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Thi's invention concerns apparatus for processing a 5 coded video signal. In
particular) this invention concerns apparatus for pri OQBMKR@H 2agyi deo
signal subjected to variable Length coding (VLC) according to the MPEG
standard. US patent 5,122, 875-Raychaudhuri et al. describes a 10 systemfor
processing a high definition television (HDTV) signal subjected to

MPEG-| i ke variable I ength coding. MPEG i Of a standardi zed COdI nmm"mmwmmm'm
bei ng established by the International gani zation for Standa

The standard is described |np ORIPCY IS ENGOPnal O gani zati@ied or
St andar di zation," 15 I SO I E ?‘L:B l:f (vovi ng Pictures and

Associ ated Audi o for 'Digi t al & ev—teV. 23) 1991) which
docunent is incorporated herein by reference for descri ption of the general

code format. The Raychﬂggrﬁl%kcméﬁegbﬁ%qbydgﬁ%ﬁ.apfsl %*Lé\é’%gésqﬁ o} whi ch

separ at es_codewords, into uences. The
hi gh and ¥ owcpdedr vidg Océ dnspattigides PrEBVG(ﬂhldmt goaefipsessed vi deo

data of rel ahpp@ia}tugrﬁﬁt pfiodititihgse evideaPeigral ceulijeciednge vapingucti on)
respectlvely1

cal cul ate a DYex rlﬁp (H%?' {e‘{kgﬁl g‘%’t Sﬂ"%ngé tggswmﬂgé%rgnr‘reg: 261[ o£ C)azg:\sven

image slice. As will be seen) a "slice" is an inmage segnment correspondi ng
to one of the | ayers oiUg heatMEG,t20i873 - RH?él@dhdh'Ui? Qodevaeskrilidsast ream i s

oo tal A e i AR Bl RS 1L
provi des out subjearedated MPE(lde: varable langth doshirg.n Nﬂ?ﬁ@nisz@d as desirable
for ﬁrgg 138;' tsl/zgﬁ?rgfigt@r dodiihg 'fbﬁnﬂa‘tﬁlﬂél@s&hbh@l’x&grgyﬁflfég‘m%rﬁéhbﬁhl
?ggﬁl ring onl z“{ﬂnec%gf g‘l@“af‘?fﬁé?ﬂ? %Ed%ﬁg ’g HWM 1Qeﬁ%as
desirable fo opnenqam Silnteynatddmalt (Qrga(mlmtwes@rt g andardipatiowdt ast r eam
wi thout 1endgsO7EEENDISa] 512, EBdinlE TOP Moy WPibturds andlAsVBEiatdq2003 -2

Audio for ‘Digital Storage Media, Rev. Nov. 23, 1991, which

document is incorporated herein by reference for description of

the general code format. The Raychaudhuri system includes a

priority selector which separates codewords into high and low

20 priority codeword sequences, The high and low priority codeword
sequences correspond to compressed video data of relatively
greater and lesser importance to image reproduction, respectively.

The priority selector analyzes codewords in order to
25 calculate a breakpoint between high and low priority segments for
a given image slice. As will be seen, a “slice” is an image segment
corresponding to one of the layers of the MPEG coding syntax. The
codeword datastream is then passed to a transport processor
which packs the codeword data into transport cells each including
30 header and payload sections, and which provides output HP and
SP datastreams.

It is herein recognized as desirable for a priority
selector unit in a data prioritizing system to exhibit synchronous
35 operation so as to simplify timing requirements, e.g., by requiring
onl)! a single clock. In addition, it is herein recognized as
desirable for the priority selector to process the codeword
datastream without rendering the datastream incompatible with a
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standard data format, such as MPEG when the prioritized data is received
and packed by a transport processor prior to an output channel. 5 Apparatus
according to the present invention is included in a co¢eMARCHROGB i ti zes
which facilitates segnmenting a codeword datastreaminto plural codeword
sequences in accordance with a prescribed codeword relationship. In a

di scl osed preferred enbodi nent, a codeword prioritizes inserts 10 null
codewords into the codeword datastream during intervals when the
prioritizes pauses to anal yse a codewor-® sequence to det erm' ne where to

establish a breakpoi,n twenhi h PrEk&&tY HP) and st Lority
(SP) codeworsgg &I’ﬁ dﬁiﬁ % ss%ﬁtg ais Mﬁég 8“f8]lel S t 3aﬁ§%o

processor V\me@hl\fmicmdc@dem dey 1% urmspocrtalprs)ces&m ebpr i ramna ot pref
conpatibilitypyiidy the MPEG format. Brief Description of the Draw ng FlI GURE
1 shows a portion of a systemfor processing 2 0 video data, such as high
definition television data, including a priority processor containing

apparatus accordi ng toApperapuesmuordmgertbi te preGRIRE idverstion pisct ori al

representati ec?elﬂu%”%ﬁﬁ Q& ibfTH Erf\"«ﬁiéils/f%ﬂ t%sogegrﬂﬁf?ﬂﬁ? yi deo
signals. FIGJ ﬁ am o encodi ng system Tncl uding a
codeword pri®? ‘?‘V?Bg @‘b‘ﬁﬁ'éf’ﬁ'i“ngj" p%!l“é'i‘luscog&‘f"d)rrel A§UENGHe BHr esent

invention. 3@cddr@aiEe 4with a prescoibiedl codpwesdntedatiomstip. ddnakl ock

ti d dine/ t f
2 ooRE 53 SROIGRE R aRee é'“%ﬁ@?“?‘f‘?iﬁ' g i e

dat a forlfit prBvicadaweyds ninten ?%W%péﬂﬁﬂllﬂs IRIY S system of
gl fGURE 3. ®helAlGe] paodtizer |;md§b§5uaE ah)ilyheglat abdywaed nf:é 019 al hi ghh
efinition t e I engt
coding (i.e ?egeﬁbingoﬁé}egé F St#lihi&;% %‘Ieglggwlf b%&Fé éﬁ%& Yeor der s
a sequence o(HBmgld\aﬂtamctasrgepﬂoatwﬁs meodewardss Ihg\mule; wnrd's @URE 2A) so
as Ito gpfear igiorad yt RUFoREWINE V\ﬁai\}m §pdrt Pideeddor Wikichephsley abdeewiasce ISf
applie ptoce iC r, sequence o
frames that Q Solsy BEEbYa AR P%Mﬁ@&e‘ﬁ'& WM@ SR ot i <
hi erarchi cal famaaits illustrated in abbreviated formin FIGURE 5. The MPEG
10 hierarchical format includes a pl uraI | ty of layers each with respective

header information. Nom nal |§‘¥beefabh hea épg)ﬁucigs a. start code) data
related to the respectiv 5%{% 6(% fof4ddi ng header
ext ensi ons. Much of thEIGéH%lérl|srlnfowsrratpmt1qna9f|md:wsmcforrpmh@ssmg erenced

MPEG docpipentyjdde daﬁﬂu'sheﬁ £sorm§§ éaﬁﬁigf&ﬂ'téﬁwmanpaaﬂQOSﬂélddmng\na MPEG
syst ens environnment n? essed

