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The present invention is directed to circuitry for
recombining, at the receiver, compressed video data which has
been prioritized between relatively high and low priority video
data. For purpose_s of this disclosure the video data will be

25 presumed to be compressed in MPEG like format. 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

30 JT(1/SC2/WG1), Coding of Moving Pictures and Associated Audio,
MPEG 90/176 Rev.2, Dec. 18, 1990, which document is
incorporated herein by reference for description of the general
code format.

In the system described herein the video signal is

35 compressed in such fashion to develop blocks of data codewords.
The data in respective blocks are divided between high and low
priority transmission channels according to the relative
importance of the codewords for image reconstruction. The




¢onpressed data in the high and low priority channels include, at least in
part, variable I ength encoded data w thout codeword demarcation. At the
receiver high and low priority data from5 corresponding bl ocks is

reconbi ned for deconpression purposes-2Fhe fact that the transmtted data
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blocks are allocated as low priority data. The apparatus includes
first circuit means, responsive to said high and low priority data, -
20 for decoding said data and providing respective sequences of
codewords of high and low priority data. A second circuit means,
is responsive to the high and low ‘priority sequence of code words,
for cyclically providing codewords of said high priority sequence
o through a first predetefmined codeword, then providing
' &*-"'25 codewords of said low priority sequence through a second
predetermined codeword of said low priority sequence and then
repeating the cycle.
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Brief Description of the Drawings
30 FIGURE 1 is a block diagrams of an HDTV
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. __ _ . o

35 . _ FIGURE 2 is a pictorial representation of a macroblock
of data provided by the compression circuit of FIGURE 3.

FIGURE 3 is a block diagram of ‘a video signal

compression circuit. | |



the data format provided by the conpression circuit of FIGURE 3. FIGURE 4
Is a block diagram of exenplary circuitry which nay be utilized for the
formatting circuit 111 of FIGURE 3. 5 FIGURE 5 is a bl ock

di agram of exenplary circuitry which_may be inplenented for the Priority
Select circuitry of FIGURE 1. FI GUREJSA is a flow di agramillustrating the
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FI GURE FIGEHRERE 10A is a bI ock diagram of a conbi nation of an 25

alternative priori te CLT U|t essipon circujt. FlIGURE
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quadr ot WEBCR A0, hee iPARlGmansed i gy TEansRcet sPracess GHEYtmR | pl ox od

-4- in EIGUREltransm ssion band. The nominal total ‘bit rate, including
vigaeo, audio and HEHRE % {16k Aagrany oF exemplary circuitry
which may be 1mplemented for the transport processor 25 of
FIGURE 1. '
FIGURE 9 is a block diagram of exemplary circuitry
which may be 1mplemented for the priority deselect CII'CIIlt 26 of
20 FIGUREI.
- FIGURE 10 is a block diagram of exemplary c1rcu1try
which may be 1mplemented for the decompress:on circuit 27 of
FIGURE 1.
FIGURE 10A is a block diagram of a combination of an W
25 alternative priority deselect circuit and a decompression circuit. '
FIGURE 10B is a flow chart of the operation of the
FIGURE 10A priority deselect circuit. :
FIGURE 11 is a block diagram of exemplary circuitry
which may be implemented for the MODEMS 17 and 20 of
30 FIGUREI.

Detailed Description
An exemplary HDTV system which may be supported
by the present invention includes a two-to-one 1nterlaced s1gnal
35 .of 1050 lines at 59.94 frames per second. The nominal active
picture has 960 lmes of 1440 pixels each with an aspect ratio of
16 x 9. The signal is transmitted using two 64 quadrature
amplitude modulated (64-QAM) carriers, frequency multiplexed
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The video signal is initially conpressed in conformance with an MPEG | i ke
format, albeit using both fields of 5 each frame and with hi gher pixel
density. Thereafter the MPEG, type signal codewordg.are parsed into two bit
streams in accordance with the rel ativeJ nportance of the respective
codeword types. The two bit streans are independently processed to apply
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environnment. For purposes of providing a corTH"e.s ed video S|Gg61al for a
digital HSngodingideseding systamopgsording rioptthgcinvention. FIGURE 1
20 shows the system processing a single video input signal, but it is
to be understood that the luminance and chrominance components
are compressed separately, and that the luminance motion vectors .
are utilized for generating compressed chrominance components.
. The compressed luminance and chrominance components are
_\*J 25 interleaved to form macroblocks before codeword priority
parsing.

A sequence of image fields/frames as per FIGURE 1B is
applied to circuitry 5 which reorders the fields/frames  according
to FIGURE 1C. The reordered sequence is applied to a compressor

30 10 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 3A.

The MPEG hierarchical format includes a plurality of
" layers each with respective header information. Nominally each

35  header includes a start code, data related to the respective layer
and provision for adding header extensions. Much of the header
information (as indicated in the referenced. MPEG document) is
required for synchronization purposes in an MPEG systems



header information is required, that is start codes and optional extensions -~
may be excluded. The respective |layers of the coded 5 video signal are

il lustrated pictorially in FIGURE 2. Wen referring to the MPEG | i ke si gnal
produced by the present systenlmhatﬁts meant is that a) successive
fields/franes of vi deo signal are entoded according to an I, P B codlng
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20 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
a quantization parameter. ' w

25 Each block MBi (LS5) represents a macroblock and
includes a header followed by motion vectors and coded
coefficients. The MBi headers include a macroblock address, a
macroblock type and a quantization parameter. The coded |
coefficients are illustrated in layer L6. Note each macroblock is

30 comprised of 6 blocks, including four luminance blocks, one U
chrominance block and one V chrominance block. See FIGURE 2. A
block represents a matrix of pixels, e.g., 8 x 8 over which a
discrete cosine transform (DCT) is performed. The four luminance
blocks are a 2 x 2 matrix of contiguous luminance blocks

35 .representing, e.g., a 16 x 16 pixel matrix. The chrominance (U
and V) blocks represent the same total area as the four luminance
blocks.- That is the chrominance signal is subsampled by a factor
of two horizontally and -vertically relative to luminance, before




fepresented by a contiguous group of macrobl ocks. The bl ock coefficients
are provided one block at atine 5 wth the DCT, DC coefficient occurring
first followed by respective DCT AC coefficients ifizthe order of their
relative inportance. An end* 3F bl ock cgde EOB is appended at the end of
each successively occurring block of data. The ampbunt of data provided by
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Colgpr essedata dsotransmittedr at ohi censtgnt giate equivaleniy |t@aﬂ€d channel RE 3A i s
coupl ed t ogfy ofd tr)éaﬁ%éeefﬁahﬁmme &f. the Qhambph Ratéqufm qued dat a

bet ween a rio anne and a | ow chann Hi'gh
priority ’f‘mo}ﬁaPP ﬁ’r% t ﬁaFaFlﬁpg:?rﬁ c&?s@%%& 'EBP? non L \?\hl ch,
woul ¢ 51 fﬁt falfdﬂq(m{‘gﬁt lastac{jagt ?Het amiount ofematdupnwldadgby théSL at edl
conver se it is the | east, data eit |ess
than a 3sCOMBIPSSEr i Ancordancs with g fe¥ef G oshBabbPPEE den® |

i nf or mat i buffers.he ']Ihu;h the i buffers i1¥ th%nnch:dmms:muvsmnmdacatp aI | of
the headed:f" EBLHOR |(Va G oty | Toies8 ilieaniond &% abpries ! us

the DC co |C|e 'ocks - /- é)f t he AC
_coef fi ci et shef ratee coasraller KOOaanS(tl ﬂ%la\@ramdﬁ@ 3A§e provide

20 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

. determining quantization levels may be found in application
g"-“25 Sn.494,098, filed 15 March 1990 and entitled"Digital Signal
Coding With Quantization Level Computations,” which application
is included herein by reference.
Compressed v1deo data hlerarchlcally formated as
indicated in FIGURE 3A is coupled to a priority select element 11,

30 which parses the coded data _bct“}gen a high priority channel HP
and a low priority channel LP. High priority information is that
information, the loss or corruption of which, would create the
greatest degradation in reproduced images. Stated conversely, it
is the least data needed to create an image, albeit less than a

35 perfect image. Low priority information is the remaining
information. The high priority information includes substantially
all of the header informatioﬁ_ included in the different hierarchical
levels plus the DC coefficients of the respective blocks and a




