clock each 836 symbol data segment, are
available to seamlessly insert each field sync segment into the
datastream without stopping the datastream.
As seen from data signal F, the output symbol datastream is
a continuous stream of contiguous 836 symbol segments (only
30 three of which are shown to simplify the drawing). Time interval
T1 designates an “overlap” of two symbol clocks relative to input
data signal A. Specifically, the second segment of signal F begins
immediately at the end of the first segment, but two symbol clock
cycles before the second éeg‘ment of input datastream signal A
35  Dbegins. Similarly, a time interval T1 + T2 designates an overlap of
four symbol clocks relative to signal A. This interval includes



"without interrupting the data flow. This arrangenent advantageously
exhibits an increased data throughput rate due to the use of gnLy one sync
component. The clock arrangement of 25 Figure 9 is simlar except that
each data field contains one-half the nunber of data segments. A condition
where the output synbol clock and the input byte clock exhibit an integer
ratio of 4 is illustrated by Figures 10 and 11. In the case of Figure 10 a
data field includes both segnent 3 psync and MPEG sync conponents (eg., as
shown in Figure 3), 209 data segnments between each field sync segment, and
836 synbols per segnent. Figure 11 pertains to a data field structure using
only one sync conponent (eg., as shown in Figure 4), 208 data segnents
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10 of 836 additional symbol clock cycles results at the end of a 418
segment data field, at which time the field sync segment is
inserted by unit 50 in response to symbol clock SC.

Figure 16 depicts data signals A-F that are similar to those
shown in Figure 15, except that in Figure 16 only one sync

15 component is used. This alternative corresponds to that shown
and discussed in connection with Figure 6. In this example the 1
‘byte, 4 symbol segment sync component is not used. Instead, the
MPEG-2 sync is conveyed via unit 45 outside the main processing
path, and is multiplexed into the output datastream in place of the

20 segment sync by unit 50. As can be seen by comparing signals F in
Figures 15 and 16, with each successive segment two additional
clock cycles are “saved,” during intervals T1, T1 + T2 etc., thereby
providing the time needed to insert the field sync segment at the
end of 416 frame segments, without disrupting the data stream.

25 In this example control unit 30 provides segments that each
contain 832 symbols (ie., 416 segments x 2 symbols/segment) and
832 symbol clock cycles, two less than the Figure 15 example.
Thus the use of only one sync component advantageously
increases the data throughput rate.

- 30 The examples of Figures 17 and 18 are similar to the
examples of Figures 15 and 16, respectively, except that the
integer N relating the input byte clock and the output symbol
clock frequency is “4” rather than 2. Specifically, the symbol clock
(SC) frequency is 4 times greater than the input clock frequency,

35 whereby signals A, B, and C are clocked at SC/4 rather than SC/2
as in Figures 15 and 16, and 209 segments occur between each



“frequency is twice the input byte clock frequency (N = 2), and there are
418 data segnents between each field sync segnent. In the fol lggM ng

di scussion, the block diagramof Figure 12 will be considered together with
data signal diagrams A-F of Figure 15, 1 5 which depict a portion of the
packeti zed datastream at certain stages of processing. In Figure 12,
packeti zed MPEG 2 byte data is provided fromtransport processor 14 (Figure
2) to unit 22, which performs Forwaygl Error Correction (FEC) processing as
known. The input 20 MPEG data contalins 188 bytes per segnent, including a
prefaci ng MPEG sync byte, as illustrated by signal Ain Figure 15. The

I nput data is clocked in'using an input byte clock (SC/2) with a frequency
one- hal f t figld r$nee coOMpPInent. 3m Figurey dBoboth segment s¥nch apeis MPEG dat a

L ol B I Sl
(ie., 188 352 SeEMENaP¥NGf SC/ 2 i nput cl ock cycles (corresponding in
time to 838 cycRefefifingyagah €b OBigure) 122 rRswve1210, 76 SV hibSIRERNt S
- between field,syn egrents. Thus thefre.1s one re SC/2 input clock cycle
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sync symbol of the baseband signal. Using known signal
processing techniques, an 8-VSB modulator in output processor 18
15 receives the trellis coded composite data signal (with pilot), filters
and spectrum shapes the signal for transmission over a standard 6
MHz television channel, modulates (upconverts) the data signal
onto an Intermediate Frequency (IF) carrier, and translates the
resulting signal to an RF carrier. Figure 13 depicts, in the upper
20 diagram, the spectrum of the baseband VSB modulation signal,
relative to a standard 6 MHz NTSC channel spectrum as shown in
the lower diagram.
At a VSB signal receiver depicted by Figure 13A, a received
signal is processed by an RF tuner 110 including channel selection
25 and mixer circuits to produce a frequency downconverted signal.
This signal is subjected to IF filtering and synchronous detection
by unit 112 to produce a baseband signal in accordance with
known signal processing techniques. The. baseband signal is
equalized by unit 114 to compenséte for transmission channel
. 30 amplitude and phase perturbations, and is afterward subjected to
trellis decoding, forward error detection/correction and other
signal processing by a baseband data packet processor 116 in a
manner which is the inverse of processing performed by the '
apparatus of Figure 12 at the transmitter. Unit 116 is shown.in
35 greater detail in Figure 14. A decoded, packetized baseband byte
data signal from unit 116 is processed by a transport packet