% é riable.,l ength coded
(VLO) paral | S FYTeRIPEE SmreFBPEaHPH%ﬂ | 3PP RSt AE o‘éfg“gn&? e d F?F‘Yfl GURE 5,
are coupl ed finvenpiomcessor 14 to a FIFO priority analysis buffer 22) which
stores codewords i medi ately before being anal ysed by an ,2 0 anal ysis

circuit of a priority or 20. Processor 14 develo codewords
cont ai ni ng codeword tygﬁeﬁzﬁg {ze’cfuf“rBH"W%F?W?V*‘HPBCBES*&H“WCS

Speci fi cabl y,imagec €iedds/flamesrpdfoyencadpd uvidaot wigdal®ROVs to transform each 2
5 parallel input codeword into a parallel 22-bit equival ent formt
exhibiting a 7-bit ty nd a,15-bit val ue The type field

p fi
contains information Wreﬂgﬁﬁgsg 15 blopks d %%Pﬁ§%\hﬁj}wm@d &ferent
meani ngs and stdmrmludﬂi@taveoduwafd tpidotitizee. comaining hppasatad type,

W|th|nthel\/P ar, T 3 0 contains quantitative

i nformation f§§°g ?'lgl § glpe c&%@é’g‘r HSY%@?? f| fteen bits of the val ue

field ar20Onot al ways used. For exanple; type ' is a notion vector) and

the 9-bit value associ FRFIRE Yhid ta 'p'i&b?ﬁl% Féb‘én%%}i tdfdéat@i)lddke vector.

Processor 14 al so rowddes a Iae éi ncurrent rY 84 ach cotgeword
generation develope r@y enco mg? compressio appara us’ in

system of FIGURE 3.

35 . FIGURE 5 is a generalized pictorial representation of
the data format provided by the encoding compression apparatus
in the system of FIGURE 3.



3 5 indicating the length of that codeword, on separate . busses in
parallel-bit format. U S. patent 5) 122,875 - Raychaudhuri di scl oses
exenpl ary conpressor apparatus which may be used for (13mAREI$H0EH03 -4
el enent 14 to provide MPEG |ike hierarchically |ayered conpressed video
data. The 22-bit codewords from processor 14 are provided 5
non-synchronously to priority processor 20, together with a WRI TE si gnal
from.processor 14 that tells buffer 22 when a (valid) new codeword is
ready to be received. A wite enable cl-dck WRITE EN i s provided for valid

codevords o be witlan FRODRE o diwh Gded Mt READ:ShERALCARARGA od bY
system cl ock il ener at or ig Is t e SI é’iégh\ﬁd ock by all the

el ements of HIvdFY 1ofly SR EEesTots 3. Je&t‘? sHEEgiagia EA nERh s

gener at ed 3ycomng r@le.,udata Eén‘\mgmom) m;] 24 piegmbs Ihat Datef keurc2210s

recei ving u

character.i s'ﬁc@s %rgn?hgé(g% %@ Oh [FH hﬂlk% flgfdgcussed]t%ge@ubsequent ly.
Priorityopr oleEEaHUR 2e(’in)aﬁ?/ss"@‘ést(’t Hﬁp%d%‘ﬂ PRt 3s shamnoie FIGURE 2B-a ti ne,

and inserts Thel rszﬁdemr dequensewrr dpphiedh ta ée&@@at/edxﬂpeagbla Qft zero)
between I i Cefich O tUriRg ANBLYBES LA Sy IPNELAG PHIAT LY Blggessor [

cal cul ati ng p0| nt " val ue a(p 285 each sMee5tS and SP
segnents. Evegeonding)y tteege MERFAGrlike dosmghckddis foompp iprhigrrekicrl by

transport praseisdllubated Hl iabbrdviared MIEGiRFFRGUREEY. | Mage MBREGENt whi ch

I's sho n b niped (n nnegtion. wth,Fl RES4and 5.
Associ \Q{iedd w{&gar\ggb‘lﬁl g%féwsjl g"a ﬂggu%h%l rz?cﬁlg M o Mf‘d% hl paral | el
Lengt h wor d Wspeetiveshepteretnformaion. | e ingflyt lsachskensdeat intledefevior d.
Nul | codewor gigriaiceda) sdata rﬁ:%tbﬁdt(dtthb”ﬂe§;i&bﬁwaia§/c‘x‘\h%ﬂd” r&\qﬁiﬁm)'féﬁ are

b 14 d t

cont 5i i ng. | 14ing” BRaRE Rafinsons. ; Radet” gt B B wﬁm’rﬁ'atié% ds
facilitate timhszycndhrmrtbasrﬁpewlmedoMBEGprdnwmﬂ) 20 woaphiresl fOt t he use of
b ocessar So Rt Rarpoddi il fab MERGD SYStIng cIRblted Lord o
associ at ed V\FPH‘PESg?‘F ot {iieq,, @p?:'odl@vml”aﬁ#’@“ deng ngag‘?iCE \@ftépg?ariﬁqo Buf f er
22 may be of cadewerdsi hixrarctdsaldy. fdiarateedamp| mjdicateein BIGHRE S¢larde a pair
.of parallel ggdy eB' frg‘f’ﬁ o@l',‘égo‘?r $47TQ) a F}? §OQ§%lygxsr Bt Y' the

15 bi t value It WI uffer for

respectiye
recei ving ¢ hhie |§t°f%éqg&&6¥£é§dlm5€ﬁ"fr‘é‘ie?¥ ‘*ef%rm 98 Anakysg u@e‘;‘daBy
| nt egr at2e@l DenalgsisTedrdenitl @fyai priarity-priocessode20nit suitable for this
purpose. Buffered outputs fromS these 8-bit units may be conveyed to val ue
and type codeword outputs of buffer 22 via respective D flip-flops which
are clocked by the READYQGesaar Hhadswrlepyecodewords qantaining ¢ogrword om

out puts of r egreclaty ereduidied lbyf peiority Tipeod¥sadr E20.si §patifimflype used to
ESP]E ;?'S fogfh%é@& &h 1|91e e?i}ﬁl%y? bﬂlﬁka&ht&s o%hRdMQ"‘{oOftra%@%&niL%aEﬁomthe 8-bit
25 parallel mput codeword into a parallel 22-bit equivalent format
exhibiting a 7-bit type field and a 15-bit value field. The type
field contains information which distinguishes codewords which
have different meanings and different relative priorities, i.e., on
the basis of type, within the MPEG hierarchy. The value field
30 contains quantitative information for particular codeword types.
All fifteen bits of the value field are not always used. For
example, type “51” is a motion vector, and the 9-bit value
associated with it indicates the magnitude of the vector. Processor
14 also provides a Length word concurrently with each codeword,
35 indicating the length of that codeword, on separate.busses in
parallel-bit format. U.S. patent 5,122,875 - Raychaudhuri
discloses exemplary compressor apparatus which may be used for