The ratio of HP and LP data at the transmtter is approximately 1:4. At the
transport processor auxiliary data is 5 added to the signal to be '
transmtted. This auxiliary signal may include digital audio signal and,
e.g., teletext data. In this exanple gt least the digital audio will be

i ncluded in the HP channel. The average anount of the auxiliary data
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fromthe_ 3 roc éto dat occwrl at a su stantlally const ant
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20 are utilized by the receiver for isolating errors in conjunction with
synchronizing header information and for “providing error
concealment in the event of uncorrectable bit errors in the
received data. Each transport block includes a header including
information indicative of the type of information included in the P
25 block, e.g., video audio and pointers to the starting points of |
contiguous like data. '
The HP and LP data streams from the transport
processor 12 are apphed to the respective rate buffers 13 and 14,
which convert the variable rate compressed video data from the
30 processor 12 to data occurring at a substantially constant rate.
The rate adjusted HP and LP data are coupled to forward error
encoding elements 15 and 16 which a) perform REED SOLOMON
forward error correction encoding independ'ently to the respective
data streams; b) interleave blocks of data to preclude large error
35 . bursts from corrupting a large contiguous ‘area of a reproduced
image; and c) appends, e.g., Barker codes to the data for
synchronizing the data stream at the receiver. Thereafter the
signals are coupled to a transmission modem 17 wherein the HP
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carrier displaced fromthe first carrier by approxinately 2.88 Miz. The 6

dB bandwi dth of the nodul ated first and second 5 carriers are respectively
about .96 MHz and 3.84 MHz. The nodul ated first carrier is transmtted with
approximately 9 dB greater paower t han -8me nodul at ef¥second carrier. Since

the HP infornation is trapsmtted th,grea t is much | ess prone
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e

correctin cod 21 and 2 Jhe.error 20 corrected_si gls are coupl ed

" to rate bup @P@aggnaiﬁj tﬁﬂmmlté?fl rEHS; BICHET . PQWVEL Ik 15 JHIUE
CONMMENSUr ronel td Edreupdoni by StralismfseraulnmunI JBtee riiPe sarricr

o ocebor isclafRied, i aﬁ%rﬂ?@*e of 108, blediEpfy, @ br dhleld "0 o
aﬂceiuc L i gunt iINTSEG f'DVcrstransingssm onfharme:bI rnolunali]glr oncupiedo byi w%etvﬁ&ﬂeéa arity

gr‘qgessor@g%#@%geé%éﬁgﬁfmgxm Easséﬁﬂgt z;r hlE(Fﬁ@ an UEP%t% and an
error si grelanpel Tise normally t significanilyl sitgnaatesl, Séthleo h&Y‘W’isbr 1ltgTesel ect
processor @fG Fﬂﬂﬂ;ﬂ? ?é&'i@@ttss ahdethiz FPTV $i@ na@tﬁrth“ﬂﬁsan hi er af Chl cally

port of s (FRMTHSHGR. forrBet oW fESHZ‘lr%Eqé&Eée“ & HRETRREL C; ot eo an
exenpl ary conpr essor AgptiRy atoeiveni tie rtvansrmwedlsngnal fnsr detmtedtbjto of
T o A o VAR GRS, i 0 W O
corrpressecHPuandahPechanncls SlThds&r teppsignals dre applied <@ ﬂ’@smweate
s o REMTISORIMONe S Yilang L ASE2E sod 2, e
backwaPd reamestedesignals rarepeoupled (o rate bufiers 23 and 24’ which
receive data at a variable rate commensurate with the |
requirements of the subsequent decompression circuitry. The
variable rate HP and LP data is applied to a transport processor
25 which performs the inverse process of the processor 12. In
Sv 25 addition it performs a degree of error detection responsive to the |
parity check bits included in the respective transport blocks. The
transport processor 25 provides separated auxiliary data HP data,
LP data and an error signal E. The latter three srgnals are coupled
to a priority deselect processor 26 ‘which reformats the HP and LP
30 data into an hierarchically layered signal which is applied to a
decompressor 27. The deco'mpressor 27 performs the inverse
function of the compressor 27.
FIGURE 3 illustrates an exemplary compressor
apparatus which may be utilized for element 10 of FIGURE 1, for
35 providing hterarchrcally layered compressed video data. The
apparatus shown only includes the cxrcultry requtred to generate
compressed luminance data. Similar apparatus is required to
generate compressed chrommance U and V data 1n FIGURE 3




Si nce whether a notion vector is forward or backward depends only upon

whet her the current field is analyzed with respect to a 5 prior or
succeeding field, both elenents are realized with simlar circuitry, and in
fact both el enments 104 and 105 alternppte on a field/frame basis between
generating forward and backward vect rs. The el enents 104 and 105 may be,.
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Pr v ousl C
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13 has BRtegraled: eircyitsnof sther éHP¢ ndesignated STHE220) M Nin addition a
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1ﬁ0 Asraneageadlﬁ oft the seleapaitopi 04t andnd0S bbamtiseola PraslR eoﬁguup! ed Trom./
t he ne p rac ring
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per f or nE13GRGE s@sa%n%raﬂafqrm and |Q“?@rtl§f@tMQ éﬁ%nsﬁoﬁatron of the ‘
coef f i cceefficientsyandr ahay abe em*hﬁeﬂuﬁis@ﬂglimégraﬂ@ecfréﬁﬁQ%f Ypeed image is

ZFE'm'eﬁ?Q%lﬂéﬁﬁﬁgf%ﬁssi’fﬁﬁﬂﬁﬁwamgmﬁﬁ RANSERRM £7and P Trames.
Duri ng 8vaijable frem SGS-THQMSONo MICROBLECTRONIOSe dEldimertdi@® 113) to
the 0 ecint Also! B8 réMBfed WihPLOYIHE )Y of | sHER Hevies operated in
parallel to concurrently process different areas of the image.
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 o
25 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
buffer memory A, 102. In addition frame 16 is applxed to a
working buffer memory 100. As frame 16 occurs, appropriate
image blocks of data are coupled from the memory 100 to the
30 minuend input of a subtracter 108. During I frame compression
the subtrahend input of the subtracter 108 is held at a zero value
so that data passes through the subtracter 108 unaltered. This
data is applied to the DCT and quantizer element 109 which
provides quantized transform coefflclents to elements 110 and
35 112, Element 112 performs inverse quantization and inverse DCT
transformation of the coefficients to generate a reconstructed
image. The reconstructed image is applied via an adder 113 to,
and stored in, one of the buffer storage elements 114 and 115 for




El ement 110 perforns two functions during | frame 5 conpression. First it
performs differential (DPCM coding of the DC coefficients generated by

el enent 109. It then variable length encodes (VLC) the differentially coded
DC coefficients and zero run_and varigp.e | ength epgodes the AC

coef f.ci ents generated by el @nent 109. The VLC codeWords are applied to a
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notion ve and al'so provi esacorrgsﬁ :pgg IS‘% related to the
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distorti ointsl boffes: mbfndrsveIGOSt dbamoﬁmngfmme fle¢ idacdupled tmrbmhdoﬁnd
vector wiShadils 5P CARA Nifis, Mk, 103, RUsBRRGE sq fraind 14 P00
as the bl from notemory ddrandAfframet 13 data ofrore cmemorys n determned, it
IS 20 calculates forward motion vectors for respective blocks of 16x16
pixels of image data. It also provides a distortion signal which is
indicative of the relative accuracy of the respective forward
motion vectors. The forward motion vectors and the
, . corresponding distortion signals are coupled to an analyzer 106.
95 o Element 105, responsive to frame 14 data from
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
30 exceed the threshold, provides both. the forward and backward
motion vectors as the motion vector, and also 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
35 from which derived. An interpolated frame is generated from the
forward and backward predicted frames in accordance with the
ratio of distortion signals. If the distortion signals for both the
forward and backward motion vectors are less than the threshold,




applied to the notion conpensated predictor 107 which accesses 5 the
appropriate data bl ock defined by the vector fromthe previously
regenerated frame 16 or frame 13 or both, stored in the storage el enents
114 and 115. This data block is appkised to the subtrahend input of the
subtracter 108 wherein it is subtraéged on a pixel by pixel basis from the
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cal cul atrepdast. tmotmg vectprs arexdif mmlorr engedadnandothen ocks or a
16x16 ngfer IdifféreﬂtléﬂbS)enc%u@dREeété&O\&eewmb@é Yl tﬁuehb&sdea bl ock form
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bi OSeriu?cll ﬂ?\}e%ét {rgggfor%'éd t1rxlle e‘f@ﬂm%n?r i’ﬁdﬂ,c@’ they are not used
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 o
25 frame 16 and P frame 19. During encoding of P frames, element
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 -f)ixcl-by-
pixel basis to generate the reconstructed frame which is stored in
30 the one of storage elements 114 and 116 not containing the frame
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),
35 _but motion vectors are calculated for macroblocks (e.g., a 2x2
matrix of luminance of blocks or a 16x16 matrix of pixels).
- FIGURE 4 shows exemplary circuitry in block form
which may be used to implement the functions of elements 110




t he exenplary circuitry of FIGURE 4 is in parallel-bit word format. 5 This

format is selected to facilitate the inplenentation of both the priority
.sel ect processor and the transport processor. In addition two extra

signals are provided which define the-dddie type of each output codeword,

CW and the lLength, CL, of edéh codeword. In Fl GURES4 nption vectors from

t he ‘anal yzand 1bbl 10fg IGUREE3s) The outppt fenmat| of; thisc sirenitry divergeom

el enent 12fropR ﬂxai'héﬂn@ﬁ? providedoby! ad MPEerPbpbﬁé&nerlaﬂ that anbuffer
menory 1331\4}]&@ m cgoef f .CI ent fromthe tr | ement #FEDE

coupled to “gPBkéF 13 1ai data Stesamy ‘gn 2PN ¥m 128.
Di fferentitid exempldeyl cieaiitsycicfnFIGURE @hés lin5 aﬂﬂmbﬂZWm‘defmu@i ed to

of “the Scoeth F%.@%F@'?S&S”‘%E#SCE%@@ Sadfipd hél@gdﬁ‘b?ﬁ@*eﬁ@?‘?{’w ef o SREE g

encodi ng oprlbrﬂ}'aﬂek‘-Cttpmdbsscbe&ﬁd cthentteanspors eprocesset.y  dinf addétional | y

encoded by aee%gqu@% E?g gf dae H}ﬁbhvd 786 Roded 10PE ChE Uy 20

t he non- d| erenti |C|en s are
mul ti pl exePUtP¥t ¢ode GL.op twlmpdpwogder 129 vi a

