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20 high definition image. -
The present invention is directed to circuitry for
separating compressed video data between relatively high and
" low priority video data. For purposes of this disclosure the video
, data will be presumed to be compressed .in MPEG like format.

25 What is meant by "MPEG like" is a coding format similar to the
standardized coding format being established by the International
Organization for Standardization.. The standard is described in the
document “International Organization for Standardization”, ISO-
IEC JT(1/SC2/WG1), Coding of Moving Pictures and Associated

30 Audio, MPEG 90/176 Rev.2, Dec. 18, 1990, which document is
incorporated herein by reference for description of the general
code format.

The MPEG standard transmits 240 lines (NTSC) per
frame non-interlaced, which is typically accomplished by encoding

35 only the odd or even fields of an interlaced source video signal.
For transmitting HDTV signals the standard is modified to provide,
for example 480 lines per field, and both the odd and even fields
are transmitted. In addition the number of pixels per line is
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And the apparatus includes circuit means for applying the
. determined types of codewords to the high priority data stream,
20 and the remaining types of codewords to the low pnonty data
stream. :

Brief Description of the Drawings
FIGURE 1 is a block diagram of an HDTV

25 encoding/decoding system embodying the invention. -

" FIGURES 1B-1C are pictorial representations of
sequences of fields/frames of encoded video signal useful in
describing the invention.

FIGURE 2 is a pictorial representation of the data
30 layers provided by the compression circuit of FIGURE 3.
| FIGURE 3 is a block diagram of a video signal
compression circuit.
FIGURE 3A is a generalized pictorial representation of
the data format provided by the compression circuit of FIGURE 3.
35 FIGURE 4 is a block diagram of exemplary circuitry
which may be utilized for the formatting circuit 111 of FIGURE 3.



FIGURE 1. FIGURE 5A is a flow chart . of the operation of the 5 analyzer of ’
FIGURE 5. FIGURE 6 is a diagramof the signal formt &éovi ded by the
transport processor 12 of FIGURE 1. FIGURE 7 i s RGA®®SR4di agr am of
exenplary circuitry which may be indtenented for the Transport Process
circuit of 10 FIGURE 1 FIGURE 8 is a block diagramof exenplary circuitry
which may be i npF¥aMREGS 118 a hlookodiagrany of exemplary-citswtry. 15

Det ai | whidle SayPbeCimplermsatad Foy the\PrvsitgnSeldcthcireuitep fpported by the
presenl?[dlr ghjion inc udes a two-to-one interlaced signal” of 1050 |ip®s at
59. 94 % ‘

S~ per second. The nominal active picture has 960 |ines of €440
pi xel s each w t NFEGUREeSA isani flows chart of ahe 6pertionsiofrthle i-s transnitted
uskng %ﬁg@x anpl i tude nodul ated. (64-QAM carriers, frequency
mul ti pl ex gél g£'??%§f ansmi ssion band. The ngninal total bit rate,

i ncl udi ng vi deo, FKGWRE a6 disaaxdiagzam @f: the isignal- formatpprovidedvi deo ‘si gnal
i s i nigy ahkYtrafi epfotessor 42 ofOFIGURRCeE, Wi th an MPEG-like format.
Thereafter the %p‘g Sl gn@i 0 evvords_-&;e parlﬁed into,two bit streans
in accordance wi r &1 &t By qcﬁ‘p 1AHARL O CXEMPIALY, LUGUWIHYc odewor d

t ypes.whidte thay bet implerasnatel forndepcTeimispoyt (Pracess ecirtgitapp! y error
_(I:_ﬁgr ﬁm{{%fr head bits, and then 30 caused to QAM respective carriers.

carriers are conbined for transmission. The bit streans of

relatively greatEIGHRE|®sisea bloskr diagramiref eaemplaneditduitrypriority (HP)
?PS&}”}‘%@#MB@P&%‘%& B ok R MIDDEMS 17 P20 5% “priority
channef®YY¥ye 1-hi gh priority/low priority information ratio is W
approxi mately one-to-four. The approxi mate net data rates after forward
g{ or correction are .4. 5 PS5 P -Mops LP.  RCA 86,314 -4- FIGURE 1
iTfustrates an exenplary HEFAEMCearAg eCOtdi Nng system according to the
i nvention. Fl GURAnL exemplaty cHIYEVesystemewdiioh may rts ssuppidered nput
si gnalyy Bl 'Presént invention includes a two-to-one interlaced signal

of 1050 lines at 59.94 frames per second. ‘The nominal active

picture has 960 lines of 1440 pixels each with an aspect ratio of
20 16 x 9. The signal is transmitted using two 64 quadrature

amplitude modulated (64-QAM) carriers, frequency multiplexed

in a 6 MHz transmission band. The nominal total bit rate,

including video, audio and auxiliary data, is 26-29 Mbps.

The video signal is initially: compressed in

25 conformance with an MPEG-like format.  Thereafter the MPEG-

type signal codewords are parsed into two bit streams in ' W

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
30 caused to QAM respective carriers. ‘The modulated carriers are

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
35 priority channel. The high priority/low priority information ratio

is approximately one-to-four. The approximate net data rates

after forward error correction are 4.5 Mbps HP and 18 Mbps LP.
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to *be understood that the |unminance and chrom nance conponents 5 are
conpressed separately, and that the | um nance notion vecto are utilized
for generating conpressed- chrom nance conponents. Thek&f?'rpé d | um nance
and chrom nance conponents areinterl eavei-to form. macrobl ocks before

codeword priority parsin A sequence ge fields/franes
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in FI GURE 2. pateingnded out put si gnal of t he present system s 25

o E G SA?”"éﬁihc’f 'Brbhed, YE fmatt tieldp/tialed) 88 061, FIGURE 1B jpres
pi cture dat aapphied GoF cirquitry i fcmhich seorders| dueoflehisﬁremesr iacsordingand
vertical pi Cfd“HG‘URE tiche ?’ﬂgeféorﬂéféd) dv,e{ﬂiég{é 45 ddoé 17 tba&eco g'i-‘eéib}

rate, etc. icture ondi
respective f?@l which ;generates u%le%o@PFE%G r S¢ W%(P{)fgmeéenh@t R;EL4). The

p: ct te heademdemdcedﬁén dftd;edrii/MPB@-ngwtfaﬁnand Thix @fbmg:;atqede type Each
118 (49, RRSRest 1585 SIS B oBnBRR Whodl LRGBS O
Each bl ock MBi (L5) reWhernteferringctoithec MPEG-likel sigmalapheduieed fby | oned
by oty o e heRUll S9GCEAL' Y Sy, opHBL e SpBRAS e 8
par anet er . @%@amswéfvw@pemgm&ram PDG@ﬂ*FC&t?é‘&OFamga}@ralLG L,NB: 8 each
macrobl ock igoding sequence, and b) coded data is hierarchically layered at

' 20 least with picture, slice and macroblock levels. I frames are intra-
frame compressed, P frames are forward predicted frames, and B
frames are bidirectionally predicted frames. The respective
coding layers are illustrated pictorially in FIGURE 2.

The coded output signal of the presemt system is

25 segmented in groups of fields/frames (GOF) illustrated by the row

~ of boxes L1 (FIGURE 3A). Each GOF (L2) includes a header
followed by segments of picture data.  The GOF header includes
data related to the horizontal and vertical picture size, the aspect
ratio, the field/frame rate, the bit rate, etc. '

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

35 a quantization parameter.

- Each block MBi (L35) represents a macroblock and
mcludes a header followed by motion vectors and coded
coefficients. The MBi headers include a macroblock address, a
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conprised of -6 bl ocks, i ncI ud| ng four Ium nance bI ocks one U chrom nance
bl ock and one V chrom nance block. See FIGURE 2. A 5 bI ock represents a
matri x of pixels, e g., '8 x 8 over which a di scR&A &8®3ilde transform (DCT)
is perfornmed. The four |um nance bl®eks are a 2 x 2 matrix of contiguous

| um nance bl ocks representing, e.g., a 16 x 16 pixel matrix. The
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ci r cuirectangul Rhcptv?imn tOfelaln imagec corresponding tocaupaneay. These

i ndi c | Péh%lﬁéd’ @uoh@ g éa&p ﬁﬁ%ﬁ'éﬁi s, 18 to adjust the avet"uﬁe
gﬁaraeprow eco ssor 10. Th ntlstylcally '
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Conputicufl cation is included herein by reference. RCA
826 314 - g ?ﬁ l)I%'slgre\b BBSA fdata hi er ar.chi caII formated as
e amount of data provided e compressor 10 is .

determined by the rate control element 18. As is well known
compressed video data occurs at variable - rates, and desirably,
data is transmitted at a constant rate equivalent to the channel
~ capacity, to realize efficient use of the channel. Rate _b'ufférs 13
25 and 14 perform the variable to constant data rate translation' It
is also known to adjust the amount of data provided by the o
compressor in accordance with the level of - occupancy of the ' |
buffers. Thus the buffers 13 and 14 include circuitry to indicate
their respective level of occupancy. - These indications are applied -
30 to the rate controller 18 to adjust the average data rate provided
by the compressor 10. The adjustment is typically accomplished
by adjusting the quantization applied to the DCT" coefficients.
Quantization levels may be different for the different types of
frame compression. Details: of an exemplary: method for
35 determining quantization levels may be found in apphcatlon Sn.
494,098, filed 15 MARCH 1990 and entitled "Digital- Signal Coding
With Quantization Level Computations,” which  application: is
included herein by reference. S
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I ndi cated in FIGURE 3A is coupl ed to a priority select elenent 11, which
parses the coded data between a high priority channel H‘ﬁa% ?4I ow priority
channel LP. High priority information is that 5 infB ?i the | oss or
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bl ock i ncl Uqssreionh o dgte 1AC! a&mleﬁisobf%boaesﬁeémt biGely (1dvelt ppe of

