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:ENCODED VI DEO SI GNAL FOR TRANSM SSI ON This invention relates t NﬁveZUUZ
for providing \ g a high definition television (HDTV) signal)
and nore S part@g N\“\M apparatus for segnmenting conpressed video data
into bl ocks of r transm ssi on. Background of the Invention Digital

hi gh definition vi déﬁ?‘aata may be successfully 10 transmtted over
terrestrial television channels) as described herein, by partitioning the
vi deo data between high and Low priori tyli nf ormati on) and quadrature
anplitude nodulating the high and low priority data on separate carriers
respectively. The nodul aApdAngFe)Rasmmm ENCODEDVHZ frequency
spectrum 1l S and then the GRIPHNE ONa 0 occupy a
standard broadcast channel-—Specttuom—TFhe—ntgh ata is transmtted
with relatively high pdikes iandntihe raatesr t@ra tgyscmnafcm phovidimg iarel y | ow

pover. H gh Fﬁ'rb@éés‘iri’g Chatkﬁ§hsdémtnow @'ﬁ@v%ﬁl Q’k‘ﬁ{g‘?l‘l’)' §1g§1‘d&f 'aﬁﬁeﬂltoréo

reproduce | esser qualit definition

i mage. Noﬁn naHaIrS) H{“éﬁf al® \APRAGA YAt &°F (%Tﬁ‘iii/té%%e‘borﬁﬁ&estsfz néffﬁ@cocé%f‘ fn

| ayer ed codednforbtatks ndl ddindohemsleymdatan.i denti fyi ng respective portions
of the data so that) upon Loss of sone data during transm ssion, the
receiver can find an 2 S approprlate re- entry point. in the received data.
I'n general, however) sinply préitd Adnef wenlignnot sufficient to
enabl e the receiver tomrgd)tdmclagacdeﬁhabbxe w@ageaatasmu:ye bet s[i&)’esbﬁjll)he

header d?ba Vl@!ll?;]ml[&id OéJeirort%Frgg{ri‘mt ‘?glcqlljgxoﬂg c‘x ﬁlrr\]élg]t %O@estcrr]l %UCh

i nstances the recelver W I"6se 'synchroni 2 0 respect
to the normalhasgul.i bul padtvling Sequddee. diﬂﬁ @@b\ﬁwmrmehv\m% kve present

i nvention extyaoAtPt RFbrAAdARI RS hgﬁarmr&om Rt ede dA{RIu 4 QR CPrfhf usi ng

decodi ng at the rec iver rangi ng coded vi de ﬁ

transport bl qURE, dffhelq afﬁgBBBf %1‘60% %{erﬂfjlrﬁ'd’e% Bfg?rlsl B?Ftﬂecﬂéﬁ % g data
i dentifying rmbdtlated ycamer$ agor inadndedfint he 6viIMBE datcquenicy apkchttumn t he
header datsa ofnd hﬁeﬁrﬁi’&slé%h{blﬁé@ci‘x?nhf‘%Ugﬁﬁslﬁ&'cﬂttsr8c¥¥ﬂ$)¢ha ispglicRte data

re-entry pol r‘broa\cq'lcashtl Chann e%%égt?umr an Oraugh priority data is transmitted
with relatively high power and the low priority data with
relatively low power. High priority data is that video data which is
sufficient to reproduce an image, albeit of lesser quality than a

20 high definition 1mage.

Nominally digital video data is compressed and
transmitted in layered coded format including header data
identifying respective portions of the data so that, upon loss of
some data during transmission, the receiver can find an

25 appropriate re-entry point in the received data. In general,
however, simply providing header data is not sufficient to enable
the receiver to produce acceptable images, since it may be the
header data which is lost or corrupted during transmission. In
such instances the receiver will tend to lose synchronization with

30 respect to the normal cyclical decoding sequence.

In accordance with the present invention extra
protection against lost or corrupted data from confusing decoding
at the receiver, is provided by arranging coded video data in
transport blocks. The transport blocks include additional header

35 data identifying relatively small portions of the video data. In
addition the header data of the transport blocks includes pointers
which indicate data re-entry points within respective transport

blocks [
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13 N 0 V 2002 -2 The present invention is directed to circuitry] BoNQ¥r00R
«video data transport bl ocks at a video signal encoder and circuitry for
depacketi zing the transport bl ocks at a video signal receiver. 5 For

pur poses of this disclosure the video data will be presuned to be
conpressed in MPEG like format. Wat is neant by "MPEG | i ke" is a coding
format simlar to the standardi zed codi ng format being established by the

I nternational Organization for Standardi zation.. The standard is descri bed
in the docunent 10 "International O ganization for Standardization")

| SO I EC JT(I1/SC2/ W&L) , _ Codi ng of Moving Pictures and Associ at ed Audi o) MPEG
90/176 Rev.2, Dec. 18, ThOoBIESGAi dAVEREOmetst dikecisthkdppsitabBey nérei n by
reference foforgeingr ivpdé®rdaed trhesgenesiakksogte af otdert sigial Thec MG 8d andar d

transmts 240. |] Ik non-.i r ) | CNal ypically
acconpl i shedgbr;klh_gﬁiotgﬁwlgg%%ﬁ(?utzﬁégg%g 3{5"3\@@ kﬁgﬁq{gs i aﬂd%it%}éﬁgged
source vi deof&tgN&lF: For transmitting HDTV signals the standard is nodified
]'E_O IoaoviZC%, fortexarm! f?oﬂ r b@@ﬁgp?(hi!ﬁi@ﬂsé‘l’os@% th@tx]{idtebed?ddwand})@ven_

i el ds are tran ed, In a 0 r _of pi s.per line is
i ncreased t oPf6HE a?%l.ée ﬁf’szPre&)%{éBt @L‘fﬁ@_ﬁﬁssg’f&‘rﬁnge‘gﬁ%|‘§ "BF$Lct the
data rate anbdydoMidiG akikectis theodorgpriesmibrsiphliar dsoptey sta@dandizgd of t he
Invention 2 golithg forimat BERQdieRBIHIiMedt S RRESBNtErdddiAl | ORgahiRafoHi deo
si gnal encodi ngui%ster% wher eug t he e cgfed él deobesg qnal ocgurs, at | east
in part, as &° RAd&dipatien g, HlipsSBAIALE 45 (deFTioed 1Belid I UBiTth each
group i ncOudésntarpdtioralli Orgehizmutogr dopsS(aadgrdizbliocks ISOF-IEGt er dependent
coded data " RCESRNIAWG 18 tgfatéhgggfgwé_ B2 PReuPes aRdl MRS ARPHAHS 1S

v
provi ded for arrangi nco Si | data in transport blocks. The
appar at us i nMBE&%Q?%r%%“ f D;\“’rfcoﬁ%-dlg aed‘ﬂ’s‘FEn‘é(PC‘H’é?'H Bnd first circuit
means responsha@pooatede hentiaded vefteonsd dival ddsdréptidorofdithedigagedahe encoded
vi deo dat a ira%ges?g{mms of substantially equal anmounts 3 5 of data,
respective segnents reprr esenting encoded video data to be included in

respectil@ transport bildekMBRE istanrdand ngangmaiss 2fék dines ot 6AE) ofeor e of
the groups, apgmyheseliftGR@doURhien datdpicalyn abesmplish®@ By oeRsoday be in

nore than one segment., 13 N 0.V,2002 -3 .A second circuijt, means), generates
(ransport hogaly SE b PR BFHR Shni dRHGTRs SHTeF ot 5B SRS gr oupe
of data in rdspetany@igi PV anignglendreatseandagd t tsemarkifigdr 0 ipTov i, ng

i nformation ifderddanyh189486CAAES GRUrikld10afd bR Be dRldaahd ERSPEEIHYE S
segnent s @/m ch include d taIfro(wé.f.l rst andgﬁgecongd%ro ps ofl.dat.a. The
further hdadéfs BRRsMYEEHt ed heAdMERNf HEs MUMRETS R éeér BGps''¥t data in
respective triaospoed ol doksexammplet Hd46ecddanaripteally thess schalnges gemlgr at es,
and incl udes eshect a L Of j i ngli i t he

| ocation of talggb%tuﬁéhgat%:rggéers 8{Q|t ﬁ‘%?eggé?:‘% id\llg ét)({a séggirrbtnl E’ﬂé@%bﬁlg\ third
circuit nean, cooperates with the first and second circuit neans, for

mul ti pl exi ng respective trans@umpotegders tivd t hveatioaspondi ng segnents and
further J?gaders to forrpnpgrhiréatl okl anﬁ%%rE (pfl Qﬁgs e -ﬁthiﬁ@esrﬂ?oti}/ne t ransport
header s cated in a predeterm neob ocation in the' I S respective % ransport
bl ocks. An ervtideoesigodi enansiang systempowbetaint theheageded nyisepasigvl and

encoded Vi deg,data AN IERFAACHANE aRK tduBbedsiG IO FoupsO6K HatHgBQr at es error
check codes over ges ecﬁj ¥.e g rtial tracgs ort bLocbs, arnd @é)[pends(the error
check codes t9'%€dtr B5pohiitng %hr&rloéff’ IARSpb A PHITEEES Glo SHREIRUPREC-E-

blocks) of interdependent coded data representing a contiguous

30 area of an image, apparatus is provided for arranging encoded
video signal data in transport blocks. The apparatus includes a
source of encoded video signal data and first circuit means
responsive to the encoded video signal data, for dividing the
encoded video data into segments of substantially equal amounts

35 of data, respective segments representing encoded video data to
be included in respective transport blocks and including video
data from one or more of the groups, and wherein subgroups of
data from ones of the groups may be in more than one segment.



2 0'transport bl ocks. The present invention is further enbodi edfa NUVdfﬂb
signal system for processing encoded video signal data conveyed ' 2
transport blocks) with the transport bl ocks including a first transport
header TH in a predeterm ned transport block location 2 5 and a second
transport header RH placed at variable |ocations within the transport

bl ocks. The variable location is identified by a pointer in the first
transport header, and an error check code is |ocated in a predeterm ned

| ocation in the transport bl ock. The pro§e55|ng system has appar at us
including) circuit means for 3 0 receiving and providing the conveyed

transport bl acksecond @wcqrn Ghesls, ngémmass tFaerﬁsBQPts'h\é%dEPs tReIdRR 'ved

transport bl ocks for ror check on re ctive transport
bl ocks in codperaatioy %Pt?f{eé‘éggcﬁé"fl FeERrRE CWQHI?SCBE 2 5Hy rﬁ?‘?ﬁﬁt €s an

error indi casegmesignahdupgenehaesefwehdroheatiets tmehrding infor mati®ns
transport bl ?@é‘rﬁify"fng?ozEEcro@ﬂd fé‘ééﬁ'ﬁlng?ogwu%@ bP ddi§ & rtp ﬁl?&%}( nmeans)

excises the error omre ect ve transport ocks) .extracts
t he transpor ¢ &@58&% “ﬁ?—\c rb‘?’ﬁﬁl‘@%p%fll p%?(? $5COBR sBEMPSIBE ef Hitnes
t her ef rom t hd'Heodatthen heddurn irdee l¢>¢zaaépbettween ¥arsN £hd/ 2068ad- grchJ;:f.scks of

e arTeRor BRI, i 8 SgE® Bl RSP Bear A o

respectl ve transport nedns al so i n es Cl I’CUIt neans
for providi ng"&HEoddtP vBUEsaisgnd i ineludssd i fafipsCctiMe traBRRYGrt bl ocks
excl usi ve of hfeh&eﬁXthﬁ‘@hﬁduBntIir@dl&@ﬁhg eoodkchaadens wrd flihaepricidegheck

rorv: encolli ndfabepabiyesyarsbd Blsfinas MR iyt ondaf SobplfES™ 5. T "
are pictori aIerl@pﬂTé‘»séﬁﬁbtﬁ"@n§emﬂ%éqwnbé§e@fs f fen aeultipdewsgof encoded

vi deo signal r@§@éd¢ivd r‘trﬁiﬁ%ﬂtbheﬂdéﬁﬁe wlnweebn@@ oEdnGilgR%e%meﬁu@ ph&tori al
representati c%n f a r obl oc ression circuit

of "FroURE 3. Trder; wERES  torf] LRt & Pam%f? Btagikecy B REPRs s r eset on
circuit. FI (3LURElS®ArI sheadgendoahiezedn pacpofrdead:rmmpdeéeczmaln an ofiet he data

f or mat Vi CIA f < 0} ock
PLSV! 8GR T FRBRECIALORs AIFLHrTroP OlerftoHT doafit S REfbdsdva bl ek

di agram of exe itry 2
circuit 11 | '8f F?@JRE“ r”ﬂ‘@J’R@@ |e§108 Birjm&é}j %M“ofre%ﬁﬂleary
circuitry whipantinhyrboespoipl tdoeks,ed geaerdtbe droordliegkSebéed wiercui try of