5 tlhe buffer menory ‘l3§ndl"-‘R§U 'h4‘f1ﬁbﬁ%h' %cfdt@”ﬁ%tﬁofﬂéafanﬁgy&e’roh%”? header
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is a 26 withe ctetmailjoremded/aa\ﬁbcbodf‘mxent& lage dudtiplexed cbyy
exam nati Odheoi'nﬁl'i'ﬁﬂé!ﬁ&t 932 and coupled to a second input of the
multiplexer 129 via the buffer memory 133. Header information
from a format control and header element 126 are coupled to a
| third input of the multiplexer 129. Element 126 includes stored
\.s 25 information and control circuitry to a) provide the requisite _
header information for the different code layers (FIGURE 3A) and
to b) provide control signals to time division multxplex the header
information, motion vectors and the transform coefflclents via
multiplexer 129. Element 126 is responsive to the system control
30 circuitry via the control bus CB to provide the appropriate headers
corresponding to picture size, rate, picture coding type quantizer
parameters, etc. Certain of the header information is calculated
by element 126 in conjunction with an analyzer 125. In the
MPEG-type format much of the header information (e.g., level 5 of
35 FIGURE 3A) is variable such as the type of block encoding, the
type of motion vectors, whether a block has zero valued motion
vectors and or whether all coefficients in a block are zero values.
‘The vector. information and coefficient information is applied to



Whet her all coefficients in a block are zero valued is determnable 5 by
~sinmply accunul ating the magni tudes of the vectors included in a block. Once
" the type of variable header data is determined, it is assigned a codeword
and provided to the nultiplexer 129.pg_the appropriate tine. The el enent
126 al so provides information relating to the codeword type currently -~
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passed by the multiplexer 129 for variable length encoding the
transform coefficients and the motion vectors. The particular
table utilized is enabled by the code type signal. Each of the code
tables may include corresponding tables progrzi'mmed with the

25 code lengths of the respective variable length codewords. The A
codewords CW and the code lengths CL are provided concurrently
on separate busses in parallel-bit format. In general the header |
information is not variable length coded and is pass'edr unaltered
by the VLC 130. However, the VLC 130 includes code length

30 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.

The element 126 also controls the writing and reading

of data provided to and from the buffer memory 133.

35 FIGURE 5 illustrates exemplary apparatus for
_performing the priority selection process. This apparatus may
operate in several modes. For example, data- may be prioritized
on an equal basis for the different field/frame types, or on an




iconsuned by auxiliary data. If the video data is quantized for 5. maxi num
transm ssion channel efficiency, 17.53% of the video data nay be all ocated
to the HP channel. In the forner instance, the high priority data for the
I, P and B franmes may be assngned in fpy_exanple, #%he ratio of a:B:l
respectlvel y. The values a’and [err] may be user sel ectable and/or
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As data is written to a particular buffer, the analyzer
152 generates a codeword number CW#i for each codeword and
stores the CW#i in association with the corresponding codeword.
_ The analyzer also calculates the point, or codeword, at which the
w25 data should be split between HP and LP channels. The calculation
is determined for the amount of data stored in the buffer. There
are four general types of data including Header Data, Motion
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 representing the AC coefficients in '
generally descending order of importance. The total number of
bits are counted for all the codewords in the buffer. Then the
~codeword at which the sum of bits is just greater than the HP
percentage is identified by a codeword number, CWi#j. This
35  number is applied to a switching element 153A (153B), and used
to control the multiplexer 155A (155B). After the codeword
number CW#j is identified, the codewords, codelength data,
codeword type data and codeword numbers are read in parallel



swi tching el enent 153A (153B). As the data is read fromthe 5 buffer, the
switching el enent 153A (153B) conpares the codeword nunbers to the

cal cul ated nunber CWfj. For all codeword nunbers |ess than or equal to
CwWtj, the switching el ement provides g control signal which conditions the
rrultl pl exer 155A (1558) to pass the correspondl ng data to the HP channel~.
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[ 512- 51&ignals,| tlsclcmgtzag goneraesl502] colewiord. nubirs Lféo eadhin, dfor g
respect L S P and LP dat a-
From t o EFE (odbioRf, HRE" SxpmhplEy Factl "ERywot¥ REEeeeTind gred o
enhance ga@ralmf@‘mam:y is assigned the number (-2). Each codewor .
20 representing motion vectors and DC coefficients are assigned the ' '
numbers (-1) and (0) respectively. Successive AC codewords are
assigned ascending integers 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 s1gnals, independently
sums the number of bits of the codewords of each code type
entered in the buffer 150A (150B). These sums are added [504]
to provide the total number of codeword bits contained in the
buffer. The total .sum is multiplied by the decimal equivalent of
30 the percent to be allotted to the HP channel to produce a check
sum [512]. Thereafter the respective code type sums are -
sequentially added [508] in ascending order of codeword number
CWi#i to produce partial sums. Each partial sum is compared [512]
with the check sum until the partial sum exceeds the check sum.
35 The codeword number CW#j associated with the immediately
previous partial sum is the last codeword within a block to be
assigned to the HP channel [512-518]. All succeeding codewords,



5 and error conceal nent at the receiver. The transport block format is

illustrated in FIGURE 6. An exenplary HP transport bl ock includes 1728 bits
-and an LP transport bl ock includes 864 bits. Respective transport bl ocks

may include nore or less than.a slice-b6-data. Thus .a particular transport

bl ock may i ncl ude data from#d® the end of one slit& and data fromthe

begi Wi ng ., GWHielt ta BWetuefar mispectiverblocksrarebhssigned neol dis IgPvi deo

data may kshdgher.! eaved with transport bl ocks containing other data, e.g.

audi o. Each transpori bl ock i udeds] a_service tyPe header ST which’
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I ti t, bl ock I d bl ocK dat

recob ot cdntgrleVRL it Fagshart Biptks' Contataine heh 94, blet | ce n+1, the
data fromasudiae Each mtamsportablecierinchidest aasenvice dheadad STe pointer

di cat t head TH.
Conver sel yich inficafed, diECBAR I Btdmaidh) Affided, 'y 8T HGH G o
i ndi c,laies transpost dlock t lontlris| ¢example [tLe S'Echeddd:leaslean F8+b1|3 \Gordﬁ\ zero -
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macr obl ock ol .nt e transport one or nor e
t han one F%&F’Hy dsrau Ylﬂépr%cﬁp‘tlhéﬁé dﬂﬂfté vatouibitsyof tthe 8-bit17 -

the transmord arecksed toe xfésbmadﬁé STCmﬁ)rﬁiatié't? ahﬁﬂ m&nanef afach slice
' and LP.channel regﬁ%I $ ad&rs are included
e

i tr anspuped i afovide Bemmite RiY Frotstian of, RN, The
recod hehits. (RH) pointer points to :
Each transport block includes a transport header TH
immediately following the ST header. For the LP channel the
transport header includes a 7-bit macroblock pointer, an 18-bit
| identifier and a 7-bit record header (RH) pointer. The transport
25 header of the HP channel includes only an 8-bit record header
(RH) pointer. The macroblock pointer is used for segmented
macroblock or record header components, and points to the start
of the next decodable component. For example, if the’ particular
transport block includes macroblock data associated with the end
30 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.
Conversely, if a record header RH is adjacent the TH, the first
pointer indicates the byte position following the record header RH.
35 A zero valued macroblock peinter indicates that the transport
block has no macroblock entry point.
The transport block may include none, one or more
than one record header, and their positions are variable within
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5 the byte position containing the start of the first record header in
the transport block. Note, the first record header in a transport block is
pl-aced at a byte boundary. That is, if a variable |ength code precedes the
record header, the variable length e may be bit-stuffed to insure that
the start of the record header occurs’at a 1 0 bit position which is an~
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the codeadewords: \/ve’erlzetrbev edn&HPpoimnnemdlcaxasmw gere ame ot i onal |
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record I ncorporated I n ntifier,

| ncl gnly an 1
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t r ansporihdivates that t themtigispdriviblock ifclhidesf baly Pidedhqldtashaadece, FCS,
which is_galculated over all bits in the transport block. The FCS nay be

gener at éﬂfﬁlsmﬁbmél'cycl iC
The 18-bit identifier in the LP transport header -

20 identifies the current frame type, the frame number (modulo 32),
the current slice number, and the first macroblock contained in
the transport block.
Following the transport header is either a record
header, RH, or data. As indicated in FIGURE 6 the record header s
25 for the video data in the HP channel includes the following _
information: A 1-bit FLAG which indicates if a header extension,
EXTEND, is present. Following the FLAG is an ldentlfier 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
30 64) SLICE IDENTITY. Following the identifier the record header
includes a macroblock priority break point indicator, PRI BREAK
(G). The PRI BREAK()) 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,
35 an optional header extension may be included in the HP record
header. o




fedundancy code. FIGURE 7 illustrates exenplary apparatus of the transport
processor. 1In the figure an arbiter 213 interleaves, via 1l 0 a

mul ti pl exor 212, transport bl ocks of video data froma nultiplexer 211,
audio data from a nenory 214 and auxijgary data froma nenory 215. The

audi o.data is provided in tansport bl ock form by the source 216 and _ :
appl Md to a first-The iresord Uieaderoincorpbratelh$n athd |LP! Yhalifed i S provi ded