I nformati on n the block, e.g., video audio and p0|nterstothe
starting pmwg% gﬁbﬁ‘tlguous li ke data. 30 The HP and LP data

streqps fromthe transpPhetratioofsHRE ahd LR datpl atcthe aradsmitbepdsti ve rate

from ¢t or EPrORmiBlIG] 1947 AL dha” .‘%3’82?“ ?’gégéfsé’%? ?Qﬁfﬂi‘sg e
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t he respect iclanifdla RCA 86,314 -7 - '

20 _ The HP and LP compressed video data are coupled to a
transport processor 12 which a) segments the HP and LP data
streams into transport blocks, b) performs a parity check on each -
transport block and appends parity check bits thereto, and c)
multiplexes the auxiliary data with the HP or LP video data. The

25 parity check bits are utilized by the receiver to provide error
concealment. Each transport block includes a header including
information indicative of the type of information included in the
block, e.g., video audio and pointers to the starting points of
contiguous like data. -

30 The HP and LP data streams from the transport
processor 12 are applied to the respective rate buffers 13 and 14,
which convert the variable rate compressed video data from the
processor 12 .to data occurring at a substantially constant rate.
The rate adjusted HP and LP data are coupled to forward error

35 encoding elements 15 and 16 which a) interleave blocks of data to

' preclude large error bursts from corrupting a large contiguous
area of a reproduced image; b) perform REED SOLOMON forward
error correction encoding independently to the respective data



i e ALL AL ARSI S AR S SRS AT S S M NI e T € Ar34Pe IR Saba P s s - T P . o e e e

streans; and c) appends e..g. Bar ker codes to the data for synchroni zing
t he data stream at the receiver. Thereafter the signals are coupled to a
transm ssi on nmodem ‘17 wherein the HP channel d&R@AqQB86¢BBture anplitude
nodul ates a first carrier and 5 t#ie LP channel data quadrature anpl i t ude
nodul ates a second carrier displaced fromthe first carrier by
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nal s corres ndg LP channe|
E& i egreates E¥|

% si_&pal S are.
e PEeANQ FIITIET; oy es and 22. The
error inforagitioh Sisgtansntitedc with cgréater spower’ fteis Muchndegs whi ch receive

subseqhdhe’ do. Bttt L e, Badnislion” shafngl. TORHETRRGR 1ol i s
aﬁgl i reIii ﬂoc:gtedrlzmstherpommem&(ihemeqhem;ﬁpdcuum ofican,necg.se pr;)icg?]s_ O\f.j
res gnsr ve tg‘\fhe dﬁ{agpﬁgalohh Ehge?g{&rrﬁé: d ﬁlgﬁeg espeg‘?r% r anspor.t

égksSldﬂ?énQOO taréﬁijﬂ@l'd EYr sigmaly o\Tihd %spm fethergignalary dat a,
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oD ok Sopbr st iy b SV igunl il s s (Tt and P
deconptraasmission - fﬁhmaiemlrbrmnsantmﬂqmerfmuhnnlek imtesferen8®. function of
oo SRyl F SO B LARNP, BBIRARogy, SO0
hé & arthe qapdom 20 r\'!bm:lb poyides| twelctignals:. cormpondmgAteat -
HP and LP channels.. These two s1gnals are applied to respecuve -
REED SOLOMON error correcting decoders 21 and 22. The error
corrected signals are coupled to rate buffers 23 and 24 which
receive data at a variable rate commensurate with the '
25 requirements of the subsequent decompression clrcultry The
variable rate HP and LP data is applied to a transport processor u
25 which performs the inverse process of the processor 12, Iﬂ’ '
addition it performs a degree of error detection responsive to the
parity check bits included in the respective tramsport blocks. The
30 transport processor 25 provides separa'ted*auxil_iary ‘data, HP data,
LP data and an error signal E. The latter three signals are coupled
to a priority deselect processor 26 which reformats the HP and LP
data into an hierarchically layered signal which is applied to a
decompressor 27. The: decompressor 27 performs the mverse
35 function of the compressor 27. '
FIGURE 3 illustrates an exemplary compressor
apparatus which may be utilized for element 10 of FIGURE 1, for
providing hierarchically “layered compressed video data. The
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apparai us shown only includes the circuitry required to generate conpressed

| um nance data. Simlar apparatus is required to ge ﬁ{:gt %écgg%ressed
chrom nance U and V data. In FIGURESth e are el ene d 105

designated as el enents for 5h sconput i ng “forward ane:backward notion vectors
respectivel Si nce et her rm.tl vector i.s f.orward or backward de ends
only upon thh\gﬂem e?,?ynl@Fg“q Iﬁ%cd‘“ tﬁeﬂgyﬁgcatot cgeé‘eﬁﬁ r or
succeedi ng fcoﬁh esbed hlwhimances data. reStimﬂaﬂ apparatusri isarequiredi 1toy -and in
fact both e 0 i el gy f

bet weenigen g?péntg %gﬁl\@?% ?h#ﬁﬁ vec Ig?;v %{g elg{rrepr?tejs@’} 4 and 105
may be real there @&Teng ermcsgﬁalt and cw sdesignated \as elemeqtsit for STI 3220
NOTI ON SSTI WBHSiYiffEOFGOaR] sl ! BabRwardrfstioRH QURRdISMIespBLAGERAN CS. I n

order to acksueeve t he necessar I‘OCESSI n tes ea the €l emants

0 ant” 106 SIBNE, MREtST &, aPHOR SECLam 1S Fomwald o bACkWATd SSoeadSne.
si mul t aneougnyy o dnfﬁfhether étheaeun'bnteﬁakttlsvanalmds wﬂerwpecft% a

quant! zat f’o%f PR T 545, il HO°HaTs U Rl

i ntegrated citcaitrys and time faqu:mhselgmew 304 mdo lbﬁsahgmteosml

TRANSFGR! afﬁlhg}h&ifﬁﬂanﬁ W@Smﬂ CoREwaRy W ! -.
al so be reall ze ura |ce operateéi I n paraIIeI to
concurrent | YeptQ¥8ess mfﬂ&mtsahg ie sealized - using Refer to

FI GURE 1C g@ﬂt eRTALEE CliFtiits r(ﬂ”ﬁlé—& dﬁﬁ théd/ m%m eM(?’]!‘B@NDUS' y 5
occurring st or $fer menory
101. In add@ﬂﬁéﬁgﬁiﬂf@m&w& ﬁ§ LBYMSENr ed i n one of
the uf fer MICROEEEGFRONICS. oln kirder Ao aclmwelﬂleoneuessary processingd in
30 bufffer I fr, [ ing. ,
buf fer n%no?yéﬁoéa%s&f%he Q’.L%ﬂg%%:su(rig?‘1 ﬁgﬁ&ﬁ%@ﬁﬁ% f&ffu?ﬁs of 14éata are
coupl ed fr oﬁuehelma;edlourcmts heparaiingd simpltansously om r differentos.
During | fr apéasc GPTespé @ﬁvéhﬁnggggrahend i nput of the subtracter 108 is
held at a zero val ue 1%9

unaltered. This data ) tﬂ@é 88 tﬁgﬁﬁ %ugfﬂat‘g%esébt g erl‘@éo\?ml ch

provi des qudigdrees ¢osinef ansfpmi‘ | aride nqwaritizatieneof s trhheform 112. E enent

112 penf@r MRobfi{Siets WAl inad! 'be" réilized Vding RitbgratedCifrick! bf the
type designated STV 3200 DISCRETE COSINE TRANSFORM
available from SGS-THOMSON MICROELECTRONICS. Element 109
will also be realized with a plurality of such devices operated in
parallel to concurrently process different areas of the image.

25 Refer to FIGURE 1C and assume that frame 16 is
currently available. Previously occurring P frame 13 has been
snatched and stored in the buffer memory B 101. In addition -a
generated predicted frame 13 has been stored in one of the buffer
storage elements 114 or 115. As frame 16 occurs it is stored in

30 buffer memory A, 102. In addition frame. 16 is applied to a
working buffer memory 100. As frame 16 occurs, appropriate
image blocks of data are coupled from the memory 100 to the -
minuend input of a subtracter 108. During I frame compression
the subtrahend input of the subtracter 108 is held at a zero value

35 so that data passes through the subtracter 108 unaltered. This -
data is applied to the DCT and quantizer element 109 which
provides quantized transform coefficients to elements 110 and
112. Element 112 performs inverse quantization and inverse DCT

h



- 9 - transformation of the coefficients to generate a reconstructed i mage.’
The reconstructed image is applied via an adder 113 to, and stored in, one
" of the buffer storage el ements 114 and 115 for (REAi 86 éﬁhbre55|ng
-subsequent B and P frames. During 59-conpreSS|on of I frames no information
i s added (by adder 113) to the reconstructed inmage data provided by el enent
112. Etramnsfermatiopeofothss cagfficients das generate 1a fmegensuystadssi on. First

el cnoniRage, ¢ THe reObharul e Hnage 1y el e“‘“%@caﬁes °ﬂ<‘cé‘0"q“t§ 2 erentral 1y
coded cwﬁ’éd’bnf’ge ﬂti ‘B B“? stoFage ¢ @“Feggh g@h i& he AW
coeffluserms quent BLGhd TPefranfesc oDaringls are appl iled to a -

o i &Enﬁeﬂ&ﬁﬁ% »h“%é@tw (L AAER, B0 Babe IR a1

dat a ftorthel seconstructeds image stats cprovidede by ielementsdil@ct ‘apparat us. Each
of the el enents gmeh%OIQOFgeff:brﬁ{se t%‘tflﬁiétﬁﬁlé)ﬁ oﬁ si efpaﬁfpt roller 116

to cyclically per m t he apr{‘_’o&) kﬁtégg&g&al(b%éy&eg rlate ti.mes.