Codewords are read out from buffer 22 synchronously in response to the READ
cl ock, one codeword at a tine) but reading out stops between slices. Tine
mul tiplexer 28 inserts null 15 codewords into the data?Q fioppy buf fer 22
during intervals when buffer 22 is enpty) and when buffer 22 is not reading
out during analysis intervals when the priority breakpoint is being

calcul ated for a given slice. A null codewrd and associated (zero) length
word are generated by a conparator and null codeword 2 O generator 26. The
conparator portion of unit 26 nonitors the output of buffer 22, and is

pr ogr ammed t gefRie 148 OBRNIEENHPEE- M Horiren Rl 15pgiRgord (whi oh

occurs immedi ately b for.g each pi cture frame), Ice Start codeword
(whi ch occur%oTPir%%Fé i 4'€P9 Ba%re each inmge slice). The appearance of a
Slice 2 S Start codeword, for exanple, indicates that a given slice (N) has

been read out from buf I h X ' ( [ to be
witten into buffer 22&%@%"&2?&%‘@%‘555?‘.@ h&féa"lsg‘g' a‘%?&%kéﬁ?‘ﬁ?g@nm yser
42 consures BOPTSYBEhERRRURY Hunbaeriby RIOSERSAy Z0estoggthemavidhgaof which

buffer 22 i sWREDEesighal rfeatt Qubcedsér ddaitinati fellsebusfese2l owhér READ EN
oL OnA L, 09 Dol N RES, SSRBLALNR P10 A ekeiREC N QB drlpi 5 s00) At e

paral l el Len are ggp 1 e mEu of "a time nu exer 28,
anot her i npuflask WAREREr EReily eovided: fore vatid cedayeordst tp bat wmtteny én buf f er
§2£ 3t5 Regit bluffer 3. C{}OQB.@' NiHE hldl_EtAtB SREAR §¥ﬁ%lﬁtﬁcp|b(9ck)\sté@r &{jd&kstthteh
atastr o_account, f or tim.ng,di screpancies may qccur due to.the
fact t nard mieRgaidl s, &  he iRl sy Ster ek wieny " Al ARG Hloefis 85 {F e
del ay. The spniomtynpuesessor32QNREH read Enable sigvalr BEAD pBN éf gesgiasedr 30 is

applied to opg ¢BRitbl Alnif ZLUGHER dudipTI£TdeIbcty! thad GATEArZN @5 RReivihgd
generator 32) ﬁ&n to anp g buffer 36.via a three-clock

ther input .of. codewor
period del ayd R ygit 'T‘ﬁe a@gnbidﬂglﬁ'&ﬂtego?{ ighentimes« 999Ts s programed
to detect fogharastennstict vftbe READ HENpsigpabevidl bgediscussedg f our associ at ed
i ndi cat of §) g(,bfsgaqghtgq that these codeword types are appropriately marked
when recei ved by transport processor 50. The four flags needed by the
transport processor are a Goup Start flag, a Picture Start flag) a Record
10 Header flag and a Meriarbiyoqkodeishoes20| anakysest tife apde®oadf | ags are

conveyed in 1 ' i ates the
G oup Start P?Eﬁt}c)e%gn\é\%%g stlfl‘g, %g?%:@htgﬁ:%egﬁ?g gm%é:%?g%??&%d for an "I"
[

a r

frane (as wi [(FORRWEEE, withy 3ndesipaaieds ebn#rae i BetWAenn SHPRURES 4 and
% gld 2@St liarf oranaigsise tnteovaloderznd theif proridp piddessort ie- cl ock dgl ay.

e oup St gy, [ n t ul. . C
before the Pi%giculjrléagga?tnggg%ﬂﬁdpam?e%ﬁgﬁub}emgt?%rgg\%q%gggpge g@g(gra ed
coi nci dent widnd SFe spgmenie sExentuadlyesbess seemeptsonse ypacksdeintp HE) B
fP rames i g FI @dREP4gellsThy franspure prbééssof 1500 iA sliti&efsahﬂCMM@eL efc]Ei rlggte‘-5 he
I cture Start e, . t (0] urrer
with a thr eetpcr?g%gg%{eﬁf%&/ dé"Fg‘g‘%é‘ga‘ggi‘{?'g l%gq\oyrr'gqgl .g‘éﬁe%ﬁm’% the Picture
Start codéwordescrihed Faic 6panegsicre With FHGURES & andS.at Aspecigiedh Withhg of
eV_ery_g 5ts| !dhﬁh eee?fz@d@,wemuaﬁi rfall rvbdl‘éwdrds,sﬁﬁlrat mdﬂmp{ubngand i_st
col ncirdent w n C ewor | CQ.,l e r ea. Ity
br eakpoi nt va ﬁgva@ar#g&nalt%se BeF’a{t f%‘rg%f 6m84$§s%§¥&e§§?e§wz€%der
codewor d conpNuHesodewarde aradalsat inspridde during i injenvalsalpigming or t he
associ at ed slddgRwords Wﬁgoéeﬁé}a?ed) Hyniﬁroéé’ssé?tP&ti.é.,h%u‘iidgfﬁnﬁtg%rt

t deyor d) . and, out put.s. t he, 3 Start.flag to bufter: 36
v cl oc Utel BSrvalte fohtRinias. Jitie 5 Toienott 1Beh R&ailf ormibeoBil:

buf fer 36 af tcodeawqndsdfacilitatecdhausyrerhrohous ocperayione®f phecessonrdQd y

br eakpoi nt v : r AN i ; I 42 and is
3 e PP heert g tﬁ"‘é‘fqi‘?ﬂvéﬁée@??eﬁ'ﬁf%ﬁ@?& (READY, Tl Ral
coi nci dent  wi QeI AR @8¢ (180OLER r DY hiraRsBOIS BFOGHSFPS pﬁ,@ r"ll&.th?hgaF“\_AG
out put |ine opadkififeopdfation appde alet heagthorword assgeintedd with téguhenadl 41

such t hag ot hec&fév%ridt Ys bzfs@iaéfﬁ(ai gty ﬁlcagfiz%rbpsgrted 13 | MARCH 2003

Buffer 22 may be of conventional design. For example,
buffer 22 may include a pair .of paralleled 8-bit wide buffers for



into the value field of the null word coincident with the Record Header
when the Record Header flag appears in the FLAG output |ine of buffer 36.
The breakpoint value is inserted into ~ the value fiel d3@fapidyg 260s! word
associated with the Record Header flag so 5 that transport processor 50 has
this value available when it fornms the Record Header itself. The Macrobl ock
Address Increnent Indicator flag designates the beginning of a macrobl ock)
and is generated coincident with the Magrobl ock Address I ncrenent codeword
when the Macrobl ock Address Increment codeword 10 type is sensed. Codeword
buffer 36 i xeeeivixgdihrurtisebitofalileockdp@brddin |ras;bmgitch,po8ﬁ9x2s chadkaperi ods

N LIS (CXADhE Wil BEREPIRIOLALANR IO B! 1l UBMIghaY Bifigefhe 1] ags

produced by unit respective co Glewor ds and
travel thr od@{ﬁchPTe?Z%lthfﬁd'ﬂcPPé’mb)'TH@tel%Ng ﬂ%@ ﬂéfm&mlw dy ¥xhi bi t ed

byf ]{JuffertSEMEd Webnﬂﬁkamtﬁm)leam@ﬂ WRR _p412 @m aBSl@féJréd eslutputsC Y drn
Su I Cle

g %bQ{oces statisti St j) l,liidr-iwords thi,n a slice
and prodtce efb‘?l ) eMm M ooprvla 19 14 e CZ) c%rgewords

when they ereutpsts ofnbbifef 2 3da rsppetivy Bi flip-flapgnediclhdreoeleskadd 1 ags
frombuffer gp tﬁéEREWD’es\l%ﬂ'al' Qn@%één‘v@' datat & HRgPEP ‘{Bptht”ﬂ‘&ﬁ of priority

fl~ gener at or 40 ves i ea p0| nt, value 2 5
from br eakpo‘?‘htpug‘né’FyrseéPC%Q"c h‘é‘t ;S?Pts CM{) %‘ 8y abe
inversely trasesl & exbrveadkat gatehehicitgeomitst or nmhitts the ﬁlcm\uubf afatpr ocessor

