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1 METHOD FOR FORMATTI NG COMPRESSED VI DEO DATA | NTO TRANSPORT CELLS The
present invention relates to a nethod and 5 apparatus for segnenting

conpressed video data into cells or packets for transm ssion in a nanner
to allow a receiver to rapidly recover fromoccurrences of mssing data or

corrupted data. The Myving Picture perts G oup (MPEG are 10

establishing a standard for transm sston and storage of video data
Thi s proposed standard is detailed in the

primarily for use by conputers.

docunent "International O O tFQHh FQRMATSIIAG] SOMPRESISER' | SO- | EC

JT(1/ SC2/ W&L), Codi ng of (Y DATA (INTE: TRANSERORICICELES Audi o, MPEG 90/ 176

Rev. 2, Dec. 18, 1990. 15 The signal protocol is hierarchical or |ayered.
for exanple, 15 franes.

Frames of video data are conpressed in groups of,
Respective franmes are either intraframe encoded (I franmes) forward

predictive interfranme encoded (P franmes) or forward/ backward predictive

i nterframe encoded (B franes). 20 Each frane is divided into slices
correspondi ng to hori zBhtaprdsenganvRaiss 16 line stripes). The
{cfadls 10l % hPoll 2al®3) 14 by 16

slices aressg Lt macr. obl ocks consisting
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conponent s) . radpadly @écdhe $rdty 8¢ L nance bl ocks .are  derived by

hori zontal | yyand vertically subgg%p%?@négg (r(:]g gﬁ‘?‘éﬁ% diiar i Rafreptadi ues
representing respective 16 by 16 macrobl ocks. The signal protocol calls

fora sequence | ayer fdihe dewvinigf Picigret mpgﬁgr@wuf&gﬂaﬁ(}gy@%, V\/Pl ch Ia]}/er
i‘dentifying, for

; Q%lnl,)lflgs Ig?%gﬁg;&g?%% Ssittggfaggggrc ﬁ?%ﬁeﬁgﬁb é?‘ar rétqrtélgg?ogmi'dpgt data buffer
side. a numts SR 118h Bia LY €osmpwers. owlhiy phepesedushariard is

detailed in the document “International Organization for

S-tandardization”,g [SO-IEC JT(1/SC2/WG1), Coding of Moving

Pictures and Associated Audio, MPEG 90/176 Rev.2, Dec. 18 1990.

15 The signal protocol is hierarchical or layered. Frames of vid’eo
data are compressed in groups of, for example, 15 frames.
_Respectivc frames are -either intraframe encoded .(I frames),
forward predictive interframe encoded (P frames) or
forward/backward predictive interframe encoded (B frames).

20 Each frame is divided into slices Corresponding to horizontal image
bands (e.g., 16 line stripes). The slices are segmented into
macroblocks consisting of matrices of 16 bj} 16 pixels. The

,, macroblocks are encoded in four 8 by 8 blocks of luminance
) . v.olues, and two 8 by 8 blocks of chrominance values (U and V

25 signal components). ~ Each of the 8 by 8 chrominance blocks are
derived by horizontally and vertically subsampling component
chrominance values representing respective 16 by 16 |

' .macroblocks. The signal protocol calls for a soqoence layer for
identifying the overall signal type, which lajer includes a

30 sequence start code and header information identifying, for
example, picture size, pixel aspect ratio, picture rate, bit rate,
buffer -size, a number of flag bits, etc. Following “the -sequence
layor is a group of pictures, GOP' header which include a start code,
a time code, a closed GOP flag, a broken link flag ond extension

35 data. The next layer includes a picture start code and picture
header, © The picture (PICT) header includes a temporal




| ayer is a group of pictures, GOP header which include a start code, a
tinme code, a closed GOP flag, a broken link flag and extension 3 5 data.
The next layer includes a picture start code and picture header. The
picture (PICT) header includes a tenporal 2 reference, picture coding type
(I, P, B), buffer fullness, vector and pixel precision flags, variable

| ength code identifiers and extension data. A slice start code follows the
pi cture layer and includes a start code and a header identifying the
slice. Follow ng the slice 5 layer is t Be macr obl ock | ayer which includes a
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prior encoded frames.
15 Only. on.e or a small number of frames in a group of pictures is non
Predlctively encoded. It should be immediately recognized that
in a rf.:cciver, decoding errors due to data loss or corfupt-ion durgng
transmission will propagate through successive frames within a
2o 2)?15 .In oréer. tq preclude the? propagation of such errors and
2 Omitant image corruption special precautions must be taken.
However such precautions are not included in the.MPEG protocol
because it was fashioned . primarily for noiseless transmission
channels. '
- N .APTV i’s -a fully digital simulcast system that delivers
2 high dg-ﬁmtlon television (HDTV) in a single 6-MHz broadcast
channel. It is currently being ’developed by the Advanced
Tclfavi_sion Research Consortium (ATRC). One of the primary
design goals of ADTV is to deliver high-quality and robust digital
- HDTV service for terrestrial simulcast transmission. The ADTV
30 sxstcm uses MPEG compression to permit transmission of HDTV
signals within a 6-Mhz channel. However the ATRC has
‘augmented MPEG by adding a custom higher layer structure
(MPEG++Rev 1) to achieve sufficient signal robustness for
transmission over noisy terrestrial transmission media. This

35 augmentation includes the prioritization of MPEG data into a two




design goals of ADTV is to deliver high-quality and robust digital HDTV
service for terrestrial sinulcast transm ssion. The ADTV 3 0 system uses
MPEG conpression to pernit transmn ssion of HDTV signals within a 6-Mz
channel . However the ATRC has augnented MPEG by addi ng a custom hi gher
~layer structure (MPEG++Rev 1) to achieve sufficient signal robustness for
- transm ssion over noisy terrestrial transm ssion nedia. This 3 5
augnentation includes the prioritization of MPEG data into a two 3 tier
hi gh-priority (HP), low priority (LP) tgansm ssion schenme, and includes a
transport protocol to support nultiple data services, and to provide
~graceful degradation in receiver performance in the presence of

transm ssion errors. 5 DirecTVis a fully digital systemthat delivers

tandard defg:pnj t.i - i g : ; ' |
It i curr 2n‘f‘t@g&??-#ﬁ@%?@%ﬁa*%&%%%ﬁiﬁ%ﬁl@?ﬁ?&ﬁéﬁlﬁ%@éﬂeé? 1
is simlar tong $n'clttﬁ&ﬂsli’@ftlﬁ@@WEGOoFé{FHJC&'é@HHS@iediﬂtabﬁﬁWNeS:s not