- 17 datastream usi ng the output synbol clock, without interrupting or 5

ot herwi se disturbing the data flow. A clock generator 24 provides the clock
signals (SC, SC/ 2, SC/4) required by the system including an SC 2 cl ock
for use by transport processor 14 (Figure 2) to maintain synchronization
between:<tranport processor 14 and transm ssion processor 16. 10

Connections of these clocks to the blocks with which they respectively
operate are not shown to sinplify" 2E§ drawing. Control unit 30 (eg., a

m croprocessor) generates the sign necessary to create the transm ssion
data fields of the data field structure as descri bed above and as appears
as output synbol 1 5 data (signal F). Control unit 30 additionally
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The receiver data processing apparatus of Figure 14

performs the same operations as the transmitter data processing -

apparatus of Figure 12, but in the reverse order. Thus the output

datastream of the Figure 14 receiver system (MPEG Byte Data Out)
- corresponds to the input datastream of the Flgure 12 transmitter
15 (MPEG Byte Data In).

In Figure 14, an input symbol datastream (Symbol Data In)
.corresponds to the Symbol Data Out datastream developed by the
apparatus of Figure 12. This input symbol datastream contains a
relatively long duration field sync component between groups of

20 shorter duration data packets that respectively define adjacent
data fields. Thus the receiver input signal exhibits a non-uniform
data rate (data duration) characteristic. As will be discussed
below, this non-uniform rate input symbol datastream is
converted to an MPEG Byte Data Out signal containing data packets

25 occurring at a constant uniform rate separated by uniform inter-
packet data gaps. Such an output datastream advantageously
facilitates data processing and data demultiplexing by transport
decoder 85. As in the case of the transmitter encoder, the uniform

. rate output byte datastream is produced seamlessly without

30 interrupting the datastream by employing data processing that is
the inverse of the transmitter/encoder processing described in
connection with Figure 12.

A non-uniform rate baseband symbol datastream (Symbol
Data In), produced after demodulation and equalization, is applied

35 to unit-60, which responds to symbol clock SC for performing the
inverse of the operations performed by unit 50 in Figure 12.



14 to FEC unit 22 enables unit 22 to read and process input data from
transport processor 14. This process is assisted by the ENABLE, si,gnal from
control unit 30, which signal infornms the transport processor that the
transm ssion processor is ready to 3 0 acquire a.data packet for
proecessing. The format of input signal A (Figure 15), with each input
segnent constituted by a 188 byte data enable interval followed by a data
di sable interval, is determ ned by ge format of the ENABLE signal. The
ENABLE si gnal enabl es an out put gé ter of the transport processor to 35
transfer a packet during the Data Valid interval. A null packet is
transfered in the absence of data in an output register of the 18
transport ]Swmlnﬂsolqch/\/Sﬂ QbYldbhﬁCthtbosymbﬁbmﬂ)éH SC ihehd trarbdhidgdr eam i s
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preceding circuits in accordance with the requirements of a
particular system. Unit 78 also provides a field marker signal to
control unit 80 for establishing field rate timing operations as will
be discussed.
15 Unit 60 maps each 3 bit symbol to a 3 bit word which is
. trellis decoded to a 2 bit word by decoder 62 in conjunction with
unit 64. Groups of four 2 bit data words are converted from serial
form to 8 bit (1 byte) parallel form by serial-to-parallel converter
68. Serial words from converter 68 are applied to ping-pong
20 segment memories 70 and 72. These memories operate essentially
the same as segment memories 26 and 28 in Figure 12, except
with read and write clocks reversed, ie., the read and write clocks
for memories 70 and 72 correspond to the write and read clocks
of memories 26 and 28 in Figure 12. Data field segments stored in
25 memories 70 and 72 are time multiplexed at the field rate by
time multiplexer 74. The Field Marker signal provided by unit 78
to control signal generator 80 establishes the field rate timing of
read/write control signals provided by unit 80 to memories 70,
72, and the timing operation of multiplexer 74. The Field Marker
30 signal also instructs controller 80 not to write the field sync
segment to memories 70 and 72, whereby a resulting output
datastream is devoid of the field sync component.
Unit 74 multiplexes output data packets from memories 70
and 72 into a single datastream that is devoid of the field sync
35 component, whereby the datastream (MPEG Byte Data Out) from
‘units 74 and 75 exhibits a constant, uniform data rate and