FIGURE 1. F Qe’gigeéf‘lﬂ aﬁgfagoi’%’aﬁ%&%‘i aHidc'k' ”Séﬁcﬁtddslﬁnfdgeufegeerr%ﬂ Qhegy> Of the

FIGURE S analy r mat pI’OVI ded
codes to corresponding parual transport blocks to form

20 transport blocks.

The present invention is further embodied in a video
signal system for processing encoded video signal data conveyed
in transport blocks, with the transport blocks including a first
transport header TH in a predetermined transport block location

25 and a second transport header RH placed at variable locations
within the transport blocks. The variable location is identified by
a pointer in the first transport header, and an error check code is
located in a predetermined location in the transport block. The
processing system has apparatus including, circuit means for

30 receiving and providing the conveyed transport blocks. An error
check means, is responsive to the received transport blocks for
performing an error check on respective transport blocks in
cooperation with associated error check codes, and provides an
error indicating signal upon the detection of bit errors in the

35 transport blocks. A control means, coupled to the error check
means, excises the error check codes from respective transport
blocks, extracts the transport header TH from respective transport
blocks and determines therefrom the location within the transport



by the transport processor 12 of FIGURE 1. , FIGURE 7 is a bloc {
exenplary circuitry which may be inplenented for the Transport lé'ﬁﬁ@%ﬁbz

circuit of 3 0 FIGURE|. FIGURE 8 is a block diagram of exenplary circuitry
whi ch may be inplenmented for the transport processor 25 of FIGURE |I. FlI GURE
9 is a block diagram of exenplary circuitry 3 5 which may be inpl enent ed
for the priority deselect circuit 26 of FI GURE 1. "13 N Ov 2002 -5
FIGURE 10 is a block diagram of exenplary circuitry which may be

i npl emented for the deconpression circui4-27 of FIGURE 1. FIGURE 11 is a

bl ock di agram of ex lary circuitr ich may be inmplenented for the
MODEMS 17 ang‘%d(s P?%%”fpoﬁef‘ﬁf‘ ed &'craf‘ga%ﬁa%ﬁ e tpr PP THDTV syst em
whi ch may behsagyroRiddfrbin byespbetipe esemtparnvdotkon Theckodesl amtwns t 0- one
inter|aced Shgsre,almade:QSQréme,%eaas5c%r9§ cfvrlarfrgs oREbD ECPRdo I g% pom nal

active picture l.i nes of S ea an aspe ratlo of 16
x 9. The si gh%ﬂluag t}“’éﬂ‘é% Erleed”ljbslpﬁét t 01854 Qj‘&i‘ﬂﬁ‘é‘?u% ‘&ﬁplei’(fr%@ modul at ed
(64- QAM <=z ar tiaaspdrif bégpleneiadetd tang ekedertob ¢lreck @olkk. transm ssion band.
The nom nal total bit rate, including video) audio and auxiliary data, is
26-29 Mops. The video signal is initially corrpressed in conformance with an
MPEG | i ke format) albeit ush of Hdesermtiongof ghee BrawiRgse and with hi gher

pi xe{3 density. Thereaf FeGURE 1I\/F§Eﬁi2blacmm§:g@hg;n@f aﬁO[d@\nw ds ?rehparsed into
two bit streans ance with t i pport.ance of the
respective 0888\/\8 a}ﬁggocgmgThsé’ |"%eb (fyrl m\éﬁ%r grpl r{‘déop"endently processed
to applyl €rror correcti (bGUR/EShéBdl(Bl arg, paridrishgapesesdions QAM r espect i ve
carriers. Th@e&@&kﬁe@t o faldsiRhmedr 8f Zrzodedbi RS fspgndlr ansmi sy on. The bit
streans of re| atlge% eat er and | esser inportance are designated high
priority (HP) deshd O PrERU PEP) channel's respectively. The high
priority channel is trﬁrh@ﬂdREe%I i & hpiappidxiepaesdnfation o ahmapotdoclas t he

| ower priority 8{1@:“@%v1d§&‘ i8S es&%' Wc@irt'&“FgQ}Ulﬂﬁoﬁ mation ratio 3

0 is approxi mate ne-t OXI mat e ata rates after
forward EPror correcti i én“%E43 BSI\‘ib %aTSO p¥idep SIENEURE 1
ilTustrates amnexesplow ycikfiV, encodi ng/ decodi ng syst em according to the

| nvention. FIGURE 1 sheys g g)&sﬁf | e ﬁgﬁﬁ?)t dop tghgplrg esgﬁ’t%uoﬂp%

signal, but it is 3 5 to be unders Um nance and chrom nance
conponent s artBe céapr bysed Beqyaded eb)y)[ an@mn@tssmecuamtnaﬁc@%&f:‘o .vectors

are utilized for generﬂlmgomrs%smcﬁhmgrmn@e e&@ﬁmm@ntﬁcuﬁm
compressed | Ui RANGH,20E S0 18P GRe CRTRANENE %ifhft 111 of FIGURE 3.

FIGURE 5 is a block diagram of exemplary circuitry

which may be implemented for the Priority Select circuitry of
FIGURE 1.
FIGURE 5A is a flow diagram illustrating the operation
25 of the FIGURE 5 analyzer.

FIGURE 6 is a diagram of the signal format provided
by the transport processor 12 of FIGURE 1.

FIGURE 7 is a block diagram of exemplary circuitry
which may be implemented for the Transport Process circuit of

30 FIGUREI.

FIGURE 8 is a block diagram of exemplary circuitry
which may be implemented for the transport processor 25 of
FIGURE 1.

FIGURE 9 is a block diagram of exemplary circuitry

35 which may be implemented for the priority deselect circuit 26 of
FIGURE 1.



QI3'N 0 V 2002 -6 interleaved to form macrobl ocks before codemomg ngéjzgoz
‘parsi ng. A sequence of image fields/frames as per FIGURE | B is SB
circuitry 5 which reorders the fields/frames according 5 to FIGURE 1 C. The
reordered sequence is applied to a conpressor 10 which generates a
conpressed sequence of franmes that are coded according to an MPEG |i ke
format. This format is hierarchical and is illustrated in abbreviated form
in FIGQURE 3A. The MPEG hierarchical format includes a plurality of 10

| ayers each with respective header informgation. Nom nally each header
includes a start code) data related to the respective |layer and provision

for adding header extemsGUE MycR belbbﬁ dﬂx@gﬂﬁﬁ oMNeREMPIAYNCc(Bgiiyndi cat ed
in the refere ce I\/I%EG doc;umgn['h)é S| g %/nchronl zat |23n ur poses
in an MPEG systens 1275 &nvi He I‘ESF 8%%@% SSH VALY npr essed
vi deo si gnal HeUREdi gital HDTV si mul cast system only descriptive header
information is require@GURE 15 iStargloeRdemgalf @ﬂofe'xenfylar@Xt:ﬁemtfws nmay be

o ctoriai Ty WHUERCORE B° euRancs dPE FRnGIORENS bR A0eSti gra o

produced by tH&PREsknt system what is neant is that a) successive
fields/frames of video signal are encoded according to an |I) P) B coding

sequence, and b) coded data at tmmi s encoded in MPEGI|i ke
slices or group of blocks albeit le Nof 2 5 slices per

field/ frame may differ sndeideplaugbHD DY spaem blivicks mpsr bl seppomyd di ffer.
A oo o0Pl {IATGnLS pRAB NI By TRERIGETE AOURESSRC BRI o R Y |

frame conpres rarres ar e
coded accor duq{glf)éoalm@sfv@mw 6t f@ﬁl%rﬁﬁérﬁ@&@@@l pridéi a@wealm@t:hw that is

the P 3 0 frgreweodes @@Oamnssg@memat)egnﬁemreatheww laﬂnasﬁercarfﬁuandfan | or

nccoraing 1o 1S Byt oktt otaihy hor i A8 S8 s MRy EEoroa. e &

coded frame dﬁnalmgiEgerﬁ@daifetédfKéﬁn@ﬁé\%uwrémmf rfamuqmy finghiplexad P
frames oggur rlhng @qmweefzﬁfsml@n@n?:bﬁuﬁft%etmnmmr@m blitapRe, The coded

out put signal. sent stemis ment ed.i of fields/franes
(GOF) illust r‘&? ‘B% {’) d§¥ B et 1a?)|g C?i)?%E %ogrzéa@ib RoF (L2)
i ncl udes a header 13NN: oride@0gnak of | iowed! pycaepressded iof picture data.

The GOF heade{odf@ﬁhﬂ?@? v@ﬁha? e%lgilff@ BlYe thFmQPrhﬂ)%Ett %Euﬁ‘%o\/ﬁrﬁéﬁ%‘ oficture

si ze, the aspect rat rame rate
pi cture data ¢a8) fegms edish ‘ltlhg igher criggbtdapsity. Thereafter the MPEG-

20 type signal codewords are parsed into two bit streams in
accordance with the relative importance of the respective
codeword types. The two bit streams are independently
processed to apply error correction overhead bits, and then
caused to QAM respective carriers. The modulated carriers are

25 combined for transmission. The bit streams of relatively greater
and lesser importance are designated high priority (HP) and low
priority (LP) channels respectively. The high priority channel is
transmitted with approximately twice the power as the lower
priority channel. The high priority/low priority information ratio

30 is approximately one-to-four. The approximate net data rates
after forward error correction are 4.5 Mbps HP and 18 Mbps LP.