HDTV. This isami] ofie ﬁﬂo@ﬁdéyg?rhééﬁﬂoﬁe%fa@%ﬁ@nt th NEREE péffofttlnickYin
tel evision sH&_nal s I'n ce.w.th an aspect of the present invention,

accaqrdan .
“there is provicd@dCYHY dﬁ{gﬁrf‘%?mﬁsﬂigﬁ s ni ssion system for transnitting
MPEG conpr éssed vDiewsVgsa fulhy ldiditad syatemedtiatded vieay istapdwdder s .
contai ni ng_dajen ARRa NFSUeRlvIERAPRS the Bty 8er sdiENAtH el SegEnt i NG
sai d conpressed videqQ signal 1nto transport cell's, conprising: providing
sai d conpr esdéPWFraBdysheing develangidhyshhamsewpf-easamern BlertEpgiea into
payl oads of n@TCBYeakdk sifalraoPAEdEVannihaedt ASePRMPRG BafascornPratgiona

ot e e CORRB s o ST SR M S MR N S
greater than WOamalityr telayisiosesgmilsiata field (CC) of 4-bits for including
a In accordance with an aspect of the present invention, there
is provided in a digital video transmission system for transmitting
MPEG compressed video signal including layered data having headers
containing data descriptive of respective layers, a method for
segmenting said compressed video signal into transport cells,
comprising:
providing said compressed video signal;
dividing said compressed video signal into payloads of no
greater than a predetermined number of bits;
forming a first data field (SCID) of N-bits, for identifying the
service to which the transport cell is to be applied, where N 1s an integer
such that 2" is greater than 4000;
forming a second data field (CC) of 4-bits for including a
continuity count which is service specific and which increments in
successive transport cells of like service;
forming a third data field (P) of 1-bit for including a priority flag
which indicates the priority of associated payloads;
‘forming a fourth data field (CF, CS) of 2-bits for including
scrambling information; -
forming a fifth data field (TYPE) of 2-bits for including a payload
type identifier which indicates one of a plurality of alternative payload
formats;




continuity count which is service specific and which increnments in
- successive transport cells of like service; formng a third data field (P)
of 1-bit for including a priority flag which indicates the priority of
associ ated payl oads; formng a fourth data field (CF, CS) of 2-bits for
including scranbling information; formng a fifth data field (TYPE) of
2-bits for including a payload type identifier which indicates one of a
plurality of alternative payload formats; 3a formng a sixth data field
(BB) of 1-bit for including a flag indicating if an associ ated payl oad
I ncl udes a predeterm ned signal boundary; and formng a transport cel
I ncl udi ng the concatenation of said fidast, second, third, fourth, and
fifth and sixth data fields and one of said payl oads. Exanpl e enbodi nents
may involve a transport protocol for arranging hierarchically formatted
conpressed video data for robust transm ssion in noisy conmunication
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Dl ural it @%‘deé“gﬁs Béﬂh @#e@%cliétﬁ sf& @%ﬂdﬁ#@??e%rclf#@éﬁbﬁeds AR
occur ri ngnd eudcanspor Blidks bn anoexewgdary émhodiment, the Prefix
consists of four bits of control information and twelve bits for service
channel identification. The Transport Blocks, (typically 128 bytes)
‘consists of either Auxiliary data, 20 Redundant MPEG Headers, or
standard MPEG data. Compressed video data is applied to a transport
processor which is responsive to the header data to develop transport
block headers, and to store particular header data. The transport
'processor segments the compressed data into data blocks of
predetermined size and
2 5 appends transport headers thereto to form cells for transmission.
The particular stored header data is formatted into a plurality of
cells and these cells are interspersed between regularly occurring
successive cells of compressed data.
FIGURE 1 1s a schematic representation of a transport
3 0 cell (or packet) of the transport layer utilized in the invention.
FIGURE 2 is a schematic representation of a-Transport Block
for a video service included in a transport cell.
FIGURE 3 is a schematic representation of an example of a
format of Auxiliary Data cells .




FIGURE 1 is a schematic representation of a transport 3 0 cell (or packet)
of-the transport layer utilized in the invention. FIGURE 2 is a schematic
representation of a Transport Block for a video service included in a
transport cell. FIGURE 3 is a schematic representation of an-exanple of a
format of Auxiliary Data cells . 4 FIGURE 4 is a schenmatic representation
illustrating an entry-point concept utilized for fast re-entry into the
conpressed data stream FIGURE 5 is a schematic representation of the
entry-- 5 point data in two-tier transm 4sion systens. FIGURE 6 is a system

| evel bl ock diagramid T ith nspoert_encoder .and,decoder in the
total system FlGURE 7??%*?%%@%%%@%%@Jcpg;%s{edgpuppa BYFating mbder .

10 FI GURE 8 PBUY-PPHUcKaNcePepybbiandi hor ofast atd-entryf inke the anshprdssed
encoder. Fl GdREa 9sirgam.bl ock di agram of a typical transport decoder.

FI GURES | OA and 10B ar hart of operation of - 15 the transport
decoder of _a one-tier ?ilgéi)égymgtéﬁna sehgmasie pepwaseptdtion Tofe the aareppr t

protocol of phintpdasenin i iwenidronrandifisedas §fNiemsdata protocol layers; a
ayer. The link layer is

| ink layer; a transpor ;. 20 and a servic ] | LE:

arranged to he servi ceplléh}g)eiggngeﬁt a GKitem ﬁﬁ%ﬁlsgrl%%éhﬂﬁy@ﬁsl@mélfsmg/i ce

specific. A thesdranspert resicodert andt Hecogee iaf thi@t ethei ansnmtted in a
913 tdic

particular transport cgf 170 ALICH aka,. videa data, auxiliary data
etc. 25 The |ink,|ayer cdglrfrp}ﬁgéslsgygélg’lch&%ﬁ%m( 8&%35’??3@‘\/\53“@9‘5 t bit
byt es) whi ciEEMSin several 1ink layer control flags as

10 FIGURE 8 is a flowchart representing operatién of the
transport encoder. '
FIGURE 9 is a block diagram of a typical transport
decoder.
FIGURES 10A and 10B are a flowchart of operation of
L5 the transport decoder of a one-tier video syste'm..

- Detailed Description

The transport protocol of the present invention
includes three data protocol layers; a link layer; a transport layer;

20 and a service layer. The link layer is arranged to be service
independent, while the service layers are service specific. A
“service" refers to. the type of data being transmitted in a
particular transport cell, e.g., audio data, video data, aﬁxiliary data
etc.

25  The link layer comprises a Prefix byte (actually two
eight bit bytes) which contain several link layer control flags as
well as channel identifiers for many different video, audio and
data services. FIGURE 1 shows the logical structure of a transport
cell indicating the relationship between the Prefix and the

30 Transport Block. The designators P, BB, CF, and CS are all one bit
designators. The designator, P, is used in a two tier system to
identify whether the transport block includes high or low priority
data (1=HP, 0=LP), and is used in a one tier system for cell
framing by toggling in successive cells. The designator, BB defines

35 a bundle boundary and is set to a "1“ value only for the first cell




wel | as channel identifiers for many different video, audio and data

services. FIGURE 1 shows the |ogical structure of a transport cell
indicating the relationship between the Prefix and the 30 Transport Bl ock.
The designators P, BB, CF, and CS are all one bit designators. The
designator, - P, is used in a tw tier systemto identify whether the
transport bl ock includes high or lowpriority data (1=HP, O=LP), and is
used in a one tier systemfor cell . fram ng by toggling in successive

cells. The designator, BB defines 35 a lsundl e boundary and is set to a "I"
The designator, CF,

val ue only f@g .1 st l..5 f respective bundl es.
is a control 9ff|géésﬁé{égét%‘?’?‘#lﬁﬁ1 cdte &egtgnamiﬁ;ﬁ, 45 A conelj flag vemt rtol
sync bit whi éMicafglaescramblingasthtescr@gbise akey¥nGbANGAiC Eﬂe‘qﬁgh%gtg@ SCI D
is a twelve Riith W ch V@r%ﬁnﬂé ) u1§ﬁ:%héo identify sérvice types. D

val ue of zero is reserye flo_r nﬂl %ets, and the value 4095 is reserved
for future -definition.Ihthdesignationn§CID04s S tRelet Usis woed avRidmaly e for
defini ng varusadkb teeidangEyvt ¥ R E 2 i t es the Video Transport
Layer which 10 i eran xgrrp?&gﬁ%? tgﬁgjﬁof %maénéﬂ?oo zgllhﬁl g%ﬁﬁéﬂs'ﬁof‘?w{é r
formats. Every "4&r HaCECHy pand athenaadue 4Q2%i fsi ceseramdpbor fMitwrk f or mat .