14 by mgans Qbndinhé gl&,)i%a&gf&get@rtf,@n&ﬁ %payl gg’ 'SP cells, or transport

packets, each having a er and a dat section, by neans of
transport processor 50. HP and SP 3 0 packets fromtransport processor 50
are processed by an ouCpdéwprds eseoreads dmefﬁnmbtmﬁigr t22arsymchtabwsier a

data channel s %ér;%dgn‘a@“to' ﬂg{'@'{}ﬁ UG 4k U§d§@§>§ t2a ke 8 but RRYGHRudNur |

et al.) output error correction and

|nc ude r
nmodem net wor Rt SW{E Yfﬁ%\‘b i 'B]%EPIBEEIC bé%seétsS“H t wor ks whi ch
may, be lUsedcédewdfdsGihidkehbi daarsmlaaalfrentdﬂlfﬂg) Zfbctb.wﬁxlgi imedvabs s f or

prioritizing p o] p SR : C ed
subsequent | ywlmﬂ![1 gﬁ@)ﬁ(ﬁ"% éﬁgg %‘gde{svp gﬁl ;ﬁgﬂgf he IFVI M,t pﬁcg{r]? gt

br eakpoi nt aﬂﬂ“@gn§éab'é#ﬁ | iptesva |Wh%dhﬁPP5mltSPbﬁPQ‘§iqlﬂgm§) PW@ priority
processi ng ccaleuldtedy froeqaugles:ltél&edatﬁ ot ¢sdevesrdf @.hdtdiBSbc&de?G(zero)

naffected b n C d i n t he
BI’I orit ro%:/egsaﬁ Q@Eg R‘ge @%F@g? gy § ?%ng @g ar cﬁ?@g‘%ﬂqulregfor
addr essi4fy t Berergtab26m i Fhe| camparioupOTHPNt Qb tpm ot tponiarsy$he i nput
buf fers) opebatpguldof buffé 220041 i5 apiigRAMMRT aby sérddeviy dechiffende Coff I ent

| t t |
ead out 11 ot Pru] S e swermwﬁh BT pimERlandy ChEIGRL Bl o€, TEC
i s used in thictusesifeameksand baSlice tStartpcedeword y(whighi ees Raychaudhuri
patent . N t hﬁﬂﬁ{bd‘iﬂ%l}dtlféfoﬁlfefaéh irﬁ&é’é"'sﬁ%) V\Dfﬁhé appsirah@d Yof 4tSlice

expensi re sin are require Ln addition,
the cir tr %ﬁ%%‘?rgrderga ?’F*HPB% c‘ﬂm)‘fag?s stﬁ ié‘l AR %@%o@ M8t ed since
the variable benglehdcouied]rcxhl buffen @yoardh thgdplthaltle}(teslheb(N+dl fifer ent

| engt hs. Thea%hp%tb’e RIAGER Sifito qi%fEéer!BE Ly faﬁﬁﬁysfd @wlﬂ{oe &S bgxpensi ve
archi tecture,usin nbe'?‘ﬁne in ormo buf.fer 22,

er 1nt t
and takes adPEG# Yeey W'@%L?de?m%ft?rgnﬂﬁg é‘@ﬁ'ﬂ?eﬁg fata. 20
The read enablccckscgohls REAReEdh ¢ rafv mdrch t bufferf 28r i 2nabled tomeadlowtni t 24
facilit 2. As
1, B el NS0, L o i i,

menti oned pre
read from buftons. ZZXZ“B ;pedeweard tﬁP@f dts eisqcsateapw %‘ t]"l?édnul I

codewor ds ar aré reppliedd td née txhpudaifastuﬁmrnnwlmprmtd:n ﬂsemmm fiputhef t he
codewor d dat kﬁa{:@ce? NReS poUﬁlueBldf ?aer%lﬁagr ea{th]s by ?ﬁ:‘ii' Q?yout dat a

when t he REA signal "appeéa he“end o poi nt analysis
interval) and normally wll contlnue to 3 0 read out unless a break in the
i nput caigword stream Register 30, elbckéd WeiER WRSERBA BNs smaﬂecw:kh little or
no detail)) sucglthat t he

eword, inventory.in buffer d in
whi ch case READIBRS; e rﬂ"i‘l%?)sﬂf%adnaﬁ‘ﬂ iaun oE"e'mA}'BB‘gar%g?’ﬁé’nggg ﬁiﬁo t he
dat ast r eam vimayriccsr 2dueartd e fREAhaENmaldépleixer i 2thiibinasda velopked
device and may contribute a time delay. The synchronous



3 5 control unit 24 senses (e.g.) by means. of conparators) a Picture Start
codeword type or a Slice Stari codeword type at the output of buffer 22.
This condition indicates that the data that had been rq:gma(pg;@gbojrom
buffer 22 ~ imedi ately before the buffer read 13 MARCH 2003

operation stopped all belonged to a previous slice (N)) and t hat a new
slice (N+1) is about to begin. Sensing. of these codeword types occurs
before the 5 codeword itself is clocked out of buffer 22) and the codeword
will remain in the output register of buffer 22 while READ EN i s inhibited.

Thi s action |s necessary because .t o .detect end of .a sligce it is
necessary t o° SR, OFRuL, QL (TERIStes, 3@[ &t tap(?ﬁ)lﬁavqu PS5y VR Bfea Start

codeword. Theodsvoord tthifferadbi vid e comparatat rhdt flag génemtecdd and | remain
in buffer 221&"}51'0|th%rh?n€\ﬁ><tofsi:btf@wbm Yufedr) 3%"% tahngA kS EUQEH to

detect the en ent_slice interval I sabl ed,

the priorityd %MCBE%‘P?‘I 4 n The a‘-i?é‘i‘%?&orrrﬁﬁéﬁm&rﬂf |“ﬁé'05|2n§s codewor ds back
up wthid bupfegragiineditid deteatefiolresodeprordetygresi fied thappatrfose af which

time a 15 Tr ng&%agm Regly a@?@&ﬁ@d %&a&a&koﬂss drn'ﬂalyst% thitdife Ete' ng to unit

14 that no can acce e slice

er tion of t
priority breSR¥oVAE |Wﬂ9lsvé§e|ﬁﬂgfr°&’6’cqt %?M%ﬁ%‘&k}fﬁﬁ%‘(e nBY yser 42 and
dual 2 P po&tr_aﬂ’apmm mnbesar I\ﬂhDrTh(eRNor ‘ﬂfh.gsV\/needhede ahestreneporal sli cg
interval an I e | § NtV a slice data
accunul at i onph?C &aa? e |n S&Et ﬁg %Zﬂgsl}{'rgegt fﬁ{ﬁjtécﬁé rE’féIRAM 44
recei ved @1 i &@aéeaéhﬁ dmtdy[ﬁe rablacka Address damwpﬁlrag dlagsed