in trans C for t 217.10 a fjirst-in, f1Irst-out
romor y 25 SOy, g (enfieide, IEREHYE, ila?, foyahe “ldeatisiast ¢ bl ocks
may di f f eimplemented fior ke HP whannelieo transport bl ockséI however al.:c_. N
t ort blocks w KN I i.n ls y e aan referably
w ﬁ”sge of equal | cnaeh"XatsBoRt MG & BRMiffe N0 Fhupif frafic;
occupancychgck, sequence; 1 FCS; 1whighy isocalenlated hovers allobitsoirn ther e t hat none

of 'these truhéert Bloek! | CPhe WCS iy bt pehérditd ¥ing @RS On one of the-
HP or LP signlgs's and si,m | ar appar at us ?s require éorpt&fle alternate

si gnal . angy ¢pdeyut the audio and auxiliary si gnal is HP data 25 an
arbiter for interl eF¥GURE' ansms&ai@soekemylugg al?gtds“@'fudﬁﬂ in the LP

codel ongt FAREHOTtRESERAGE, o3 YheTmEER an (UGt 213: ABfeFIoRVEs: dbfior ar e
coupl &t muitiplexosr 212prtransport Blbgksaofl videoc ddenvfrom and ngle EYFﬁ .
il %\r/]glr t g?m%qpfe#ggﬁgggvée&igr \@Bdl é@k%@&ﬁﬁé%@?é@%xmé{% gogewor ds
i NG, fordﬁiﬁafﬁﬂm,amoﬂwﬂd@i nToedandim d&tﬂuﬁepthei@doﬁnttraﬁsmmrgge f
the Type docer pm' B I Bobtcs FES land"epplfed, 17" MNEI Hirsf BT, 0° 01 ds
provi ded YT 23&\'/&?6? Q@’iﬁh’#’l datd dsaprovidedoin dtranspog blgoker 207. The
t r ank for tforomtbyolther siirger 23Porsia thirstlia Evét-oht rﬁé’ﬂﬁrynQIW{jTh’@t ?i teg
those hedgqeiied (GORE huble hd AEGkRry ata tpasport Blorky T3y he
cont r ol | dliffersframs the dovmat oof thec wideo ctransport blowks; ylnme?elpl aig?:e\é\g\r/ ?zé
(o 9l S, VR S
. t r anspor PTEfIaRIY, ewild r be rofo egual olengtho (The Arbiter b2 b3 keespongs etvet er ni ned
20 the level of occupancy of buffers 214, 215 and 207 in such fashion
to insure that none of these buffers overflow. :
The apparatus of FIGURE 7 operates on one of the H
or LP signals and similar apparatus is required for the alternate
\‘/_ signal. However, if all of the audio and auxiliary signal is HP data
25 an arbiter for interleaving transport blocks will not be included in
the LP transport block processor and vice versa.
In FIGURE 7, codeword, CW, codelength, CL, and code
type, TYPE, data from the priority selector are coupled to a
transport controller 218, and the codewords and code type signal
30 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.
The convertor 201 may be of the type described in US Patent No.
35 4914,675. 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 CW#j data to construct the transport block headers (ST,




nunbers of bits. The transport bl ocks provided by the nultiplexer 209 are
coupled to one input of the nmultiplexor 211 and to the input 10 term nal

of- a frame check sequence coder FCS 210, the output of which is coupled to
a second i nput of the nultiplexer 21&.9 The FCS 210, responsive to transport
bl ock data fornms two-byte error check “codes for respective transport ~

o1 ocks. piahi BE) e ABRLES ‘vicde TAPMAIsOBE R RaRECOBAEE A0S, GERTPOT,
or two- bptay beCintedralf tonthel eoptrollero218. t Respensive t1g: the :¢@dfort bl ock. In
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al t er nat f19§3 nfgEmafen tlng°cg‘ﬁ{‘§§Pf‘Zr€'?f§%m‘{?eS#§§%§h?‘ﬁ converter 201
f r om accaptribegs vofiebitheader data which would be 2 5 redundantly included
in the transport b k he S, - | h (VZ=Y N [
efficiency. At theﬁ%cé%%{rﬁeb%sﬁasﬁmo%a&f atﬂéblr%‘%gbggg
r econst r arg exbupledn to: loaet inputoft the sanltipleaer 2h1 canghit0othe@PUsi nsert ed
in t Vi t t reaqﬁ@ - odtr FS A i o eofed signal
S alg?)l ig . gq?o‘?v\érf erro%éggrrség??%cnecci rqui ts é.hland éﬁ tugpé rformerror
correct i Yrhieh isheouplede£@ | & sSeopngninpYs Qfgﬁ‘ﬁ muliplexer. 2111 T gata i's
tﬂen ﬂppﬁ‘csi 210, hﬁsﬁdmﬁocd tﬁ%ﬁmsoblcﬂﬂ: \datar forend ufvie-beyte 3ermod |2=éc Evew
t hough t et ect ed dat a has..undergone ergor ., corsect . e
ci rcui tscgﬁaénﬁpéeﬁ, Qér{%ﬁﬂ?cgr";eo&aq’é@?ﬁf r$]ﬁ’§k§Urm§ quﬂk?e@a%% ssi on may
not be ciy rconditionedy té hpassE@espeative stransporte bloeks provided abyothel to pass
to t decq ' i i . sX€ h eatd hke £0 Wely) occur in
t e Iropr IIEDICR, 200 rafid tiel, 18 Ch¥pPRACtiic HERIC A HWETYRIFRY Do cport
bl ock i nepdelefrormdtipmensn210@r tayrthgeeadt phntheo deanspert Rlpeksy the occurrence
of errors which pagg {Re oferBgblify Fdéscriptiont 6f die trAafspvIsi prodegsorich error
I ndi catignsg the as{i;g\ n?/ pg vbde aggr_opr' ate grror._5 .(aoac%al rtwﬁant. FI GURE -
8 il lust ibddsassyaied thapqtl ‘bfc} &sbigpdes information “provided by thie
compressor 10 is included in the video data stream provided by
20 the transport processor. It should be recognized that much of the
video data header information is also included in the transport
headers and as such provides redundant information. In an
alternative arrangement, the controller 218 may preclude the
converter 201 from accepting video header data which would be - | U
25 redundantly included in the transport block headers, thus
enhancing the overall coding efficiency. At the receiver the
excised video header data may be reconstructed from the
transport block header information and reinserted in the video
data stream. |
30 At the receiver, detected signal is applied to forward
error correction circuits 21 and 22 to perform error correction on
the respective HP and LP signals. Error corrected data is then
applied to the transport processor 25 via rate buffers 23 and 24.
Even though the detected data has undergon‘e error correction in
35 the FEC circuits 21 and 22, certain errors occurring during signal
transmission may not be correctable by the FEC circuits. If these
errors are allowed to pass to the decompression circuitry, very
objectionable corruption may occur in the reproduced image. To




.included in the receiver portion of the system Two such processors are-
required, one for the HP channel and one for the LP channel. If it is known
a priori that audio or auxiliary data.will 1 0 always be excluded froma
particul ar channel, the correspondi ng.-g@nents may be elimnated from such
channel transport Pr OCeSSOry:: <l n FI GURE 8 data fromthe rate buffer 23 or 24
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in the video S|gna process ror e utilized to
si nply excPBOTY AlnYiotTansRark eocreer signal is apphied to the

20 input port of a one-to-three demultiplexer 253. The delayed
transport block data is also applied to the input port of the
multiplexer 253. Delayed transport block data is also coupled to a
service type detector (ST DETECT) 252, which examines the ST

| header and responsive thereto conditions the multiplexer 253 to -
\_25 pass the transport block data and corresponding error signal to

' the appropriate one of the audio, auxiliary or video signal
processing paths. Even though an error may be detected in a
transport block, the ST code may still be relied upon because it
has been independently Hamming code protected.

30 In the respective audio, auxiliary and video signal
processing paths the error signal may be utilized in different ways
to effect error concealment. In the video signal processing path
the error signal may be utilized in alternative ways depending
upon the error concealment circuitry included in the

35 .decompressor 27. In the simplest case assume that the
decompressor 27 includes a display memory in which information
is updated as information is decoded. If no. information is
received for a particular portion of an image, the corresponding



errors fromthe video data stream Alternatively, for nore sophl stlcated .
error conceal nent the transport block data nmay be retained but tagged with
the error indication to alert the 1 0 deconpressor to perform alternative
error conceal nent functions. In thea?/ideo signal processing path, the
transport block data and error sign are coupled to a processing el ement.
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codewords are respectively

paral | el °¥||]C codeworgg he HP and
coupl ed d[eée PTOCRSSQE, 79“V\A§F9ﬁratFepﬂﬁ$Fsﬁ -ve to a desel ect controller 275
reconbi nes t he datFhe rFBCacdauasséqu&mdeZmptd\adetmet reteivedvdded by the

COPHESIN" fixed length words corresponding to the fixed length words
provided to the FEC circuits 15 and 16 of the encoder. As such the
transport block header data occurs on byte boundaries which are
either predetermined (ST, TH and FCS) or are identified (RH) by
the transport header. Thus it is a relatively simple matter to

- 25 identify and extract the requisite transport block headers from
respective transport blocks

FIGURE 9 illustrates an exemplary priority deselect
processor. The priority deselect processor accepts data’ from the
receiver transport processor and reconfigures it to the form

30 applied to the encoding priority select processor 11. In order to
do so respective codewords of the data stream have to be
identified, that is the codeword CW#j in each block must be
detectable. Since the data is in the form of concatenated variable
length codes, it must be at least par't;ia[ly VLC decoded to define