Thi s descri pléfomitizer.t aThe remiREGeengoded OLLail8lvk§esS- Fl GURE
2 shows the d&ggh \ﬁz{rriblﬁ% u‘ge ?f g transp(%mqglgéfr&}?hé{rﬁlé@fe ¥I86| d of the
vi deo transport er cont at A & 4BMES- 15 conti nui ty counter (CC). This
counter increments by BHEURE 2aillustcabs theaWidedt Teandgort SLARIY Wiifich.

dependent] (arigl £ i ¥4 n L. raj.e counfers are malntained
for each seryice idder%?%étj%:% e Fgrmé‘g?hl’.{’?%&atgqrmoa ﬁ&xqry?qqr@at_s. The
val ue of the”COXt FRUNIEG Typsusansbaven especifim TramsporghBldck Foem@ent i nuity

§?222n5?n5{ S‘;‘Jfgﬁgﬁ’éggﬁg%%?%t@ MR BBl IABS T R T o dei ved
ata or a | 8ss of'co s<d¥QWF ghealqgical stiusture of a transport
block. The first field of the video transport layer contains a 4-bit
15 continu_ity counter .(CC). This counter increments by one for each |
cell transmitted. It is service dependent and priority dependent,
i.c.,l separate counters are maintained for each service identity and
for each transmission priority tier. The value of the continuity
count sequences from 0 through 15. "The continuity count
20 provides a measure of error detection at respective receivers. A
discontinuity in the received count indicates either errors in
received data or a loss of continuous data for a particular
transport service.
The next field in the video transport layer contains a
© 25 4-bit Header Designator (HD) which has two-bit subfields of Type
and Identity. The subfields identify the form of data transmitted
in the respective data field. For the Video Transport Layer,' HD
types 0, 1, 2 and 3 are used to respectively identify Auxiliary
_ Packets, Basic Service Packets, Basic Service Packets with MPEG
30 redundant data, and Basic Service Packets with NON_MPEG
redundant data. The latter two types are non standard forms of
transmitting MPEG data, and are included for completeness. The
type "Basic Service Packets" is the only type identified which
includes MPEG data in standard form albeit segmented in
35 transport cells The type "Auxiliary Packets" in general is not an




transport service. The next field in the video transport |ayer contains a
25 4-bit Header Designator (HD) which has two-bit subfields of Type and

| dentity. The subfields identify the formof data transmitted in the
"respective data field. For the Video Transport Layer, HD types 0, 1, 2 and
3 are used to respectively identify Auxiliary Packets, Basic Service
Packets, Basic Service Packets with MPEG 30 redundant data, and Basic

Servi ce Packets with NON_MPEG redundant data. The latter two types are non

standard fornms of . transmtting MPEG data, and are included for
ckets" is the only type identified
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MPEG enc efined, dNQr td 33} G [ ckets i,nclu try- poi nt
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dat a to‘synggr'? I . Slle -
segnent acr 589 ct (M otAREr PagketThildakoKiromps eentiain usichatefbrivafhGURE 4.
FIGURE 5 shibimet BodenRefersiioes, SRIMRAERTe REPY in the entry-point data
field for two-tier p, . Service packets are used to cafry most of the
MPEG encoded data. Two-tier basic service packets include entry-
15 point data to synchronize the two data streams. Entry-points '
gllow data blocks to segment across cell boundaries. This concept
is illustrated in FIGURE 4. FIGURE 5 shows the entry-point
components found in the entry-point data field for two-tier
transmission schemes. The frame type, slice, and macroblock
20 identities are supplied by the video pfocessor, while the entry
poiqter and frame number are supplied by.the transport
pro%:essor. Tt_le entry pointer is the byte offset to the entry-point
position in the transport block. Frame type indicates whether the
~ data refers to an intraframe encoded frame or an interframe
. 25 encoded frame, or the first cell of a GOP. The frame number is
used as a frame continuity counter, incrementing once per frame.
Both the frame type and the frame number assist decoder
synchronization of the two-tier data stréams. The slice and
macroblock identities are unique over the frame, and specif'): the
30 entry-point position without decoding the MPEG data stream.
W.hile having one entry-point per cell is a design goal, there is a
wide range of data per slice dependent upon the priority channel
~and frame type. For further information on entry point processes,
see U.S. Patent No. ---(RCA 86.,317A - allowed)---.




transm ssion schenes. The frame type, slice, and macroblock 20 identities
are supplied by the video processor, while the entry pointer and frame
nunber are supplied by. the transport processor. The entry pointer is the
byte offset to the entry-point position in the transport bl ock. Frane type
i ndi cates whether the data refers to an intrafranme encoded frame or an
interframe 25 encoded frane, or the first cell of a GOP. The frane nunber
is wused as a frame continuity counter, incrementing once per .frame. Both
the frame type and the frame nunber ass¥st decoder synchronization of the

two-tier data streans. | an macrt obl ock i, dentities are yni que over
the frame, and _SpeCWT}ﬁg @éhgoﬁqsr f?pS?ﬁﬂf‘%sﬁcﬂPBHam tMg)lﬁ ddaGditgthene
MPEG dat a st F BdriPorinlogkhmayndeontilmed: y-@né nineftesd amel 4 Sspeciifisi gn goal ,
there is a MMRHidSNPacRE {8t I, Sk pon the priority.
Yy tFotfa %li,lﬂl? hgrééﬁfo&engﬁggﬁy%&eﬁwnﬁ& “aGfbcesses,

channel an fr.aﬂ'lg tm)de _
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Header (which'courd EFHR" fhiIkicHiTes pdeWdd sHeader agd cBiturmthiontlerses a 5
~nodi fication of the BaAllciilmmationrenaanidd Bhogle WRdE8 §dric€ RYer O MPEG
G oup of Pi ( - r R ctur ader. .All informtrion

suppfital FoTIENINED PRCAL (4G, HiF ion(y wroceriio indotiee (and

contained in,
the priorit{lr&tdemys iSeeall.fo Pateet Nyst-ef(RCAe86,315A Patatitiwdd)--—- - - (RCA

86, 317A t Oafbpviedetaild® &éycr@tﬁﬁ{ aif ed t%sqciéﬁ%sge of a two tier system

Specific formatting ryl e€s.aré _required when t he Vi deo Transport
Bl ock and are out| i ne®BSEHAG, formatrg Tyes are xeqginede witen Debcodihg s

toggl ed on tiee VideosTraaspencB18eRIgAd Ohred ddtned Ni1skart of a B-Frame, 15
and the start of a P-ERaMimy Types 1, 2, 3 the HD ID bit 1 is tdgg-led on the
first sequence header of a GOP, the start of a B-Frame,
s and the start of a P-Frame.
 +A new cell is started at the beginning of a GOP
(assuming GOP begins with an I-Frame), and the
beginning of respective successive frames.
. *A “Basic Service” transport block format is used on
20 _ the first cell of a GOP, and the first cell of
' respective successive frames.
*A “Redundant Data” transport block format is used
instead of the “Basic Service” format on the second
packet of a frame if the frame spans multiple packets.
25 A The “Redundant Data” format is used again at an
interval of about 4 to 8 times per frame.
*The redundant transmissions of the MPEG Sequence
header are carried as “Auxiliary Packets” at an
interval of 5 to 30 per second.
30
FIGURE 6 is a block diagram of MPEG. encoding
apparatus -including a transport encoder acéording to the present
invention. The transport encoder takes a MPEG data stream and
attaches a protocol which:




A new cell is started at the beginning of a GOP (assum ng GOP begins with
an | -Frane), ‘and the beginning of respective successive franes. A "Basic
Service" transport block format is used on 20 the first cell of a GOP, and
the first cell of respective successive franes. A "Redundant Data"
transport block format is used instead of the "Basic Service" format on
the second packet of a franme if the frame spans nultiple packets. 25 The
"Redundant Data" format is used again at an interval of about 4 to 8 tines
per frane. -The redundant transnissions8of the MPEG Sequence header are

carried as "Auxiliary E’m}@@ a 9ra n v | . second. 30
FIGURE 6 is a bl ock di a[g m ﬁ’éboer'rtlcé(l) |r§jg% gépp(gertg?h?ﬂllsﬁﬁ%oqrng a
transport encoder accof Y‘%@ télaffhe present invention. The transport

encoder takes.a MPEG daDdfeisr e@d@lﬁ’dﬁht HARGRS %Pt&ﬁgafl LIOWtS a
ers re unaan

transport decoder to dg ecﬁ %1 sa Hig |nvaI| dat a;

transnission of critical™d5t%s 44 rePHHIYC&’Pé%tSdé?a“‘rsé@rﬁt MPEBGI nts to
restart MPEG 5 decodi n(jecbdpmg to the transport encoder 12 is either
directly froman MPEG r aonet ransm sro %/@ten) or

froma MPEG priori t%dg cessor ? §p°a{t %cq f=r—fr 1 réﬁs‘?ﬁt Btem). In
two tier sydTemsan E@pa@m@wai ffarhs eme ttfsrettanirﬂumenfgrstem) or

hi gh- pri ori tfyofHi) MPECP“[E‘nBﬂ'ty %c@&éd}r iy Sﬂrp)d R%enep_ NEanddhisREdd Y

processor moni i ffer f ness ener a
priority- bréé'ﬁtﬁﬂ" ts BnivR ftisdi & ﬁ%téﬂWnefrVéﬂlWnaﬁéted&lﬂa&spathanamat@cdrs split

" bet ween t#Hk drde dod HiPhdatiarignt (ISP} cindk ke $bi 98wepriMERP (LP) data. The
priority processor monitors rate buffer fullncss and generates
priority-breakpoints which indicate where in the data stream data
is split between the HP and LP data paths for each slice of MPEG
data. The breakpoint data, along with the MPEG encoded data is

15 the input data to the transport encoder 12. MPEG codewords
arrive at the input of the transport encoder tagged with data word
length indicia and data type indicia (e.g., header data, motion
vectors, discrete cosine transform eoefficients etc.). A furthe‘r
input to the transport encoder is provided by a system clock 13.

20 This clock is incorporated to genlock the receiver and transmitter
so decoder rate buffers do not overflow or underflow.

Output from the transport encoder 12 is sent to a
service multiplexer and rate buffer 15 via a data scrambling
mechanism 14. The multiplexer 15 interleaves data from

25 different service sources. The output from the muliiplexer 15 is
applied to the communications channel via a transmitter 16.

A transport decoder 20 receives cells from the
communication channel receiver 17 via the service demultiplexer
and rate buffer 18. The demultiplexer responsive to the data in

30 the service type field of the transport cell header, separatcs data
of different service types, and applies the separated data types to -
the appropriate processing circuitry. Video output data from the
demultiplexer 18 is coupled to a descrambler 19 which performs a
descrambling function which is inverse to the scrambling function

35 of element 14. Descrambled data is applied to a transport decoder




data. The breakpoint data, along with the MPEG encoded data i.s 15 the input
data to the transport encoder 12. MPEG codewords arrive at the input of
the transport encoder tagged with data word |ength indicia and data type
indicia (e.g., header data, notion vectors, discrete cosine transform
coefficients etc.). Afurther input to the transport encoder is provided
by a systemclock 13. 20 This clock is incorporated to genlock the receiver
and transmtter so decoder rate buffers do not overflow or underfl ow.

Qut put fromthe transport encoder 12 is9sent to a service nultiplexer and

rate buffer r.a | chanism 14, T

interl gaves % rom 5§§e§eﬁ§%\#9€edr% Emé‘l&u?gé’ ce oﬁt‘é g

mul ti pl exer &Q’IW%@ daipl fed tdecoder cddmuni cati ons channel via a transm tter
16. A transport deCOdeOu?r? teﬁ% eﬁteC?tAr&po?Pgﬂéc%erCQ(?“’EFB&@E& ﬁoﬁt‘az{‘”e'

receiver 17 via the se | exer rate buff
demul ti pl exetYHEqh&ieF e@ tﬁ’é WMTPW"’B%t Hie Jeesivee toygbefiel d of the

t rans por: hﬁ:etrhnmaa @f@ﬁ[&atsﬁtﬂ cttauantr;z?1 oﬁacdl té eﬁh@ntvrtsst}\/ld%eoawpe;z andt
applies e s at a e e a i ate procgessing circuitry.
Vi deo out putﬁﬁgﬁlg ‘f‘ mtHeP ﬁ@ﬁfﬂ@%ﬁre@ro f} kSodfft RFT BT"Heaeé%ranbl er 19
whi ch perfordﬁeermnj@swhatﬁﬁrl agcélinkas dreenhilost os ineVedese ekrshe Bar anbl i ng
functlon 35 r S e nsport
decoder aﬁk%gﬁﬂgceggapgégh%%(ﬁﬂ&%g H? @ggjﬂﬂ élcdraet%‘gg(aﬁﬁcappl i es
the ser VI cérﬂa‘tlml't oc%llﬁmngrueazrogar piequienom t Hankyr arasport dedlsdéor 20
provi des jhptf t oL, - SY, z h the 5
bpthhith 965 eqhdl! ap& cie?cééte‘ii aré ?\ﬁ*ﬂ&%g Gtggth’é Mﬁgg‘# dé@{pdlﬁi’

transmtting.service, and a data pat h the

transport deth dranspordy de sSéFrlBSp@ﬂff Shorelintry -Poatt e Pt elrapet ther a cel |
has been | ogtamspornchlodss decedes thiy headerpland (piesddtscade its fR@itored to

determnelf ectiv trans cells occ I n pro er eguence. y
transport c M éccocfaér b1 Sormal there" giscontmulty,

the v1deo transport decoder is programmed to initiate a sequence
15 of resynchronizing tasks, as discussed below.

FIGURE 7 is a block diagram of a typical transport
encoder. For one-tier transmission systems, components 145-170
are not included. For two-tier systems, all components in FIGURE

e 7 are used. '
20
One-tier systems:

Encoded video codewords, and corresponding
codeword identifying indicia related to codeword type, and
codeword length arrive at the transport encoder from the video

25 encoder 100. Element 105, responsive to the identifying indicia
captures’ and stores certain of the header -information in a
memory element 110. Data stored in element 110 will be
included in the transmitted data a plurality of times to provide a
degree of information redundancy. The data selected for

30 redundant transmission generally includes sequence header data,
GOP header data, and Picture header (PICT) data.. At a minimum
the data selected as redundant data is that data necessary to
condition an MPEG decoder to begin decoding a data stream which
has been entered at other than the beginning of a data sequence.