"1 5 response to a control signal fromunit 30, whereby one nenory wites in
t he data/ FEC segnents for one data field, while the other reads out the

dat a/ FEC segnents for a prior adjacent data field, and vice-versa. Units 26
and 28 both wite in response to the SC/ 2 input clock, read in response to
an:SC/ 4:cl ock, and provide 8 20 bit (one byte) output words. Signal B
illustrates.the witing in of data at SC/ 2, and signal Cillustrates the
readi ng out of data at SC/ 4, one ha§§ the wite rate. Qutput data/FEC
segnents fromnmenories 26 and 28 are field rate time nultiplexed by unit 34
into a single datastream of 25 8 bit (1 byte) words in response to a
control signal fromunit 30. This datastream conprises a sequence of groups
of segnent eomstant,s uniforsi vintelapackételgdps. Specificaldy) itk MPBG Byte

byt i Ao QUEOR dpdecat)’ ol e, iiboiveh of Bigifle) £4 6 SEAERPOUCT, %02 -
30 from MREG38yecData Inr datastreamyeat thes inpsvof the Figure402 whi ch |
outputs 3 fahSmittep $yNtehiBTHY RisudtsaTomNeheeEhaadidrididaicypdi t) for
every 2 input.bits for i oyi si ghal -t o-poi se characteristics. ,These -
bits are 1Y IQPB&EIY%OXOH%*‘}?F‘%GEE e?%‘ﬂéﬁu%ﬁegormt RANDECHOR| With whi ch
are known Figuree 32tand b5Bjetogéthepewitheshe routpapobye iclocky (8¢/2y! ock SC
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is the inverse of the relationship between the input and output
clocks at .the transmitte/encoder. However, at both the transmitter
and the receiver the byte clock (SC/2) is an integer sub-multiple
of the symbol clock (SC). The process of developing the constant,
15 uniform rate datastream is assisted by the choice of the
read/write clock frequencies of memories 70 and 72 together
with the field rate multiplexing provided by unit 74. Unit 74 also
optionally multiplexes a sync symbol component, derived from
unit 60 and conveyed by unit 82, into the datastream.
20 The MPEG packets including the MPEG sync component are
reconstructed at the receiver, prior to transport processor 85. An
MPEG sync component must be 'replaced in the datastream if it
had been previously removed, and a segment sync component
must be removed if it had been previously inserted into the
25 datastream. These operations are performed by sync symbol
detector and generator 82 in cooperation with multiplexer 74.
Unit 82 senses the absence of an MPEG sync component and
generates such component as needed, and unit 74 multiplexes this
sync component into the datastream. Unit 82 also detects the
30 presence of a segment sync component and causes it to be
removed from the datastream.
Control signal generator 80 also provides an ENABLE signal
which enables transport decoder/processor 85 to receive and
process the constant, uniformt rate MPEG byte data packets from
35 Forward Error Correction unit 75, eg., a Reed-Solomon decoder.
Transport decoder 85 provides the inverse of the functions



" predetermned algorithm 5 . The output of trellis coder 40 (signal D
of Figure 15) conprises a sequence of 3 bit trellis coded words, with four
3-bit words conprising a byte. Each data segnment contains 832 synbols due

" to the operation of coder 40 in response to the four tines faster synbol
clock S€ CQutput unit 50, clocked by synbol clock SC, 1 0 naps each 3 bit

i nput word fromcoder 40 to one output synbol, and tine-nultipl exes these
synbols with a field sync conponen predet erm ned value fromunit 48 and
with a four synbol segnent sync coﬁ%gnent (signal E) fromunit 45 to
produce an out put synbol datastream |In the mapping function of unit 50, 1
5 eight progressively increasing nunerical binary output values fromunit
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Contr g 8 ‘menori es nverter 38,
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uni t 30, egequmedn byomd&*@aa@ro processdr U2t irOFRgaNd deA packet read/wite
enabl e and di Sa%l?hS' na{ns ‘the rcrl'lsc(;’losed preferred embodiments the input
byte clock and the output symbol clock exhibited an integer
frequency relationship, a non-integer frequency may also be used.
15 This would be a less desireable alternative in most cases,
however, because it would 'require the use of phase locked loop
networks, which would add to the cost and complex1ty of the

system.



-30 signals for controlling the ping-pong operation between nenories 26 and
28, and field rate switching signals for nux 34, for exanple. |n
particular, unit 30 controls the operation of field sync generator 48 as a
function of the field rate ping-pong sw tching between nmenories. 26 and 28,
such that unit 48 is enabled to 35 output field sync sﬂinent I nformati on

during an interval of predeterm ned duration produceﬂln anmllu:“(fm dat a

fields. 20 This interval of pred%:'(;erm ned duratio
processing 5 as described and as illustrated in conhection with |gures
15-18, whereby each field sync segnent is predictably nultiplexed by unit
50 into the datastream between groups of field data segnents, w thout
interrupting the flow of data. The L{AIMSynboI datastream from

mul tiplgexer 50 is 1 0 illustrated by signal F in Figure 15. Each segnent
of this datastream: ncI udes uni form sequence of 836 synbol s begi nning
with four segmedt sénSYSIERMOIOT Processing Q)yPanﬂtlzlﬂdE@lgltallrdﬁtaStYMI s and

an MPEG da{MREGKByté| D@,wanogtd: Liﬁoaﬁéésﬁn %tsagﬁ% C?Wlhl S is tw

dat ast | | ock
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equi val ent contaihingl1dataCand muerheadcinforniaioml safpusysiespst ream signal A
Thus qagh eah&%sﬁ@nent requires two | ess synbol cl ock cycles (836 versus