Lengt h wor dshracsonvelyatieth f aralal WitAY itkd!Scod e e Yreant es of that codeword
type so far in the analysis interval, are sent to an accunulator via a

fixst data port of RAM 44. A Length word i s generated by processor 14 at
the sane tine a vari abUait 8gtgencmatesthe GsoypnSrast g iondi cadéwgrd he bit

| ength of theefgrepafd lw@duufeasaeplc@aedoe@dwwald)“ranﬁame §8twilP Hehgedtf her 3
0 input ng de _of he accumtul at or . G @t’] g rrulrgit or contains an
updat edlt ot af™ 8f 188 r i 5PpRes b?n t'H gg; dérvo Ype at that
poi nt in thethereforei passaderteakcpdeward sbu o?ﬁadﬂlth rRAMd<Llogk ndeday. of a
data and 3 5 AgCIoup, Sthet TR LARTIERL MAIRE IR oIRoR e cheL (om
addr ess 0) mﬁpgﬁwf’é%eé%@ﬁ?s&ehf 18U R tAT] (GO ?Fwt‘?dcod%a%‘cf‘ifﬁe % t he

hi ghest codefiagd is ypeneratede coimaitente witk ethies Plld:tarcb oSmst qmdemordyof- ~odewor d
type, i) @genybf ! ﬁ%é'iSP %ﬂcﬁ sFiR ?};‘2 ﬂﬂagt 4. The

first data port cc rrul at.e b|t s for

V\é er.ef ore ge
each successﬁ?BFth*@ y ﬂF?et‘}ttﬁ“tgy tBBd ’c&.’JP SWé’rFlnbYRC’n of the
accunul at or . passingcthenflag ao' sodewerd ibuifer 36 fwath achrefer olockt peded out put

S0 that the Qeplyilahere g Sufld Sfidnee! Yi L Bickfe SPAA! o BidwdrBnot o of

every codewor, ecllnl ance. 80|nt when t he

sum reaches t ﬁﬂcl?é oHegdes lﬂFgmﬁeﬂl ’FS‘ G E‘E&EEE&E lf-gl V&Y t he
codewor A2 pypalichpamebicodéwond rbafoterlthe afliee Staet codewbkd,samitis reach HP

FRAC BITS valddtndifefe Wil 2R i boRBubBeduiiBh 1 3ock) RiIBGS gbrtﬁ@kpo' nt of

that analysis |n ives a
del ayed ver sipsiprity breakpaint ealuerb )ccmmanfl the m%&%dofdé\w

sendi ng zer o T WRecdrd Header t dridwasmt lc@mprm Ar ¢pAfee mdmeaﬁﬁyl fm:r the
accumul ati on pq%jr‘ft Ofbrgﬁ?por}%)t(tfoarn?hé/ Si{S%O(.L,the({ 3 1ce 5I‘he comparator in
30 unit 32 detects the Slice Start type codeword, and outputs the
Slice Start flag to buffer 36 with a two-clock delay. When the
Record Header codeword emerges from codeword buffer 36 after
a predetermined number of clock cycles, the priority bteakpoint
value for the current slice is available from analyser 42 and is
35 inserted into the value field of the null codeword which is
coincident with the Record Header, by means of multiplexer 41.
The FLAG output line of buffer 36 is applied to a control input of
multiplexer 41 such that the priority breakpoint value is inserted



Lengt h val ues accunul ated and stored by RAM 44 for the respective codeword
types are conveyed to anal yser 42 via the second data port of RAM 44. A
data interrogation signal INTERR is conveyed from anal ysgy éxkﬁ%;he second
address port 2 0 of RAM 44. The interrogation signal causes 2
increnent to the next nenory address in the course of accumulating codeword
type and length data, so that data fromthe next address is sent to unit 42
for anal ysis. Beginning with the highest, address correspondi ng to hi ghest
priority data) RAM 44 accunul ates 2 5 cddewor d | engt h val ues for each

godewor d t%'pnm rthdeaigulrgl ﬁ@l&glifg}ih@fnulll%rhaﬁﬁﬁxcgkﬂ‘édt![ with aﬁ'@rfe&iﬁrateshgnat ed
y an inpu and out p mul at e

codewor d Ienﬁ al"\fhees1 tﬁﬁ ° Hear § klseﬁger g‘[]a(g apRﬁ%Sygértﬂngﬁg(g WMRES t he
priority br elak@difntbué@ra%un'&‘hﬂohreakpannumllluat &d inseteedridtd e¢hgt valual ues and
the value offibrpuk deoRall WorERASoBlale W Jﬂhsth%' R’é@h{)d HRARE iaf QT ©akpol Nt

det er ni ni.ng rcwtg{%/ hin unit g ¢.ta er 0 at are to
be conveyed §MdttHaN$RYH BWCSF?‘F 30nhanethis oYa Pﬁea!éiui Qﬂes“@eﬂeitnéo'éfﬁal ysed.
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conput ed ovemoéevf/oa:hewhaneth/eal Masrebliogkc i ddresd hicremlenhoceddemiondnf or mat i on
and buffigy o pagncg/ l.qursg%or mation received fromencoder rate buffers, for
exanpl e. The unber o Its of the slice being analysed is 5 conputed by a
m croprocessor (not shown)) and the paraneter HP FRAC may be conputed as

described in US Patentcsda%r&aﬁﬁoaegb isThe fikedeRGmbRE esft cBldckO pdfisasi bes

apparatus in S and umul,at gr. re on ve to
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paranet er. VOREE @ éWﬁersfl'Qiﬂ delayi 34, Nhagr élaaelp@danadybsedumy 3J'Zn|atre42 (at
whi ch tilne ntihle wigifedareith it eﬁéspe&@vé hgodtl 8r dit raaarrlr)avepdm\feﬁg'ﬁ

subsequent s i buf fere are sent by
unit 14. Si néhﬁ?ﬁe%%ﬁ sl?gnﬁ goqgnh IEF?]](‘T éth 4? 42y iféa'é\!ﬁ'a

i nterval) thbufgpudé @lflowedbmkwxmt analysey Baf and ZQSq‘cmtedhelrnmts slice
continues t oswifidient! tirfe | ® %‘?bc&@eﬁx@%tﬁlﬁf&bbFr@hchQ%é’@Brdsb‘%ﬁﬁﬁie it has
been obser Ve?l t hat al tha 19 %EE glygsen I ng &m der abl e
anount 2 0 o %"at"a{‘ PIear %raz@'loﬂﬁﬁ aPrF ef® BUQTitize offiey el y | ong
peri ods 2§} tcoedewards a)sh@maineyhemarggefﬂmm nlguffencfia&;sed possesses little or
no detail or notion information. These idling periods are expl oited)

whereby buffer 22 is p rmt ed.to catch-u nd u t| tely enpty vig the
read out process beforE“{H‘r’é Xlet}(‘?‘ebﬁﬁgfwgf B%? ﬁ?@é g‘g’(ﬁf?“ﬁ?hmt

It is po36i atee cbmey@dufmerpaﬁﬂleiayo brespedtiveonnphtsostf pribtityvfeag unit 14
'S ready to é@éﬁ%tt vJT}ﬂ&‘ltl %‘é?s{‘c&f E"Of’%r ? h‘x‘éé}ﬁfmag .vdlfle t N s case

a TRANS DY s| fil IS 1N mstructuag an
out put QH“WPP RLYSRY 444 (S‘F PH‘E‘En&oéﬁYVQ}' sHEe@hynith 400yt put
buf f er of unatc vaetmly niresslated idackr a6 hehe cbdewioeddforenatutt thoi inpaxtt i on

provi des a safeﬁrsceyswag%ssqtaeﬁw (Onflahe GhAMMACAYOLORtinpS PCR AN L 14

and priority ssor cap aC|t € enough) 3
5 the TRANSP DPT s{rahsnorh; mckpasp e‘F“}théaMH&Bj a Ihﬁaﬂﬁfea@ s%e tahus far

descri bed) nopmﬂw@)ﬂrseaﬁuﬁ ibyP vieahg def\af £ifspare peecessof €30.t OHR andySRhr onous
codewor 4 o 15, MR 3transport processor 50 are processed by an output
processor 55 before being transmitted over a data channel. As
shown in Figure 3 and in US Patent 5,122,875-Raychaudhuri et al.,
output processor 55 may include rate buffer, error correction and
modem networks. The Raychaudhuri patent also describes
35 networks which may be used for MPEG-like hierarchical encoding,
codeword analysis for prioritizing purposes, and transport
processing, as will be discussed subsequently.