10 which no errors are detected are delivered to the MPEG decoder. The
transport decoder strips off the Entry-Point Data fromthe transport

bl ock, decodes this header, and presents data to the MPEG decoder in a
suitable format. If there is a cell discontinuity, the video transport
decoder is programmed to initiate a sequence 15 of resynchronizing tasks,
as di scussed below.  FIGURE 7 is a block diagramof a typical transport
encoder. For one-tier transm ssion systens, conponents 145-170 are not

i ncluded. For two-tier systens, all comgonents in FIGURE 7 are used. 20

One-tier systens: Encogg{g vicl o codewords, and corresponding codeword
i dentifying indicia relHBAY doseaceypwy aneludeodelarngd nampdr afrive

at the transG@ P’ senddelssdifigoot teansthie”l MPROE e ¢Qfirel! G 45,
responsive tg, qulcledﬁgaaéylcﬂ% m&:fm a captures”,and’'stores certain of the
header information in a -ttty eifeHintUSeiotungs; inter thedlata afterethe 110
will be incPerigdenrge tdfe the asegpueniced hdader, ahcplma?l hoy ¥ dblgeR tRcRyevi de a

degree of § nfHRr Rl ' ncy. h ta selected for 30 redundant
transni ssion ene?iéﬁ@l;éﬁgﬁ}g'es E‘le%ugﬁ?glgpﬂgad)&’g%-a,desﬁfcl)gcﬂe 8E§1Ndat a, and
Pi cture head&PCRHIALY) Paavides mequemcni mnd other detealesle|lrcidedt aats efbindant
data is. thatdetaidin pesR66@Y Y af Etd O 0 t i n_decodi ng
a data stregﬂhﬁfgi CE has.%egn&gnggﬁy%t H]oe?ﬁgaﬁﬁatg&fhgg%egsﬁ%%ﬁﬂgn& a data
sequence. 1 Fi WherS i dgqeRiseedrmy i ncl ude a | arge nunmber of GOP's.

Decodi ng of transmitt délevifd d@iR J166Uex@ectdSBs dalpfe arsf ?@s header
of the sequence

R TR e T LR RO W
pr ot ocol de§l§¢hb@“d theeestampgpediatiey theoimadess 2e€ UigN evlen bronber theeded
header datafb@h of chrominance preprocessing; whether the original source
material was film mode or video mode etc.. The MPEG protocol
does not support inclusion of these types of information. However

15 inclusion of such information permits the receiver designer to
incorporate special processing for particular signal types and
~thereby enhance the overall reproduction of images. The user data
is included in auxiliary transport cells, when convenient.

Element 105 provides header identifying indicia to a

20 clock formatter 130. Clock formatter 130 includes a clock which is
sampled on the occurrence of certain header data to generate time
stamps associated with the cofresponding header data. These
time stamps are used in receiver apparatus to provide a measure
of signal synchronization. :

25 - Data from elements 105, 110, 115 and 130 are coupled
to a cell formatter 120.. Nominally formatter 120 receives data
from element 105, parses such data into cell length packages,
develops the appropriate video service transport headers
according to the protocol indicated in FIGURES 1 and 2,

30 concatenates the transport headers and the cell data, and couples
the transport cells to a cell buffer 140. However, -at the start of a -
sequence of data, and periodically during the transmission of data,
the formatter is conditioned by the controller 125 to form and

‘ transmit other data. This other data includes auxiliary

"3 5 information such as time stamps from the clock formatter 130 for




decodi ng shortly after entering the transmtted data streamno matter
where it is entered. Elenent 105 also extracts user data and applies this
10 data to a nenory 115. User data may be of many different types such as
time stanps; whether the imges are in color or not; the form of

chrom nance preprocessing; whether the original source material was film
node or video node etc.. The MPEG protocol - does not support inclusion of

t hese types of information. However 15 inclusion of such information
permts the receiver designer to incorporate special processing for
particul ar si; s and .thereby enhance the overall reproduction of

i mges. The éulggrgi d%?%/rg&rf)gl%ar{é‘i’%dé’d‘ Fedundrpbr beadatn dasa v sised sin when
conveni ent . Eesmemt dlémgntovi Hes header identifying indicia to a 20 clock
formatter 130. C ock f Bl 0 ingludes a clock which is. sanpled on

t he occurrence, of certgpﬁé%e‘iﬁaafsﬁﬁﬁoa?emg i M8 ngededhsandsoci at ed
with the corlfelisieddiingiieedata Heeam Whese spaceords sawaileblar e Tisadig,n recei ver
appar at us 3 quxiaY# r ofy, .Sk chronization., ,25 Data from
el ements 105 160 ﬂ?lﬁagf%%H%B@agr gecll)'g%ﬂgg%&o%&cevll_ae?oaw&t t"érarﬂ?d?g

Nomi nal I'y f SRkt Brof b fieldeidats (@ the rasher diapderntdurfant pdataeis foch dat a

into cell | ehgtinopagkadanierlEew t p i ate Vi SeLVJ (

transport h%%@&ﬁf éﬁqj?zgrdiii&toﬁ%&gﬂ rgﬁgﬁgl ?ﬁéﬁ%iglgt%gdhlgﬁa?ﬂ ﬁ}igEgéal and 2,
30 concat enates thé tPAHYp It VAdeRIA4a st dariepithiama L fiekd.codpl es  the
t][agsport cether fields ocﬁ{ IMBEG edach4@re Hgredicive alndt ?@géﬁérfroﬂﬁ] Pffie?&ﬁ“ence
of data, er r the transm.ssign of data, the formatter

i s condi %;@gggg 6%/@%%5?0%{&?%#@?3 1'3%3@ LT (5?%@?? at 'EIYOFH%‘FCCﬁat a. This
ot her data HHEF{HEsomAs Idata ys[BIcE  infaomikablorbBustitiasatt least Si aparsaifir om t he

¢l ock tormantiaimddd hefusibn dRHa " A6 Tnolgn MfornflnifAY header

‘data stored. | menpr | enme
' indicate na)egocﬁng. :

The cell formatter includes a continuity count in each
15 transport cell regardless of type. The continuity count, CC, is
incremented by one unit in successive cells and repeats modulo N,
where N may be a convenient binary number such as 16.

Two-tier _systems;

20 Operation of the transport encoder in a two-tier
system includes all functions described for a one-tier system, with
the one-tier functions applied -to the high priority or HP channel.
In addition to the encoded video data provided at block 100, the
priority processor (FIGURE 6), provides priority breakpoint data \

25 which is stored in element 145. The breakpoint data is constant
over a slice of MPEG data.and indicates a threshold of what data
(codewords) are placed on the HP channel and what data are
placed on the LP channel. The priority breakpoint data is applied
to a switch 165 which compares the breakpoint information

30 stored in element 145 with the current codeword identity
provided by element 100, and supplies data -codewords to either
cell formatter 120 or cell formatter 160 for generation of either

- HP or LP transport cells respectively.
' The element 105 provides header data to a functional

35 elemlf:nt 150 which develops entry-point definitions for both HP




Auxiliary data cells are generated as needed and included in the data
stream when space is available. That is, 5 auxiliary data cells nay be
interleaved with.video data in any of the |, Por Bfield data. On the

ot her hand redundant data is for the nost part interleaved only with |
field video data. This is because decoding of video data must start with
an | field. Al other fields of MPEG data are predictive and depend from
|. fields. 10 The redundant data cells nay be included at regularly spaced
intervals or as data space is availablgzut with at |east a certain

m ni mum i ncl o] 0 _provide enough_ information to indicate
decodi ng. Thgﬁgep’lfp agg’aa];tlﬁscl fRYadotBt drfinigiansy arepstoredh idaemtryts

t ransport gegpll‘rtegatajlmsmmbf tippe. CTel Q’?fﬁllat‘t@tsi Y1 2P Wid, 1@9 ldréate wh

i ncrement e cgessivg cells an atsrmuo N, ere N
may be a convbétr{?rﬁOH{gl ﬁgtraj; f?ﬁn%% scif'ih %%nqg?cfi ERUSGROHMs 1S 2bsed
Qper ati on of PY hihe r@?ﬂd@ittwﬁ@wm idecading-of ehe smaem ileagtdesatal |
functi ons $legfed be df e e e ope-ti.er functions
applied to ;&% hi gqijg‘rklretald&Q d&él—&’) Stﬁ sﬁ{eﬂssm& er&%ﬁfltl AMRJeHY encoded
vi deo data "4 é%l@f%&’ﬁﬂtt feomptharliP ycelt dioessnter( FEOURE $)cell