FIGURE 1 illustrates an exemplary HDTV
encoding/decoding system according to the invention. FIGURE 1
shows the system processing a single video input signal, but it is

35 to be understood that the luminance and chrominance components
are compressed separately, and that the luminance motion vectors
are utilized for generating compressed chrominance components.
The compressed luminance and chrominance components are



5 fiel ds/frames includes a header followed by slice data (L4). T [
header includes a field/frame nunber and a picture code type. Eﬁilﬁ@yﬁﬂﬂz
(L4) includes a header followed by a plurality of blocks of data MBi The
slice header includes a group nunber and a quantization paraneter. 1 ~ Each
bl ock MBi (L5) represents a macrobl ock and includes a header followed by
notion vectors and coded coefficients. The MBi headers include a macrobl ock
address) a macrobl ock type and a quanti zati on paraneter. The coded
coefficients are illustrated in |ayer L6-Note each macroblock is 1 5
conprised of 6 blocks, including four |um nance bl ocks) one U chrom nance
bl ock and onenteriehvedi manfoenbl rnekiobSeek FIH@IRE 2codkvidbrdc kpriapryesent s a
matri x of pi igg}ﬁ e.g., 8 x 8 over which a discrete cosine transform (DCT)
is perforned. The four | um nance PI ocks Pre %2 X 2 matrix of l)%ontlguous

igldg

| umi nance bl ocks 2 0 r@predusiicengl Bvage) rgmeg a5 Rl GIRAYRE. [Bpe
chrom nance @pbhed ¥ dlooky represdéntrethiersarie tfotlds/famess ascohdinpour

| um nance; bl t t 4 bsa fact or
of two h?l‘l z%E‘?ﬁ(;%ignéC\S/er?}?ecglg?%g?gglssgﬁ(%g ﬁ?léﬁcé HDJ;(?QPPQ’SSQT

conpr essi on gFndats @oFPQH’de’RTg $604eHE Odptasmsas ithyt 4re 5
rect angul ar podé¢d cmcofdmg iomage MRE Gel$iporfdrmat.t oThiz fgraaatr Bpresented by a

cont | guous. OFHR-Hic G ED] OSHiseu A0S B IBKEASIA FLERLE FEpERVEded one

block at at BIH% I cien occ reing fir owed by
respective DCT AC coef fhei dHtRGi hiarpechagaleforgnaty Hé‘lllddftselaaipllwféllll)‘rmfrtance
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occurring ck,o anount, of , dat a e .conpr essor
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vi deo data oeodr praisivar ifablasldiag ekdadgndextessioabl y)MBch ofatthe i keadeansni tt ed
at a constannnﬂ'&hﬁamw(xal ﬁ».mcatt@dtme tﬁ@%'?@rlenG@d?aMﬁB/G aecﬁr%@he zgs efficient
use of the channel t%a L‘y_ ers w vari ab e to constant
data rate trand}iLed FYDE °&|‘%‘%&M{P%€Sadpu§? %m%&?f?“ﬁf dat a

provi ded by theironni3itN OFat 200Rosey of oppredsy a moatmessahnogdee t h t he

| evel of OCCQ%I‘DC/%@; tﬁf;g] iRy gy py J%ﬂcﬁ&er«)?ﬂ%ﬁﬁrém 3d€§‘&1;%1h vd ncl ude

circuitry to respective |eve dccupancy ese
i ndi cati ons &¢ad %‘pﬁf‘t@d“%‘bo‘l hs FedWrebnihall 1erstay eodendjandt opHENAVer age

data rate prexidaiords hyay hige czmsNMOrT!h@ rekpectadd Uuayemniofi het ypdeal |y
acconpl i shed Vt?é{eoacy él%hl Q%e Q%t?ﬁ? IPi%?(glleﬂrl]%eBpk:#Gg]é}? ihe DCT coefficients.
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The coded output signal of the present system is
segmented in groups of fields/frames (GOF) illustrated by the row
of boxes L1 (FIGURE 3A). Each GOF (L2) includes a header
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The block coefficients are provided one block at a time
with the DCT, DC coefficient occurring first followed by respective
DCT AC coefficients in the order of their relative importance. An

30 end of block code EOB is appended at the end of each successively
occurring block of data.

The amount of data provided by the compressor 10 is
determined by the rate control element 18. As is well known
compressed video data occurs at variable rates, and desirably,

35 data is transmitted at a constant rate equivalent to the channel
capacity, to realize efficient use of the channel. Rate buffers 13
and 14 perform the variable to constant data rate translation. It
is also known to adjust the amount of data provided by the
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signals are coupled to a transmission modem 17 wherein the HP
channel data quadrature amplitude modulates a first carrier and
25 the LP channel data quadrature amplitude modulates a second
carrier displaced from the first carrier by approximately 2.88
MHz. The 6 dB bandwidth of the modulated first and second
carriers are respectively about .96 MHz and 3.84 MHz. The
modulated first carrier is transmitted with approximately 9 dB
30 greater power than the modulated second carrier. Since the HP
information is transmitted with greater power it is much less
prone to corruption by the transmission channel. The HP carrier
is located in the portion of the frequency spectrum of an, e.g.,
NTSC TV, transmission channel normally occupied by the vestigial
35 sideband of a standard NTSC TV signal. This portion of the signal
channel is normally significantly attenuated by the Nyquist filters
of standard receivers and thus HDTV signals with this
transmission format will not introduce cochannel interference.
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i ncl udes code er;gSf respons 0 provide
the code | engtihs ag¥o tise rerdErsdr Wi awad erility efosHgh %\rlyes aPHW{HeéoUht er may
be included iparihe Vchd)manwmyt;h@cewmﬂffe@émblatréasofoftheeseindaagtea 2 0 The

el enent 126 al so contr h g4 an f provi ded to and
fromthe buffer menor yﬁ Z%rt Emg lﬁl g% g g{é@%eﬁle %'?16 ggpar atus for
perform ng t ety iavpilgbleect Pmlpn&ic'emcurrm& %pﬁam d§ rlmy ey ate in

sever al mde%nam@deéM@recﬂahamEa}suh%rpmemdrtyl Bed 4.5 QN adBitRsial basis
for the different field/fra

. | b f h
difterent fidcarraiePishedd fraiheld diasoPefRttdred s tneof Hie PHECEP
channel passeso@@epelecemts offl4 e t bi.al Adafame difsoctumsditand stdrad tohr ee

percent of LNtk §paR0s) A s160nsUEMRkoRUKahlanY delpikl (g video data

is quantized for 3 i muim t ransm Ssi on anne ency 53% of the
vi deo data na‘ﬁjoﬁ‘énél PBHSE eRemPry hdORP AhaiABIC. 10n OCRBIS: oR RRFOPTIRE ance, t he

hi gh pri b6i tynd@babtdnkst bé data PaendoBpledalfiman ndie beeassi gridd to nehieor

exampl e, the g ah 40l AiBot § SRERIIYENYE. THBUYAHES ARG iy iRy e user

sel ectabl e an ned on statl stica nount of
code data frdhﬁpwbﬁaf@rs@od@@iutf pérré&ﬁ sRBfragtef ol @8 AgRBSIS and o Maluehe

follow ng deswr ithid @ata r;m,bef Shidugfuaee sbb@sket S10®r iespasd. torunrsocess

blocksof FI RE LA, Iel g o] 1 13 NQ V
2002 - %u’ﬁl 38‘?@%(? ‘&Bﬂt‘fﬁl ?ﬂ% muteer;l %l?"f‘wg g@?fe 1Crtrlem)rl es 150A
and 15082@nd nr@vad@atcalaalmwesizeﬁanlswmTﬁ@efrf@sp@@t itgeelsmémiss lilAckade enough

memory to storg fogi&xaapl e 2 p%Hcﬁﬁ\sOfm@éFsé‘ Jmlpﬁfar\era%dlmr@@dntﬁﬂB are

OB ! BT o Re Rl bt Sl 2 7o
n, buffer 150BhageadsThat@cbnstnuctbd cenagel.is Asppladda viis aw iadden 113 ao,
partioul ar bUf{er)okieiRNBhY2Z6E the29RBERRRe 2 RAREIET B UIRPT 1§D for
each codeword angd . .
25 use in compressing subsequent B and P frames. During
compression of I frames no information is added (by adder 113)
to the reconstructed image data provided by element 112.
Element 110 performs two functions during I frame
compression. First it performs differential (DPCM) coding of the
30 DC coefficients generated by element 109. It then variable length
encodes (VLC) the differentially coded DC coefficients and zero run
and variable length encodes the AC coefficients generated by
element 109. The VLC codewords are applied to a formatter 111
which segments the data and appends header information thereto
35 in conformance with the layers illustrated in FIGURE 3A. Coded
data from element 111 is then passed to the priority select
apparatus. Each of the elements 109, 110 and 111 are controlled



10 stores the CW¢ in association with the corresponding codewgr'd3 NGV 2(}][]2
-anal yzer also calculates the point, or codeword) at which the data shoul

be split between HP and LP channels. The calculation is determ ned for the
anount of data stored in the buffer. There are four general types of data

i ncludi ng Header Data) Mbtion 1 5 Vectors, DC coefficients and AC
coefficients. The DC and AC coefficients over a block occur in the order of
DC coefficient first foll owed by codewords representing the AC coefficients
in generally descending order of inportéadce. The total nunber of bits are
counted For all the codewords in the buffer. Then the 2 0 codeword at which
the sum of bRY s?isysjqi8t copeatier tHanot ﬁéCHPaﬂ)lérE"efrﬁP’éﬁe[hf‘s JAPEAPTRiCed by a
codewor d nundgirhtioW#| at Tihies appabenales ttppbi ed to a switching el ement 153A
(153B)) and used to co |1 ip)e ( frer t codeword
nunber CW¢) 1s identi f/m[%? f{#{ng % %Ao;ﬁds;fgzré%%ﬁ‘% Ogcﬁﬁd? t'ﬁm’é % Oac% ewor d
type data anidte quEier manaberldOar eDF@aﬁquﬁ tsamg Il | isf conpleHetdotlerof150A

(150B) . ' 5Thecleaawrids, @dalsngt Bk nait ¢odetrymsaw @PPtangsl P dhe input
of a multi pIers 155A &1?@&3 an the Syor td nunber s argofppl ied to an

i nput of the "W tTRINTG fipd 13 4 Q)e ALTheNe P ‘ead fromthe 3
0 buffer) thealswiatehifogwetrdnmotions3Ac(ors58B) resppsdives bldrkscoewbx U6 nunber s

to the cal cupglepd omulrm%re & R AR brma@w i St FGT 551 geAswhian ,or equal
to CWj, the switch |ngf enent .provi des a foéérol i ch condltlons

the multipl eXEHCatEEA ql1 SBE) rel i pe sACQURACE of ‘E)o?ﬁi?ﬁg“‘él%t e he HP
channel 1\ a Sdbiom fvectdrer rihid ifphexss mé6on Fecctoodendr dhaunbers great er

than Cwj, té@n%(}dd@hgxsﬁst&é% (51%.5@@) ateS c%%‘i’é&'r%”%ﬂ taﬂa 35 tde

correspondi ng data to via nul tipl exe he QI3 N O~

| ~~z -17 nul tipl exer @”i‘%"[cgﬂ b tTCORRISIVE Padsapp i‘f‘id 8 deqm provi ded by
the buffer 1b@A)oryl30B) anwdi ¢hfrdasnec urg etith yfroer ngeneag. 10De gomakpzer 152 is

responsive 10, WG.APABLERYt hesloaliy BB cshBngAte diY 3@@; (i3 033 3 Respons! ve

to the code the an Fd nunber s
for eacH %ccwﬁlﬂ‘ifhgﬁféo@ﬂé@oﬁ@mpllﬂdrtce%hﬁpiiléal)'é%{cﬂoéod tlyzeepi®sent i ng header

information p§mpasdsunRE diREoriivmbelg r(zrl?)aggzﬁﬂﬁh aCARWRG M, I il eissen@ahng noti on

t d DC t
fespect i vel y&* R ol oGS En Sl aBleARF ki cgers

from1 to n owtawmblveckeisyadl ek meaminc veThy, samel yder [(ro2idesse i ncl udes an

accumul at or whiehy or{cﬁﬁgoé‘%\{@ xte@atteaet&q@el e rbfamﬂet(wgﬁ)r%loan@ioﬁoal
i ndepen e(ﬂtl?;}sums he "nunber of t he codewor ds 8 each coge type 15

entered PurFern B9 SBS) ‘Cﬁ%aeé@a%?rsa%ﬁ BRGEIGI] 8648 (RO Pr ovi de
the total nufibevamf anddevakevaridt yectors annddcorrespendinfgf dramfhdataot al sumi s

nul tipli ed byr&rneg@\?&n R Ay vwngfg})ot#ﬁepﬁa ntis t . Rgarll PfdiRdito the

HP channel ta pro uce a c sum [ rea er t e respective code
type sums ar ODWRIge N thagkMard daEeAIE B8 framea st fFCRE B GeV itk Hédewor d
nunﬁerhC\/\#lh fr:li(n@r&dms&onaéﬁlsagnﬂurrs Ifﬁaehdaaasrttioml sigimals Soe opguar etk (512]
with t eck sum unt rei c u
codevvor?“% ng%rr ﬁ%&j QQ&SF& Qt%ho ?ﬁ[r%rsgggt lé:? %‘?Z‘VF %%smﬁ%l-l;{b% sum
is the |ast ¢hademotidonnivickiar aNlbhodkc t@rb@mﬂgl%sthS@d viabughedipropannel