After $OBAPECSSIOR. - fstrbhpe !ﬁgl %uffer menory
100. En@ édefmoiéme éﬂetzﬁe&o | eléniéntb 109, of Itelmeﬂnvsnasrb defigi)5. El ement

f f d dd
P 16 %mggam SEniall; cbded” DI CEpesrisdeply 80 oo B vect or s
f or rezmtchanabld dengtinfentodes ﬂl«eAC cdoeffiegmusageneratedl by provides a 25
di st or Lrefiferil 908 o hvﬁ:'&fh bidé 2 4pRliCE! & o ToRGaHERYI LT the
I Ve

respec ormard |on vec ors and the

cor r esyhieh ngem&tt datanand meadapm €6 qu;mtmrthmeto El emanu
105, r@sRoAfoMAance Gith tHeTh Zf'él%”ﬁlﬂéhé’t@d it FIGURE 3A. "™0&ded 100 and |

ta fr mrrerm ener at es _bagkwar d notion- vectors and .
cLSr es%%‘ﬂd mmy e 'BPN oﬁ/]sﬂénx\h%’ vPASSH aF‘é 'jlescPr?:‘?ﬁ} eﬁ?ri?@ the anal yzer
106. /apparacus. 1OEaehmoﬁrﬂte elements 09,0119 gnd! sllagarelseomronééshol d, and

oo SRl s SARP. 16 P SR, ik e BB, 2

Si gnalomnaam tat the appropriate Hdmesst ortion signals. Upon reconstruction
predicted i mages Agtér $RIREI6%R U‘*B’"erﬂ?kh(iﬂ wﬁrgﬂ%d)qgkmﬂgdvect ors and
20’ esi%tndou&e;rt%g?no%t 100. Data from frame 14 is coupled to both of
elements 104 and 105. Element 104, responswe to from data
frame 14 accessed from memory 100 and- data from frame 13
accessed from memory 101, calculates forward ‘motion vectors for
respectwe blocks of 16x16 pixels of image data. It also prov1des a
25 distortion signal which is indicative of the relative accuracy” of the . i
respective. forward motion vectors. The forward motion vectors U
and the corresponding distortion signals are coupled to an
analyzer 106.
. Element 105, responsive to data- from frame 14
30 contained in memory 100 and I frame 16 data from memory 102,
generates backward motion vectors and corresponding distortion
signals which are also coupled to the analyzer 106. Analyzer 106
compares the distortion signals ‘against a threshold, and if both
exceed the threshold, provides both the forward and backward
35 motion vectors as the motion vector, and a_l'so- provides a '
corresponding signal related to the ratio of the distortion signals.
Upon reconstruction predicted images are generated using both
forward and backward vectors and corresponding frame data




RCA 86‘, 314 -10- fromwhich derived. An interpolated frame is generated
fromthe forward and backward predicted frames in accordance with the ratio.
of distortion signals. If the distortion signals for Rﬂmh&ﬁﬁl‘torward and

with the corresponding Iesser vaI ued distortion si gnal Is selected . as the
bl ock noti orfronbtwhlchAfdiQdIe o | interpalated tfaamlceen generatach daomi tthles

applied to t t [ h
Appr opr [ al € % Afid° ARRUAAY BrofiRted anicy Wt »wis e‘?.“g‘ qu
r egener gved rﬁF@nﬂ 1@&59“%9‘&&!8‘1 othe ‘flﬁmnl Sig sft°6r Grrent s

114 and 115.fofwasd dahd bhekwalrd ﬂmﬂld)ﬁdvéadrbeawﬂbssﬂmaﬂ Itneum&%hbma
vvherelnlt i S cted ona ftom t.he

b
Subtacter . S, PRSAShT vebek? R U8¢ SorRRbau i Pty SRl d Bistatten, e,
buffer 1 5 rsegmalyis(seledted dsfther dloeks motiomsivector.are then encoded in

el enrent 109 and the cogff{ér t&om Iﬁ%ﬂ% @oﬁ% aé&é“ﬁﬂgdcqy{sfpondl ng

bl ock vector is also a o el enent r enco
t he DC coef fappliag goart enmomnf@emmnaat dredirter 107 whieht pecesseand AC

coeffICIentSthera Popraftes data Iblockd defivedi By thEh&edRdr FroEthers are

differe bl al | gl%@a%d anéiﬁﬁeégoéhe db{%erﬂl al | encogﬂ&bvectors are

vari abl YaLegensgrat WEO B+ PE; stored, in
transferr ed the sdamgoreletnems 1114 divd EXS.odThis datanblockr és rapplied aose

uanti zed a a 1 e not used 25
19or subsequgﬂF gﬁﬁﬁgﬁﬁéa Eﬁé‘?t F@d‘gge&gﬁﬁ%ﬁ ;@&‘@%@&*‘Q% E{ that only
forward noti tx}mted)renaaepgmiebntplxelansnsx&rqme fooxresponding ebtovked
Wi t hLm)t i on gfe )Qés (%g %}f&ﬁp%ggw g‘caggdgi bxf l?mblﬂﬁ’eﬁ”d P
frarre Dur i rames vi des
corres di r@e resTgﬁegl '@Pénﬁﬁtrefysi“% aF¢ gthen; gacededcinondi ng
predicted Pelement 109 @ dihe edetficigntsnapplied r@'e@&lﬁ%nﬁrplmdd%d n adder

115 on 2 P! % Ser RbonBhiE Y et 0UTh  ahficd SECAAR S Fp o, LS
35 i nf or nateinendedoB anidc P frmnps,edﬁetbﬂ: Roefficients ajennoatchfferamally
oo SOl ol TP A, e A il
a bl ockk®as eacpded het motion gqgogs Xues)dlfferentxally encoded and then '

the dlfferentlally encoded vectors are variable length encoded.

The coded vectors and coefficients are then transferred to the

formatter 111. The encoded B frames are not inverse quantized

and inverse transformed in element 112 smce they are not used

25 for subsequent encoding. '

' P frames are similarly encoded except that only
forward motion vectors are generated. For example P frame 19 is
encoded with motion vectors associating corresponding blocks of I
frame 16 and P frame 19. During encoding of P frames, element

30 112 provides corresponding decoded residues and element 107
provides the corresponding predicted P frame. The predicted
frame and the residues are added in adder 113 on a pixel-by-
pixel basis to generate the reconstructed frame which is stored in
the one of storage elements 114 and 116 not containing the frame

35 information from which the predicted P frame is generated. The
reconstructed and stored P frame is used for encoding subsequent
B frames. For both P and B field/frames it should be noted that
DCT's are performed on a block basis (e.g. a matrix of 8x8 pixels),



RCA 86,314 -1 1 - but motion vectors are cal culated for macrobl ocks (e

a 2x2 matrix of lum nance of blocks or a 16x16 matrix of pixels). Fi GURE 4
shows exenplary circuitry in block form which r%@Abg to i nplenent the
functions of elenents 110 5 and -thi-of FIGURE 3. The output format of this

circujtry is parallel-bit ngt h This format is sel ected
to faém imgtion t"ﬁﬁtorisnﬁeer@i?ﬁéﬁfﬁ %ﬂ" V\g{ﬂaﬁ @8+ ¢ &t processor
\«md Lh?t?kabstptmﬁh inaneecof dlocks dﬂdl t1|6x16t wateixd of pixpls).s are. gr?\él ded

i ch define e an e
length, CL, ‘o Z:&% ngggvs gg 4’ T ﬁ'&ougelglg)gg f‘%&émthe anawy zer
106 (Wlhh:JREmy aheeusedfmennphamqntarthedéunetmnmmfuemnenesrehto 127 on a
slgi ce S UREI3! to menory -133.
TrBans?mngloq?d?gleents rom y?‘ a_g&m e?ene%t&rla@{rg’ are coupl ed to a
mul ti bigovariable demgthy émm -en rmaén@ntselgnm