provi des prlhmﬁfmy b‘r@ak@omut gdata 25 which is stored in elenent 145. The

breakpoint data is conﬁt nt. over a e of MPEG data. and i-ndicates a
threshol d of what data ? ii%v?m@r SAGUREH®, ¢haneentraldr what

data are pllddedndtiatines Llhech:gstah (Eﬁﬁ)kﬂf Ofdsbt'tfubg e%p@dﬁ%brﬁﬁif‘ '3 applied
t { t
Cement. 145 St EOCOPIREE BelloGoPRE T ol RefbuREsa) gr bbment 100,

el enment 145 w t carrent

and suppl i eQUgd léf)(:dé@ﬁom@rtltptel t hbese cnitbrrbptmllcmv {20 Wwercebl formatter
160 for genéfigri @g)eog &ihh LBft | teotel ectivgly. The

el ement 105 ﬁ p ez; eﬁﬁf%rif‘gatf[%n t:)rfu ééﬁ&%lfog rgﬁg ?fﬁﬂ <158 Wi ch
devel ops enf{H! %‘iyntm&“efﬂm th‘*’énéf’cf’ﬁﬂ%bt anHpuxiliary cell is created (854)

and coupled to the rate buffer, and the auxtliary CC is .
15 incremented. If there is currently no channel space available, the
system is directed to access MPEG data (856).
| The MPEG data is checked for the occurrence of a
sequence header (858). If a sequence header is available, a basic
cell type is created (860) using the sequence header data. The
20 basic cell continuity counter is incremented (862) and the cell is
output (864) to the rate buffer. Following creation of the basic
cell type with the sequence header data, N auxiliary type celis are
created using the sequence header data. Here N is a small integer
- such as four. Each of the N auxiliary type cells are output, and the
25 auxiliary continuity count is incremented with the production of
each cell.
Alternatively, if .sequence header data is not available,
a test is performed to determine the. occurrence of group of
picture (GOP) or picture (PICT) header data (870). If GOP/PICT
30 header data is available the cell count is reset (872) and a
redund-‘ant- type cell is created with the GOP/PICT header data
(873). If space is available within the cell further MPEG data is
included. The cell is output and the redundant cell continuity
count and the cell count are incremented. Note at tests 858 and
35 870 if sequence headers or GOP or RICT headers are available,




12 and LP data, These entry point definitions are stored in entry- point
data nenory 155. Cell formatters 120 and 160 create entry-point data for
each cell generated. The entry-point is used by the decoder to resune
decodi ng of the variable length data 5 after a packet |oss due to

transmi ssion errors. Conpletely formatted packets are sent fromthe LP
cell formatter 160 to a cell buffer 170 for output. -Referring to the
flowchart of FIGURE 8, the controller 125 initializes the system (850) by
resetting the continuity-10 counters (GI} and a cell count. It then checks

(852) for ang x a. i nt rrupt s errupts | ow the user to
i nter pose speC| algulc $E(¥r 'gn "? ﬁ'esef E}b iOJnél sY IPTMIRE gn
auxiliary i nf@dwmﬁﬁﬁnth&sllscoﬁrﬂmd saame aﬂlmlal iary cell is creat ed (854) and
coupled to the rate buff u

there is curyen no ¢ anné%9§%§2§h§v§#+%@{EAEE%}%k% ﬁ§¢gﬁ§Fﬁg§?td to
access MPEG H&# 1(@95) then eeNpeonattis EﬁkxheCMeﬂKﬁccﬂth@ummcmnnnnferof a
sequence hgageampB58R; 4 foragSAenc ﬁlﬁg cel |
type is created 83&§Ek§dﬂ§ t he seqﬁgggﬁ dﬁﬂpéit éa#ﬁe tiquasm cel
continuity cOUAEBf nlsf t Qlﬁféucépllmi 48 Hudper (864) to
the rate Eufn‘l‘em aFakdond mgt Q at J:@ltl m‘ drbletleaasmh ar |lg(1§t)él%@c§ﬂﬁ L he
sequence he Lary type cells are created using e
sequence heg‘ger @‘}Far %@N@@a smal | integer such as four. Each of the
N auxiliary type cells are output, and the 25 auxiliary continuity count is
incrementieggl With the p ty c gquence
header data is, not ava?ﬁggfer, %rﬁg |%%§Hary Ak%ﬁ&?%%etgj ﬁ{a&s&;oﬁ?

occurrence & bsr-oup of picture (GOD) or picture (PICT) header data (870).
If GOP/PICT 3 0 header data is available the cell count is reset (872) and
a redundant type cell is creat ed with the GOP/ PI CT header data :




(873).

I ncl uded. The cell
count are increnmented. Note at tests 858 and 35 870 if seguence
PI CT headers are avail abl e,

the cell

headers or
el ement 110 for use in formng
test 870 the current MPEG data is not GOP/PICT header data,
2, 4 or 8 then a basic
if the cell
Is created with the | ast

i s tested.
type cell
count

I f space is available within the cell

I S out put

GOP or

If the cell count

is created with the current
is 2, 4 or 8

then ar

MPEG data is
continuity

further
and the redundant cell

13
redundant cells of the sane data.
t he cell

they are stored in

is not, for 5 exanple,
EG data. Alternatively,

edundant type cell

count and

menory

I f at

count

Basi c

+ MPEG

occurring GOP/PICT header data. 10 Tabl e | shows an exenplary sequence of
transport - Jcells. 5 cl ass Ba5| C Sequenke
Header or @& sade e etiraa SRR .
Transm ssi 4n #1 Amqmedundnt Sequence HelbaiﬂgretT@cmmshsei on #2 Aux -
Redundant $equence Header Trfansm ssion #N Redundant Redundant GOoP/ PI QT
' Header + NE DatCaaSodundant  Redundant GORLPLCT. PEC B
MPEG Data HedundamasiRedundant sidazk Cﬁemadef GolifPEﬁa@at amt!BaBIlI’(EGNFEEi@l Dat a
Basi ¢ MPEG|TAT3 VP e Regungan om adey,
Data Basi d_.I\VPEG Dépgg Rcdunant equencc eader ransmlssm
Aux Redundant Sequence Header Transmission #2
Aux 'Redundant Sequence Header Transmission #N
Redundant Redundant GOP/PICT Header + MPEG Data
Redundant Redundant GOP/PICT Header + MPEG Data
Basic MPEG Data
Redundant Redundant GOP/PICT Header + 'MPEG Data
Basic MPEG Data
Basic . MPEG Data
Basic . MPEG Data
Redundant . Redundant GOP/PICT Header + MPEG Data
Basic MPEG Data
Basic (...a number of MPEG data packets)...)
Basic Picture - Header within MPEG Data
Redundant Redundant GOP/PICT Header + MPEG Data
Redundant Redundant GOP/PICT Header + MPEG Data
Basic MPEG Data .
Redundant Redundant GOP/PICT Header + MPEG Data
Basic MPEG Data
Basic MPEG Data
Basic MPEG Data
Redundant | Redundant GOP/PICT Header + MPEG Data
Basic ' MPEG Data
Basic (...a number of MPEG data packets...)
Basie MPEG Data