[512-S 18]. /s\ilglnﬁU&%&@bf&i ‘i@dﬁ]\émb{’&)k imStion Q¥dtsd to Cwin, for respective
bl ocks are assigned to t 'ge nel . Resp ve HP and .LP data fromthe

priority selector is afr 'ﬁ‘of‘f’&né'ﬁﬁ'rqr EF%C*%?“dé‘&egHEB o 'Brfance

signal r ecovelppliadot@nmeermmnonocmmep)brrsmtdaprdzdletaredmvg\rhlcn'hecqetsamport

plock Tospat the Bpdptiadd edhh NblcR e e d byeXREPY Al HEok{ apgpor! bl ock

i ncl udes t ransport i ncl bi ts.  Respective
transport bl g¥R¥IGMS]Y iTsEROERRtehrigage 16501t Hame 1) ide 8f datded THus a

particul ar trta@sn@fdgebbmkemyumcénmel1dsat aThisodut blédie ienappifedone slice
el udi ng vi B SurEHe dBRh o Tale b GRr M et et i ming
ot her data, eu@tipctaddion aEpcrelt bansptﬂltbbSl@ckOhhdhgd@@rraSMﬂ&ebWbe
header SIs  of pixel data from the current frame 14 provided by the buffer

memory 100. The differences or residues are then encoded in

element 109 and the coefficients applied to element 110. The

corresponding block vector is also applied to element 110. For



13 N O V Z002 -18 which indicates the type of information incl uFﬁé}iNt %
respective transport block. In this exanple the ST header is an i 0 f&UZ

whi ch indicates whether the data is HP or LP) and whether the information
i$ audi o, video or auxiliary data. Four bits of the 8-bit 5 wrd are used
to represent the ST information and four bits are used to provide Hamm ng
parity protection of the ST information bits. Each transport block includes
a transport header TH inmedi ately followi ng the ST header. For the LP
channel the 10 transport header includeg$3a 7-bit nmacrobl ock pointer) an
18-bit identifier and a 7-bit record header (RH) pointer. The transport
header of thenaqdeghBnmad Pnélampss el PGreosifientsears dohedidfare i)y poi nt er .

The macr obl ogkcqaeidntiarn bstiuised Hor aﬁ@gmtceefﬂaeﬁ@bmclva%breeq&tgthheader
conponents, and Cf%l Ntk o the star

€co nponent
For exanpl e) “T1$°9%e pafti AR ¥ ﬁh%rﬁo?fe ik g@ﬁe'}qhgci yucFé’§°ﬁ'ﬁ§ ok "dat a
associ at ed wileh Ctlff@fmaldﬁ Slll@(t@dn vasdonsharpeyimatiag lafgtbl coeoctfsldl t he data
fromslice nThe @t@@@&@%@cam tbeffidianspard theadahandeeredngo P@ent er
i ndi cates thFlt t he nen eﬁhdabl e daH% i.S adgaacent t he transport header TH.
2 0 Conver sel§fjnaifer cor Nhetfoe dTalpPy At "?‘hé“vrﬂ)seth\éa'tti‘zreéit poi nt er
i ndi cat es t hendytnoepsrsittarniofrobd owi mjetieat r ecbranéeatiey Rd. nAdtzesad val ued
macr obl ock pgint&ihg bﬁgéﬁtat&f)cotdh the transport bl ock has no macrobl ock
entry point. The transport bl | ude one one aor nmore 2 5 than one
record header, and thefr [[36%% |36‘?153‘§t‘5‘ sardnegred whxeans thid Pikihsport bl ock.
A record (mead@fwardcufcmcat velteomegienrgengrartd eadtor séxaraplefl Prdcambl brkisdata in

the P and LEno0anShinMhdiBhPTABEAISES A Gk e g%g;%naﬂtog ARSREr4r b ocks

t hat i ncl ude or mat | ead
poi nter poin @“tf‘o 1% andhB bpme J&si t@éﬁ“go?ﬁcéidr‘ﬁ‘&go t Refrags; fﬂ?mteﬁe f| r st

record headenign pttaetdtesaaah@&pohtm@k dddoded téwdhes sind elerdnbedger in a
transport bl ock ..s

h f bl I h
code pr ecede?r‘t"hlgeﬁ gg’cﬁ’r (ﬁto%egagpgﬁgné)r\egth%%%' i hsggéepa Q}/a[)ega e lengt
bit-stuffed femasande thpatesidiesss g tadsted: e adstm 1Becader pacliby-at a 3 S

bit positionpuiCRatis an gé’i{fe@ﬁtrealth@%Eéﬁst?ﬁctEb{t ﬁ%nter emitheideedal g of the
transport bl ock The .record aders ﬁggﬁ 8‘81‘ yte boundah?e to enabl e
d

the decoder iF Wl SHERSSHEBEFE ORLAIB e 4hF ofFame
concat enat ed invarimabioa Ifenygt kvhich 3thi @thQQﬂZ P- Teammodewgenstatod.zeTheval ued

RH pointer i ?ﬁd&ﬁté‘q’r%é%d;?&d“i pedar[e F}Qn{ee‘thnﬁjse*aef?QPre%do'&lﬁg CsUdseqaony t

bl ock. If bot poi nt er gci) o] nfer are
zero vald@d, B framei.at Eof rﬂﬂ‘ﬁat)e%“q Hat ltlﬁ rafngH siboYout R “PH‘(Q Godls only
video data haader bre péﬂbmteaoan al o diB-Hakis (cdgnta foharkixi of t&x8 pHRdls)ansport

header i dent i €8, 113G GULIENta ! AR MBS rd:NFLESBRUTRSY. (ragyl 0 32), the

current slice nurrbe macr o conta In e transport
bl ock. 10 Folmaiwmgftlweuhaaﬁ%mfrtb ordsd eF 4s16é| phevatrax r el pixel ﬁ)eader) RH, or

data. As Indl cat ed in FIG‘UREEMtﬁﬁ)vU?(B?&ﬂtﬂ]@ﬁ}dQﬁrcﬁﬁi tinebdctego@at a i n the
HP chan es t he fol for AG whij ndi cat es
ok osnighemay teend) o dme AT hEofudsiions bhetERaEl i,

identifier IDB NITII TY 0f1 FSG\MREh3| nd"hcat)eEpln) format fofethis fmacrmtrvy@e/ergeSB or P;

D)) ot oL LR MRG58 eI PR B e es a ©

er th header, | ncl udes a
macr obl ock prYIBEG yO‘HPE&Iésp@)l'Pl't‘ SeRdt térﬁ"‘F‘N‘ %’REA& jta 'Ph%‘”ldRH EFQEAK(])
i ndi cat es t hahe ogissapldriyusibeditil@WVgf) FIGURE 4 is in parallcl bl[ word format.

30 This format is selected to facilitate the implementation of both the
priority select processor and the transport processor. In addition
two extra signals are provided which define the code type of each
output codeword, CW, and the length, CL, of each codeword.

In FIGURE 4 motion vectors from the analyzer 106

35 (FIGURE 3) are differentially encoded in the DPCM element 127 on
a slice basis and coupled to a multiplexer 129 via a buffer
memory 133. Transform coefficients from the transform element
109 are coupled to a multiplexer 132 and a differential encoding



2 0 devel oped by the anal yzer 152 of the priority selector, forldS g]\HUUZ
.the codewords between the HP and LP channels. Lastly, an optlon d

extension may be included in the HP record header. The record header

i ncorporated in the LP channel 2 5 includes only an identifier) |DENTITY)
simlar to the identifier inplenmented in the HP channel. Each transport
block is termnated with a 16-bit frane check sequence, FCS, which is

cal cul ated over all bits in the transport block. The FCS may be generated
using a cyclic 3 0 redundancy code. FIGURE 7 illustrates exenplary

apparatus of the tr ro In the figqure an arbiter 213

i nt er | eaves) cMEY ﬁg)m l@gorC'g'lf%ref‘?‘éﬂﬁp‘?ﬁcto‘jﬁ%oﬂl% fhients gBOMaE from a
mul ti pl exer DPCIM) 138|d:iu& datplefir oomaa sesorat yniht4 ofindeanilliplexyr 3132 .data from
a menory 2| 5p ‘%?@Hgé(ﬂn aBPP%rPBOYﬂaﬂﬁQ b &f %l'i‘é%%fﬁgil fE<afLrI O Lhe

source 216 an s -in - out Lary

data is provides n‘WP%&%p@Pt L Hé’kc’ﬁ"eér %i%&wdm afola first-in
first-outs neframes2ithe THE codfficiént® G\ 200:2tiv20y Sditferd bti2ly 26n3Hedd f or mat s

of the audi opgrieapeii i ygdatihe! HAPSRALANY! %eaapcg'c%éﬁﬂci%mwe for mat

of the video ransport I'ock ) t ranspor I'ncl ude a
| eadi ng ser vHe nofpdififersasiallyasacpred eAgbI%DQﬂflPlef%"e ot selaiplexathtty The
arbiter 213 taspoidsléLer. lBBeah@V@iumédOL@Cldpgé@thfin ffoer@he214 215 and