838)
input means for providing a datastream of data packets

separated by inter-packet data gaps;
means for providing a field overhead information segment
(Field Sync) having a duration different than the duration of
15 inter-packet gaps within a data field; and
processing means responsive to said datastream from said .
input means and to said field overhead segment for producing an
output datastream (Symbol Data Out) representing a sequence of
datafield structures each comprising a field overhead segment and
20 a data field containing a group of data segments (X); wherein
said input means provides said datastream with
predetermined constant uniform inter-packet gaps and a constant
uniform data rate over a plurality of said datafield structures, said
uniform inter-packet gaps being dimensioned to facilitate the
25 . insertion of overhead information without interrupting said
datastream.

2. A system according to claim 1, wherein
said field overhead segment has a duration greater than the
30 duration of said inter-packet gaps; and
. said processing means produces said output datastream,
including said field overhead segment w1thout interrupting said
datastream.

35



conpared to the correspondi ng i nput segnent. These two synbol 20 cl ock
cycl es, when accunul ated over the 418 data segnents that constd tute. a data
field between field sync segnents, provide exactly the additjonal tine
needed by unit 50 to clock the field sync segment into the datastream
e cans. hunber 158 Cof ei ook ovel oo ubea to of oot IMNSEUERIANEN B33, X
: e sane nunber 0 cRIE _
segnent, are available to seanl esslyginsert each field syrclc Seghert i*nto
t he datastream wi t hout™ stopping the datastream As seen fromdata signal F,
' [ t ream of conti guous 836
Symbol - seqront s oy e AP BRE L SR cLoMBRROTS si npl i fy the
drawi ng). Tine satdroomistant dedfomat Betempatkeergap diaiedsionsisw! cl ?cks I
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cycl es bef BRERese of c82idy dasy nsagments; constitutingt a edatasifigld strugBuresegi ns.

Simlarly, atime interval Tl + T2 designates an overlap of four synbol

clocks relative,to signal A. Thi i nt eryal incluydes, 21 accunul ated time
interval T1, plfs ﬁt%@%@?‘oéﬁc ng one l%llnv g/'_fnegeml nterval T2 results

fromthe third eachregtoup' of glwth Fepmentsi cemprivesi at predeéteriigednd of the
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: each uniform inter-packet gap of a data field encompasses

an interval including a prescribed portion of an interval occupied

by associated field overhead segment.

15 5. A system according to claim 4, wherein
each uniform inter-packet gap of a data field encompasses
substantially equal amounts of an associated field overhead
segment interval, so that an interval substantially equal to said
associated field overhead segment interval accumulates after each
20 group of data segments comprising said associated data field.

6. A system according to claim 1, wherein .
said field overhead ' segment contains field synchronizing
information; and

25 said processing means additionally includes means for
adding -a packet overhead component to said data segments
respectively.

7. A system according to claim 1, wherein
30 said processing means includes an input circuit responsive
to an input byte clock and an output circuit responsive to an
output symbol clock; and |
said input clock frequency is an even sub-multiple of said
output clock frequency. ' |
35



dat astream si gnal - A begins. Additional SC clock intervals T3, T4, T5 etc.
accunul ate for subsequent segnents until an accunmulation 1 0 of 836
addi ti onal synbol clock cycles results at the end ef—a—418—segrent--data

field, at which tine the field sync segnent is inser | t | N
response to synbol clock SC. Figure 16 depicts data lm ! Eﬂ]ﬂ"ﬂi‘l ﬂare
simlar to those shown in Figure 15, except that in re L0y e sync

"1 5 conponent is used. This alternative corresponds to that shown and

di scussed in connection with Fi gur@%. In this exanple the 1 byte, 4 synbol
segnent sync conponent is not used. Instead, the MPEG 2 sync is conveyed
via unit 45 outside the main processing path, and is nultiplexed into the

out put  dat ast 1 egm i |G £ Fe@Biving °6BlirslY Birddtreath | (Hfinb@p_can be

T
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'n this eSHEMETAHIEL SKIEY seoialiingeovathiad: MicRmation rARRATRIS, 532
synbol s (ieompfisim|gegnents x 2 synbol s/ segnent) and 832 synbol clock
cycles, two les a L .gu . e . h f y e sync
conmponent advan&fé@oug%@%i E@?g@@é&@%@g@ ad?%gggﬁﬁpgtsyrﬁg?@ @%Ia IRﬂ The
exampl & of Fi gpranessinginaieansarinchidingameans: for exempving odoveérthgades 15 and
16, respecy ; t ' er | [ cl ock
and the oﬁmgé?ﬁ%uﬁ.%éﬁ?gfnoc%?glrtgaggﬁﬁﬁé r,p%'pbﬁkaﬁ?e?g ;ﬁg’% éﬂﬂégé‘?& I cally,
t he synmbolfal] peeducing a processed pac etized datastream % Byte Data
Out) with , , :
overhead information removed and comprising data packets with -
15 constant uniform inter-packet gaps and a constant uniform data
rate; and
- decoder means responsive to said processed uniform data
rate datastream for decoding said processed datastream into

constituent signal components.