- 1 2 datastream by neans of null word insertion so that subsequent

har dware can operate in response to a common cl ock. Fbrdmare requirenents
are sinplified since only a single input FIFO buffer) &M and
anal yser unit are required) while mnimzing 5 the nu er tlnes t he
datastream fromthe encoder nust be stopped. Priority flag generator 40
generates high priority and standard priority flags for respectively

i ndi cating the presence of 10 high and standard priority codeword sequences
as determned by the priority breakpoin- To this end flag generator 40

From anal yser 42 -un L8 Hist B8 PIE iolf Preaboinl FETIRG Ot her
flags as pr@@nsegusntlly spuiesitiged r oIR mnd &YP Jsitstzenms.,y phe aprionisy val ue
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bypriority PpFIGERI'RGbfferst Eﬁﬂ?ﬁ?rﬂeﬁr %ﬁﬁéﬁﬁﬁ/ef’&dh'i'&btlﬁﬁsusm 3ofRCH 2003
-13 codewor ds lenng}‘ﬁ? ?s |nc}u in &I}?se g ner &el%eéby unit 32 and
the HP, SP fP3%dng %rd"By 1) ﬂlgﬂe{/& o1, 2 &nd 1 responds to
tk~e HP and S&bvantage oforintesyaksnwhen eIanOdgtl rid dat sendingndatam priority
process@rg 20 into HP and SP streans of 5 data packets containing payl oad

and header sections) fch are pr.qcesse put ssor. 55 s wll
be seen in connecti onm?ﬁcﬁgﬁg@qg.“&ﬂg‘i m Eﬁ}fﬂfpﬁgq%oﬁ £ % ng t he
manner in whfrom t centspbnnipr2f efecilitabés dheeinme pufferi architecoureput HP and
SP dat ast rea@@m?ﬁsir?é’%‘i’ '3 e ﬁ%‘?t QIQ—IDTD% nl-?e ?r@%oﬁ thd RgaAPor a.

FIGURE 3 ill ate nco I ng S m_e ppar at us
according to e“g eFFt ﬁ°“ Wé’ofqlr% a§9sfeé§1 'ﬁf?rg singl e

video i pfut andnahgnbbuffet 22 1§5empt)be Andthisttime hhHt cbdhewbtdm asce and
chrom nance GRERAACGhS The ARASERRRS EPAANRINNera28 L62indiqiance ot on

vectors are us 86”6]’& resse

C o nts. The
conpressed | GAYEHAES %'&SEFHP%’RMES CHHSINERPYS o/ 33?’%?"6 nﬁo form
macr obl ocks pedding ewtddar evieni oie tREADD ENrsignal aapearsuembe a@hdi ofige

fields/frame t u i reorders
the  fields ?%bgc{oﬁﬁs@ lhEI%%EElagg h@ﬁ&hn&eg&rldlerégﬁgygug&nce is 25
appl i ed 3@ areashutsypless1d W@ﬂkh"géhérﬂm% eodeskond: S4reans QFGERC 16 fr ames
that are code:d reEFORdE MG AP indug¥ it i lieelel OF WG - dethily suchnthat i the

i or ar chi cal SPaPwRTd inveRlrd & ilrd ey ie Heploreds Th Bhiay dhts REAL Ve
header . EN is inhibited and null codewords are inserted into the
datastream via units 26 and 28. READ EN also is inhibited when
35 control unit 24 senses (e.g., by means. of comparators) a Picture
Start codeword type or a Slice Start codeword type at the output
of buffer 22. This condition indicates that the data that had been
reading out from buffer 22 immediately before the buffer read



3 0 information. Nom nally each header includes a start code) data rel ated
to the respective |layer and provision for addi ng header extensions When
referring to the MPEG |ike signal produced by 3 5 the g HYHBas s neant
is that (a) successive picture fields/franmes of video S|gn s are encoded
according to an 1, P, B coding sequence) and (b) coded data at the picture
|l evel is .encoded in MPEG |i ke slices or group of bl ocks, where the .nunber
13 MARCH 2003 - 14 of slices per field/frane may differ and the nunber of
macro bl ocks per slice may differ. An I-9%oded frane is one which is

i ntraf rame %CHEP{n‘?éﬁeﬂo@g%A‘ C#lpaéel&gééa 'tofzig&g foUsP shice daa%% 'u?atr %q“i red to

reproduce an‘l ma ar e accordi to a

not i on conpé}%tsi’@ep@éﬁiktw \BdogkttAokegithere the P frane coded data |s
generated fromthe current frame and an | or P frame occurring before the
current frame. B coded, franes co egﬁacc rdi ng to a hi rec |onaIIy

noti on conpensated pr "éf'?g'/eofrélﬂeff&dco SIREY 9o Relpre it
gener at ed f reodemtgdcitselfnts tlavkedaaut fof obuffem?®, Parid ahescalemordi wgllbot h

before and %hﬁim ﬂetw u‘?g.st teAMRr Jheufrererd %ﬂxthEAmn@ﬂN Q§ the present
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i ncludes a mment ﬁmldmrpyt(b‘@@smvtes tlef nexctilice Baha. cd’dmvaoheader

i ncl udes dat at ri n S he
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(L3) corlg)e 8F% I gemain iipe by uf% ‘F‘itell f'P%‘r‘re%l“F%dF%‘é%I »a picture
header f ol | osweh lnlyosgh de idansed lté)det@dfle thé eindr of hthedeurremcklides a

freldirame s RUSAHY BF QUi BRE Dol §ooicklede 8! 7155, @

slice header Iura ice
header 2 5 |rm:4wésnw ,o&lp&) rﬂ@ﬁﬁmmanq%p\ﬁqraiﬁu bagk wp w&hmrebléfer Eech bl ock

MBI (LS) repuggent Sreacﬂe@rzp re@&eﬁnmemcda deity 2 ateatiegh ftithe oxved by 3 not i on

vectors d o [ [ a ma

addr ess)%; S'f%‘qﬁggﬁ éj& ?9%@%35‘.& ﬁﬁﬁgogge?%nﬂlpé?ﬂﬁ% Sﬁ’ﬁe oded
coef fi ci ent sthat ene | mgze rdatadcam bea@éeemts Each macrobl ock i ncl udes 6

bl ocks) including four |um nance bl ocks) one U chrom nance bl ock and one V

chrom nance bl ock. Se bI o] el

e.g.) 8 x 8, over whi ?ﬁﬁﬁ%ﬁﬂ?ﬁl% 8}; tg' ﬁ§$ é@?gﬁm‘ﬁéyg %pnérfzz med.
The four | uninvelees binsetastinne bﬁtwe)wZbﬁ%ﬁknmﬂbfaf\:ﬁlﬁwrgd@usmldurﬁlw&nce bl ocks
represemnto NgpoR- nahdaml%ceesafimxﬂ&l (rawmy 44T hem@&ﬂ %pdw@sem(éé and V)