207 in suchfa n.to sure e qf the buf overfl ow
appar at us of "H E&ﬂ%ée'f érjgr?ﬁae hSnBBﬁgr o‘fnefrhoéyHgﬁé (? na\?é OrgHy! Oﬂ m I ar
appar at UsOi s frosqua riedmiasrcarteclalandr headerslpmadnt IHBG/eXM@r coupleeil toof the

audi o and augiikd ampusi §Nahei mupRaka Y ar lE'lér%Enf qrza Rh&rldeaviBged r ansport

bl ocks wi || noft be i ncl uge i n E e LP transport bl A) grocessor and vi ce
ver sa ormation and control circuitry to a) provide the requisite

header information for the different code layers (FIGURE 3A) and
to b) provide control signals to time division multiplex the header
15 information, motion vectors and the transform coefficients via
multiplexer 129. Element 126 is responsive to the system control
circuitry via the control bus CB to provide the appropriate headers
corresponding to picture size, rate, picture coding type quantizer
parameters, etc. Certain of the header information is calculated
20 by element 126 in conjunction with an analyzer 125. In the
MPEG-type format much of the header information (e.g., level 5 of
FIGURE 3A) is variable such as the type of block encoding, the
type of motion vectors, whether a block has zero valued motion
vectors and or whether all coefficients in a block are zero values.
25 The vector information and coefficient information is applied to
the analyzer 125 to determine these types of header information.
Whether a motion vector is a forward, backward and or zero
valued is directly determinable by examination of the vectors.
Whether all coefficients in a block are zero valued is determinable
30 by simply accumulating the magnitudes of the vectors included in
a block. Once the type of variable header data is determined, it is
assigned a codeword and provided to the multiplexer 129 at the
appropriate time. The element 126 also provides information
relating to the codeword type currently being multiplexed, i.e.,
35 header information, motion vector information, DC coefficients, AC
coefficients.
The time division multiplexed information is coupled
to a variable length encoder 130 which 1s also controlled by



In FIGURE 7, codeword) CW codel ength) CL) and code type, TYPE):
.the priority selector are coupled to a transport controller 218)f31§]®m2002

codewords and code type signal are coupled to a variable word length to
fixed word I ength convertor 201. The convertor 201 packetizes the variable
| engt h codewords into) for exanple, 8-bit bytes in order to reduce the
anount of storage space required of the rate buffers 13 and 14. The
convertor 20l nay be of the type described in US Patent No. 4,914,6675. The
fixed | ength words provided by the convédtor 20l are tenporarily stored in
t he buffer 2017. As Lgé var i blf: Ieng\glh §gg:ewords are converted to fixed
word | engt hs§'{Mdtc t@'bet Car'&YHforit o £ONHAL Jf eShayen |Gy 14esk R¥f r om
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o ot Fi T e o a%l;foﬁr.gﬂ?% ‘iesguﬁr'eg?u\fsﬂfgd.eo?én abfisSand ¥Hfls T e
| ength word PRPIOREEYSIOsYi{izE: NfpSRBet s SEIR!f F¥msude anmtsdr 207 it is
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| rod A ey SHgE esbang ek e REQ 00e %g?%l T MBI ENEE G 101 o 207,
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data stream Weaiddneddtilihi lee¥erC tbheobntl tiey mM@dbéandf mitd opl dxses 0P are

then congdjition to provide bsequ fixed | engt h,vi deo.data words. As
respectinzs header 15 agﬁev?%é%e'ﬂaﬁggafikop58\7%82%!}hFhéerU%eﬁndofre% &s are
count ed, andodadataogroudedoto sandedpeot the tufferspagmoty odd.i s ter m nat ed

when the count reachespgjGe/RENME@firdyé e@(@hﬂ%@gﬁt @lgpd}gfust kgpsport bl ock
(I ess the nunbe de he ort bl ocks provided

£9é0f' byt.es for .the FCS. co r) tJransEP

by the multi pCEQEMisggthe d’fé‘?fétycogﬁgqcékf”‘[&’ 8RESS npdhiHrARAAEANS | 9% exor 211
and to the i mpetateernmseabraf modesanmd'arheskmpéejudate ncagdre FER iR t he

out put whi ¢h i-S pled: .t C L i pl.exer ,211. The
FCS 210?iées€glnsa;nv8&§g tbr%glr?s?%fttﬁ_ I%ﬁgﬁergg{)gﬁ%lgﬁ%&?v\&ﬂg% ICeHreESrﬁo?u%check
codes for redeauprldasiadopote wlifekant hsdd/ftame plypesr 2im the slater

condi tioned tins@aass dRsARCthMe the AHPPOhinmdlopkssepr 201 gedehy dthehanibtdlpl exer

209) and then o aphend %n%G'u?%tt tfleet PR ggfog e happLeligment 210 to

t
the end of the ransporfeagl.o.ck. n"the foregoi hg deéscription of the
transport proeasyoed byi susdianyedatahatlf athe gidehdateddequamizadnder on

provi ded3by tgxitn®¥mC MRS AASAbn 18hAsndINetficiedcyn N8I3 Aot adesr eam
provi ded by t ort, processor,. oul d be . re ogﬂ%zed t hat nmuch of
t

(gle trans 1 ({9 !ﬂp.s :
the video dat3fthRa¥ro¢ Mo R the HisFhanseligeln ithe tiEMEr JHSHUIE: header s
and as such phevhighs priediinddata forf drardf iBbrandl B drama¢t enagattievassgnedganent )

the control I for Z&nfiRk, REEGhHECo! 1231 TespRavdls ARk (IR agoaRr ng vi deo
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exci sed gisdeofrbendes gndbantmay brld eaonSromcpeidr f €oodede frandes3 N OV 2002 - 22

transport bl ock header éé}fepr[gqglicﬂgR%%dsrﬂdq%g\rteﬂ I hn?o\wn%eo data stream
description, numbers in square brackets correspond to process
blocks of FIGURE SA. Data from the variable length encoder 130



At the receiver, detected signal is applied to forward error cor t
«circuits 21 and 22 to performerror correction on 5 the respectltg?Jﬁﬂgégﬂﬂz
LP signals. Error corrected data is then applied to the transport processor
25 via rate buffers 23 and 24. Even though the detected data has undergone
error correction in the FEC circuits 21 and 22) certain errors occurring
during signal transm ssion may not be correctable by the FEC circuits. If
these 10 errors are allowed to pass to the deconpression circuitry, very

obj ectionabl e corruption may occur in thé- reproduced i mge. To preclude

such happenst ance egch transport .bl ock incluydes i endent error detection
codes To Gt PGP Efe DEaPRaRES 1BPYE RIS dnfen PAGE TREBGHS REOPEC
circuits, amhd dsddhsinde to ca sl dralgzerorl SndiTiat iresgective byffeem may

provi de_appr QBhicH €ngl Qrmeertﬁ%atar%mre FCURE)d 14 URLE AeRakfie Hansport

processor 25 celver portjon Wwo suc
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codeword numbers less than or equal to CW#j, the switching

element provides a control signal which conditions the multiplexer

155A (155B) to pass the corresponding data to the HP channel via

35 a further multiplexer 156. For codeword numbers greater than
CWH#j, the multiplexer 155A (155B) is conditioned to pass the

corresponding data to the LP channel via multiplexer 156. The
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2S6) and the transport block data is coupled to a first-in- first-out
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point is  ~ % NOW;200R (AF#n, for respective blocks are assigned to the LP
channel.
Respective HP and LP data from the priority selector is
arranged in transport blocks designed to enhance signal recovery
30 and error concealment at the receiver. The transport block format
is illustrated in FIGURE 6. An exemplary HP transport block
includes 1728 bits and an LP transport block includes 864 bits.
Respective transport blocks may include more or less than a slice
of data. Thus a particular transport block may include data from
35 the end of one slice and data from the beginning of the next
subsequent slice. Transport blocks including video data may be
interleaved with transport blocks containing other data, e.g.,
audio. Each transport block includes a service type header ST
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code precedes the record er, e varlabe length code may be

bit-stuffed to insure that the start of the record header occurs at a

35 bit position which is an integral number of bytes from the
beginning of the transport block. The record headers are placed
at byte boundaries to enable the decoder to locate them since they

are embedded in a stream of concatenated variable length



2 5 'macroblock. It then conditions the multiplexer to pass dat a1fﬂomtsodmd®
.channel and reads the AC coefficient codewords corresponding to't

bl ock one, until an EOB type code occurs. Thereafter controller 275
conditions the nultiplexer 274 to pass data fromthe HP channel and
commences reading HP data 3 0 corresponding to block two of the macrobl ock.
After the codeword corresponding to CWj is read) the controller again
switches to read LP data for block two fromthe LP channel, etc. If while
reading data fromthe high priority chanrgl an EOB code occurs before the
codeword corresponding to CMj 3 5 occurs) the controller 275 is reset to
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circuitry of FE i.ab gth .dat a but
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provision is made for am/&arrhg&)ﬂ q{?aggithgﬂ;%g&lmﬂt H’getLI*p ¢s. For

exanpl e, even, though a trans es an error, e ata for that
bl ock ma% 5pe tncludes only an 1 enufxer IDENTITY, similar to the 1dent1fter

implemented in the HP channel.

Each transport block is terminated with a 16-bit frame
check sequence, FCS, which is calculated over all bits in the
transport block. The FCS may be generated using a cyclic

30 redundancy code.

FIGURE 7 illustrates exemplary apparatus of the
transport processor. In the figure an arbiter 213 interleaves, via
a multiplexor 212, transport blocks of video data from a
multiplexer 211, audio data from a memory 214 and auxiliary

35 data from a memory 215. The audio data is provided in transport
block form by the source 216 and applied to a first-in first-out
memory 214. The auxiliary data is provided in transport block
form by the source 217 to a first-in first-out memory 215. The
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amount of storage space required of the rate buffers 13 and 14.

The convertor 201 may be of the type described in US Patent No.
4914,675. The fixed length words provided by the convertor 201
are temporarily stored in the buffer 207.

pr

As the variable length
codewords are converted to fixed word lengths, the code types are
monitored to locate the last data from respective slices to insure
that the corresponding fixed length word does not include data
from the next occurring slice. If this fixed length word is not
filled with data bits it is bit stuffed. In addition this last fixed
length word is indexed so that upon being read from the buffer
207 it is identified as the end of a slice.
the byte number relative to the first occurring fixed length word
written in the buffer 207.

The transport controller 218 responds to the CW, CL,
TYPE and CW#j data, and the end of slice index, to construct the
transport block headers (ST, TH, RH) and applies these headers to
a header buffer 208, which may be internal to the controller 218.

The controller 218 may include dedicated registers for the

The index corresponds to

particular types of transport header data, and when the
appropriate video header data occurs (identified by the TYPE

codes) this data is written to the respective registers. When




25 30 35 deselect circuitry. FIGURE 10 illustrates an exenplaryJagrﬁmma?ﬁn
of may be arranged to provide error data to the deconpressor 2
which identifies lost information, i.e.) macroblock or slice or frame data
whi ch are not being provided fron1the priority desel ect processor. The
controller 275 is responsive to the overall systemcontroller via the
control bus CB) to initialize or reinitialize the controllers 271, 277 and
VLD s 272) 278 on start up and channel changes) etc. In addition the
controller 275 comrunicates with the transport processor 25 and rate

buffers 23 and 24 for controlling the rate of information provided to the

grl or i tydt he{ﬂﬂmm ectstSItxﬂet Eﬁws[rt%ﬁs &rtrﬂéa@&@cesaldaﬁﬂ 1evxebd| utwfbfh

i scussed wi respect to a u e subject o is
i nvention. S¥f iwcré ‘i %‘%%3‘ HB{)F{H&& 383 ﬁt} ?‘ﬁfﬁ'@ AFf éfi‘l‘?)/'“a)és'é? ect
processor i spamrhimeded ant hige dﬁﬁ@rqileas§|18nlmdhammlhgr catl tforpaecl Tide
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of data, kq? he apparatus res they are

nor mal | y Jocc@f ri¥§S EcdN ¢ é%‘“gGétif‘er‘ Of%g’l‘&a?scdlf’? r‘SP”(Sf‘)l% G@JI@ geR s
arranged to decaonprsgsst iedéersd&fla apdomHJIefdomn tNPHEfek 0Bi andr chi cal

format. The biolagedaumaney! dedaiiphicruios, bl @xes it offside pdority

desel ect protessor menpry 3

accessed by Ak Béée@ﬂfﬁgs%ﬁttsnth@oﬁtrﬁb|m%&t da Whethsi hUFféad%Q vddt“ét* i s
extracted tof@meghambluliterceovr ol |r€iid3é}2:l ptbeidedr ivadl thel angigle cad@or ds

cor r esponl ngm&g 1§05 aheaha 8F &y RA TaRhed. 80 30Pldd g qgkar fabl e

| engt h coder varla S corresponding to
not i on vect oPsfigr e2@pplthe headet h%Hvahr&bdeffpéhghﬁ U@%ﬁ%ebuf(f%@o&%@@d The