20
9. A system according to claim 8, wherein
~each said data segment contains data and segment overhead
information; and
said field overhead segment exhibits a duration different
25 than the duration of said segment overhead information.

10. A system according to claim 8, wherein
said processing means produces said processed datastream
without interrupting said datastream.
30
11. A system according to claim 8, wherein
'said constant uniform inter-packet data gaps are a function
of said duration of said overhead information and the number of
~ said data segments constituting a data field.
35 '



"(SC) frequency is 4 times greater than the input clock frequency, 3 5
whereby signals A B, and C are clocked at SC/4 rather than SCRX as in
Figures 15 and 16, and 209 segnents occur between each 22 field sync
‘conponent. In Figure 17 both segnment sync and MPEG 5—syne—conponents—are
used, and in Figure 18 the MPEG sync is used as the s c_ Referring
again to Figure 12, an 8-level 10.76 I\/Bynbol s/ sec syﬂiﬂ[ﬂﬂ@li‘ﬂ”ﬁﬁlﬂirom
unit 50 is provided to output procgsg 18 of Figure pi | ot
signal is added to a suppressed 1 RF carrier to allow robust carrier
recovery at .a receiver under certain difficult reception conditions.
Addition of the pilot signal is acconplished by adding a small (digital) DC
| evel to each dd®a ahdsysjerm ageardingfto ctaiima & bwihdrsingnal . Usi ng known

si gnal sprocessi Bgch €gRoUpIUSS daAl %{ﬁgn{p%‘ﬁgﬂﬁez ﬁ{'éﬂiﬁt‘e{zﬂ?{ sor 18 1 5

receives the el li.s”coded conposit ata si Ilters and
spectrum sh Hﬁé%ert of gatm segments, of s predetsrmaned Ué'cttéml]‘.ar

tel evi si on chansgth fmétli tkét (gH}r OB edalid) i‘dS&s‘ié&ad%té&i?éarﬁ”to ek
I nt er nedi a %‘i ('):rhe uency ( QS %{rlef and transl%ds t he, res |ting signal to
an RF car r FR¢C P 58S aBs iptery ek dncludipgea ppeser d?oaf&t%notl?@ spect rum of
t he basebaimemst rmduipied oby sasywiiatede! atdrhead oimforiaatind 6 Mz NTSC
channglg spectrum as shown in the | ower diagram
13. A system according to claim 12, wherein
each inter-packet gap of said processed datastream
encompasses .substantially equal amounts of an associated
overhead information interval.

15
14. A system according to claim 8, wherein
said overhead information is field synchronizing information
contained in a field sync segment.
20 15. A system according to claim 8, wherein

said processing means includes an input circuit responsive
to an input symbol clock (SC) and an output circuit responsive to
an output byte clock (SC/2); and
said output clock frequency (SC/2) is an even sub-multiple
25 of said input clock frequency (SC). '

16. The system according to claim 8 for receiving a
continuous digital datastream (Symbol Data In) of contiguous data
segments representing said sequence of datafield structures, each

30 datafield structure including a group of field data segments (X)
with associated segment overhead information (FEC) and a field
overhead segment (Field Sync) prefacing said group of field data
segments, wherein (a) said data segments and said field overhead
segment are of equal duration (188 Bytes), (b) said field overhead

35 segment contains information of a type different from information
contained in said data segments, and (c) field



"At a VSB signal receiver depicted by Figure 13A, a received signal is
processed by an RF tuner 110 including channel selection 25 and m xer
circuits to produce a frequency downconverted signal. This signal is -~
subjected to IF filtering and synchronous detection by—unLL.llz_to _produce
a baseband signal in accordance with known signal proc !ﬁ t echni ques.