" 35 . the codeword boundaries. Once the codeword boundaries are
determined, the codewords may be counted to find CW#j (in the
~ HP channel). After the codeword boundaries are identified the




10. 1 0 Consi der the HP channel circuitry 270-273. Video data
fromthe elenment 256 (FIGURE 8) is applied to.a buffer menory 270 and a
desel ect controller 271. In addition the HP transport bl ock headers are
applied to the controller 271. The vide@®data, absent errors, will occur in
predeterm ned cyclical 1 5 sequences. Particular points in a sequence are

i denuf | abtedéwords haayr aasibpr be bpasednénte rrespecsiyal paralléhbit ¥ECart
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in known cimong Batamaequence ssinsitar toushar prpeided ey aheheonipresper t header
|nformat|oi1 the controller 271 establishes the decodi ng sequence of the VLD

272, i.e., Q/hi ch VLD decoding tables to use for wiiich 3 0 grouping of VLC
codewbis. Note that Consider the). HPt chanhek citartiyr 270-2%3. daVides reamis

not vari ab I n e Y, : 3 r.ange conpare
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VLD 272 whirghsseriCBickatiRadgrd Wrech gtieah&:fﬁfee@oh&wé} 2gqevorgg. and
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‘accor di ng kedgth rdecoder VLA itar eperatien iacsording ite; this ssequencepe Fore
20 example, assume that the transport header indicates that current -
data is from an I field and that a record header occurred at byte z.
The record header was placed at the beginning of a slice, thus the
entry point of a slice can be identified relative to byte z. - At this
point the slice header of known bit/byte coding format is known,
~'25 which header is followed by a macroblock header of known
bit/byte coding format, followed by block data in known coding
format, and so on. Thus, responsive to the transport !;eader
information the controller 271 establishes the decoding sequence
of the VLD 272, i.e., which VLD decoding tables to use for which
30 grouping of VLC codewords. Note that since, e.g., the slice header
' in the data stream is not variable length encoded, the controller
may be arranged to compare common slice header information
with transport header information for entry point confirmation.
The video data from the buffer 270 is coupled to the
35 . VLD 272 which concatenates a number of the fixed length
codewords, and examines the leading bits of the concatenated
codewords for a recognizable codeword according to the type of
coding expected vis-a-vis the normal cyclical sequence. Once a



bl ocks within a macrobl ock are concatenated w thout including 1 0 end of
bl ock identifiers. In general however the DC coefficient of the first block
inh a macroblock is identifiable by its position within the bit stream The
VLD cannot di scern between the | ast_ _coeffic_i ent of one block and the DC
coefficient of the next block. IdentiTication is prow ded by the CWij -
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20 communicates with the. VLD 272 to reset the cycle to a DC
 coefficient decoding: event. -
-Elements 276-279 in the LP channel operate in a
similar ‘manner. The LP data however is expected to include only
AC coefficient codewords. The AC codewords for respective blocks -
25 within a macroblock are separated by end of block (EOB) codes, - e
hence there is no need to count. codewords' The operation of VLD -
278 may simply be to decode words which are "all coded according
to one coding table. : The position of the first macroblock in
transport block is identified by the respective transport header,
30 and each successive macroblock is identified by record headers.
This information is evaluated by the deselect controller 277 for
controlling the VLD 278" for indexing the codewords in the storage
buffer 279. :
Responsive to t‘he indexed information and the type T
35 .codewords stored in the storage buffers 273 and 279, the deselect
controller 275 concatenates the ‘HP and LP codewords stored in
the storage buffers 273 and 274 via a multiplexer 274. The -
controller identifies a macroblock, conditions the multiplexer 274 .



codeword corresponding to CWj is read, the. controller again 10 sw tches
to read LP data for block two fromthe LP channel, etc. If while reading
data fromthe high priority channel an EOB code occurs before the codeword
corresponding to CMj occurs, the contRdder 275 is reset to read the next
bl ocik\of data fromthe high priority channel. 1 5 The cyclic
nat uce of tocqassidatacfrbmothes HRychannelr iaad| eead‘snrthexmnpieetwerrﬂ?mdatabl ocks -
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record headelrg Homthe data,s rea the cont‘{)ol ler 2 count %‘tw nunber
of \gacr obl 3t EO: godeseacurs briosg 13 | ast

macr obl ocko¢ours, the coomeongﬂlm is htesaextb oemdlrﬂlengedatbiock ef tdatas port
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rat her onlgoded, seThisSaesimationais dckRidedndn htheogespuciive alitepandi des them
ina formsiml o,th data rovjded at t ut pyt of. the npressor 10.
As such ciMagr9 t?l)?c headers. order: to establish" ahd ntaintain the _
20 appropriate decoding cycles, the controller 275, responsive to the
codeword types examines the slice and macroblock header
codewords to determine the numbers of blocks in respective
macroblocks and the number of macroblocks in respective slices.
| Responsive to these numbers the controller 275 counts particular
\_s25 decoding operations and determines when certain decoding
functions have been completed, and restarts a- decoding cycle.
Note that as indicated previously more than one reco_i."d header
may be included in a transport block, but only the first record -
header is identified by the transport block header. as such only.
30 the first record header in a transport block may be excised by the
element 256. In order to identify and extract the information .
from such record headers, and excise such record headers from
the data stream, the controller 275 counts the number of
macroblocks processed by the VLD 272, and on completion of the
35 last macroblock in a slice recognizes the mext occurring data in a
transport block as a record header. It thereafter reads the
information in the record header, to establish subsequent cyclic
operations, and precludes its passage to the buffer 273.




substantially conplenmentary to conpressor 10 nmay be utilized for 1 0 the
deconpressor 27. It should be recogni zed however that the circuitry of
FIGURE 9 nmay be arranged to provi de decoded variable | ength codes obviating
a VLD in the deconpressor circuitry._slgn the FIGURE 9 provision is nmade for
a variety of 15 error conceal nent net odologles For exanple, even though

a transport bl ock el uifkoMbes 371, 275° A 27H0art NGiBhRRK TS M

processe and pass econpr essor |s i.nstance an error flag
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and nul tvmelubd lemgth codesladbvimtingara WED: lin 316 dendmppess)oer 274. To -,
i ndi cat ey {: l.b,he EOB for the respective blocks is a forced or artificial
EOB, an error be carried along wth the EOB si gnal . The forced EOB
signal is de5|gnatBlJI eEIGURE @ prnylsa@nttsomaéle for a yapiety i dfed t he
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and carried along with the codewords applied to the
20 decompressor. The error flags are provided by the deselect
controllers 271 and 277 and coupled to the buffer stores 273 and
279, wherein they are stored in memory locations correspondmg
with the associated erroneous transport block codewords.
In an alternative system wherein corrupted transport ‘
25 blocks are not processed, assume that a LP transport block is lost. N
The LP channel provides coefficient data of lesser importance to
the reconstruction of images, and in fact DCT blocks: may be
decompressed without these coefflclents, albeit the respectlve
decompressed blocks will exhibit less spatial resolution.
30 Therefore, when LP erroncous transport blocks are excised from
the data stream, and data is being reconstructed at the
multiplexer 274, after each block codeword CW#j of HP data, an
EOB code is inserted in lieu of LP data. The EOB code is provided
by the controller 275 and multiplexed into the data stream via the
35 . multiplexer 274. To indicate that the EOB for the respective
blocks is a forced or artificial EOB, an error flag may be carried
along with the EOB signal. . The forced EOB signal is designated
EOBE. - ' :



However, if an error does occur in the HP channel, the data in the 1 0 LP
channel corresponding to blocks of data |ost in the HP channel becones
nmeani ngl ess. The controller 275 is programred to recogni ze | ost HP data
via an interruption of the nornal seqyg\ﬁqe of information identified by the
noner-koneous transport bl ock headers. en lost HP data is detected, the
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VLD 308 frame data which are not being provided from the priority
. 20 deselect processor. o
The controller 275 is responsive to the overall system
controller via the control bus CB, to initialize or reinitialize the
controllers 271, 277 and VLD’s 272, 278 on start up and channel
' changes, etc. In addition the controller 275 communicates with
\“25 the ‘transport processor 25 and rate buffers 23 and 24 for
' controlling the rate of information provided to the priority
deselect circuitry. ' : ,
FIGURE 10 illustrates an exemplary arrangement of -
the decompression apparatus 27. , -
30 Error concealment will not be discussed with respect
to this apparatus as it is not the subject of this invention. Suffice
it to say that error data from the priority deselect processor is
applied to the decompression controller 302 to preclude updating
areas of the video display RAM 318 corresponding to missing
35 .blocks of data, and that the apparatus responds to forced EOB .
codes as if they are normally occurring EOB codes.
Generally the circuitry of FIGURE 10 is arranged -to
decompress video data provided in MPEG-like hierarchical format.



contains apparatus for performng variable Iength decoding, 1 0 inverse
run | ength decodi ng and i nverse DPCM codi ng as appropriate under the
control of the controller 302. Decoded data fromthe VLD 308 are applied to
an inverse DCT circuit 310 which inc_lc)%ees circuitry to inverse quantize the
respective DCT coefficients and to c ert the coefficients to a matrix of
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- i ther
but fer ooty 314 4ea YA-Bn A0B7 biindes [sirSus, do™ geonde e, Verebliaer

engtﬁ/ encoded motion vectors and to perform inverse DPCM

20 coding of the motion vectors as appropriate under the control of
the controller 302. ‘Decoded motion vectors are applied to a
motion compensated predictor 304. Responsive to the motion
vectors the predictor accesses corresponding blocks of pixels
stored "in one (forward) or both (forward and backward) of the