VLD |308 fgng%ﬂﬁd@@pﬁr ghé‘%ﬁ@hﬂg&gﬁ%ﬂﬁbﬂﬁ VRl 'tﬁ@'ﬂuht@;ﬂ_ﬁ&?r.dqug' n'?,h i nverse
run | eng | nd i nver se ing. as appropriate unde e

control of tﬁé‘?fd% t‘PZI frd Wupllﬁé(@gwéﬁgd%eatl?aer'brﬁoqpq‘i’éPWD‘%(fgoéf applied to
an inverse D&UTbsiquenitfiz3ed lemigeh vidcludes ovomdsi t r st cespaversehepdenti ze t he

' espect [ s DefdCORIdd Cie@t freaPfo fiBeBOMHET hulnlber Cael Rh@é ot Schh@gmat [ X of
pi xel data. Thg gl xel dat adJ en coy to one an adg]er 312)
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13 N OV 2002 2an gtalo)ufgug 02533EFS@80(186 transport biO 1S termmatc
when the count reaches the number of bytes allocated per

transport block (less the number of bytes for the FCS code).
The transport blocks provided by the multiplexer 209
20 are coupled to one input of the multiplexor 211 and to the input
terminal of a frame check sequence coder FCS 210, the output of
which is coupled to a second input of the multiplexer 211. The
FCS 210, responsive to transport block data forms two-byte error
check codes for respective transport blocks. The multiplexer 211
25 is conditioned to pass respective transport blocks provided by the
multiplexer 209, and then to append the 16-bit or two-byte FSC
code from element 210 to the end of the transport block.
In the foregoing description of the transport processor
it is assumed that all of the header information provided by the
30 compressor 10 is included in the video data stream provided by
the transport processor. It should be recognized that much of the
video data header information is also included in the transport
headers and as such provides redundant information. In an
alternative arrangement, the controller 218 may preclude the
35 converter 201 from accepting video header data which would be
redundantly included in the transport block headers, thus
enhancing the overall coding efficiency. At the receiver the
excised video header data may be reconstructed from the



t he' out put of which is coupled to the video display ram 318 and f
-nmenories 314 and 316. The VLD 306 includes circuitry to decode tﬁtb\/ﬁgybzgﬂz

| engt h encoded notion vectors and to performinverse DPCM codi ng of the
notion vectors as appropriate under the control of the controller 302.
Decoded notion vectors are applied to a notion conpensated predictor 304.
Responsive to the notion vectors the predictor accesses correspondi ng

bl ocks of pixels stored in one (forward) or both (forward and backward) of
the buffer nmenories 314 and 31 6. The pr.edictor provides a block of data
(fromthe one of the buffer nenories) or an interpolated bl ock of data
(derived fromaneppectileek biarcles frformboioh hoflf eeinseredi as) thieo vadsecond

i nput of thejaddeg 8h@a. Deconpression is perforned as follows. If a

field/ frame of Input videq data.is intrafrane encoded there are no notion
vectors and the decoded! CoEYPEI gﬁi@“‘é@rsﬂ%’%ﬁgofﬂ apglisdo sk stosr apd xel

val ues. Thusefror totreafioaneiremcodzd aat 22t he peddimt orro80doappioesora zero

val ue to 4 he 2, -angh t fLlcCl S e: d

unal tere bytlt?fg%g% e%em@g? att?‘? H%Q%éﬁﬁgﬁagb%ﬁaahg% %gﬁgl?/érgre stored
for readout ABBHEH iRy the HARMRAIr BRACEFSUcdAnyHy fatthdudbrsddd pideld val ues
?re al so st g_rEﬁxd:ni mh owgeh Otfhe]t Hetdtllcuéd ec(ljatﬁeh’@i itﬁ&i&gén@n&rSﬂﬁtdr%cdtLtfrﬁ inn (B
orming predi s ecadi i on . commensat ed frames or
oy 19201 ot AEEGTRARUNE M09l GBIl Bl R i ol
conpensat ed MraisgligyipRamdy fRe bfecodedtabdefty dshenfBCceoirevpondf theseesi dues

or differgncesrdiet yeenliedrespass fioetid fderBmmpBskibhecirasitfpsienfccurring |
frame. The pr g)dl ct or responsive to t t1on vectors._.accesses

i04 he.decoded
the correspoW Ay PI&k T THPFOLFRAYAPECY &Y e@]ei ﬁc%ﬁ%ﬂg?d bi%3&S niflory 314
or 316 and prpoe¢lads tshek bhppknssénckatencho trdns padddrloskermilndegspect i ve

bl ocks of reghgussRPVERSH B¥ebhBn! BYGESGoDidefiifyCthe HAirddReadged to the
redi ctor,K 304. The suns

correspondi ng bl'ock of pixel data prov by the’p

gener at ed by%ﬂ‘PésaW&é“rh %S cGreweh dhg Fgadﬁé%b‘i‘%ela'\%lr%%%o“ﬁb‘fe fiResuc
respectivé bleoods ioflidahion fthel sy steammahayhprodvigexeppuapries arwrapplied to

t he displ ay %Mciéiwmg%updat e respective storage locations. In addition the
pi xel val ues provided by the adder 312 are stored in the one _of buffer 13
N O V 2002 -3 1 nenor FdSERE 8niflajtetantthet Happpent nerqcesse dbfrane of

pi xel data utihtiuded i tpeneicatvert peripredrcited spicsal. dTha stok

bi di rect i onal .y engpded. (B fon! dfd 38PInt NAPORRIALIIONH Sod FL AR £CePt
predi cted val'ues are access tomthe 5 Stored T and P piXel data sStored
in both BOf f ehapbebr i Bsit3iy kapwnelaspriepe titngudigoar vivedhary daea medpecti ve
notion vectorgwake HOr¥vrsidded PPKVAr farvRelA Th@hn8Pt the erdpBRaR{ied B
field/ frame Rl xe val ues ﬁre ﬁﬁ?“ted rﬁ')) updatg tgéa dllspt)l %)é RAM 31 8, but are
not stored i &MEREY BAYt RE BUMPBPETe P Mesficls CRANGF Lt UATSPPIane data i s
not utilized frocegemerating other field/frames of picture data. FIGURE 11
11 ustrates exenplary TRUEPHC!GHEY M104B0M $lagidd apericLLiag aad

recei ving ends qf the system HP and LP data from orward eryror
correcti 8 citfchied i@géﬁdwmd&r%owwm%&% &hg eé’b%tlp{)é%mm

rmduljat gr sd4Q£toa‘rtﬂ:fd4®cb .thEhEE@Ddi:battorlﬁ@ﬁdpt@\é@fdd& ancdlylﬁbranamgush ghal with
a -6dB bandw r.OXi 9 . LSSl . e oalbs
MHZ band passt?é%%%é% a@%ﬁgt_ggg({l%m)éﬁg% eg%%% ?%—egitgng%ﬂﬂgﬁh%?\?gguha%&gt hen is
applied to arcitheal pepdsiepmined ufbr Thbsindo FEShher rmseuidensfiedotRH) ok des an
LP anal og si gmal tMinsport hedBeRandwigt dataf fompiXhomiteley ddifMMionlhi s
signal i 0;’;}1pp|| dto a.6 M_% l?].and ass fltlter 04, tq elimnate high
frequenc§ ar Hishi EOFesHHB8  REnthes TERHISHEq RgSBertaPlasiSat or 406, The
attenuat or 406 reduces Inh&FIGHMRE t&idrtoffromethePramabolfesi2gnalr 2y i9 5

approxi mat el y. j P J I LP
signal ist hea éf%ﬁ{)ﬁ)&g&tdt \tf)%t ?%ﬁ%@gd@%é%%g? gﬂrr;rgra ii-oEg?y \%At%?g{?lﬁtzlg? IS

sunmed with tRelahslggenp L lgmapvidsSpro P drandPeRt dle¢kquency
spect Ir um si m inérviad tohalivgnhle dpectsuPdsohosndétarhidfdJRE dny Ersorsoata ned
signal i pplLj o.a.mxer 407 3. [N 1A 1 phd y RF
carrier §o5af ré@ﬁgfﬁ%y‘“t rﬂggns Oerar{%s%toﬁéug%\rq@bﬁl@émsi%lr?gF' Fgfgéféée[ggtggc%?gand t hat
conports withpevddenddr ¢rmov sieaadnk sindieatinigarihel prevpece raindbsansg 8f gnal i s
then applied ¢Qoms RanthePashspbitt Block08, THickFort aidmal Sist Agpls@eabr ele
characteristics of the frequenCé Erans atlglﬂ. i‘lr’?etna 5;‘»0 f fncw'tlh' n,the 3 5
standard chanHEUt RPT RE Fe@Be YRithres demuliplstied 3i gnhl®i 4°l1d8t%ct ed by a
tuner/IF circuit 410 of conventional design) and applied to a PLL circuit
413 and an anal og-to-digital converter (ADC) 412. The 13 N 0"V 2002



-32°digitized signal is coupled to respective 64 QAM denodul at orﬁ 31N@VO?U[]2
41 5. The denodul ators 414 and 415 include band pass filters at the
respective input connections to band Iimt the spectrumof the signals to

be processed thereby to conformto the 5 nom nal signal spectrum of the HP
and LP signals. The denodul ators 414 and 415 are of conventional QAM
denodul at or design and are responsive to clock signals provided by the PLL
circuit 41 3. The PLL 413 devel ops the requisite clock signals via phase

| ocking a signal devel oped by a voltage-g@ntrolled oscillator 1 0 to one of
the two carriers attendant the QAM signals. The invention has been

descri bed in trergporofblaek MREG isi Rsosiagplied howeherinptt gioulef ke appr eci at ed

L hattlh t Its ame\]pah);bl@x&p ZSBOCE‘@éla%dSlrﬂﬂ@ﬂ)@rtcﬂ'ﬂéﬁeéfﬁd1§ QlfléH hel T&{ Bt $ ang c
y other transforns e type of . .conpression is
that it provité" it letehgi“efféqv{ E)gﬁ Wﬁ%}% Wm%rﬁf‘%’ﬂf'bf’énﬂl 331 |'s) as for
exanpl e sub bmﬂﬂe@rawrmp@rllsrvans oratg. condit@NOvh@ 00! Wiktxer s283 aiared i s:

33 1. Encadin @pﬂ%%m;fo@f tﬂeeedum \éh@leeoﬁleg difl C'éFr'o'?gs fal'[%ast in
part, as a su cession of grou p ice n each group

i ncl udes a pl WFafPPYPRIIAE UBYT o péh? ea”dia? @Iug&:ll&r)y of Y‘ﬁile8r él'é?b‘éhdent coded
data represenpicegssingopailguoushar éaeofora SR mgdudesai Mamppapattor

charact er i zededifcedor WFARUAOlrll (AP0 SLOBRluilabh: of LhdPoudyl B

conpr essi on ¢l rcur t g appar enerating
spatial -to-fr %fﬁ%ﬁéy"ﬂd‘rréf%ﬁ‘sppéan*%n hse Pl @Péﬁt%‘%l@‘@“ geligd uged d

conpr essildn cbécdiist o€l @st iivddpendent oHamMPid Mt csde mtancbn/abfratﬁante
COmpr oSt ony Aguant ! Zef nd Oftspbldue M8 A7 A SRACk LignaTOr T,

coefficients as a function co
encoder (110) PFcgssigg pérhSpélw RPN L Rl arnme beer\lgtlﬂeélodmn lffmr@ht r\’é?sbtﬁect to

quant i zed sai g tofaiesf &rBt carickhlihémt s; Id tM@rme&)esﬂgﬂagtﬂ}o@@ﬁeﬂ\Q hth O
fi xed-1 engt h- godeword conyerter i di ng f,ixed Iength

codewor ds fromS& P vate Ig]alyerli)ét Plljﬁé‘&&gv\b'} dalg?fc%héf ways RRYEHPE pr ocessor
( 12 Fig.l1 )upocl Udi egrorconneedlmand butfigry cinctudad yin( 818, 20? Fig. 7)

respon3| ve todéé’érﬁ gneefery vi ‘I’@Oth%' 914 le@@té’asef QEsuthe i @apghkhe encoded
video data i nto se rrents g{i ’d‘cv‘l‘ ant i élB/lpequa anounts aof data) respective
e

segnent s repr BSEMPPHGSERC 0 & ¥ BREMARY ddedhifh, BYpERANQR
transport bl ommpda&xlpastmfermeg(mmtssdecmdaaﬁl nf wbdadodahdaofir s3m one or nore

of said groupg, ‘i’vé}?at%‘?rag eﬂ‘?irc? %?Qg?l 3@32 hﬂafgynthfe%o%gﬁrﬂgh@g :

transport headers I ncludin tion _&
respect i VeV t r BREHYF tOTh it kKHSP awdworgeh%rrwt. Hadaafia rEQSst g% nt s
i ncl udi ng i nf pore@déiaonhandireahbnoupdmedesredatapby sepphidd dnt suddegsiseart of

decoding i o | ERLA i Nl SBFESBERLLY® §FAPSROLLRAAPKRL apda priority

flag indicating a priorit exer (209),
cooper ati ng w@ncwmnth@adéppg@m@g atnﬁorm@au faomorframe-tantrams fisr

CIrcw:ry, thcé@chbl&' einl MBe I GigReCti mmmasmn b@mdelﬁ@ é/iﬂrérh segidiespondi ng
segnent s

| ocat ed i]g) f%?&dé{e’an ort ‘le)ggflf(?‘gﬁ FﬁCirsgs éggé('&re %g dég%cﬂgétso form
a packet si gnatroranfitom the v1deo data stream. Alternatwely, for more
sophisticated error concealment the transport block data may be
retained but tagged with the error indication to alert the
decompressor to perform alternative error concealment functions.
30 In the video signal processing path, the transport
block data and error signal are coupled to a transport controller
256, and the transport block data is coupled to a first-in- first-out
memory (FIFO) 257 The controller 256 reads the transport
header data (the first occurring predetermined number of bytes)
35 and stores it in internal memory. The controller monitors the RH
pointer in the header data to determine its location in the
transport block data stream. After reading the transport header
data, the controller 256 conditions the FIFO 257 to accept video



a serial connection of an interleaver and an error encoder (FEC 153 NQ\L 2002
- processing said packet signal, said error encoder generating error- chec
codes over portions of said packet signal, and 13 N OV 2002 appendi ng
said error check codes to correspondi ng portions and said interl eaves

i nterl eaving bl ocks of the packet signal 2. The apparatus set forth in
claim1 header generator(208,218) generates headers) information for
detecting pa of said transport headers. 34 correspondi ng portions and said
packet signal . characterized in that; -@aid and includes in said transport
cket errors in ac |east a portion 3. Receiving apparatus for processing
encoded vi deda¥ GAAFWEFdY Nt yile PEONITERSE 19 8Wc6'd§ln@%s(iﬂd§9$€irbéd 4sn claim
1 and conveyédiitaetr Bpsgpher Riblpiikeer. saitd toarsier treldoeks RAChKEi ng ~

L ransport - eRQalifgeARPH iU HRALARLS 18 ARLHIES, SHHEE AL FIRY &

signal; a se cohnect1 0 interl eaves and an €rro
det ect or / cor FRREBIONCAELD 2accepy. the rempindeg. oB)the ovisleed datr a0 dhwur ce) said

error detect omhspomebloek. ProgRssidath Faokh shdFIFQTLT,eaR@NghvorO error
check codes ﬁggaal glﬁga 'anndt QR? zélqgglr%igﬁ%lgrfg(}:&;%%%rnrgoﬁieggohsﬁer rors and

provi ding errof 1ndicattons fol g?hcorrectabl e
errors) and Padvddd- Imtibel priveidy déeselestl ealhagcditodks ofiay doeiavethgeidgnal ; a

buf fer menor y, (A7 QkoBdR) vidtMiath Pir8¥] NEdSpbFUILISM?2 IR whddh ards 257))

coupled to said error detector/cprrectqr, for providing se]ective transport
bl ock data by2V&epHiht eﬁeg“f’ﬁa*ar?ép ):t ‘ﬁeaal&‘% ea{'ﬁHCeHGBEIg t %’H’é@isp'&ll oads from

respect i@ tmdrishoetrobd duke drdnpdetdctéd prehiptoeitodedyvitdeerpay| oads
included W thimcSabA F&SREER ! ktansport bl ocks exclusive of said
separ at ed trénsgort bfgg e B!Srcsg'to said buffer nenory (270, 300),

exci si ng payl oads of t t 7 bHBERE Ghi ¥ S*GRIRIYY Wtdiedespicet errors
and det er m nipngcafadba r dhentpriortgi deselbcomreatcdor sapptatdda haderthdata; a

vl oo, aeponpreaaser (e procEOik Gfla’ St A7 (SR YoARY ] Bl UEI N0

a variabl e | ength dec ) jinverse tr rm apparatus (310) for
convertihg fregliedclp dbeesiradies fPUEPERt selastspraceasorcdés f ilai erdes, taai d

degprmr esses dpf Q¥i fispecé chod‘dgs‘f%lgr@@,g??ﬂher E8RAOBEENR lh@v];éaidj BRrr gr -
coet 1 i ont 60 e fioR M FoEbwoi R, ARFach, bYEkR "B R (O m o
char act eri zedetaectallat ; Sinceethet datapas tinowhefforme of | catcatermmepovaridbidader i s
Hamm ng code g gheeb&k, admust beNab Mad0B2rtBAly VLC decoded to define
20 the codeword boundaries. Once the codeword boundaries are
determined, the codewords may be counted to find CW#j (in the
HP channel). After the codeword boundaries are identified the
codewords may easily be parsed into respective parallel-bit VLC
code form.
25 ' In FIGURE 9 similar circuits (270, 271, 272, 273) and
(276, 277, 278, 279) responsive to HP and LP data respectively,
parse the incoming data into parallel-bit VLC codewords. The HP
and LP codewords are respectively coupled to a multiplexer 274
which, responsive to a deselect controller 275 recombines the data
30 into a data sequence similar to that provided by the compressor
10.
Consider the HP channel circuitry 270-273. Video
data from the element 256 (FIGURE 8) is applied to a buffer
memory 270 and a deselect controller 271. In addition the HP
35 transport block headers are applied to the controller 271. The
video data, absent errors, will occur in predetermined cyclical
sequences. Parucular points in a sequence are identifiable from
the transport block header information. Once a start point is



the denul tiplexing circuitry includes Hammi ng code error COI’I’ECI"I gnNOV 2002
-circuitry(252). 5. The apparatus set forth in claim3 characterized

that; the signal processed by the apparatus includes transport bl ocks of

di f f er ent signal types (e.g. video, audio etc.) and said denultiplexing
circuitry includes means (253) responsive to said transport headers for
parsing the transport blocks of different signal types into respective
signal paths. 6. The apparatus set forth in claim3 characterized in that;

t he encoded vi deo signal includes a seq@énce of transport bl ocks which have
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block header information. The CWH#j identifies the last AC
coefficient codeword in each block in a slice. To find the codeword
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numbered (j) the deselect controller 275 monitors the code types
T provided by the VLD. The controller 275 counts the AC type
codes T, and when j have occurred the controller 275
communicates with the VLD 272 to reset the cycle to a DC
5 coefficient decoding event.
Elements 276-279 in the LP channel operate in a
similar manner. The LP data however is expected to include only
AC coefficient codewords. The AC codewords for respective blocks
within a macroblock are separated by end of block (EOB) codes,
10 hence there is no need to count codewords. The operation of VLD
278 may simply be to decode words which are all coded according
to one coding table. The position of the first macroblock in
transport block is identified by the respective transport header,
and each successive macroblock is identified by record headers.
15 This information is evaluated by the deselect controller 277 for
controlling the VLD 278 for indexing the codewords in the storage
buffer 279.
Responsive to the indexed information and the type T
codewords stored in the storage buffers 273 and 279, the deselect
20 controller 275 concatenates the HP and LP codewords stored in
the storage buffers 273 and 274 via a multiplexer 274. The
controller identifies a macroblock, conditions the multiplexer 274
to pass data from the HP channel and reads the respective HP data
from storage buffer 273 up to codeword CW#j of block one of the
25 macroblock. It then conditions the multiplexer to pass data from
the LP channel and reads the AC coefficient codewords
corresponding to the same block one, until an EOB type code
occurs. Thereafter controller 275 conditions the multiplexer 274
to pass data from the HP ¢hannel and commences reading HP data
30 corresponding to block two of the macroblock. After the
codeword corresponding to CWH#j is read, the controller again
switches to read LP data for block two from the LP channel, etc.
If while reading data from the high priority channel
an EOB code occurs before the codeword corresponding to CW#j
35 occurs, the controller 275 is reset to read the next block of data
from the high priority channel.
The cyclic nature of occurring codewords may be
variable. For example some macroblocks within a slice may not
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macroblocks and the number of macroblocks in respective slices.
Responsive to these numbers the controller 275 counts particular
decoding operations and determines when certain decoding
10 functions have been completed, and restarts a decoding cycle.
Note that as indicated previously more than one record header
may be included in a transport block, but only the first record
header is identified by the transport block header. as such only
the first record header in a transport block may be excised by the
15 element 256. In order to identify and extract the information
from such record headers, and excise such record headers from
the data stream, the controller 275 counts the number of
macroblocks processed by the VLD 272, and on completion of the
last macroblock in a slice recognizes the next occurring data in a
20 transport block as a record header. It thereafter reads the
information in the record header, to establish subsequent cyclic
operations, and precludes its passage to the buffer 273.

The controllers 271, 275 and 277 are indicated in the

figure as three separate elements, however it should be
25 appreciated that they may be subsumed in a single controller
element.

The circuitry of FIGURE 9 does not provide variable
length decoded data but rather only parses respective variable
length codewords, and provides them in a form similar to the data

30 provided at the output of the compressor 10. As such circuitry
substantially complementary to compressor 10 may be utilized for
the decompressor 27. It should be recognized however that the
circuitry of FIGURE 9 may be arranged to provide decoded
variable length codes obviating a VLD in the decompressor

35 circuitry.