Di ffef&lihteﬁb' !h@nﬁﬂﬁféinéﬁﬁ{tfdﬁlﬁf‘tﬁotfhr Qhet b d?ﬁ?'\/'sele'%ﬁ @i‘@c&%' ed to a
of the mul tipl exer ,132 r|n encodi Por B frames all

d ut
of t nand ofhe: itEansport proceSsor. | In, addi tr SlgBals Mo 150 duri ng
encodpravidéd! which defimes the heod¥C. ffm’ceecil sowtputsebdeword) y

| fe I The differentially encodéd DC
_ C(Sief f.t:??bﬁﬁg andqgﬁg&h ?M’d &gWMO#I y l'ghcoded AC coefficients are
“nul ti pl exed by IneFlﬁUtRﬁlémetllQm vestorso framdtheo analyzasnd0bnput of the
mul ti fl&t@h&fiéﬂ%‘a@ﬁéﬁﬂéﬂ i 3the DF@M‘relb &{]”P2708n25 froma

f t | 26 d t of th

mul 1 B igs bsis. aEIdeﬁgHP 40, RoMUBPIXSS: JaS Hi whbERF and control -

Ci rcum‘ehm 1?'3 pr ovraiﬁfbhn cogtficiems hﬁminrthenf@amwm él@inétrhe dld fferéml
e a n i me division

far'e: 19 5Ase, SohEER, &la Hhiifekbr D18, BRach bikrshii "bRedding T (o) o

coef félemants DRGMn.128. pI Differentiallyi eandedZMfflmenmﬁmmethe 0 the system

cont rBP ‘lQBt a¥e \dduplEd W setond Sin tth RheV; Pﬁﬁ&e‘?pi’ﬁﬁp“ ate headers

1
par a Bm ehgodin; 'Ctd&en?' “tmanor oo, theocoationiS ee, passedog 35 by
el erradi][reﬁe $ throaghi mtn?lgtt%iﬁeransanalmﬁngl%icohm gg giEthengglr) th
gmelsheﬁﬁgg Ewnéﬁcﬁ& r%lé"ttﬁ‘éelp'y éﬂﬁfﬂ %@%‘?s whet her a
bl oc kbylathezE(EPMalllZBd n‘i)‘heodlfferentlally encoded. DC coeffic1ents and :
the non-differentially encoded AC coefficients are multiplexed by .
the multxplexer 132 and coupled to a second input of the.
multiplexer 129 via the buffer memory 133. Header information
25 from a format control and header element 126 are coupled to a
third input of the mulnplexer 129 Element 126 includes  stored o v
information and control circuitry to a) prov1de the requisite -
header mfo_rmatlo_n for t_he different. code layers (FIGURE 3A) and
to b) provide control signals to time division multiplex the header
30 .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. Certam of the header information is calculated
35 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




RCA 86, 314 -12- vectors and or whether all coeffici ents in a block are zero
val ues. The vector information and coefficient infor OM? %ppl led to

t he anal yzer 125 to- determine these types of header i (]) Whet her a
motion vector is a forward, backward and1&- zero 5 valued is directly

det er m nabl e by exam nati onfof the, vec Whet hét al | coefficients in a
bl ock are zeVectoEs (and jor yehe r?il:) %ﬁ%@%l&né’cmma&rﬁnﬁe’f%e YP$res of

‘the coefficiFhes vb@fdruﬁiﬁfbrtﬂhtﬁ)lblmd( cédfficiene infaemation ais -appliedeader dat a |

: det t d |
150t e s ARAITAR A 0, BTG dnERE QY AT neAdbr CnPithaBaRiEr
_re:c ating to Whetheﬂeaxmdtmpperecmrr anta yforwarg, rhﬁqlqvb‘:ll‘dx@d OreZeIrtheader

' t t t
Ly et s B, sl of 0 i >

on” i s coup ﬂi var i, abL
| engt h encod¥h %bgl'vihuc‘PW fficients dnna Blacky agg 29TO “q_‘k tqrﬁémla g"ure
Ejh]?f VLC fontb9| si'rﬁpl@h%%uﬁﬁﬂdtlggdtﬂé’ \Idlﬁe§0gﬁwhédcbdffimenmdhcluﬂed in z\‘/LC
i fferent co are_varia e ed a et
code tabl es g R’ nce the % ?o‘bﬂ éf&tl{llﬁcﬁ?q‘ﬁr ggf%géc%éﬁ%’s R%I f or
such control assig ned a codeword hand/LtoMided nty thec multiplexer o ratemhe)der

code 1 aBbe apiduidls” siher,o THE SRR 158 1B SP%%@S&S A A L pl oxer

129 for variedlatingetgt theemmlgw:ydt wyper eureaily heingi multiplexgedy d€e notion
vectors. Thenegdds G n.! aibtfon! véétof dinforfiativn: IDC é&eff'mst YRE
signal. Each o he co | es may 1 ncl ude correspondlng t abl es progranned

with the cod§°¢gri§t°d§30f the respective variable | ength codewords. The
codéwsrds CWand the cqQyr lthniet divisiomr mudti 'gvexbdi informatient s/ mupdedar ate

var ool 3% bntf # st fruEh caCodi 128, i ko o GREATRY U0 2 12T

VLC 130 i ncl etmemodaét eript the dfigure the p¥ilC veontgok ns simntpmlde@nby to

rovide the t ad | I
Eount er may gféjl ré@%@s tgﬁ? h%{}% t?‘hc%tc}ﬁtfm H§ c aﬁswg%ﬁt hese
data. 35 length codexhaceording taodi 1'§§tc l‘%bl\ﬁﬁl an g‘héﬁd"r &hdi ng

of data provy ﬁgfhﬁrmtenﬂofﬁm&é hmeb%aer y@éms’ niB&‘orFstﬁﬂ?E:dintrdlLustrat es
SXOTDL 2o apparatus TomReN e 38 * fay indlude’ a> S hird brllodef for T °
: encodmg zero runs of the AC coefficients and a plurality of
Huffman code tables addressed by the respective codewords
passed by the multiplexer 129 for variable length encoding the
transform coefficients and the motion vectors. The particular - |
25 table utilized is enabled by the code type signal. Each of the code
tables may include corresponding tables programmed with the
code lengths of the respective variable length codewords. The =~ -
codewords CW and the code lengths CL are provided concurrently
on separate busses in parallel-bit format. In general the header
30 information is not variable length coded and is passed unaltered
by the VLC 130. However, the VLC 130 includes code length
tables responsive to the code type signal to provide the code '
lengths of the header codewords. Alternatively, a bit counter may
~ be included in the VLC to count the number of bits of these data.
35 The element 126 also controls the writing and reading
of data provided to and from the buffer memory -133.
FIGURE § illustrates exemplary apparatus for
performing the priority selection process. This apparatus may - -
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RCA 86 314 13 - operate I n several rmdes For exanpl e data may be _
prioritized on an equal basis for the different field/frame types, or on an
unequal basis-for the different field/ frane typ®GCA 8&3lHe | atter instance
assune that the HP channel passes-dBpercent of the total 5 data
transmtted and that three percent of the HP channel is consuned by

auxi | ioperatitia. severalemodrse dFon exampley datat may bexprionitizeshsni ssi on

channedn off | GIC basib” £57 Hheo iffafent $RAd Apirhe! ot gpaipd to the HP

.chann e forpner .Ins ce rlorrt tafor 1 |, P and B
frarresuwaa asiso £ar cthe, twqrﬁnt héeﬂ{?r tsrpesr] ﬂ@sdw@rver y. Thé
val ueanhenrc]e asﬁlmher thatahe bERI sshranhel epassbkezenpéx;demebsrmenedtaadap; ively
Currir of_ groups o :
Jl%e?%?'lé '“%fl %I%a&ﬁgﬁéﬁ'%atéé héﬂéﬂéaﬁpab‘{@ﬁen%r\ 1% encoder 130 is
coupl eszonsumeﬂ;dmmuaahanpudamrthf dhe t videouidata is’ Quarmwgrﬁn 150A and 150B
dt 2 f h t
op S MG il Y, AT o S
ta mﬂyg F¢4 doaﬂ!%rﬁ-gt chanpek. ¢ rsrtheegormerdawaaﬁg read slices
Of dat lmitﬁeforliﬂé\ T Pt 8d dBt frafdié&nm Obe #llbcdted. buffer 20

1ﬁ§BaFr§?€f ?fq%zoé,&r”bst Bedoyel, The @@%&éﬂ#ﬁ Bafie oSy o o

st or esseﬂéniaﬁ‘!#r and/ors determined wadaptively ofroas ptimir amoundeofrd. The

houl TR Sk ST "t Braml, 6P FFORRE: of ierlfles 1" 0 T e

for the am)unt oRemsttOrEJGrUREhégblmaeﬁ'omﬁbﬂevanéblﬂbdcngﬁheral types

l -

of dataadoaerurls Jig- e@at@ re cﬁoe PortsDGfCr;}eéfbﬁffeEts and AC o
cpefficients. coefTicie ove ur 1n the order of
coéPmeE'rﬁ ta | 30l qtay\R mgzwepl g the AC

c]g)erl‘3 f rtrespmive nbaﬁfeest aidcludeseﬁod lgg:mﬂ ory oo lsnmr tf@mcexgrgﬁﬂezﬁt al gurrbegI
of bi C r gn _the codewor
at m.si tﬁg @%‘% ?T%ﬁ?tg'?#égrg Qf?g‘e Whm gr g’g%%gtﬁg |H}85t ified by a
 codewpangiufashionCee| altemae}wrmmslqupbf taSandorQaclstearq@ el ement
153A B) pheﬁﬁr er the
eﬁfﬁ s |fgpnt |{?A Wt Evaic%dev\ord <?‘%ng}tk ﬁ‘at&a o
yl;ia om slice n- .

