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APPARATUS FOR CONCEALING ERRORS IN
A DIGITAL VIDEO PROCESSING SYSTEM

5 The invention relates to concealing image data that is
lost during signal transmission. |
The International Organization for Standardization is
- currently developing a standard specifying the coded
representation of video for digital storage media, supporting a
10 continuous data transfer rate of 1.5 Mbits/sec., which standard is
described in the document ISO-IEC JTC1/SC2/WG11; CODING OF
MOVING PICTURES AND ASSOCIATED AUDIO; MPEG90/176 Rev.2,
December 18, 1990. This format has become known as MPEG.
According to this format sequences of frames are divided into
15 groups, and respective frames within each group are encoded
_ according to one of a plurality of coding modes. Typically the
coding modes include intraframe coding, (I frames) and two types
of interframe predictive coding (P and B frames). In all modes
. only odd fields are encoded, the even fields being discarded.
20 ~ The Advanced Television Research Consortium (ATRC)
in the United States has modified the MPEG format for _
transmission of high definition television (HDTV) signals in digital
form. -Generally, the initial signal coding of this HDTV signal is
similar to MPEG except that the pixel resolution, and data rates
25 are increased, and both odd and even frames of each.field are
coded. In the HDTV system the coded signal is prioritized
between a higher and a lower priority channel for transmission.
Coded data having apparent greater importance to picture
reproduction is transmitted with a given power level and coded
30 data of lesser importance is transmitted with a lesser power level,
to minimize cochannel interference.
FIGURE 1 is a pictorial representation of the coding
format prior to prioritization. The frame sequence is merely
. representative. The letters I, P, and B above resp’eciive frames
35 indicate the coding mode for the respective frame. The frame
sequence is divided into groups of frames (GOF) each of which’
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chrominance s1gnal The lummance and chrominance information
are coded separately and then combined for transmission. The
" luminance blocks include data relating to respective 8 x 8

10 matrices of pixels. Each chrominance block comprises an 8 x 8
matrix of data relating to- the entire 16 x 16 matrix of pixe's
represented by the macroblock.

Blocks of data, encoded according to intraframe coding,
- consist of matrices of Discrete Cosine Coefficients. That is,

‘15 respective 8 x 8 blocks of pixels are subjected to a Discrete Cosine
Transform (DCT) to provide coded signal. The coefficients are
subjected to adaptive quantization, and before being applied to
the “priority processor are run-length and variable-length
encoded. Hence respective blocks of transmitted data may include

20 fewer than an 8 x 8 matrix of codewords. Macro blocks of
intraframe encoded data, will include, in addition to the DCT
coefficients, information such as the level of quantization
employed, a macroblock address or location indicator, and a
macroblock type.

25 Blocks of data encoded according to P or B interframe
coding also consist of matrices of Discrete Cosine Coefficients. In
this instance however the coefficients represent residues or
differences between a predicted 8 x 8 pixel matrix and the actual
8 x 8 pixel matrix. These coefficients are also subjected to

30 quantization and run- and variable-length coding.  In the frame
sequence I and P frames are designated anchor frames. Each P
frame is predicted from the lastmost occurring anchor frame.
Each B frame is predicted from one or both of the anchor frames
between which it is disposed. The predictive coding process

35 involves generating displacement vectors which indicate which

-—

This Sheet Has Been R

- [hWiia I llll

pemer—



codgd. In the HDTV systemthe coded -signal is prioritized bet ween a

hi gher and a lower priority channel for transm ssion. Coded data
havi ng sapparent greater inportance to picture reproduction is
transm ttea, Mgl ven power |evel and coded 30 data of Ies;q;er/usgz/osss:,
“inportance is transmtted with a | esser power |evel, to m ni mze

cochannel interference. FIGURE 1 is a pf
representati on of the coding : format prior to prioff
frame sequence is nerely repr esent at ide. The letté

- above respect piRKkl 'of"B8 Znchorl FINE RSN RIGRIY NhatEls tRE BIORKT BF e
frame. The fraredu:ted framguglrlllgrgnh ge%/x{ decdodeﬁ © ulee?f dg{aaﬁstlgecn:) each
of whi ch P y &
matched block in the anchor frame is subtracted, on a
pixel-by-pixel basis, from the block of the frame being encoded, to
5 develop the residues. The transformed residues and the vectors
comprise the coded data for the predictive frames. As for
intraframe coded frames the macroblocks include quantization,
“address and type information. Note that even though a frame is
predictive encoded, if no reasonable block matches can be found, a
10 particular block or macroblock in the predictive frame may be
- intraframe ‘coded. In addition certain ones of the macroblocks
may not be ericode_d. Macroblocks are skipped by increasing the
address of the next coded macroblock.