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

Decompression is performed as follows. If a

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

35 . to the video display RAM where they are stored for readout
according to normal raster scanning. The decoded pixel values are
also stored in one of the buffer memories 314 and 316 for use in




10 .V\/nerei n respective bl ocks of residues provided by the inverse DCT
circuit 310 are added to the correspondi ng bl ock of pixel data provided by
the predi ctor 304. The suns generated by the adder 312 correspond to the
pi xel values for the respective block@®f the P field/frame, which pixel
valugs are applied to the display RAM1 5 318 to update respective storage
| ocatlions formimgl dpteidictedhdnpiges | vataes eforprdecodénig bindtion acsimpefidftedr e
stored ingthe, ORg F, ffer ymprnories 314 and 316 ngt: storing the |
fieldl frang of 3 dta utilized to generate the predicted pixel data.
For bidirectional |l yIfnadield/fmme iof dnputirdatat serresponds rtsx iaoforwasd ni | ar ,
except prgash d C 0 d ; I xel data
stor e%t [ nﬁtf#)tt?élﬁbﬁ?@ r%n%%cfil:sﬁggéf %r%é?.l g?eg?g:ég cbggfrilglﬁd/kl?‘et?her t he
respect | vEORSSPERdy £ Bpsidues on Jifferences brlveen & PIESERL bot h. The
gener at edfidgld/feareief aadethd MabtiiostudtcaifingP il fragné.0 Wkntpredistodi spl ay RAM -
25 318,ﬁ§xt are not Stt Ortﬁd I,N e¢%rer f the guffer mem)rlaﬁs, as B
fi ol df r a4 aEeipqnsiye, 1o the; deeoded Mmofian, Necloms, RGreSTES| W6 anes of
pi cture deomesporiiiRg Hldckhofisl framebidatal storexd iiny eikhee! buffepr ocessor and
deconpres I A ele q.desi:gn 0 | e nunber s
as el ements “f‘%*’%%ﬁ@fé@r g‘ﬁgi E?%raegnghgeﬁo?ri_m%ﬁ E%mf Eﬁcﬁ%ﬁ?ﬁgﬁhe VLD s
308 ddY 3whesein nespectivesblackse ©fbyesidues sproidedd byogheninverser f or m run
| engt h angh o S ' potidiky BRick ©F ped4tpansport
processor deﬁw%é%sgleﬂg??@efgag% ig@é_gcoorgg%fer 1ﬁgrmri 554 xgggl 3 5 402.
Tr anspor t PRRVders by ther predigtorh ﬁ’;&P ahie | SUIRS ; gRAcLated by sthe adder
SUBCOHErOB:lQrcéﬂéspOﬁUCW_ - eipmgedvélfa];khﬁm?qhe{rmspeati?e Emobfeﬂ640740;he
subcont r o}l er conprise a.subset of instr h OIS €450 1, er :
Responsi VE ?@lgﬁgame, -‘-ﬁgl-c‘?hé’éﬁér V&L‘fe‘oﬁ afﬁeagﬂﬁﬁgn{]or (567’ e‘tthsBH)b %Aﬁ\ﬂe data in
t he BuUY f eBlBetwrupdatd Ofespedti¥82storager locagions. t oln raddition the gpixkl ces. The
data in t f LeShar phigd [ l.el [ erters
201 and 455 BEOYIERICbY" Ine gl 3137 et ABHE 1B B GfY & Buphdt
respect i veeimeties t 314 and 316 motmsternipgethe Lidield/frameaof dpixels data t he
mul ti pl exgtilized & ig,péﬂa ﬂ-ﬂ% ré/iaéﬂ)fi%ix Dg4pp accepts data a bit at a
time and generates Y{ari ﬁ_e e &tj}géeco & d?égoé,oh} Fe decoppr essi on
“control | er 407. - Dec6QEdOIQIgeetRy r engeded s igld/frames troller 407,
‘and gérodegernivd ii¢i sithilafnéxcept predicted values are accessed from the

stored I and P pixel data stored in both buffer memories 314 and

316 depending upon whether the respective motion vectors are

forward or backward vectors or both. The generated B

._ field/frame pixel values are applied to update the display RAM
\45 318, but are not stored in either of the buffer memories, as B
field/frame data is not utilized for generating other field/frames
of picture data. - .
FIGURE 10A shows a combined priority deselect
processor and decompressor. In FIGURE 10A elements designated
30 - with the same numbers as elements in FIGURE 10 are similar and

perform like functions. The VLD's 308 and 306 have been

substituted by DPCM's 409 and 408 which perform run length and

DPCM decoding as appropriate. HP and LP data from the transport

processor 25 are respectively applied to buffer memories 400 and

35 402. Transport headers H DATA from the HP and LP channels are

applied to a subcontroller 404 and communicated to the

decompression controller 407.. The subcontroller may comprise a

subset of instructions of the controller 407. Responsive to the



1 0 notion vectors are respectively applied by the controller to the

DPCM s 409 and 408. Controller 407 initially conditions the nul tiplexer 405
to pass HP data so that it accesses video header data first. The
controll er 407 reads decoded vi deo hg er information, and 1 5 responsive
thereto establishes the appropriate décoding sequence. After the control Ler

begi ns ap&RFY A4t %C%H&gmgglﬁcngﬁgoahﬁcﬁn geéefﬁlﬁ; ?P it countg)

t he nunber of ,coef and ‘su quern decodlng j such

codewor JRCTRFILS | {p presresponst t0p the ssamedatar slicesie Thechannel .
20 Upon dataeinithg Mfﬁﬁmﬁﬁmdaﬂﬂ dﬂlﬂléd’ t8aparaliéle téoéﬁr'i@l' l'er conditions

f t P~ cha The,control l er 407
fgeamjer%@ﬁ* gérlse%@gl m. W@l ’([f%rg&c & &fﬁ’é‘%‘f‘ﬂ?eﬁ?’@bb&%@t ute EOB' s
t her &f orstreams s, l’eapeanv&ampltmt nt;m}lﬂalsjmfodemmt}ﬂéxat a105. COSek\mldSt hteo
d t g
(F:)(r)gtcragl (!:#?cﬁsn?28$ res %lr%s?vm%( i¥ a@ﬂi%hés %egir?; 0 @ﬁ@%‘gnal
provi ded‘oﬁﬁpfﬂﬁélai?s% ehitcshta dimer apdr generates variablel |lamgnlnrdepodeddur e 700
wher el n ddts_ 18- BhéOfetaniptslion! BeniRIferPLEeT 6g§o§éd Cgﬂ{é Al 30 o

ass HP dat a, anq esu contro r is_cong flon ot dat a.
‘Fl)'hereaf t‘g’l‘aalss%‘ﬂ' fQi' 4036, and cldﬂtSJo&nd)f data in

t hel Buf fmonéﬁOveétdl’@eﬁi‘em:% eativele dpplit qsynme Ictm%n-é? t6afport bl ock
error o d t e next transport bl ock is loaded. In addition
an mterngﬁg ?@9 ‘;‘ﬁfts set 35 703. If no error is set HP data is :
provided to the VL(Dontrolhbecéﬂédlﬂiliihllyttcdmdwtidmr the Ofultiplens: r8405dt he jthy/
Ok _COr ondi ng

bl ocke. of B HE data o, Wal it Yook See 3Red He4TRr SathPFingls (TR "cacn ¢ n
-30- de&omMdEP li‘tfdétﬂ% Feads dﬁéogﬁtme@ ¢adpgs mEormatwmeaud data to the
VLI 51 n respbnsive ltheféte %sszttﬂt%ms tfh%' @r&@rﬁd%@ E ﬂ?%as%ttéhéé‘e HP data

ECB cod are,inserte er ,each. ernatively,

it Lp ddttieh dhe,contrg kd' 2ips sﬂ'd‘tga taaﬁeffﬁéPQPdt!’@dp flag has been
set, af macnbbiock nepdffizieats, HE Costottie ntibictof ScoBftiRiém process LP

: dat a
dat a1 SBREORut A4Chaed bl uBhhobl " adBhckeg §Sheh eitiwbP o O
decodi ngonditions dhed multiplexer MO5Hrodpass data from the LP channel.
20 Upon receiving an EOB codeword in the LP data, the controller
conditions the multiplexer to again pass data from the HP
channel.The controller 407 is arranged to recognize missing LP
data and effectively substitute EOB's therefor, that is, after
counting j HP decoded coefficient codewords, to pfoceed to the o
25 next HP block of data. ~
Referring to FIGURE 10B, the control circuit 407,
responsive to a channel change or loss of signal provxded by the
system controller performs an initialization procedure 700
. wherein the VLD 406 is reset, the multiplexer 405 is conditioned
30 to pass HP data and the subcontroller is conditioned to test for
GOP data. Thereafter a signal is sent 702 to load, e.g,.a transport
block of data in the buffer 400. A check 704 is made to determine
if an HP transport Iilock error occurred, and if so the next
transport block is loaded.. In addition an internal ‘error flag is set
35 703. 1If no error is set HP data is provided to the VLD and
decoded 709 until either an EOB occurs or the jth codeword is
decoded. If an error has been indicated for ‘corresponding blocks
of data in the LP channel, an EOB code is inserted after each jth