As data is written to a partlcular buffer, the analyzer
152 generates a codeword number CW#i for each codeword and
. stores the CW#i in association with the correspondmg codeword.
The analyzer also calculates the point, or codeword, at which the
25 data should be split between HP and LP channels. The calculation
is determined for the amount of data stored in the buffer. There - W
are four general types of data mcludmg Header Data, Monon |
Vectors, DC coefficients and AC coefficients. - The DC and AC -
coefficients over a block occur in the order of DC coefficient first
30 followed by codewords represennng the :AC coefficients in-
generally descendmg order of 1mportance 'The total number of
bits are counted for all the codewords in the buffer. Then the
codeword at which the sum of bits is equal to the HP percentage is -
identified by a codeword number, CW#j. This number is applied
35 to a switching element 153A (153B), and used to control the -
multiplexer 155A (155B). After the codeword: number CW# is
identified, the codewords, codelength data, codeword type data
and codeword numbers are read in parallel from the buffer 150A
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and codeword nunbers are read in paral..l eI fromthe buf fer 150A RCA
86,314 -14- (150B). The codewords, "codel engt hs and codetgpgar@; applied to
the input of a nultiplexer 155A (1558) and :the codeW® s are
applied to an input of the sw tching ele'nJe t 153A (1538) As the data is

Codenor d munkdB)e T ceada et s oHeiEn N, and SOdEFY DR A6anRRP B bB? <
\Ilﬁlsihtgggd?{ thee) Linip #EO%J?MJmuldﬂplm%tﬁ'ﬁ&qé&ﬁéﬂ&ntarwahedeedawomhtroI snggfl;
to the HP chéﬁﬂ@é i 8% 4&@%6{‘)@ AB{’@E & fbg g@?*‘i@? @%&é{/\iﬁpggﬁ gers
greater than(ty3B). t s thet datac isreadSfromsde) bufferorthet swnchmgal pasls t he
Tob | o ooy iR (SIS (k53R SBﬁPaﬁ i ‘%‘%L‘%‘.‘“ﬁ%" ]““*ﬁ“b%“ff‘?ﬁ DA
(150B) which® “i%ﬁe\de mbefei(h #dea ‘or) codewor nu f&n S5z anlEPle
responsi ve tequlk t@od;&wyﬂ,gfthess\onahﬁ:g aglénieit providey e cortrél sigmglsponsi ve

to the code t anal,yz e e rd nu ers for each
occurring coHéﬁBp gﬁ@’r“@(‘a&ﬁ? ‘bliltﬂ‘ie’&%d fle%ﬁ\ﬁ? PASS nE%der
i nformation cerwspogdmg tdaianwbrhe (HP) channél oddeaofurthér rmpitiplexierng

moti on agt 0§36ANCELE CORMLAR SUAPSEE AR Hah CVHIDRS duiipRAte(0)

respectively cessive A assi gned-as ng In %gers i

from1l to n dA54A H186B)bis momkumgdctom%s%mhcqueam@ngodiatmtodébean
accumul at or p @hanaél ViaS Rl \I@xéxo 196 cTHe! anfltipléet 1p8eigi gnal s

i ndependent | er f fhe code typé
entered in tﬁ@“alﬂ‘?'&frdefgoﬁaﬁl )an&h@ LOVa %ég@lj {h& gﬂ-‘gfﬁ ggpﬁb
t ot auurrber(bsony)dmm i3l carremiyi being reade buffer. The total sumis -
mul tipli by the deci ale f, the3 erce tted to . .
the HP Channel to prod% a?c*?& o Ml?hé?sé’é%sé& tg? qbﬁs%%@%eagk ode type
suns are seqSignals; and atheecode mrﬁgnglsorc&espﬁnawmthb reodectyp®vi to
produce part E ;p&gt [ e t sum unti |
the partial k@magﬁ’gggﬁsaﬁ?l gghg%t]%Tgoaewgﬁ& Ayt h&cf/étf&é
associ at ed WPEFUTTIRE | ¢odewver For\examplear each %miﬁwgr h%epfﬁﬁmébﬂeword
within a bl ohsader tiﬁf@ﬁﬁ_aﬁﬂﬁdlé Qssigned® theanoghberAl(l2). Each codeword
20 representing motion ‘vectors and DC coefficients are assigned the
numbers (-1) and (0) respectively. Successive AC codewords are
assigned ascending mtegers i from 1 to n on a block-by-block
basic. :

. The analyzer 152 also includes an accumulator which,
25 responsive to the codelength and type signals, independently
sums the number of bits of the codewords of each code type
entered in the buffer 150A (150B). These sums are added to
provide the total number of codeword bits contained in the buffer.
The total sum is multiplied by the decimal equivalent of the
30 percent to be allotted to the HP -channel to produce a check sum.
Thereafter the respective code type sums are sequentially added
in ascending order of codeword number CWii to produce. partial
sums. Each partial sum is compared with the check sum until the
partial sum exceeds the check sum. The codeword number CWi#j
35 associated with the immediately previous partial sum is the last
" codeword within a block to be assigned to the HP channel. All
succeeding codewords, i.e.,, CW#j+1 to CWin, for respectlve blocks
are assigned to the LP channel. : : - o



succeedl ng codevvords i.e., CWj+l to Cwn, for respective bl ocks are g
assigned to the LP channel RCA 86,314 -15- FIGQURE 5A is a flow chart of
the operation of the analyzer 152. At the begi RCAg86{3khch slice of dat a
the anal yzer resets 500 the count- Vit ues of the respective types of
codewords. Then as data is witten into the respective buffer, the analyzer
- 5 reads 502t hFIHIRESA tiy e flawmechast rofs the dipétationl cofbothe |- ength L, and

assi o] The

anal o anafyzeo g ?‘a‘é“@%de@*iwfweﬂfﬂwﬂw e Mg REALyEEC. TN
codemﬁ?if-‘éstﬂéo they cawd va gﬁgd&%§°§ﬂ?@1%o‘éﬂ%sdqguﬁ9€¢wms It then
check THe@b asodded csniwritted indo - thd :e ective msrercethbaanhg&meval uat ed.

05, ) 0O ol 08 A i, el

cont i hueandoasmgnsm mmmbeméf%l depending cupion She t o det er m.ne
the HR ak n I¢Ria ) g a 15
partla sum vapaiéet mb Enagigftﬁd&cgﬁoﬁbég?neg%%ﬁhgﬁ {aﬁﬁgtﬁ &0 he suns of
b| ts the sum ofsald cpmeovype@dwowdé t diaverrbeen; assigngd dhehe assigned
SmEhebdeﬁzdrhenﬁﬂiBeif CWs. offt %n3ch§cﬁ‘§1(505tt% He’i‘eﬁﬂiﬂeofif bi t's of

cea artial .sum, Th thesmof bi t -11is
| g(ﬁedai]odgf?e PFr%tSIH’&r ﬁ\aél 8%"%“@6" pr bt§c May il "ﬂj‘ﬁ% sum and so
on. Ebyhexaminingahe sbdewwrdstypesdforcthe mupaocammﬁ@?shce made In this

Corar IR, SHRgE G oy s i e Pl bl 251 0

perce agehas ommecb the- MBMepl’Z::QdSe g;admzermmpléhw) 25h ij

rati ogpyLlpe ok ‘i@dﬁﬁﬂh qu fapdipng to the ne

€1l S e s Vs o euluteg 510

~out pusunisoof bits et respe dttwe;l oﬂeo@ewoﬁdsa corre 4 sponding64 DC and AC
i

types .
16 1 15 R casefenil Wi Mt %&ﬁ@é%@aﬁ@?ﬁ” U hal {1 he

cal cutmtthenmmooﬁrhms mfeGW#—Zymt producena ﬁtsterpangahrsumdl a'shsnl oop

Tl e e e

fr
? nce error ] concea rrent at the
& ci produceh@ fueth otnmmn sojon. Each time ‘a partial sum

is produced a companson ‘512 ‘is made In this example the
comparison is of the ratio of the current partial sum. to the total
number of bits in the slice agamst the decimal equlvalent of the
percentage of data ‘to: be -allocated to the HP channel (%HP/100).

25 If the ratio is less, the sum of bits of the" codewords corresponding )
to the next higher CW#t is added 5 14 510 to the prevrous partial u
sum. If the ratio is: greater the index 1—1 of the last CW#i, is output
518, i.e. the CW#j is output. Note, in the MPEG like signal, there
are a maximum of 64 DC and AC coefficient values ~For each rauo

30 that is less than (%HP/100) a check 516 is made to determine -
whether CW#64 has occurred in order to halt the’ calculanons to
preclude the system from - entering an endless loop o

' Respective HP and LP data’ from the pnonty seleetor is
arranged in transport bloeks designed to - enhance error

35 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 blockincludes 864 bits.