After the video data is coded, it is arranged according

15 to an MPEG-like protocol. The MPEG hierarchical format includes a
plurality of layers each with respective header information as
shown in FIGURE 2. Nominally each header includes a start code,
data related to the respective layer and provision for adding
header extensions. Much of the header information (as indicated

20 in the referenced MPEG document) is required for synchronization
purposes in an MPEG systems environment. For purposes of
providing a compressed video signal for a digital HDTV simulcast
system, only descriptive header information is required, that is
start codes and optional extensions may be excluded.

25. When referring to the MPEG-like signal produced by
the present system what is meant is that a) successive
fields/frames of video signal are encoded according to an I, P, B

. coding sequence, and b) coded data at the picture level is encoded
in MPEG-like slices or group of blocks albeit that the number of -

30 slices per field/frame may differ and the number of macro blocks
per slice may differ.

The coded output signal of the present system is
segmented in groups of fields/frames (GOF) illustrated by the row
of boxes L1 (FIGURE 2). Each GOF (L2) includes a header followed

35 by segments of picture data. The GOF header includes data
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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.

Each block MBi (LS) represénts 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

- comprised of 6 blocks, including four luminance blocks, one U

chrominance block and one V chrominance block.
. The block coefficients are provided one block at a time
with the DCT, DC coefficient occurring first followed by respective

DCT AC coefficients in the order of their relative importance. An

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

. Compressed video data - hierarchically formatted as
indicated in FIGURE 2 is applied to a priority processor, wherein
the coded data is parsed between 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
perfect image. Low priority information is the remaining
information. - The high priority information includes substantially
all of the header information included in the different hierarchical
levels plus the DC coefficients of the respective blocks and a
portion of the AC coefficients of the respective blocks (level 6,
FIGURE 2). ' S

For priority processing purposes, the respective types
of encoded data are assigned priority classes or types. For
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"3" may be reserve The coded block pattern is assigned priority
type "4". DC DCT coefficxentq are assigned priority type “5" and
successive codewords representing higher order DCT coefficients
are assigned priority types "6" to "68".. The priority processor
determines, according to the relative amounts of higher and lower
priority data, the priority types which will be allocated to the high
and low priority channels. Note that the priority classification is
indicative. of the relative importance of the particular types of
data with priority type "0" being the most important. The
processor in effect determines a priority break point (PBP) which
corresponds to the class or type number above which all data is
designated to the low priority channel. The remaining type data is
allocated to the high priority channel. Refer to FIGURE 2 and
assume that for a particular macroblock the PBP is determined to
be "5", so that the DC coefficients and all hierarchically higher data
is to be allocated to the HP channel, and all AC coefficients and the
EOB codes are assigned to the LP channel. For transmission
purposes all the HP codewords are concatenated in bit-serial form

- without demarcation of data from respective blocks. In addition,

the codewords are variable length encoded and there are no
separations between codewords (in order to realize the greatest
effective bandwidth in a limited bandwidth channel). The PBP for
corresponding macroblocks is transmitted so that the receiver has
the requisite information for separating the HP data amongst the
respective blocks. In the LP channel, data from respecuve blocks
is separated by EOB codes. '

The HP and LP compressed video data are applied to a
transport processor which a) segments the HP and LP data
streams into respective HP and LP transport blocks, b) performs a
parity or cyclic redundancy check on each transport block and
appends the appropriate parity check bits thereto, and c)

Transform (DCT) to
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di sposed. The predictive coding process 3 56 I nvol ves gengfati nd@EPLACED :

di spl acenent vectors which indicate which
multiplexes the auxiliary data with the HP or LP video data. The

parity check bits 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

5 errors in the received data.