Basic (...a nunber of MPEG data packets)...) Basic Picture Header within
MPEG Data Redundant Redundant GOP/ PI CT Header + MPEG Data Redundant
Redundant GOP/ PI CT Header + MPEG Data Basic MPEG Data . Redundant
Redundant GOP/ PI CT Header + MPEG Data - Basi ¢ MPEG Data Basi ¢ MPEG Dat a
Basi ¢ MPEG Dat a Redundant Redundant GOP/ PI CT Header .+ MPEG Data Basic
MPEG Data Basic (...a nunber of MPEG data packets...:) Basic MPEG Data |5
I nformati on (except video data) necessary to generate the sequence of

transport cells shown in Table | is pr{ogram*red into the cell formatter 120
and the controller 125 tRe on5| res ect e, start codes, the
formatter and control | BHORFRIET CFP6n¥ ‘iﬂtébﬁ"ecq‘slséﬁé O egqnarate

squences ofther sexpparde G}ﬂ k=anspand de@l&p@he*gme ihoThbk: tlype priog tamm:ﬂbrtfcel |
to be gener or.t ader _jn S ro
e O neeahEs dEPBEAPEbARGEL ATRPo, 1FRCREntRIEE TP DO ReRpBREREERE MO
progr amed Jespreeites stlaet ocxdasol ther forchatedn aindr rmmm‘llmr @rg 0 condl tioned
to process ReWdiBhEY" id nlgrcﬁ?ﬂ%r ¢Pahd ¥?9&?1cdas%gr18ﬁ% eSSt ‘i’fjadlﬁ)%gﬁrce‘i&t a.

Not e, once t he trans ort uence esta
requisite tra&ﬁ'sﬁﬁmmtﬁél"%tq kg \P)éBesq)fhﬂF%rﬂSquhECQﬂ \ﬁpsbéngﬁﬂ%ﬁt%‘ﬂem ng the

rel evant dabpprbpfldRE @ahSpértbhealief AFORMaRlon? it YRECHsel ! BRAROTS. g 15
decoder. For, one ltler transm ssian systens, corrp&[lents 235-.275 a not

i ncl uded. FOPUTHAL (MEMQAYs OEEONHRVIE,COYRNGSs | 38 dorpong vy Lo kg, | n
both one angropmatired sysfueike, atteel dorftesllenuad celbufdreatidiC)arpr ovi des a

i ni mal i'@)d T weﬁr'&%resg nghyh gcurring compressed video data or
stored header data. Note, once the transport cell sequence is
established, forming the requisite transport cells' involves simply
time division multiplexing the relevant data.

FIGURE 9 is a block diagram of a typical transport

15 decoder. For one-tier transmission systems, components 235-275
are not included. For two-tier systems, all components in FIGURE
9 are used. In both one and two-tier systems, a cell Continuity
Counter (CC) provides a minimal indication of whether a cell has
been lost or corrupted during tramsmission. Additional loss

20 indications may be providéd by error detecting CRC or FEC
encoding/decoding surrounding respective transport cells. Only
errorless transport cells are delivered to the vided decoder. The
video transport decoder removes entry-point data and transport
header data from respective transport cells, decodes the entry and

25 transport header data, and responsive thereto provides data to
the MPEG decoder in a suitable format. If there is a cell
diséontinuity, the video transport decoder is conditioned to
initiate a sequence of resynchronizing tasks, as discussed below.

30 Oaune-tier _systems:
Transport cells are provided to the transport decoder
.via a transport cell buffer 200. Programmed to respond to ‘the
encoded protocol, a cell parser 210 decodes the cell headers and -
separates respective service types of data. Auxiliary user data is
35 directed to and stored in a memory 215. Redundant MPEG




been | ost or corrupted during transm ssion. Additional |oss 20 indications
may be provided by error detecting CRC or FEC encodi ng/ decodi ng
surroundi ng respective transport cells. Only errorless transport cells are
delivered to the video decoder. The video transport decoder renoves
entry-point data and transport header data fromrespective transport

cells, decodes the entry and 2 5 transport header data, and responsive
thereto provides data to the MPEG decoder in a suitable format. |If there
is a cell discontinuity, the video trhfsport decoder is conditioned to
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will suppl %grrgbgb%gléﬁszggngﬁée#@y t{)hﬁoré P&p?{}%t@ﬁﬁq ﬁﬁ%ﬂ ?a from
menori es- lecaﬁmlzfzodcqadmgndmrt rosyndleoPEG decoder to continue decodi ng
or resynqm oni ze. to Two- tier systenms: Cperation of the transport decoder

in a two-ti systemincludes all functions described for a one-tier

system Wi ti&h@-&ﬁ@iﬁi@&sﬁunctlons applied to the HP channel. Wth a

two-tier 15 system aDpefivh S6ff QR HankP¥tPideLblsy it ANIRY-tiege! IS 1S
system 1includes all functions described for a one-tier system, with
the one-tier functions applied to the HP channel. With a two-tier

15 system, a second stream of low priority transport cells is -

' available from the descrambler 19. These low priority transport
cells are applied to0 a cell parser 245 via a cell buffer 235. MPEG
data from the LP cell parser 245 is coupled to the MPEG. decoder

| from the parser 245 via an output register 275. Both HP and LP

20 cell parsers (210 and 245 respectively), extract entry point and
transport header data from .occurring transport cells. The HP and
LP entry data are stored in memories 265 and 270 respectively
If no cell loss is indicated by the continuity count the entry data is
subsequently discarded. If cell loss is indicated the entry point

25 data is utilized to re-enter the respective data streams at the next
decodable piece of data. Re-entry is performed by elements 255
(LP), 260 (HP)‘and the resynchronization logic 250. The
resynchronization logic, during a resync cycle, in effect conditions
the respective cell parsers to skip/discard data to an entry point,

. 30 and thereafter apply ‘the next successive data to the registers 275
or 230 as appropriate. _ For example, a HP cell loss would require
resync logic 250 to condition .the cell pﬁrser 210 to skip over bits
in the next good packet until positioned at the entry-point of that
cell designated by the transport header. Then data at that HP -

35 entry-point is provided to output register 230. An LP cell loss




avai l able fromthe descranbler 19. These low priority transport cells are
applied to a cell parser 245 via a cell buffer 235. MPEG data fromthe LP
cell parser 245 is coupled to the MPEG decoder fromthe parser 245 via an
out put register 275. Both HP and LP 20 cell parsers (210 and 245
respectively), extract entry point and transport header- data.from
occurring transport cells. The HP and LP entry data are stored in nenories
265 and 270 respectively |If no cell loss is indicated by the continuity
count the entry data is subsequently %scarded. If cell loss is indicated
the entry point 25 data is .utilized to're-enter the respective data
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I frame, they have second priority to Redundant Sequence
15 Headers. '

The initialization sequence 300, sets (301, 302) two
flags, which control waiting for redundant MPEG data in the
transport protocol, to a "false state.”. Initialization also produces
(303) an error code to the MPEG decoder, so that the MPEG

20 decoder is conditioned to wait for the next start-code when
decoding resumes.

On completion of initialization, the system begins (400)
the processing respective transport cells. In this example,  there
are three possible processing paths dependent upon the state of

25 the Header Designator (HD) in the respective cell. For HD type O
(Aux cells), processing begins at decision stage (500), for HD type
1 (Basic cells), processing begins at decision stage (700), and for
HD Type 2 (Redundant Cells), proceséing begins at decision stage
(800). There is a check for lost cell continuity at decision stage

30 (600) before processing of the MPEG data cells begins at points
(700) and (800).

Auxiliary ‘cell processing begins at decision stage
(500). 'Here a test is done on the AUX Header Designator Identity.
If the identity is O (test 510), then this cell contains an auxiliary




' ; nt GOP+PI CT
headers are transwitied only in I frams. and wheh redundant GoP+PICT
headers are transmtted during an | frame, they have second priority to
Redundant Sequence 15 Headers. The initialization sequence 300, sets (301,
302) two flags, which control waiti ng"for redundant MPEG data in the :
transport protocol, to a "false state.”. Initialization also produces
(303) an error code to the MPEG decoder, so that the MPEG 20 decoder is
conditioned to wait for the next start-k8de when decoding rregugrsazi. n01
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checks 10 enwry-point. Daring the capture of a multiple cell AUX Sequence

Header, a check on the cell continuity is performed (540). If there

15 has been a loss, the Sequence Header processing is reset (545),
else data is extracted from the AUX cell to continue processing of
the Sequence Header (550). Thereafter the sequence header is

again checked for completeness (560).