10 Return to the check point 705. If an error flag has been set
for the HP data, the systemhas to | ook for the next avail able data entry
point which is identified by the RH data. Therefore the system checks 706
for an available RH [|f none is availza)e the process is returned to 702 to
get mere data. If an 1 5 RHis available, the THis examned for its

locakion deéodeddcodewdsd aand) thee shsteherceitinies adv provild dIPhdaby tte

rame and e, VETIECh dlupRHti ot S?ﬁ?"ﬁ?&ﬁ%"t@@ AR Safd Bl o g
of Hp dat sheoHPcdatre BB, codes aperinsgrtedi after icachi jth dﬂcoﬂedl-HPchannel t he

LP channel I | i t P t daraS
b cha 716:olﬂﬁw;iiﬁﬂ‘ bgﬂwrﬂﬂh}dlﬁ u’-eﬂp ﬁec hak! Been &l gﬁ% OfyithP HR! data

| 712, 1s ma [.a ansport bl ock
error.d | f and Bpy Psroaeﬂegth@s B S8t chiter Ml%&tm&nﬂhnﬁé data is 2 5
| oaded untbﬂemrdraoswit&hpiseiﬁiﬂe tol processr LB ddtalfrons 7'0@%05917) ajunmp is-

nor mal s et tid baint B, b teia%Q%‘ét RSt Lt %d?ﬁe ViDL "L

aﬁpr OpL i aﬂatz{ i09%decoded. 7ATt anuhtanvEQBl bceurseat lcwgiddlaglmesdémnhngeis 71ﬁ,

t hen t he I next vali ata entry point. The
current L%Wi#cg@gnﬁkk &@g i{?g@ ned for a macrobl ock address or a RH
714. 10 none are avdletameatl}mrqheck poins 7057 1df sani mcfbaga has accessed.
If one ispaKal §&PEér tﬁ@el#’Pdﬁiﬁt %thieS sPSPEA IS 10 lb'i'&t h¥ f&xt 715. Note

If there is P error sét thes ystem | res ntry 35 point
an(sL__advanéEﬁﬁﬁb H’@t%rﬂmYYpB‘Pth &@%‘b‘tﬂét B&%ﬁﬁg r&ﬁtﬁéﬁport header -
idst exam nf]mle?éﬁnéofhet E?s&hﬁ%e@kﬁ ??16 ffﬁn" dﬂnﬂléﬂﬂﬁll%f RT{! ]f Hf snowwd ﬁﬁH Pt get LP
ata i s chec ol nci dence W e at a i s the ata a
jump is néydt ?gl"?%e pyocess ds retuped, o ?ﬁg fc_j &fh: morey d?f?gre f?“no lag, a
checl 5s Rddeisf avaikablgnrthet TH isiexantined Mi‘l its ldcation IJIB?IV&tideaHeht he -
current H [ty 'n' { at.e rSEe [ the HP MB
The' Up npoald R, 1% buffet 00,350 HovEHEE G ke, pytd o 5 The Lp
channel t bamedintelys followsdj the HRHodeword of the current bI ock to be

decoded. ASI‘bé‘QtP@‘i?‘E:d%ﬁYx’eﬂ“?QS fdrh ?ﬁhebﬁnﬂeSHéé' ffi'l%ﬂ tigpedded in
the data stregmthat are é%j f] t he tranipﬁr ea ers. These
record he@Bdr earaés?‘b‘é%i @W unt eafter decodmg of Hp data
20 commences, 709. _ _ :
During initialization of the HP channel, the LP channel
is similarly initialized. Thereafter a slice of LP data is loaded 710
in the buffer 402, and a check 712 is made for a transport block
. error. If an error is detected a LP error flag is set and new data is
\-25 loaded until no error is present. If no error flag has been set, a
jump is made to 717 This jump indicates that the system is
operating in the normal sequence, and decoding proceeds between
HP and LP data as appropriate (709, 717). Alternatively if an
error flag has been set 713, then the system must search for the
30 next valid data entry point. The current LP transport header is -
examined for a macroblock address or a RH 714. If none are
available a jump is made to 710 and new data is accessed. If one
is available, the LP data is advanced to that entry point 715. Note
if there is an HP error flag set the system ignores a MB entry
35 point and advances to the entry point associated with a RH.  The
transport- header is examined 716 for the frame ‘and slice
identifiers. At this point the LP data is checked for coincidence
with the HP data. If it lags the HP data a jump is made to 710 to



e A A mrs s MaAST L SEIG LI g A € S A B Vs 0n 0 S M kot A 04 Ve

1 0 (709 717) the nunber of macrobl ocks that are decoded. There are a
predet er m ned nunber of macrobl ocks in each slice,and .therefore when this
nunber of macrobl ocks are decoded the next occurring data will be

recogni zed as e.g., two bytes of regggd header data. This data is read by
the controller (708, 716) and 1 5 d for the next sequence of decodi gy

; | S, ¢
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provi de%the errs be tri-stated and the output 25 ports of the.
buffers lf 9 to the i nput port of such VLD FlIGURE 11
illustrates exerrplAas yindicatedc iprevidusfyf thetetimayhdet recerd t headerand
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equenc arnDnlc and then is
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LP anfil Qﬁeﬁsfefb&lwwfhhtlﬁs ﬁﬁﬁlmﬁn@ﬂ ﬂiﬁbr@blm cazrzrrtﬂbebﬂea ﬂ'ﬂel\llfxt This o/
signal is a 0 a ss 0 elimnate hi
fr gquen&‘ch'g‘E n&%‘é Wé”deh’éﬁ?qgé“ 8 5 b 3{ L& JFCQ%% The -32-
at t enuatheadédaatadu@ist ﬂwtaams)lneaddbyothet rwuttblmal(‘aQSS i)l aingd
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to freqﬁéﬁcggﬂ aﬁ%"%ﬂ%nphioc&ﬁig e -‘;i‘signal to a frequency band that

comports with a stEhgFIGURB rl9B rsystemnisc haranged fbeptovddel sérdal signal is )

'NYO  data to the VLD 406. However it should be recognized that a VLD
may be selected which operates on variable length codewords
occurring in parallel bit format. In this instance the parallel to
serial converters 401 and 402 may be eliminated. Preferably the
data provide by the buffers will be tri-stated and the output

25 ports of the buffers will be wire ORed to the input port of such

FIGURE 11 illustrates exemplary modem circuitry for
both the transmitting and receiving ends of the system. HP and
LP data from the forward error correction circuits 15 and 16 are
30 applied to respective 64 QAM modulators 400 and 401. The
modulator 400 provides an HP analog signal with a -6dB
bandwidth of approximately 0.96 MHZ. This mgnal is applied to a
1.5 MHZ band pass filter 402 to eliminate high frequency '
harmonics, and then is applied to an analog signal summer 405.
35 The modulator 401 provides an LP analog signal with a -6dB
bandwidth of approximately 3.84 MHZ. This signal is applied to a
6 MHZ band pass filter 404 to eliminate high frequency
harmonics, and then is applied to an attenuator 406. The



1 0 applied to a band pass filter 408, which tailors the spectral
characteristics of the frequency translated signal to fit within the
standard channel. At the receiver, the transmtted signal is detected by a
tuner/IF circuit 410 of conventional -@&tgn, and applied to a PLL 1 5

circuit 413 and an al og-to-djgital . converter (ADC) 412. The digitized
signal i saksapatar f@ r & 5 the gamplindensfuthe J-B analognsignal g}'he

demdul at pprddiaBly SUB olstivecidahe BRSsaalbposigml. T r respecti ve
i nput conn

t band Jiinit, th f th s, to b d
thor eby  BUEBHRGR L SRaabAs' thein cotbird ot Bbeapring SEndl SEpMaRE Lp
3 i gnals. 405, dehuhinaitpiss'séﬂ:ﬂnladdwdﬂﬁ theeanndlorgopignmi?gnahlto@rddimmdu! at Zrl ;
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ghte Otn' yt sRtdaf@ TV -t?il%éxﬁfsdsic)tpe%lﬁmmﬂﬁr?ﬁéi l&'&rlislliatadosi tig tth@lii ovi dg
atagthat c e priqritized i i erarchical |exels,.as Tor_exanple su
band lod] p?Pﬂﬁ?g E&%Mf’ss ﬁlteg é&é—' &%:@9’% he §P%Efﬁsi gnal
processi nghasacteristics off ahesfiequedcyi transtaredr sigreal \todfiv ddthincoheeyed as
hi gh and L%\ﬁ(ﬁrrgor' %ﬂ,ﬁta in high and low priority channels respectively,
- sa{d, high Wépli ortty data being generated from encoded conpressed
vi deo data occurri nd\tathe|zeceiver; theddvansmitied ignahdsndetected by a
| mpor+t anc ' : ' y\/rmg bR, S ] codeword
. of res ecfljnf/ég, |?@‘%%@W%§?gﬁnggﬂﬁug ségﬁ’on&% t%dgﬁga; I(;n%emati ni ng
* codevot dsCirgRit; 4 ée@!‘ van panaleg-to-digital cankertss (ARG Ade: ¢ yThet a,
appar at usdigitized n?igiia@giss %bd técngto?@ésﬁebﬁw 62 LQ?\Maﬂéngﬁmgt:dik n4;141; i & s:
means respoRls sai i gh an priority da or_decodi ng sai ata
and provi g?aghﬁ'spggﬁ \;grgg USs 43% 3&9&% ds lﬂ?ﬁ’rdeglli’ala’ﬁdpﬁﬁ/v priority
. data; secfiltérsreatnsheirs pespectivet dnpat dcdnngetions (towbandolimit Hejuence of
3 0 i I o conform to the
codewor dssfQlmhC ofCilld XiZha¥' £ Kk FHIRURLE dbrosy % f h
: 20 nominal signal spectrum of the HP and LP signals. The '
demodulators 414 and 415 are of conventional QAM demodulator
design and are responsive to clock signals provided by the PLL
circuit 413. The PLL 413 develops the requisite clock signals via
phase locking a signal developed by a voltage controlled oscillator
_25 to one of the two carriers attendant the QAM signals.
The invention has been described in terms of an MPEG
like signal however it should be appreciated that it is amenable to
processing signals compressed in other formats and by’ other
transforms. The only requirement on the type of compression is
30 that it provide data that can be prioritized in hierarchical levels,
as for example sub band or pyramid transforms.
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hi gh priority sequence through a first predeterm ned codeword, then