In the FIGURE 9 provision is made for a variety of
error concealment methodologies. For example, even though a
transport block includes an error, the data for that block may be
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' 279, wherein they are stored in memory locations corresponding
with the associated erroneous transport block codewords.
[n an alternative system wherein corrupted transport
blocks are not processed, assume that a LP transport block is lost.
10 The LP channel provides coefficient data of lesser importance to
the reconstruction of images, and in fact DCT blocks may be
decompressed without these coefficients, albeit the respective
decompressed blocks will exhibit less spatial resolution.
Therefore, when LP erroneous transport blocks are excised from
15 the data stream, and data is being reconstructed at the
multiplexer 274, after each block codeword CW#j of HP data, an
EOB code is inserted in lieu of LP data. The EOB code is provided
by the controller 275 and multiplexed into the data stream via the
multiplexer 274. To indicate that the EOB for the respective
20 blocks is a forced or artificial EOB, an error flag may be carried
along with the EOB signal. The forced EOB signal is designated
EOBE.
The controller 275 is provided the transport header
information for both channels and indexes the block information
25 available in the storage buffers 273 and 279. The macroblock
and block data occur in a known sequence, enabling the controller
to recognize lost data, and to provide and append EOBE codes to
the HP data for lost LP data.
In general very few errors are expected to occur in the
30 HP channel due to the robustness by which it is transmitted.
However, if an error does occur in the HP channel, the data in the
LP channel corresponding to blocks of data lost in the HP channel
becomes meaningless. The controller 275 is programmed to
recognize lost HP data via an interruption of the normal sequence
35 of information identified by the nonerroneous transport block
headers. When lost HP data is detected, the corresponding LP
data is flushed from the storage buffer 279, that is, it is not
passed on to the decompressor. In addition, the controller 275
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deselect circuitry.
FIGURE 10 illustrates an exemplary arrangement of
the decompression apparatus 27.
Error concealment will not be discussed with respect
15 to this apparatus as it is not the subject of this invention. Suffice
it to say that error data from the priority deselect processor is
applied to the decompression controller 302 to preclude updating
areas of the video display RAM 318 corresponding to missing
blocks of data, and that the apparatus responds to forced EOB
20 codes as if they are normally occurring EOB codes.
Generally the circuitry of FIGURE 10 is arranged to
decompress video data provided in MPEG-like hierarchical format.
The video data provided by the multiplexer 274 of the priority
deselect processor is applied to a buffer memory 300. _This data is
25 accessed by the decompression controller 302 wherein header
data is extracted to program the controller 302. The variable
length codewords corresponding to DCT coefficients are extracted
and applied to a variable length decoder (VLD) 308 and the
variable length codewords corresponding to motion vectors are
30 applied to the variable length decoder (VLD) 306. The VLD 308
contains apparatus for performing variable length decoding,
inverse run length decoding and inverse DPCM coding as
appropriate under the control of the controller 302. Decoded data
from the VLD 308 are applied to an inverse DCT circuit 310 which
35 includes circuitry to inverse quantize the respective DCT
coefficients and to convert the coefficients to a matrix of pixel
data. The pixel data is then coupled to one input of an adder 312,
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/ 0>z1 "P1l %r1086&ng) of the motion vectors as appropriate under the control of
the controller 302. Decoded motion vectors are applied to a
motion compensated predictor 304. Responsive to the motion
vectors the predictor accesses corresponding blocks of pixels
stored in one (forward) or both (forward and backward) of the

10 buffer memories 314 and 316. The predictor provides a block of
data (from the one of the buffer memories) or an interpolated
block of data (derived from respective blocks from both buffer
memories) to a second input of the adder 312.

Decompression is performed as follows. If a

15 field/frame of input video data is intraframe encoded there are no
motion vectors and the decoded DCT coefficients correspond to
blocks of pixel values. Thus for intraframe encoded data the
predictor 304 applies a zero value to the adder 312 and the
decoded DCT coefficients are passed unaltered by the adder 312,

20 to the video display RAM where they are stored for readout
according to normal raster scanning. The decoded pixel values are
also stored in one of the buffer memories 314 and 316 for use in
forming predicted image values for decoding motion compensated
frames (B or P).

25 If a field/frame of input data corresponds to a forward
motion compensated P field/frame, the decoded coefficients
correspond to residues or differences between the present
field/frame and the lastmost occurring [ frame. The predictor
304 responsive to the decoded motion vectors accesses the

30 corresponding block of I frame data stored in either buffer
memory 314 or 316 and provides this block of data to the adder
wherein respective blocks of residues provided by the inverse
DCT circuit 310 are added to the corresponding block of pixel data
provided by the predictor 304. The sums generated by the adder

35 312 correspond to the pixel values for the respective blocks of the
P field/frame, which pixel values are applied to the display RAM
318 to update respective storage locations. In addition the pixel
values provided by the adder 312 are stored in the one of buffer
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memories 314 and 316 not storing the [ field/frame of pixel data
utilized to generate the predicted pixel data.
For bidirectionally encoded (B) field/frames the
operation 1is similar, except predicted values are accessed from the
5 stored I and P pixel data stored in both buffer memories 314 and
316 depending upon whether the respective motion vectors are
forward or backward vectors or both. The generated B
field/frame pixel values are applied to update the display RAM
318, but are not stored in either of the buffer memories, as B
10 field/frame data is not utilized for generating other field/frames
of picture data.
FIGURE 11 illustrates exemplary modem circuitry for
both the transmitting and receiving ends of the system. HP and
LP data from the forward error correction circuits 15 and 16 are
15 applied to respective 64 QAM modulators 400 and 401. The
modulator 400 provides an HP analog signal with a -6dB
bandwidth of approximately 0.96 MHZ. This signal is applied to a
1.5 MHZ band pass filter 402 to eliminate high frequency
harmonics, and then is applied to an analog signal summer 405.
20 The modulator 401 provides an LP analog signal with a -6dB
bandwidth of approximately 3.84 MHZ. This signal is applied to a
6 MHZ band pass filter 404 to eliminate high frequency
harmonics, and then is applied to an attenuator 406. The
attenuator 406 reduces the amplitude of the LP analog signal by
25 approximately 9dB relative to the HP analog signal. The
attenuated LP signal is then coupled to the analog signal summer
405, wherein it is summed with the analog HP signal to produce a
signal with a frequency spectrum similar to the signal spectrum
shown in FIGURE 1. The combined signal is applied to a mixer 407
30 wherein it is multiplied by an RF carrier to frequency translate
the combined signal to a frequency band that comports with a
standard TV transmission channel. The translated signal is then
applied to a band pass filter 408, which tailors the spectral
characteristics of the frequency translated signal to fit within the
35 standard channel.
At the receiver, the transmitted signal is detected by a
tuner/IF circuit 410 of conventional design, and applied to a PLL
circuit 413 and an analog-to-digital converter (ADC) 412, The
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circuit 413. The PLL 413 develops the requisite clock signals via
phase locking a signal developed by a voltage controlled oscillator
10 to one of the two carriers attendant the QAM signals.
The invention has been described in terms of an MPEG
like signal however it should be appreciated that it is amenable to
processing signals compressed in other formats and by other
transforms. The only requirement on the type of compression is
15 that it provide data that can be prioritized in hierarchical levels,
as for example sub band or pyramid transforms.
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group includes a plurality of subgroups (c g blocks) of
interdependent coded data representing a contiguous area of an
image, said apparatus characterized by:

a source (5) of video signal data;

a video data compression circuit (10, Fig. 1) including
apparatus for generating spatial-to-frequency domain transform
coefficients (109, Fig. 3), said compression circuif selectively
performing interframe and intraframe compression;

a quantizer (109, Fig. 3) for quantizing said transform
coefficients as a function compressed data;

a variable-length-codeword encoder (110, Fig. 3) for
performing variable length coding with respect to quantized said
transform coefficients;

a variable-length-codeword to fixed-length-codeword
converter (201 Fig.7) for providing fixed length codewords from said
variable-length-codeword encoder:

a transport processor (12 Fig. 1) including;

control and buffer circuitry (218, 207 Fig. 7) responsive to said
encoded video signal data, for dividing the encoded video data into
segments of substantially equal amounts of data, respective
segments representing encoded video data to be included in
respective transport blocks, respective segments including video data
from one or more of said groups;

a header generator (208, 218, Fig. 7) for generating transport
headers including information to identify segments of data in
respective transport blocks, and for generating data re-entry points
including information indicating whether data susceptible to the start
of decodmg is located within said respective transport blocks, and a
priority flag indicating a priority of said segment of data;

a multiplexer (209), cooperating with said header generator
and said control and buffer circuitry, for multiplexing respective
transport headers with corresponding segments to form transport
blocks, with respective transport headers located in a predetermined
location in respective transport blocks to form a packet signal, and

a serial connection of an interleaver and an error
encoder (FEC 15) for processing said packet signal, said error encoder
generating error check codes over portions of said packet signal, and
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appending said error check codes to corresponding portions and said
interleaver interleaving blocks of the packet signal .

2. The apparatus set forth in claim 1 characterized in that; said
header generator(208,218) generates and includes in said transport

headers, information for detecting packet errors in at least a portion
of said transport headers.

3. Receiving apparatus for processing encoded video signal of the
type provided by cncoding as described in claim 1 and conveyed in

transport blocks, said transport blocks including "transport headers,
apparatus characterized by:

a source (20) of said signal;

a serial connection of a de-interleaver and an error
detector/corrector (FEC 21 Fig. 1, 250 Fig. 8) coupled to said source,
said error detector/corrector processing said signal and responsive to
error check codes contained in the signal, correcting correctable
errors and providing error indications for portions of signal
containing uncorrectable errors, and said de-interleaver de-
interleaving blocks of received signal;

a buffer memory (270, 300);

demultiplexing circuitry(252, 253, 256, 257), coupled to said
error detector/corrector for providing selective transport block data
by, separating transport headers and encoded video payloads from
respective transport blocks and providing said encoded video
payloads included within said respective transport blocks exclusive
of said separated transport block headers to said buffer memory
(270, 300), excising payloads of transport blocks which include
uncorrectable errors and determining data re-entry points from said
separated header data;

a video decompressor (27 Fig. 1) coupled to said buffer
memory and including a variable length decoder(308) and inverse
transform apparatus (310) for converting frequency domain
cocfficients to spatial coefficients, said decompressor providing ecror
concealment responsive to said error indications; and

a processor (302, 318) for generating from said spatial
coefficients, a signal for display.

4. The apparatus set forth in claim 3 characterized in that; at least a
portion of the first transport header is Hamming code protected and
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includes means (253) responsive to said transport headers for

parsing the transport blocks of different signal types into respective
signal paths.

6. The apparatus set forth in claim 3 characterized in that: the
encoded video signal includes a sequence of transport blocks which
have undergone forward error correction processing and forward
error correction codes are appended thereto, and said receiving
apparatus includes forward error processing circuitry(21),
responsive to said forward error correction codes, for correcting at

least a portion of errors incurred in conveying the encoded video
signal data.

7. The apparatus set forth in claim 3 or 5 characterized in that:

the encoded video data is conveyed in part in high and low priority
channels of transport blocks of interdependent video data, with
respective groups of data being conveyed in part in the low priority
channel and in part in the high priority channel; and means(275),
responsive to scparated transport headers, for excising video data
from error free tramsport blocks, including means(271,277) for
excising groups of error free video data in the low priority

corresponding to groups of data in the high priority channel which
have been excised/lost.