Before MPEG data packets are used, a check is made
20 (600) for lost continuity. If there is a loss, an error code is
provided (605) to the MPEG decoder and a check is made (610)
for entering a new frame. If a new frame has been started during
the loss, control flags are set true (615, 620) waiting for
redundant MPEG headers.

25 If the packet is a Basic cell type (test 700), a check is
made (710) to determine if the decoder is in a state waiting for
redundant GOP+PICT headers (710). If it is not waiting for
redundant headers, the MPEG data cell is forwarded (715) to the
MPEG decoder. If the decoder is waiting for redundant headers, a

30 check is performed (720) to determine if the current cell ‘has the -
needed header embedded in the MPEG stream. The start of all

~ frames. is cell aligned, so if the first 32 bits of the cell is a MPEG
start code, the needed. headers will be available to the MPEG
dé_coder within the MPEG stream. If the decoder is waiting for a




see if processing is conpleted at test (560), (for the case where all
Sequence Header data was contained in one packet), and if so, sets 10 the
waiting-flag to fal se, outputs the header (570), and then provides another
error token (575). This error token conditions the MPEG decoder to be
prepared to start processing at a-new entry-point. During the capture of a
mul tiple cell AUX Sequence Header, a check on the cell continuity is
performed (540). If there 15 has been a | oss, the Sequence Header
processing is reset (545), el se data |9 extracted fromthe AUX cell to
continue progeRsd (ﬂ% h a&he Sequence Header (55%) Thereafter the sequence
header is %ﬁl n checkE n’p}l &Y JHels smbygisled, pidredr shevrEmdiapackeicket s
are used, #ordi €728He IRAhe6deoder ikowiaitR tfd}Uht Yeddrddriehadér 2
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decoder followed by an error token (825) so that the MPEG
15 decoder will look for the next start-code when decoding resumes.
And finally the MPEG data of this packet. is -extracted and
- forwarded (830) to the MPEG decoder.




5 MPEG decoder. If the cell is a Redundant cell type (test 800), and the
transport decoder is not waiting for redundant information ( 810), the
redundant data is skipped (815), and the remaining data in this cell is
forwarded to. the MPEG decoder. If the cell 4& a 10 Redundant cell type
(test 800), and tmemisransport decoder is waiting for redundant- i nformation
(test 810), the ciontr fTaﬁ% wai ting for redundant headers are set false,
t he redundant header r"ﬁg'p t Yidgp frF"B?'ﬁ"tsﬁ’Pg yalem fo frensmeiting MPBEogorepreshe

MPEG decoder, f@ldbo\mabmmwg [9erddOMAR HaRR) heatferd f&ahtaﬁ E{g{g%ek%apﬂve

decoder w || Ioohafort hle next start-code when decodi ng
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t he MPEG decoder traportCeid, Iaﬁmpihsmgﬂ a di gi tal video transm ssion systemfor
transm tting MPEG coné) a €0 Si gnal I ncl, ud| ng | ayered data having

" headers cont ai ni ng daf"§"! @gﬁaf taRressedadeatsignalil ayers, a method for

segmenting said conprdigsiag Sélai%@nﬁ)t@@é& v'zdeot $ighs NRTdL pafbads opﬂgyrézﬁgp‘{}ian

providing said ¢ ressed, vi deo di viding sai d ‘conpress
signal into payl‘%ﬁ eIgpngHn %ﬁ‘g ?han predet er mi ned nunber of bits;

forming a first data féinthgla(f cE)ta ‘ﬂéldNSblllﬁ}Sof N-Bits 'f@?fHehﬁMn?Qhé @@wﬁ%rt‘é' to

whi the transpqst,cell is to, be a ere I's an eger such that
2" is greater tﬁﬁe trpdrpat el isioke ﬁgfg'ééo\“{herﬁd‘“fm Bteper @@):hﬁiat@mg@afemh
including a con¥0o®ity cou whi ch i's service specific and which increnents

in successi-ve transport.cells of 1il _service, formng a third data field
(P) of 1-bit for incldTdiNgg2Sesriddata, figld {GCMOF dhbifs fircinelyding Hee cpntinvity topu of

associ at ed pay!| wbidh;is berviteNdperific Ut WhidR trrdh&ltd i Qﬁcce%e(ﬁangpajt band & i
I ncl udi ng scranbl | E;e i nf or mati on;

forming a third data fietd (P) of 1-bit for including a priority ﬂag whlch indicate
the priority of associated payloads;

forming a fourth data field (CF, CS) of 2-bits for including scramblir
information;

forming a fifth data field (TYPE) of 2-bits for including a payload type identific
WhiCh indicates one of a plurality of alternative payload formats;

forming a sixth data field (BB) of 1-bit for including a flag indicating if a
associated payload includes a predetermined signal boundary; and

forming a transport cell including the concatenation of safd first, second, thlrc
fourth, and fifth and sixth data fields and one of said payloads.

2. The method set forth in claim 1, wherein the step of forming said fourth dat:
field includes providing two flags, the first (CF) of which indicates whether or not datz
is scrambled and the second (CS) of which indicates alternative scrambling keys.

3. The method set forth in claim 1 or 2, wherein said method further includes:
forming data auxiliary to said compressed-video signatl; -
forming a seventh data field of 16-bits (twb bytes) including information
“identifying associated said data auxiliary to said compressed video signal;
forming an auxiliary payload including said seventh data fi eld and sald data
auxiliary to said compressed video signal; and




formng a fifth data field (TYPE) of 2-bits for including a payload type
identific which indicates one of a plurality of alternative payload
fo&_matf_; fo_r][n'ng a sixfthtdgta f:elg 4_(BB|) gf 1-bit LO[ i ncl ugi ng a }‘Iag
indicating if a associated payload includes a predeterm ned signa
boundary;- and formng a transport cell includiing the concatenation of said
first, second, thirc fourth, and fifth and sixth data fields and one of
sai d payl oads. 2. The nmethod set forth in claim1, wherein the step of
form ng said fourthsddify a traéshri &l vi i | t fir
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forth in claiml or 2, wherein said nmethod further includes: formng data
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Abstract of the Disclosure A digital corrpreésed vi deo signal transm ssion
system includes a transport processor (FIG 7) for segnenting (105, 115)

‘conpressed data into transport cells for transm ssion. Particular 5
portions of the conpressed data are fornB2ted (110,120, 125) into further

transport - cells, which further transport cells are interspersed with
normal |y occurring- transport cells. The further transport cells include

redundant vi deo signal data x—ﬁﬂ} e o q: chroni ze a
conpressed vi deo signal dec anﬁfei‘?vjj .ﬁz Sﬁﬁ%ﬁ’tﬁ%@ of transmtted

data. Fig. 2

Abstract of the Disclosure
‘ | A digital compressed video signal “transmission systen
includes a transport processor (FIG. 7) for segmenting (105,115)
compressed data into transport cells for transmission. = Particular
5 portions of the compressed data are formatted (110,120,125) into
-furthcr transport cells, which Ffurther transport cells are
Interspersed with normally occurring- transport cells. The further
transport cells include redundant video signal data which may be
utilized to resynchronize a compressed video signal decoder after
.10 lpss or corruption of transmitted data. | '

Fig; 2