Respective -transport blocks may include more or less than a slice



illusfrated in FIGURE 6. An exenplary HP transport block includes 1728 bits
and an LP transport bl ock.includes 864 bits. Respective transport bl ocks
may include nore or less than-a slice RCA 86, 314 - REARA6.dd¢a.” Thus a
particular transport block may include ddte- fromthe end of one slice and
‘data fromthe beginniing of the next subsequent slice. Transport bl ocks

i ncl udi ng violdatat a Thus e panticulasatzanspprt bloek smay: inglydes data f1em ng
other data, helendof Vil 3ieBAaNd! aans B Bhe Beginaingler meatektce type

I cat es

header ST which 1ndic the type of  infornatjon included,in the .
respect ye tsuhseguent fligae ﬁ‘ﬁaﬁgﬁ’%‘te’? se‘f‘ﬁie“ REHE Qastaama& s wor d
whi chd!‘ di cqg.@@rm@@é@ewligmqrdgspoﬂtsbt&kw-_dd?nta?ﬁdgmhmrdathe é.gt,or mati on .
i s audi og videp or @uxiliar t 0 - @rar e use
to repr eéenta‘l‘ﬁg' STE?*‘?P otfm%ll?‘gﬁ glr?(fif gﬁ?mgfe%ga?%e&z%égcﬁk% %?%\,I/éf{%e mmong
parity prot ewhichn indicates Sthe rtypenwfi infayrmatiomaineludedsitotheprespesting udes
a transport TR A pat Wiehe $ire twierd-P
channel the t??;jfarrgﬁ%ér ﬂ%‘gféyﬁ%ﬁ% es,&s? é&?ﬁ%ﬁg’%ﬂ%ﬁg% %nhfe:), an
18-bi t i dentWnikit 1 Cy-whnethalc d nter. ahsport
o nter . ThetioRRARBAT e aldlG, G0 O e o otk ogkon £ ooord
bt e n bin
conponent . edtonprovi i r pro _ n
macr obl ock dﬁliég associated with the end of slice n and the.beginning of
t

slice n+1, tata fromslice n is placed adjacent the tra spart ,Pfﬁder
and the pointer indi caEacht teansppott rﬂwkd&@HdESeadﬂ'ﬂasP%ﬂagF& ght1the

1 Sger Tl S ST, beaseacoRl et Sketdirer, (e
header RR Aifégiiboﬁalhﬁé eFrafJl pdes a pﬁrwgm%‘ﬁ&?’@%ﬁ‘ésp?Mth AR t#i'ﬁg{)ort
bl ock has nojdeneifisy anld ant-bitoeecsrd Header a(RH)r pointerk rEhe i ransprtnone,
W thin tne (hSassort fo P  AbRuner IRkl oply fu gibil Reped Reddd T012
slice of macfRH)opéintet.a Thet hnamb&oehrpointemdSaus%efonegﬁgmpngpd)f each
ot 901 96K g PloBiC " Bkord b Golfiits b ik o thér epor
20 of the next Jecodable component. For example, if the particular
transport block includes macroblock data associated with the end
of slice n and the beginning of slice n+1, the data from slice n is
placed adjacent the transport header and the pointer indicates
that the next decodable data is adjacent the transport header TH.
25 Conversely, if a record header RH is adjacent the TH, the first
pointer indicates the byte position following the record header RH.
A zero valued macroblock pointer indicates that the transport '
block has no macroblock entry point. -
The transport block may include none, one or more
30 than one record header, and their positions are variable within
the transport block. A record header occurs at the beginning of
each slice of macroblock data in the HP channel, and- at the
beginning of each macroblock in the LP channel. No record
headers are included in transport blocks that include only video
35 data header information. The record header (RH) pointer points to
" the byte position containing the start of the first record header in -
the transport block. Note, if a record header follows macroblock
data, it is placed at a byte boundary. That is the last variable '
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st B B

35 data header |nforrrat|on The record header (RH) por nter points to the -
byte position containing the start of the first record header .in the
transport block. Nete, if a record header foll oREAES:3bfock data, it is

pl aced at a byte boundary. That isl¥hke |ast variable RCA 86, 314 -17-

| ength code preceding the record header may be bit-stuffed to insure that
t he stiength sioden@reeceding Hhgdsecors: headsr may tbeyditistuffedhitoh i s an

i nt egiadureU et thé Mle%ff tmweber@emmrneceﬁrstm aransgasiu&ﬁock The

record headers ar.e byt ndar t 0, enabl decoder—t 0

| ocat &/higl m‘%r%é“f&!ﬁf ﬁﬁeh:y tes, 1T Ql%tﬁll@arl?regb‘r ‘&Sn&ft ted vamidabl e

| engt ranspgororbleckA ZFhe wdorddhEhﬂmr rarerplaeédCﬁtebytd'uat Lhege are -no
p 0 er pointer .

- a d tﬁgnﬁggﬁgglg kéﬁ%l%t e &ééoz&e%'lrro&sa‘dggdp" IS gf'g?e |%i %%tes 10 that

the tembasisded dnoak strea:nd@f cancatenated dumahbaolengrlnf codewiords. The 18- bit

| dent ipf i R¥ro gggir&i 'i?%l‘ ?ﬁ'ﬂﬁ rinc?}l@ﬂ%r thﬂe'@ﬂfrfe' e L1 féHdrﬂ“t frame type,

t he rcen and the first

re
macr oBFg&f( TSc ARt Qlﬁlegaﬂﬂ’q IQ‘ﬂ% t&grﬂ?ﬁr 16| 6?991' FQW nBOIRtBE t r ansport
headeands tigé t iRt 6blcekopb mw:dere féto Grraldada this stara Cinawlafes FIGURE 6

ecord header for th data I n chann I ncl udes the . .
;l(r)tfl 055? tﬁﬁf PPBtn blgcg ﬁ\Gom cW‘feﬁ’d:& e ?& ®L header extensi on,
20 Eiﬂ'ﬁ)ﬁnatmrpr esent. Fol | ovvr ng the FLAG is an identifier IDENTITY, which
I ndi cates a) th p i ame nunber -
(modul o 32 E’E"Foﬂg‘% @ﬁéﬁ!‘f*‘eéﬁ‘ e OLP chfé’%r{ 6‘%‘%{‘{05 | DENTI TY.
Fol | olflenifi lﬁé the reumrent  frame dyped theadsamen ausaber (meduly 32k priority.

br eak | eirrefil Iie muriBer SERAK B8 fittd) mABQUIBEKBEGANiRe! il cat es tha
evel oped by the analyzer 152 of the priority -

ggdec trPBﬂ’BT%"ﬁ& the codewords between the HP and LP channels. |
Lastly, an optr(Fuilowmgethea lwadérers reﬂthdle(hrneddnd HP record

readef BB k6 or e s WAGARA AP (RO oy e

i pl efemitbe videchelate imnshecHP Eaannel ame diollasving ni nated with a -
16-bi jnforhtfon: A 1-bit FLAG which indicates lf.. a -h_eader extension,

20 EXTEND, is present. Following the FLAG is an identifier IDENTITY,
which indicates a) the field/frame type I, B or P; b) a field/frame
number (modulo 32) FRAME ID; and c) a slice. number (modulo
64) SLICE IDENTITY. Followmg the rdennfier the record header
includes a macroblock pnonty break point mdlcator, PRI BREAK

25 (). The PRI BREAK(j) indicates the codeword number CW#j;
developed by the analyzer 152 of the priority selector, for - <
dividing the codewords between the HP and LP channels. Lastly,
an optional header extension may be included in the HP record
headet_ o . - . L

30 - The record header incorporated in the LP channel
includes only an 1dent1fier, IDENTITY, similar to the identifier
implemented in the HP channel. L T

~ Each transport block is termrnated w1th a 16-bit frame
check sequence, FCS which is calculated over all blts in the

35 tansport block. The FCS may be generated usmg a cyehe
redundancy code. . :

FIGURE 7 illustrates exemplary apparatus of the
transport processor. In the figure an arbiter 213 interleaves, via
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check sequence FCS, which is calcul at ed over all bits in the 35
transport bl ock. The FCS may be generated using a cyclic redundancy code.
FIGURE 7 illustrates exenplal ary apparatus of the traRpdr863ddcessor. In
the figure an arbiter 213 interleaves, wild8- RCA 86,314 -18 - a

mul tiplexor 212, transport blocks of video data froma multiplexer 211,

audi o data facmuinphmrymu tzansporti blacks oft sidewrdasanfremmya 215, The -
audio data ig P@ﬁgw;&‘r‘d% ;iétéfdﬁoqaabfmﬁ hOmiBbry. F@M%&ea&ﬁu&pd

O OVI et n d4tanZsuR: abMSIRORG H by S AYGHe <dth, if ipvided & transpart oy
nmenory 215. Bloekf gormt byothé hsourcei 216ndnduappliedytolad fitst<ins first-oat ocks
ranspor o b BERSAS 21 fﬁﬁﬂ o iRty ek REVIOR S rarBORy BioBk'
preferably vi’drm thy dheeqoarcel &1gt o Fhfirstaitbi ﬁmt-MBmeempqno&l& o {The | evel

of occupancydiingt’ bE" the? Hivdid 1 20d" dugfiar hu&ﬁ%%é hdeld g L hat

none of thes‘%@ ers over e appar at us of rates on one

of the HP or from the nformat (of they peidgoy sranspesl bhleeks.: Boweerapller nat e
1 5 signal . ¢rignéyert. bidckd 'will ﬁﬁtmdwda Oleaaeh Ugerviige yty@bg héhdeﬁ ddat a an