FIGURE' 3 illustrates the format of the signal provided
by the transport processor. Respective transport blocks may
include more or less than a slice of data. Thus a particular
transport block may include data from the end of one slice and

10 data from the beginning of the next subsequent slice. Transport
blocks including video data may be interleaved with transport
blocks containing other data, e.g., audio. Each transport block
includes a service type header ST which indicates the type of
information included in the respective transport block. In this

15 example the ST header is an 8-bit word which indicates whether
the data is HP or LP, and whether the information is audio, video
or auxiliary data.

Each transport block includes a transport header TH
immediately following the ST header. For the LP channel the

20 transport header includes a 7-bit macroblock pointer, an 18-bit
identifier and a 7-bit record header (RH) pointer. The transport
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

25 of the next decodable 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 adjacem the transport header TH.

30 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

35 than one record header. A record header occurs at the beginning
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5 header in the transport block. A zero valued RH pointer indicates
that there are no record headers in the transport block. If both
the record header pointer and the macroblock pointer are zero
valued, this state indicates that the transport block includes only
video data header information.

10 The 18-bit identifier in the LP transport header.
ldentxflcs 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

15 header, RH, or data. As indicated in FIGURE 3 the record header
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 identifier IDENTITY,
which indicates a) the field/frame type I, B or P; b) a field/frame

20 number (modulo 32) FRAME ID; and c) a slice number (modulo
64) SLICE IDENTITY. Following the identifier the record header
includes a macroblock priority break point indicator, PBP. The
PBP indicates the codeword class, developed by the analyzer 152
of the priority selector, for dividing the codewords between the

25 HP and LP channels. Lastly, an optional header extension may be
included in the HP record header. :

The record header incorporated in the LP channel
includes only an identifier, IDENTITY, similar to the identifier
implemented in the HP channel.

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

"~ The transport blocks of information are applied to

35 respective forward error encoding elements which a) perform
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receiver, responsive to transmitted signals which

are formatted as indicated above, includes apparatus for
performing inverse prioritization and inverse coding. Inverse
prioritization, or recombining of the HP and LP data must be
performed before decoding can be accomplished, because the
decoder expects to see data in a predetermined format (similar to

‘that shown in FIGURE 2). . It should readily be appreciated that at

15

20

least a portion of the received signal will be corrupted by the
transmission process. Consider that the PBP code in a HP
transport block is lost. Without this PBP code; information
corresponding to the respective blocks of a macroblock cannot be
separated. As a result a considerable portion of the information
contained in the HP transport block may be rendered useless. In
addition information in the LP transport block, corresponding to
blocks contained in the HP transport. block, is also rendered
unusable. In fact, the loss of a single PBP codeword contained in a
HP transport block can render otherwise valid data for an entire
slice useless. A second example is the loss of, for example, the

.codeword in a picture header which . designates the frame coding

25

type. Without this codeword an entire frame of coded data is
rendered unusable or at least unreliable.

The present invention is embodied in apparatus in a
digital video signal processing system, for concealing errors which

 might occur in reproduced images due to image data lost during

30

signal transmission. The system includes appatatus for detecting

transmitted video data, generating error signals if errors are

present in segments (transport blocks) of the received data, and

~ excising segments having errors from the data stream. The

35

received data is applied to a decoder/decompressor system which
decodes and decompresses the transmitted video data according

\
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9
to a predetermined sequence.. The decompressed video data niay
be applied to a memory for subsequent display, recording, etc.
The decoder/decompressor is responsive to the error signals for
replacing blocks of data in which errors occurred with substitute
data. The substitute data comprises compressed data in a
particular embodiment, and both compressed data and decoded
spatio-temporally related data in a further embodiment.

In a particular embodiment, the received data is
provided in two data streams of variable length codewords
(without codeword boundaries), which data streams were derived
from a single data stream according to a particular hierarchy, the
first and second received data streams including data of greater
and lesser importance respectively. The data in each of tht_: two
data streams occur in respective segments and are independently
checked for errors and excised if errors occur. The two data
streams are applied to a variable length decoder for determining
codeword boundaries and recombining the two data streams into
a single data stream. The variable length decoder, responsive to
error signals which indicate that segments of the data of lesser
importance have been excised, substitutes data corresponding to a
predetermined value, for the excised data in the recombined data
stream.