provi di ng codewords of said |low priority sequence through a second

predet erm ned codeword of said |ow priority sequence and then repeating the
cycle. 2. The apparatus set forth in claim 1 wherein said second
predeterm ned codeword is an end of block code. 3._The apparatus set for#h
in claiml wherein said first predet g??;ned-cddeword is every jth codewowst
in at least a portion of said high pridrity seque-n'ﬂﬂ'mmj'mnﬂj.lut. The
apparatus set forth in claim3 wherein said high a ta are
variable | ength coded and said first means inciudes Varf abl e"l ehgth

decodi ng neans. CIAMIMS3  Theapparatus set forth in claim1l wherein said
high and low priority video data are conveyed in nutually exclusive high
and low priority tr@nsaort ket s of Er edet er.m ned nurg_bers of hbits

i ncl udi ng respecti vk t MBn8p¥Adeo, SEnal REOGRSSING (SYSHRIPo QT PIOREISING ader s

i ncl udi ggii'gitdl cctmnppessieﬁelvﬁdéo'!dm_a: he:weyadch% vhi_gbh'kg%ndorlbw !%ﬁo?:t}]gep dazﬁ
conveye r£SReCct | rd or ranspaor ¢ S an ntifying e
ow pr i odats " F HEh4Rq" Lo, Brickity, enabRshy RetefEy s B, higth Ang |
packet s, lamt prerity ndatai beingogdnerated fromeemoodede compressedi yideand | ow
priori ty daidneaitidi e hidaad S Lodkfio?ds O YdstBhdthe Yrfler g and | ow
priority sequences- o codewords. 6. Jhe apparatus.set Tor in claiml
wher ei n” dEIROTRANgE fox imagsr repraductiano ang: whereinedata thresghaasequence

1, GBI O rkp v Gk Wt gk cove
codewor délq!??\ ?‘%ép if&@%ﬂ&&&%‘prﬂgo@eywwqw eplesgﬁ f¥di cating said
nunber, aillbcased asoviopr ipriofivy \datep afgparanm ozt sonibihitg rsaidi highy
codewordé idn légfﬁﬁﬁﬁ @tgckﬁ_'_amd 4 ncluding said end of block code and
wherei n £8% C n s “PEYSINIYE e to said number for switchi ng
bet ween provi di ng Hixst mednsovesponsive ytoc sdidohigh and ilow qmpority ve to said
end Of Didatk foi%Rcbing Wdid"uath eld SHORARY FelfctiVe A dUmRsPLEO! LY
codewords. /. In a_ tel®vrsion processing systemrtor decoding conpressed
video_si gReewardssaf th ;-_&thl@‘ﬂ ﬂﬁ@ﬂ'&\/\/qﬂftﬂbr ity data in high and. |ow
priority channels rsggpadt medng, ;réﬂ_bdhsq%atd ngdiddhi¥h and low priority

sequence of codew’ord's_.f_or cyclically providing codewords of said

* high priority sequence through a first predetermined codeword,

then providing c_od;e.w_ords of said low priority sequence through a

second predetermined codeword of said low priority sequence and

then repeating the: cycle. | |

2. The apparatus set forth in claim 1 wherein said
second predetermined codeword is an end of block code.

3. The apparatus set forth in claim 1 wherein said
first predetermined codeword is every jth codeword in at least a
portion of said high priority sequence of codewords.

4. The apparatus set forth in claim 3 wherein said
high and low priority data are variable length coded and said first
means includes variable length decoding means.
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codewords CWof differing types, said types .representing a hierarchy of
greater to | esser inportance to image reproduction with co Il ll
.greater and | esser inportance being included in said high Hmﬂ“m Hﬁﬂlﬂl
channel s respectively, said codewords-3dcurring in blocks of datd, With *

data f.romrespective _blocks occurring in both said high and low priority
chan®&l s, - and wher ei 8- t hEh@iappagatusaset fiorth imoclabw br wherein shichnel s are

conveyed i lighe aRRC Jbwe ﬁﬁ@xﬁ@pwmeaaahﬁf SAﬁE bﬂaey@&%r.g jjyc! udi ng bl ock

identifiers, yand t ead dat a riority c anne‘ transport
packets i neAHEFHS g’d&E gslmpﬂomy trai %91{) agket$ 19§ ng types of

codgwgr ?s pnedemmmnerd s?]umﬂemhoﬁr bitsi tmchitﬁn@elrcspé@ﬁt vt lﬂﬁaﬁs?brt?gn?' ni ng
said data ¢S annel s j.nto.a,si.ngle data
stream cor%iréli{spl ngbg?'%sgt n%ggéﬁ p%scgcgﬁ f'é%&tré 1188 Ba %?‘&‘Fé‘l‘g

provi di ng idgntifying, thed respegtiveorhigh gaiority tvideoadata dedmveyed smd and for -
P ea d hecapeetiee;fig 'g?f"?‘e’ang RAMSBER packelP Do et TE, FRE W o ve
partial bIRFARELYf thﬁQa datpi cenveyed in xespastive ﬂ@Wszprdomt)w tpanspornty dat a,
for segrrerpadk@t§aaﬁdl WHeRBi0'sald $Rohd '?ﬁ%’arf}sesiEefé bashR (thaka n@ gﬁ f of

data; and fo 1 neans, responsive to Sill eade ata for co
corres pon(ﬁ"rd; BX‘? tl?réPnEY o@ﬂgsmrthpﬁFk% eader pindicia OHa@]égBm&)rs@Jd de
reconst rudtigh hhdclowopritaity asqaenckssiofocedeaiordstiream 8. The system set
forth in claim7 wherein said low priority data provided in said | ow

pr\eﬂ'lty channel includes end of block codes, and said third neans is
responsive to said ehd dﬂleblapparamsiesctffmthegrmllemgl swherdinwsgidi ority data

d h d
fourt b reangh il R ChBorty Tt (e AR el Ved" fdinTatbatedio " 0% O,
priority ﬁ?#%mpﬁéﬁ"mfdﬁ withy each: block)ending OWllIh @n- endoof thlogkt a. 10.

The syst ewoge] s‘a@dthlcgm prigeity kluesraaﬁ $REMdiAgNE PAFSt Belatring NC! ude error
first maans I ncl ud efection clLrcuyitry,

heck codes d
feggongiovzl%gn ,Cﬁa spdgwords in respective Blocks “and ‘is conveyed with a

code indicating said number, and said low priority video data
consists of the remaining codewords in respective blocks and
including said end of block code and wherein said second means is
responsive to said number for switching between providing high
and low priority codewords and is responsive to said end of block
codes for switching between providing low and high pnonty
codewords.

7. In a television processing system for decoding
compressed video signal transmitted as high and low pnonty data
in high and low priority channels respectively, said data including
codewords CW of differing types, said types representing a
hierarchy of greater to lesser importance to image reproduction
with codeword types of greater and lesser importance being
included in said high and low priority channels respectively, said
codewords occurring in blocks of data, with data from respective
blocks occurring in both said high and low priority channels, and
_wherein the data of said high and low priority channels are
conveyed in respective transport packets having header data
including block identifiers, and the header data of the high
priority channel transport packets including codewords CW#j
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codes for generating -an error signal on the occurrence of transm ssion
errors in at least transport blocks of low priority ﬂmm“mmmﬂmlc’u“furth
means i ncl udes neans for substituting end of block c i bl ocks
of low priority data fromtransport _Rlgacks for which*erfor's dre®detected.

~

identifying types of codewords included in said high priority ~
channel, apparatus for combining said data from said high and low
priority channels into a single data stream comprising:

first means, responsive to received signal, for
providing said high and low priority data with header data
excised, and for prov1dmg said header data;

second means, responsive to said codewords CW#j in
said header data, for segmenting said hlgh pnonty data into
respective” partial blocks of data; . -

third means, responsive to said low pnonty data, for
segmenting said low priority data into respective partial blocks of
data; and \o/

fourth means, responsive to said header data for
combining correspohding partial blocks of high and low priority
data to provide reconstructed blocks of data as said single data
stream. |

8.  The system set forth in claim 7 wherein said low
priority data provided in said low priority channel includes end of
block codes, and said third means is responsive to said end of
block codes for segmenting said low prlonty data into said partial
blocks.

9. The system set forth in claim 8 wherein said fourth . \J
means includes said end of block codes inthe partial blocks of low
priority data combmed with said partial blocks of high priority
data. -,

10. " The system set forth in claim 7 wherein said
transport blocks include error check codes, and said first means
includes error detection. circuitry, responsive to said error check
codes for generating an error signal on the occurrence of
transmission errors in at least transport blocks of low priority
data, and said fourth means includes means for substituting end
of - block codes for partial blocks of low priority data from
transport blocks for' which errors are detected.