?rblter}b é)'@keﬁbigvﬁ ran por i?ck ) FE%&E%" Iﬁﬁd t e LP
ranspo e n

code: eggt h, ﬂﬁe level oﬁdocd T‘olPEbuffetsa Ztﬁnﬁﬂﬁeapdh%'lt%n subgcfasdhlane
coupled to a odewor ds .and code type
signal are 2t P%‘glret gﬁgp\fgqtfeabq*fr %ﬁj me’fshqlq' fﬁ’xed wor d Iength convert or
201. The convertor 20Thpasppanates; thEIG Eb¥ copesatgsh onoaneoefithe B, for
exanfle, 8- IV Gignialls CUrftP sl ére‘iﬁﬁr A8 ORRIRI ToP' BR° ARTafte

{ypo dobsy i ignsh UHomavER: 1 @élowﬁﬁw@%%&@m%ﬁegfdéﬂe |

type deSeri bi!an OBGVER¢ lf\ld3 @r}
by the convear cirbifet for ‘“W‘?""t spott blockbewliuf ot Bc%mc}gtdgdtt)n
Egﬁgffaﬁ fﬁp@g%%ﬁ%ﬁ#g@%fygﬁgé{‘%%%ﬁ ‘)%Ef and apJpI i es these
headers to a header bulti FIGIORE hicodemegrdy CWht codelength,t G, amd codeer
géﬁt r('?lesljfngt}r?% ene?ﬁ QRGF FIGMIRE pri6Aty del8Coraaf coupid 4o at Ne
58 transport controller 218, and the codewords and code type signal
are coupled to a variable word length to fixed word length
convertor 201. The convertor 201 packetizes the variable length
codewords into, for example, 8-bit bytes in order to reduce the
amount of storage space required of the rate buffers 13 and 14.

25 The convertor 201 may be of the type described in US Patent No.
4,914,675. . The fixed length words provided by the convertor 201
are temporarily stored in the buffer 207, -

The transport controller 218 responds to the CW, CL,
- TYPE and CWi#j data to construct the transport block headers (ST,

30 TH, RH) and applies these headers to a header buffer 208, which
may be internal to the controller 218. Responsive to the code
lengths , code types and codewords, the controller 218 generates
the requisite timing signals for interleaving (via the multiplexer
209) the fixed length video data words and transport block

35 header information into transport blocks of predetermmed
numbers of bits. '

The transport blocks provided by the multrplexer 209
are coupled to one input of the multiplexor 211 and to the input
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the reqw site timng si gnal S for [ nterl eavi ng (VI a the mul ti pl exer 209) t he
fixed length video data words and transport block 35 header information
into transport bl ocks of predeterm ned nunbers READIg65314he transport

bl ocks provided by - the nmultiplexer;8Q9 are coupled to one input of the

mul tipl exor 211 and to the input RCA 86,314 -19- terminal of a frame

* check temnitr)cef ap deameCohedR, séquencet coder FOSi 210 ftheowdp@i 6p a second

o s P0fic"fs, Puphed 367, Sedond NgHEDE the HERRARRGL 216, IHEPY ooks The
mul ti ﬁ@&eZlO,’LJrGSpOnSIWOItGl tnanqurtt bloeck sdatas formisy éworbytsp@rron| ock
prOV' @géc?yc&l‘lé? r“ ré ?ﬁangﬁght Pf&hléso mae%luhﬂﬂ ?x@rbﬂt‘or two-byte

ort n the

d ns
et rpnbitianed iten paﬁsu:répppgwepmspmégesﬁs Browidedo B dhenat al | of
the hemseiplexérr209, andpthen drd dppende th 16biprers Iwo-byté SFSAC! uded in the

vi deo stre [ OVi Yyl he t roce t shoul d be -
recogﬁfd@édfmte fﬂiﬂé "dgtogsﬁéedcfég gs%c’lkon is also included
in the transportInhethdefereguingsdesmhpnonvlodeshe ettanstmnt pnéoessml on. In an
alter Vv n converter
201 f?%%a%%%’r{‘é@gﬁ{\ﬁdég h gﬁowaah* #ﬁamd%g déSF Jg y i ncluded in
dr tcemessom Kishineladed mutheermdm. dgtat Iséreqnar providedi hgr ef fi ci ency.

At theng Gl?ﬂl rttgﬂ)ééﬁbf‘ad I¥! sﬂﬁﬁxlhebéefe zéRWtH&Q e If digé ed fromthe
trans Jt bl ock ,hegder In the video 20 data

formatiqn
strea F{ls ormauon. i3, 4 afs? e@l rlﬂuf’-}f? yRBSPOSt h t he
transheadem ambl dsecuchi pyoeidés eédaidamnty ihfoemationnd I aint a from the hJ

oG U, SantOyBRCaAR, MR T
iynaconverten 2@iBftamdaccepting videwxheades| data oshielr. wonld begnal is
appl '%hmmﬁ:%y m&anqnp%ﬁé Ea'ngg angﬁohﬁsﬁ'eh fat ghgg gh frequency

Todul SREARCDE 8 esgaérialﬁré)@nanaffwegpgnm ngecégfggg{i‘éggnd\-{mhgt h of
appr ogxeised! wideS4hdhder datasntayn! be Sreemkmétéd) from Mfie band pass filter
404 1 g 285bBH F1dck Hraldef qi’l?fermanon and reinserted in the video
20 data stream.
FIGURE 8 1llustrates exemplary modem clrcultry for
both the transmitting and recewmg ends of the system. HP and
LP data from the forward error correction’circuits 15 and 16 are
applied to respective 64 QAM modulators 400 and 401. The
25 modulator 400 provides an. 'HP analog signal with a. -6dB
bandwidth of approximately 0.96 MHZ. This slgnal is applled to a o/
1.5 MHZ band pass filter 402 to eliminate lugh ‘frequency '
harmonics, and then is applied to an analog s1gnal summer 405.
The modulator 401 provides. an LP analog signal with a -6dB
30 bandwidth of approximately 3.84 MHZ This slgnal is applied to a
6 MHZ band pass filter 404 to eliminate high frequency |
harmonics, and then is apphed to an attenuator 406. The
attenuator 406 reduces the amphtude of the LP analog signal by
approximately 9dB relative to the HP- analog slgnal The '
35 attenuated LP signal is then coupled to the analog slgnal 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



har noni cs, and then is applied to an, attenuator 406.. The attenuator 406

reduces the anpl i tude of the LP analog signai- by apprﬁé rr%?e%i/ 9dB rel ative
to the HP anal og signal. The 35 attenua&:bd LP si gnal 3 %oupl ed to

t he anal og signal sunmer 405, wherein if summed with the anal og HP

spact r um shouefeingiifatnithliatly S BT GRBER (o ifoliady frindiife 2’ 507
RCA 8|6 314 -t%ge coimbined s:gn;% taula ?eqaemny dr'«;ghagmompom qulmér%cy
transl ate tngafgspy ifagi% 1s£ﬁbrﬁ H?%%P“ an ﬁiecf%‘rg\%{ﬁ

2 band pass anplicd 1208, bandcRass:filie 408 y@u@fiewﬁ)ﬁ spectal st cs of

the freqSIen@hafraaesis@ic@d ofi the frequéhéy Wrafislatéd esighahdgy dicheithéh - th t he
receiver, ted signal is det ected by a tuner/IF circuit 410 of
wRAREE"chafingl,

conventlonal lied to a PLL circuit 413 and an
anal og-t o-di gi taI convAttthe rébeélves, 2he Tiransmittedgsignal dissidetetteds byowp! ed

to respecti r Ofo pnd 415
i ncl ude ban&ﬁné@ﬂbﬁrpgggqua{ogefi?ﬁ%é%%g@?ﬁve |5§B ?Hawl@o at]ﬁBand
limt the spdrauitd anda zm mggtt@- al convarter (ARG) -coﬂf mto the
nomi naly @i gRELitsRRE tsi da&s' éeB eﬁoe|64 Qhﬁvrlﬁexﬁeaawb?é Y Fg 414
and 415 are of, C ven em)d ‘? or ,d f qslrid are r onsive to

cl ock si gnal® Sy latars taEqL:ﬁ dﬁl@‘“&fi $ps the
requisite clfmdsrssmnﬂieirvrespabﬁve imku rc@naeengnsl tolcbaid démibythe vol t age

S0 oo Spestey o0 sBerBriarible 2 he"ProBiisel Indiebio B8 SoltiEm I TOEI0
I\/PEG\U ke sinpminalbsignal speotrum bef aherPu anddLPhalgnals i sTheplicable to
oper at i g Oﬂegﬁ&?ﬁlaftdﬁe%ﬂf At 4 d§ ?x‘k’ﬂ‘ c@?ﬂkv HeémBaRTRS? ¢

" epr oduct | oeataR 1ML AP FSEPOTAKENAR SI0CK FIEBAIS, PAVIISA. bandhe HELLY of

pfl ority selciiuiod18, t ThepPEICH13 rderlops the reqlisite clock signals via
phase locking a signal developed by a voltage controlled oscillator
to one of the two carriers attendant the QAM signals.