The baseband signal is equalized by unit 114 to corrpen r'"”jﬂﬂr”uW| on
channel 3 0 anplitude and phase pegéurbati ons, and is

to trellis decoding, forward error tectlon/correctlon and ot hef sfgnal
processing by a baseband data packet processor 116 in a manner which is the
i nverse of processing perforned by the apparatus of Figure 12 at the

transni t t eraverhead 186gmens hexhibits 2 5dumﬁﬁt edlfﬁa*e@tl thdn FiheUrdurafion”
decodeds pagk € fromunit 116 is processed by
a transpor?ﬁp%&%t&gﬁg@bgg&ggéééi%gﬁom "oa&“galw CI5&Rt or s the inverse
of the 5 oper atSadthsprenessing:dnggns riansespanspvecas said 1datastgane for at t he
transmtter e 5 are
respecti vel ro?fhgﬁ% gn%eé gj?aglrféﬁgggl ggfr%es&éah&a{ﬁ?gé ﬁ&?@ ft$o provi de
i mage and Md‘m evhaltnitmuﬁamatﬂ f datasgreasaucandn. 1 0 The

receiver data prvidessprecesBoa miedfs Ofespdiidive 1tb RAitpat "Fightifs SEEk

oper atf 61 g3 tHE. A HhbAAET 021 8 ProCessi ng

17. - A system according to claim 16, wherein
said segment overhead information includes error
processing information;
15 said field overhead information includes field synchronizing
information; and

said data segments contain MPEG compatible data.



apparatus of Figure 12, but in the reverse order. Thus the output
.datastream of the Figure 14 receiver system (MPEG Byte Data Qut)
corresponds to the input datastreamof the Figure 12 transmitter 1 5 (MPEG
Byte Data In). In Figure 14, an input synbol datastream (Synbol Data In)
corresponds to the Synbol Data Qut datastream devel oped by the apparatus
of Figure 12. This input synbol datastreamcontains a relatively long .
duration field sync conponent betwe 2 groups of 20 shorter duration data
packets that respectively define ad? cent data fields. Thus the receiver

i nput si gnal exhlblts a non- unlforn1data rate (data duration)

characteristic. i{(% us.seg | 0 th| ) n uniformrate i nput
synbol dat astream glc ’fgjltﬁ ﬁ@@ RK2WSyhal cont ai ni ng
data packets 25 occurri ng at a constant uni form rate separated by uniform
i nter- packet data gaps. Such an output datastream advantageously

facilitates data processing and data demnul tiplexing by transport decoder

85. As |nthe case of the trap yg}ﬁagpr eDscq bgni formrate output byte
dat astr i s produced seaniessly vvlt out b Interrupting the datastream
by enpl yi ng data processing that is the |nverse of the transm tter/encoder

ErOCESSId ng descrlgbet@lamntsywﬂcpmcbmth(fﬁ Y Uegeibids Ange wni mnzreate
e A U Fon T ol VIS b e T L0,
SC for perfeodedgvideo iinfermatioh. tﬁ‘heommmmlmmquboesm ontputs (A@)i n
Figure 12. 3 symbol datastream (representing a sequence of data fields
10 comprising groups of data segments (X) with an associated .field
sync segment. The transmission processor inserts overhead
information, eg., FEC error coding information, into each data
segment, and inserts the longer duration field sync overhead
segment between groups of data field segments. The frequency of
15 the transmission processor input byte clock (SC/2) is an integer
sub-multiple of an output symbol clock (SC) frequency. The input -
datastream (14) exhibits constant uniform inter-packet data gaps
and a constant uniform data rate, thereby facilitating the seamless
insertion (18) of the field sync overhead segment into the
20 datastream without interrupting the 'datastream. Similar but
inverse processing occurs at a receiver.

air

Figure 2



24 Symbol clock SCis identical to synmbol clock SC at the transmitter. 5
An out put synbol datastream produced by unit 60 is nonitored by unit 78 to
det ect- t he appearance of control information present during field sync
intervals, eg., so-called "training" signal information for use by the
-precedlng equallzer (unit 114 in Figure;}3A), and node selection
i nformati on, anong other information. 1 This information is extracted by
unit 78 and conveyed to preceding circuits in accordance with the
requi renents of a particular system Unit 78 also provides a field nmarker
signal to control unit 80 for EStablb%ﬁgﬂgDQ%eld rate timng operations as
w Il be discussed. 1 5 Unit 6 ch 3 bit synbol to a 3 bit
word which is trellis decodEU‘TTr?rir1ﬁ1’\Mﬂ7TﬂTV‘dECUder 62 in conjunction
- with unit 64. G oups of fotL*Z‘brt - "D E are convprted fromseria
formto 8 bit (1 byte) pargj-el—formbySs l\el converter 68.
Serial words fromconverte g 20 segnent

menories 70 and 72. These aEPDLLES_anLaLE_ESSQQLLaLE¥ tlhe sane as segnent
menories 26 and 28 in Flgu el 12, except With read and rjite cl ocks

reversed, ie. the g Tﬁiiﬁgﬁbﬁ%giﬁé¥&d§iﬁ§!ﬁi§d7 and 72 correspond
to the wwite and r cks Filgure 12. Data field
segnments stored in npries 70 afEGMENTSe tine nul}i pXeSEGMENTI he fi el d
rate by tinme multiplexerN\Zg.! The Field Marker signal p}ovided by unit 78
B 188 BYTES + Y. _
FIELD 1
FIELD SYNC 2
DATA AND FEC