13 VAROH 20081104 dnjégy3 ?ﬁé%%wpéagﬁen ear e AANAR eryd o 4
subsanpl ed bgliee féataoacmnnulwonomo;dm while inpntybnffiecal? yisr dading eouto
port o o ’Q‘n‘ﬁ‘.a'na%"‘”éo??tei"&w Se§99@d°°°r$‘“2”r‘§§tr B P A Pauils
gr oup of macPBHro SO%a?etdgiﬁ%Qg WHE d%ccé"?'é]??"éf ﬁo?‘}égb‘ﬂ"ssl i ces,g 60
slices 25t i oaturyeigesc of| thatscobdewanhitype yso far in the analysis interval,
are sent to an accumulator via a first data port of RAM 44, A
Length word is generated by processor 14 at the same time a
variable length codeword is generated, indicating the bit length of
the respectively associated codeword, and is sent to the other
30 input node of the accumulator. The output of the accumulator
contains an updated total of codeword bits for that particular
codeword type at that point in the analysis interval, and is
restored in RAM 44 by means of a second data port. During the
data analysis mode, the sources for the RAM 44 data and
35 addresses change. An incrementer output that counts from
address 0, which represents the highest priority codeword type, to
the highest codeword type value which represents the lowest
priority- codeword type, is sent to the first address port of RAM



The bl ock coefficients are provided one block at a time by the DCT. The DC
coefficient occurs first, followed by respective 1 0 DCT AC coefficients in
the order of their relative inportance. An end-of-bl oc Mﬁkt { S
appended at the end of each successively occurring blogi 0 (ﬂ%@?étnta from
conpressor 310 is processed by a prioritizer 15 31l before being provided
to a transport processor 312 which segnents the data into high priority
(HP) and standard priority (SP) conponents. These conponents are coupl ed
via rate buffers 313 and 314 to respect}Qe forward error coding units 315

and 316. A rgte ’?Ret h?ét' 35ta3]p%rPQ9igF &ﬁ%&%om 3 Qe&f.&lﬁgstﬁé%ﬁc%% %&8 20

adj ust the ﬁerage data rat rovi y. conpressor er the
si gnal s ar e BtibJgRgths; don Qar°§n§H’?%e§|SH’r? YrolPYET3 PrIORHY 60deordb tYRE P dat a

quadrat ure amel iihpate noddubfit ther esqantlarer. caThe edccuthilatdr’§ hendapdl 6 Mz

NTSC t el evi i, 04, e d si gnal
pr ocessi ng Zilf‘/s{éd %%E tima uxése‘ 5t facﬁ9 %gt ﬂ"%é Mﬁ a%é"gﬂﬁlr#é\ ?é;n of a
codewor d dateéﬁ‘tqi%i’l mmmmgstth%m@t@e@etnderwt 8r Pf | Msay cooldemword d¥peences,
sai d appar atjus deflaingt Odeedf bimpomaide. ( 141 ther psin@VivleRdthd Yageo si gnal

codewor d datast,eam conpri Si c t ou

b 0cessi ng- EANRS, Bt 3aue, 8 Serdl B FRACIBIES G oafF eBonsi ve
to said codewﬂe@/Qrdt &¥pe eahosmcblbdenath vetaduedusgdathearpnieyall ssumt er val for
det erm ni ng Radk AP FRAT e@kwmum&w& Gadewsn dse \Wsédif@r anglat a group;

means ( for ner a ewor.ds. durin sal anal ysi,s i ntervals;
and traﬁg%or[?nﬁag’ég@?gkpaﬁg k(@@? ?rbarl f’lécé'?t\?f‘?f’d an B‘Tﬂt éo @9&‘;‘15

dat ast r eam fparh ehiRIAM déhoredeinescesdelayedanapiamaif uthengneraingntemul |
codewor ds) féaux{towmret R s%%bﬂdd&i@SPbﬂam 's@ﬁ&’m%abércf Vathes2h8 Q840Nd

prioritized gcodewo nces for t siop via first, and second
prioritized 'g‘gt g ‘E?r’i'aﬂﬂ?eags Prepaps Ahst EQ‘S@CE Rﬁga"c%‘“&qlépﬁpl?‘oéﬁap cterized
in that sai dheodewtr analysisstineanehr ovi ded by sai d providing neans exhibits
an MPEGplq ke format; and said transport processor nmeans ignores said null
words in the process of pa k|n codewords into data cells for transport. 3.
Appar atus accordi ng t oengthmvalu eéh&?%i‘éfqtﬁ‘éda% stored b3 RAMad4 §o%nal i s
a tel evisionths geqieamm a:lordlemg)rdnagmsl atercmiveyedc omsindlyserd 40y véa pl ural ity

of image frafs "Bott "GF RAEM’&%' ! tA( &’Jta ﬂ?@ﬁoﬁéc{i&?sﬁgﬂid said
anal ysi s i nt erva enco ses, an | e
INTERR is conveyed from analyser 42 to the second address port

20 of RAM 44, The interrogation signal causes RAM 44 to increment
to the next memory address in the course of accumulating
codeword type and length data, so that data from the next address
is sent to unit 42 for analysis. Beginning with the highest address
corresponding to highest priority data, RAM 44 accumulates

25 codeword length values for each codeword type in declining order
of importance until an address designated by an input signal HP
FRAC BITS is reached, and outputs accumulated codeword length
values to analyser 42.

30 , Analyser 42 determines the priority breakpoint as a
function of accumulated codeword length values and the value of
input signal HP FRAC BITS. This signal indicates to breakpoint
determining circuitry within unit 42 the target number of bits
that are to be conveyed in the high priority channel for the slice

35 being analysed. Signal HP FRAC BITS is the product of the number
of bits in the slice currently being analysed, and an
algorithmically determined parameter HP FRAC representing a
percentage of high priority-to-total bit rate. HP FRAC basically is



13 MARCH 2003 -17 4. Apparatus according to claim1, and further
characterized by translating neans for 'providing a translated version of
an MPEG coded video signal to said codeword processingy HQGG‘:S
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wi [ M 093(nt pmxltl(gma Msexofn umulator responsive to length and
type codewords, and to a value corresponding to the HP FRAC
10 parameter.

While codewords of a slice N are being analysed by
unit 42 (at which time null words are inserted into the data
stream), codewords of subsequent slices are being buffered within

15 unit 22 as they are sent by unit 14. Since the READ EN signal is
inhibited during the analysis interval, the amount of codewords
stored by buffer 22 for the next slice continues to grow. This is
not seen as a problem, however, because it has been observed
that although unit 14 is capable of sending a considerable amount

20 of data to buffer 22, data is often absent for relatively long
periods of time such as when the image being processed possesses
little or no detail or motion information. These idling periods are
exploited, whereby buffer 22 is permitted to catch-up and
ultimately empty via the read out process before the next burst of

25 data is received from unit 14.