20 The present invention has been described as operating
upon MPEG like signals but it should be appreciated that it is
applicable to operation on other types of coded signals. For
example pyramid processed signals provide signal layers of
different relative importance to image reproduction and thus are

25 amenable to prioritization, and therefor pnonty selection by the
present invention. :



1. Apparatus for parsing conpressed ::video data into high and | ow priority=
data streans, said video data occurring as codewrds CW of different

types, which types are categorized 'Qla pr edet er mi ned hi erarchy of

priority, sal d apparatus conprising? neans for providing a paraneter P

I ndi caty . the percentage of data to be applied to each of sai.d high and
| ow p data streans; neans for groupi ng codewor ds associated wi.th

respective predeternined i nage areas, and responsive to sai d paraneter P,
for deternining fhe Aypaates . faidguﬁiﬁ bB bsem OrideoVdatd). intgen t hewr
respeitjl ye bi tf are .sumrea Eafasﬁ{ rding T 3 e hi-erarchy in descerh ng
or der W8RpARd, o Prioritysda Gams, ys Mg ﬁfan UGWERE 38 the total
nunbercodewordsWOW - bfft differensai typespwhichn dypwraref oatsgmizech dnsai d

cet et rag SO BEARNY O (Hiaaty hel, HpbBban dpBligay ord he

apparatus set fomeans anII movnlmgeaeparamam Poaadma;svm ahe provided by

vi deo % ORPY, 1 ct to being
vari a n tehagnco ﬁﬁglolgéﬁteoﬁgt g’? §gﬁ?fe enta?lrclﬁll ers of bits; and
sai d WBXU aﬁhcﬂﬁﬁﬁ@@; menory nmeans, coupled to said conpression neans,
for storing a prméaherfomegioﬁpw C6dONBEde" A ooTitedhiwithgr oup i S

associated with a det erm ned 1| mﬁa&g area, neans, .responsivg to said
par am8PEPE! Y%rp PEP AREH| SonfRY FERRQASIXE KA, 5l o1 codewor ds
CW i ppasametey dhpfof dnidnmmaig thedtymn:off oodemdsglmaoad:lgroup of

_ codev%rrg g{:r&mﬁgq‘{o sal pre dtﬂlesqﬁ nGes stk ﬁgge\%&gg%l a|§l sequences

arran cor erm ne h| erarchy- of €O d Types, and
r esposdid dype dierarchyli in descendingardey ebdemieridy, Wilkccor di ng to sai d\J

hi er arsgBytdntidlly he%ﬁﬁ GREC ol dpé?ééni %fS $hé ﬂitﬁf‘ MmOkt Lyf data stream and

appl y| n the.r odeword to said |'ow priority data stream

-22- )—‘\?ﬂfgr g!tﬁs’% og’f(PPR’naB ai m 2 wherein; said video signal :
conpr ESSI on neans al smeans)vfdeapfplymgersaidddmmnledasypes appd with each

codewpde@iralhis eidd RIS UBribrit) Yaf Stream, and. the remaining

types of codewords to the low priority data: stream

2, The apparatus set forth' in ola'im-'--.'l;-_-i_Wh_erein;= said
codewords CW are provided by video signal compression means,
said codewords CW are subject to belng vanable length encoded
with codelengths of different numbers of blts, . and sald apparatus
including; : S -
memory means, coupled to said '-_compreS'sion: means,
for storing a predetermined group of codewords CW, which group
is associated with a predetermined image area;

means, responsive to said parameter P for generating
an indicia which indicates particular codewords CWi in said group
of codewords; and '

means for reading said group of codewords from said
memory means in sequences of codewords, said sequences
arranged according to said predetermined hierarchy of codeword
types, and responsive to said 1nd1c1a, for applymg codewords CW
according to said hierarchy through the codeword CWi to said high
priority data stream, and applying the remaining codewords Cw
to said low priority data stream.



t he nunber of bits with which respective associ ated codewords 5 CWare
subject to variable length encoding. 4. Apparatus set forth in claim3
wherein; said means, responsive to said _parameter P for generating an
indicia, i ncl udes neans responsive to sald codewords L for generating
respective suns of the codewords L according to said types of 10 codewords
CW 5. Apparatus se th in claim4 er,ei sald ans, res onS|ve to
sai d parameter P for ré‘?%ﬁuf?buﬁn seh mfﬁ TG Sakh nddegy
summi ng t Isignals paghp ismmrB (& nsoelmrpis)vhdeﬁfurther codew@:ds Appar at us set

gener at F’%sghg‘ai%ﬁ‘“‘%ﬁ RarBnsPaBRRRd  C, DRRY Cddbaitds B2BIREATE, o1 1 e
respect i véheunumbserc @febitsd svithawhiche rmm@rassociaipdcabdamndsg t he
nunmber gf @W%oggsﬁgnﬁi %riéblbhfex{ 11 it of the sumof the 20 -

respective suns an reafter succe ng the respective suns of
codewords L, according to said hi erarchy of codevvord types, until a sum
val ue occurs which ig, S%ﬁﬁt@é| %ef Forth tiﬁ ElgmP Bh wiltsregitt safd t he sum of

the respective suns, and I denti,fying the c word t at whi.ch.sai d sum
v ue T o Stodts,  TTnoRtIve (G Raid] PETABEteroP (1OF rECRARHINE (A UMGICENCI Lol ng.

means for mengiesgmmns:q@epoﬂmevwot szid icodewords Ireforyg &nerm 'th codes

i ndicativ type NSaiP" .
codewor dﬁ&%“ré&hf% ¥ s fjﬁg g‘g@‘gﬁﬁpégtréaﬁoégﬁﬁé@%o%ﬁ{) Ityggg evvor ds of
gr eat er0 hicademordst K¥Wugh said identified type, to said first -data stream
and codewords of |esser hierarchy to said second data stream -23- 8.
Apparatus set forth |n claim1 wherein said grouping ansg inc)yudes; nenory

meanS_f or storing at -Iea%PPﬁ%‘BBFeM fonthy 8 elaim, 4 "t § and 5
cal cul ati ﬁﬂemniesﬂﬁﬁsiwstd’ esdid ?ﬁtﬁnéﬁie‘lmrf@i’ géﬂeﬁ@itfk i cindieia, P, for

generatin eLs correspondin dt pf com res ed i deo
data and 2 T 5’3’&%?9‘1‘4@' S H‘me\%(érd@ th‘ﬁ Eé? p‘@hcﬁ“rf' $cQlewords cw
where i reqmdwmxtds dn i ndex of integral nunbers and wherein codewor ds

15 6. Apparatus set forth in claim 5 wherein; said
means, responsive to said parameter P for generating an indicia,
further includes means responsive to the sum of the respective
sums of codewords L-and the parameter P, for calculating the
number of bits corresponding to the Pth percent of the sum of the

20 respective sums and thereafter successively summing the
respective sums of codewords L, according to said hierarchy of -
codeword types, until a sum value occurs which is substantially
equal to the Pth percent of the sum of the respective sums, and
identifying the codeword type at which said sum value is

25 satisfied. '

7. Apparatus set forth in claim 2 further including;
means for tagging the codewords written into said memory means
with codes indicative of the type of each codeword, and the means
for applying codewords CW to the first and second data streams,

30 applies codewords of greater hierarchy through said identified
type, to said first data stream, and codewords of lesser hierarchy
_to said second data stream.

-~



CW of types having relatively greater inportance for image reproduction
are assigned indexes i of |ower value and codewords CW of types having
relatively lesser inportance for inage reproduction are assigned indexes
of higher value. 9. The apparatus set forth in claim8 wherein; said 15
codeword nunbers CWEI are wwitten_&g said nmepory neans at nenory | ocations
associ ated with correspondi ng code®rds CW 10. The apparatus set forth in
claim9 wherein, said calculating neans includes; nmeans for concurrently

r eadi ng respectlve codewords. 20 CW and associ at ed codeword nunber s -&Wi

Lot ve. Sat e o8 e diralid e SR SRRy [AGUARARYL, "or Sounee”
out ;gmupmgsmaanspl iudcsg said first and second data 25. sftreams of .
ggggm; gsnuaner s gff ?gl;n im%?ghﬁte%mor condi ?Pgn?ﬁlgdsalld
mul AReRRLS, @ WP i) c@8words CWto said first and second out put
fn,orts whenI sai galeAlATPE OnibARRS ' fesPONSIVE (o BaldS66dewdEdgr R er than CWj
eSpeC&' patameter P, for generating numbers CW#i correspondmg to

said types of compressed video data and associating said

codewords CW#i with cotresp_ondi'ng codewords CW, where i

represents an index of integral numbers, and wherein codewords
10 CW of types having relatively greater importance for image

reproduction are assigned indexes i of lower value and codewords "/

CW of types having relatively lesser importance for image - |

reproduction are assigned indexes:i of higher value.

9. The apparatus set forth in claim 8 wherein; said
15 codeword numbers CWi#i are written to s'-ai_d_--' memory means at
memory locations associated with corresponding codewords CW.

10. The apparatus set forth in clmm 9 wherein, sald
calculating means includes; '
means for concurrently reading respectxve codewords
20 CW and associated codeword numbers CW#i from said memory
. means; - _ _ .
. multiplexing means, having an input port coﬁpled to ~/
receive said codewords CW from said memory means, ‘and first.
and second output ports for providing said first and second data -
25 streams of codewords; and :
comparing means, responsive to a number CW#j .
and said codeword numbers CWi#i read from said memory means,
for conditioning said multiplexing means to pass codeWords CW to
said first and second output ports when said codeword numbers
30 CW#H are lesser and greater than CW#j respectively.