SEGMENTS |

FIELD 2

FIELD SYNC

FIG. 1
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to control signal generator 80 establishes the field rate tining of

read/ wite control signals provided by unit 80 to nenories 70, 72, and the
timng operation of nultiplexer 74. The Field Marker 3 0 signal also
instructs controller 80 not to wite the field sync segnent to nmenories 70
and 72,  whereby a resulting output dat@;‘ttlream is devoid of the field sync
conponent. Unit 74 nmultipl exes output a packets fromnenories 70 and 72
into a single datastreamthat is devoid of the field sync 3 5 conponent,
wher eby: t he dat astream<MREG Byte Data Qut) fromunits 74 and 75 exhibits a
constant, uniform ata|nate phd 25 constant, uniforminter-packet gaps.
Speci fically, the EBB t2 p|Data CQut datastreamin the receiver of Fi gure
14 is simlar to tE%/P Byl ¢ Pata 11 datastreamdt it he i nput of the

Figure 12 transm’t&BE bysteny {This results fromtheld¢haracteristics of the
receiver input syn@ lat asty a{n as discussed ijn cofnection with Figures 12
and 15-18, toget herg% htghe ut put byte cl ock (SC/:): 1 0 being an integer
subrmul tiple of the an thsyrrﬁ | ¢ cpoete=( SC). Thijs isftihe inverse of the
rel ati onshi p betweeéf en anfl put cl ocKks at [tthe transmnitte/ encoder.
However., at both the tfaflsm¢g -And3]he [&8¢ ei et 4 bge~Fock (SC/2) is
an integer sub-nultiplg th “@):b:_b cpd S8 L) OT focesss of devel opi ng
the constant, 1 5 ugifarnmrat« pa astiieamady assi§t ! bgti hoi ce of the
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read/ wite clock frequencies of menories 70 and 72 together with the field
rate multiplexing provided by unit 74. Unit 74 also optionally multiplexes
a sync synbol conponent, derived fromunit 60 and conveyed by unit 82, into
t he datastream 20 The MPEG packets including the MPEG sync
conponent are reconstructed at the receiver, prior to transport processor
85. An MPEG sync conponent must be repB4tled in the datastreamif it had
been previously renoved, and a segnent sync conmponent nust be renoved if it
had been previously inserted into the 25 datastream These pperations are
performed by sync synbol detector and|generator 82 in cooperfption with

mul tiplexer 74. Unit 82 senses the abgence of an MPEG sync cpnponent and
gener at es. such, conponent as needed, and unit 74 nmultiplexes fhis sync
conponent intol theeglatastream Unit_82 al so detects the 3 resence of a
Ssegnment sync ¢ npoﬁ%nt'and cauggs ijt to be renoved frimntphe datastream
Control signal| generator 80 al §§ prlovi @&s an ENABLE sggna whB8h enabl es

transport deco ocessor 85 g0 rjecei'Ve and processgthe con3tant, uniform
rate MPEG byt e—&& packets from 3 ‘5—forward Error Correct unit 75, eg.
a Reed- Sol onpnl decoder. Transpehlkodecqder 85 provi descée i nverse of the
functions &26 provided by Koadgﬁort processor 14 gﬁaﬂﬁé tripfdmitter
. L — N —_— (9]
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5+ and responds to a byte clock SC 2 at half the frequency of the synbol

cl ock provided by clock generator 86. Transport processor 85 includes
vari-ous data processing and demul tiplexing circuits including header

anal ysers, signal routers responsive to header information, MPEG
deeonprressi on networ ks and ot her inag% g d 1 0 audi o data processors which
provide signals that are fornatted as / guired by vi deo/ audi o processor 122
in Figure 13A. Although injthe disclosed preferred enbodi nents the input
byte cl ock and the output gynbol clock exhibited an integer frequency

rel ati onship, a non-integef frequency may al so be used. |1 5 This would be

a less desireable alternatijve i n nost cases, however, bgcause it would
require the use of as¢€ Tocked | oop networks, wtch{would add to the cost

~and conplexity of the systerg 27 CLAIM5 5 1. A=syqtem@or processing a
packetized digital &étastrean1(NPEG Byte Data | n)<to |prodlce an out put

dat ast ream (Synbol [BxtalQut) representing sequent?h] datafield structures
-each containi ng dag-~aed oyerhead information, @ahdsSYys %gll 0 conpri sing:

input neans for proyHeEng q Ratastream of data gaoiEts | &
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separated by inter-packet data gaps; neans for providing a field overhead

i nformation segnent (Field Sync) having a duration different than the
duration of 15 inter-packet gaps within a data field; and processi ng neans
responsive to said datastream from said i nput nmeans and to said field
overheaq segnent for producing an out put_ datastream (Synbol Data Qut)
representing a sequence of datafield sPftktures each conprising a field
over head segnent and 20 a data field containing a group of data segnents
(X); wherein said input means provides said datastreamw th predeterm ned
constant uniforminter-packet gaps and a constant uniformdata rate over a
plurality of said datafield structures, said uniforminter-packet gaps
bei ng di nensioned t@¥dacilitate the 2 5 insert f overhead information
wi thout interrupting@said datastream 2. A syst cording to claim1,
wherein said field @ffhead segnent has a durat®d greater than the 3 0
duratioh of said édaD> ket "gaps; and sai d pgsegesking nmeans produces said