It is possible that buffer 22 may be full or almost full
when unit 14 is ready to transmit the next burst of codewords to
buffer 22. In this case a TRANSPORT READY signal from buffer 22

30 is inhibited, instructing an output buffer associated with unit 14
not to send data, whereby the output buffer of unit 14 continues
to fill rather than reading out. This action provides a safety
mechanism to provide data from being lost between unit 14 and
priority processor 20. If the capacity of buffer 22 is large enough,

35 the TRANSPORT READY signal will rarely be used.

In the system thus far described, non-synchronous -
input codewords are converted to a synchronous codeword
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the number of times the datastream from the encoder must be

stopped.

Priority flag generator 40 generates high priority and
standard priority flags for respectively indicating the presence of
10 high and standard priority codeword sequences as determined by
the priority breakpoint. To this end flag generator 40 contains a
comparator network responsive to the Priority Breakpoint value
from analyser 42. Unit 40 also receives a Record Header flag and
other flags as previously discussed from buffer 36, and type and
15 value codewords (CW) via buffer 36 and multiplexer 41. These
codewords contain the Priority Breakpoint value in the Record
Header null codeword value field of each slice, as inserted by Mux
41 in response to the appearance of the Record Header flag from
codeword buffer 36. The Priority Breakpoint value in each slice
20 Record Header facilitates decoding at a receiver by indicating
where (i.e., at which codeword type in a slice) the HP/SP priority
break will occur. Transport processor 50 uses the HP and SP flags
generated by unit 40 to divide its input codeword datastream into
output HP and SP datastreams. Codewords following an HP flag
25 are routed to an output HP data path, and codewords following an
SP flag are routed to an output SP data path. Parallel output data
from unit 40 include the codewords from Mux 41 and the several
flags from buffer 36, which are substantially unaltered by unit 40,
and properly time-aligned HP and SP flags generated by unit 40.
30
Before being applied to transport processor S0, the
output codeword datastream from unit 40 is processed by block
48, which provides the inverse of the codeword processing
provided by unit 14. Unit 48 passes certain datastream
35 components, such as flags, unaltered. Type and value code data
are converted by respective ROMs in unit 48 into variable length
codewords of up to 32 bits in length, Parallel data provided by
priority processor 20 to transport processor 50 includes
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datastream from priority processor 20 into HP and SP streams of

5 data packets containing payload and header sections, which are

processed by an output processor 55 as will be seen in connection

with FIGURE 3. Additional information concerning the manner in

which transport processor 50 develops prioritized output HP and

SP datastreams is found in US patent No. 5,231,486 of A.A.
10 Acampora.

FIGURE 3 illustrates an exemplary HDTV encoding

system employing apparatus according to the invention, FIGURE 3
shows the system processing a single video input signal, but it is

15 to be understood that the luminance and chrominance components
are processed separately, and that luminance motion vectors are
used for generating compressed chrominance components. The
compressed luminance and chrominance components are
interleaved to form macroblocks before codeword priority

20 parsing.

A sequence of image fields/frames shown in

FIGURE 2A is applied to circuitry 305 which reorders the
fields/frames according to FIGURE 2B. The. reordered sequence is

25 applied to a compressor 310 which generates a compressed
sequence of frames that are coded according to an MPEG-like
format. This format is hierarchical and is illustrated in
abbreviated form in FIGURE 5. The MPEG hierarchical format
includes a plurality of layers each with respective header

30 information. Nominally each header includes a start code, data
related to the respective layer and provision for adding header
extensions.

When referring to the MPEG-like signal produced by
35 the system, what is meant is that (a) successive picture
fields/frames of video signals are encoded according to an [, P, B
coding sequence, and (b) coded data at the picture level is
encoded in MPEG-like slices or group of blocks, where the number
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where the P frame coded data is generated from the current

frame and an I or P frame occurring before the current frame. B

coded frames are coded according to a bidirectionally motion

compensated predictive method. The B coded frame data is

10 generated from the current frame and from I and P frames
occurring both before and after the current frame.

The coded output signal of the present system is
segmented into groups of fields/frames, or groups of pictures
15 (GOP) illustrated by the row -of boxes L1 (FIGURE 5). Each GOP
(L2) includes a header followed by segments of picture data. The
GOP header includes data related to the horizontal and vertical
picture size, the aspect ratio, the field/frame rate, the bit rate, etc.

20 The picture data (L3) corresponding to respective
picture fields/frames includes a picture header followed by slice
data (L4). The picture header includes a field/frame number and
a picture code type. Each slice (L4) includes a slice header
followed by a plurality of blocks of data MBi. The slice header

25 includes a group number and a quantization parameter.

Each block MBi (L5) represents a macroblock and
includes a header followed by motion vectors and coded
coefficients. The MBi headers include a macroblock address, a

30 macroblock type and a quantization parameter. The coded
coefficients are illustrated in layer L6. Each macroblock includes
6 blocks, including four luminance blocks, one U chrominance
block and one V chrominance block. See FIGURE 4. A block
represents a matrix of pixels, e.g., 8 x 8, over which a discrete

35 cosine transform (DCT) is performed. The four luminance blocks
are a 2 x2 matrix of contiguous luminance blocks representing,
e.g., a 16 x 16 pixel matrix. The chrominance (U and V) blocks
répresent the same total area as the four luminance blocks. That
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is, before compression the chrominance signal is subsampled by a
factor of two horizontally and vertically relative to luminance. A
slice of data corresponds to data representing a rectangular
portion of an image corresponding to an area represented by a

5 contiguous group of macroblocks. A frame may include a raster
scan of 360 slices, 60 slices vertically by 6 slices horizontally.

The block coefficients are provided one block at a time
by the DCT. The DC coefficient occurs first, followed by respective
10 DCT AC coefficients in the order of their relative importance. An
end-of-block code EOB is appended at the end of each successively
occurring block of data.

Data from compressor 310 is processed by a prioritizer

15 311 before being provided to a transport processor 312 which
segments the data into high priority (HP) and standard priority
(SP) components. These components are coupled via rate buffers
313 and 314 to respective forward error coding units 315 and
316. A rate controller 318 cooperates with buffers 313, 314 to

20 adjust the average data rate provided by compressor 310.
Thereafter the signals are coupled to a transmission modem 317
where the HP and SP data quadrature amplitude modulate
respective carriers within a standard 6 MHz NTSC television
channel.
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CLAIMS:

1. In a video signal processing system, apparatus for
facilitating the segmentation of a codeword datastream into first
and second prioritized codeword sequences, said apparatus
characterized by:

means (14) for providing a video signal codeword
datastream comprising a succession of data groups;

codeword processing means (30-36, 40-44) including
analysing means (42) responsive to said codeword datastream and
operative during an analysis interval for determining a priority
breakpoint between codewords within a data group;

means (26) for generating null codewords during said
ahalysis intervals; and

" transport processor means (50) for receiving an output
codeword datastream from said codeword processor means,
including said null codewords, for formatting said datastream into
said first and second prioritized codeword sequences for
transmission via first and second prioritized data channels.

2. Apparatus according to claim 1, characterized in
that

said codeword datastream provided by said providing
means exhibits an MPEG-like format; and

said transport processor means ignores said null words
in the process of packing codewords into data cells for transport.

3. Apparatus according to claim 1, characterized in
that

said video signal is a television signal containing image
information constituted by a plurality of image frames each
comprising a plurality of image slices; and

said analysis interval encompasses an image slice
interval.
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