out put dat astreanidE udifi®y said field overhhgadiFegne®;, Wi thout
T 2

interrupting sai dadat@iream 35 28
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3. "A system according to claim1l, wherein said constant uniform

i nter-packet gap dinmension is a 5 function of said duration of said field
over head segnent and the nunber of said data segnments constituting a data
field structure. 4. A systemaccording to claim 1, wherein each group of
data segnents conprises a predetermined 1 0 nunber of data segnents of
predeterm ned duration; and each unifoepll nter-packet gap of a data field
enconpasses an interval including a prescribed portion of an interval
occupi ed by associated field overhead segnent. 1 5 5. A system
according to claim4, wherein each uniforminter-packet gap of a data field
enconpasses substantially equal anmounts of an associated field overhead
segnent interval,-so, tha am hst ant i a =NllF: 0 said

associ ated fi eld-a er accunul ates aft

eryeach 20 group
ystem
according to gl ] - atyins field
synchroni zi ng gpppﬁ PN and 25 ' said processing nba@s'additionally
i ncl udes neans égﬁéﬁ%f ng a packet overhead conponent to said dat a segnent s

respectively. 7. temaccording to claim1, wherein 30 \ said
processi ng neansl-31hmmﬁ.88mmmnﬂ{ﬁ byt e

clock and an output circuit responsive to an output symbol clogk; and
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said input clock frequency is an even sub-nultiple of said output clock
frequency. 35 29 8. In a systemfor receiving a digital datastream
(Synbol 5 Data In) representing a sequence of datafield structures each
including a group of field data segnents (X) and a field overhead segnent
(Fteld *Sync) containing overhead information apparatus conprising input
means for providing said datastream (Symdol Data In); 1 O pr o8@ssi ng
means, including means for renoving overhead information fromsaid" |
dat astream responsive to said datastream for producing a processedS
packeti zed datastream (MPEG Byte Data Qut) with overhead informatigp_
renoved and conprising data packets with 1 5 constant uniforminter-packet
gaps and a constant uniformdata rate; and decode Lo said
processed uniform data rate datastream for d%god ng sagfg@rocesse 3
datastreaminto conséézyent si gnal conponent § 9. A gstem acco
S

ng to

claim8, wherein eac g?id data segnentt contains pata a__2$egnent ver head
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i nformation; and said field overhead segnent exhibits a duration different
25 thdn the duration of said segnent overhead information. 10. A system
according to claim8, wherein said processing means produces said processed
dat astream wi t hout interrupting said datastream 30 11. A system according
tosclai*m 8, wherein said constant uniforminter-packet data gaps are a
function of said duration of said overdyaad i nformation and the number of
said data segnents constituting a data field. 35 12. A system according
to claim8, wherein 5 each group of datd segments conprises a
predet ermi ned nunber of data segnents of predeterm ned duration; and each
I nter-packet gap of said processed datastream enconpasses an interva
including a prescribed portion of an interval occupied by associ ated
overhead information. 10 13. A system agcording to claim 12, wherein each
I nt er- packet gap of said proce§s§d dqtagt eamjenconpasses s intially
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15 14. A system according to claim8, wherein said overhead information is
field synchronizing information contained in a field sync segnent. 20

15. A systemaccording to claim8, wherein said processing neans includes
an input circuit responsive to an input synmbol clock (SC) and an out put
circuit® responsive to an output byte chfg (SC/ 2); and said output clock
frequency (SC/2) is an even sub-nultiplfe 25 - of said input clock frequency
(SC). 16. The systemaccording to claim8 for receiving a continuous

di gi tal datastream (Synbol Data In) of contiguous data segnents
representing said sequence of datafield structures, each 30 datafield
structure including a group of field data segnents (X) w th associ ated
segnent overhead information (FEC) and a field overhead segnent (Field
Sync) prefacing said group of field data segnents, wherein (a) said data

segnents and said field overhead segnment are of equal durpfinn 188 Bytes),
(b) said field overhead 3 s§6nent'cohra1nq I nf or mat i oni QI—2} ype
di fferentegf rom i nforjmgtion coptainei i h rsaft] dat a segnent and (c) field
3 1 overtigad segnmept exhibiis A |duration rfferent than th¢gmption 5  of
sai d segr@nt_overhgad i|nf or atd-dn; ahd .ierep: >
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sai d proce55| ng means is responsive to said datastreamfor producing a
processed packetized datastream (MPEG Byte Data Qut) w thout interrupting
sai d datastream and vi deo processor neans responsive to output signals
from1l O said decoder neans. 17. A system according to claim 16, wherein
satd segnent overhead information inclt@ﬁ error processing information; 15
said field overhead information includ i el d synchroni zing information;
and said data segnments contain MPEG conpati bl e dat a.
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