FIGURE 1 is a pictorial representation of the MPEG-like
signal coding hierarchy. | '

FIGURE 2 schematically indicates an MPEG-like signal
format. _ _

FIGURE 3 is a diagfa‘m of a segment of signal arranged
for transmission.

FIGURE 4 is a block diagram of a portion of a HDTV

receiver including error concealment apparatus.

_ FIGURE 5 is a block diagram of apparatus for
processing received transport blocks, and providing error signals.
FIGURE 6 is a block diagram of a HP/LP signal

combiner. —_—
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Referring to FIGURE 4, transmitted signal is coupled to
a demodulator 20 which provides two signals corresponding to a
higher priority, HP, and lower priority, LP, video data. These two
signals are applied to respective REED SOLOMON error correcting
10 decoders 21 and 22. The error corrected signals are coupled to
rate buffers 23 and 24 which receive data at a constant rate and
output 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 -
15 25 which performs a further error check, separates the respective
types of transmitted data (Aux., Audio, and Video) and séparates
the respective transport block headers from the service data. The
video service data and corresponding error data and .transport
. header data are apphed to a priority deselect processor 26, which
20 reformats the HP and LP data into an hierarchically layered signal
which is applied to a decompressor 27. The decompressor 27
converts the compressed signal into a signal suitable for display or
storage. :
FIGURE § illustrates the transport processor 25
25 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
always be excluded from a particular channel, the corresponding
. elements may be eliminated from such channel transport
- 30 processor. o :
In FIGURE 5 data from the rate buffer 23 or 24 is
applied to an FCS ERROR detector 250 and a delay element 251.
Delay element 251 provides a delay of one transport block
interval to allow the detector 250 to determine if any errors are
35 present in the corresponding transport block. The detector 250
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_ 5 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 pass the
10 transport block data and corresponding error signal to the
appropriate one of the audio, auxiliary or video signal processing
paths. .
In the video signal processing path, the transport
block data and error signal are coupled to a processing element
15 256 which excises the FCS code and the transport block headers
ST, TH and RH from the data stream. It is also arranged to delete
entire transport blocks of video data in which errors have been
‘detected. Element 256 provides the video data with trém;sport
block headers excised, the error data and the transport headers to
20 . ‘the priority deselect processor 26 on separate busses.

The FEC circuits 21 and 22 provide the received data
in fixed length words corresponding to fixed length words
provided to the FEC circuits -in the encoder. As such the transport
block header data occurs on byte boundaries which are either

25 predetermined. (ST, TH and FCS) or are identified (RH) by the
transport header. Thus it is a relatively simple matter to identify
and extract the requisite transport block headers from respective
transport blocks.

, FIGURE 6 illustrates an exemplary priority deselect
30 .processor. The priority deselect processor accepts data from the
receiver transport processor and reconfigures the HP and LP data
to a single data stream. In order to do so respective codewords of
the data stream have to be identified, that is the classes or types
of codewords in each block must be detectable. Since the data is
35 in the form of concatenated variable length codes, it must be at
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For. priority processing purposes, the respective types—=3-h—of—enegded data

ar e ‘assi gned pr| ority classes or types. For THIS SHEET HAS BEEN
@?&3‘ nformation above slice header ijpf or MEERLAGEIIMUSI)
ent

5 - . exa
the slice i

slice quantization paraneter ‘eFeF—are &

prlorlty type "0". Ivacrobl ock header data is a55|gned priority type
"1". Motion vectors are assigned priority jype "2". Priority type

10

15

20

25

30

35

least partially VLC decoded to define the codeword boundaries

"and the codeword types. Once the codeword boundaries and

corresponding types are determined, the data priority break
points, PBP’s, (in the HP channel) can be determined. Thereafter

the HP data can be allocated between respective blocks and

parsed into respective parallel-bit VLC code form. LP data
corresponding to successive blocks may be distinguished by
means of the EOB codes. However VLC decoding of the LP data is
necessary to recognize the EOB codes and to parse the
concatenated data into separate codewords. Detection of the EOB
codes causes the processor to return to the high priority channel.
In addition, by counting the occuirence EOB codes the processor

may determine when to expect new header data be it for

macroblock, slice, frame etc. _

Depending upon the configuration of the decompressor
27 the output data provided by the priority deselect apparatus. .
will take different forms. For example, if the decompressor is an
MPEG-like decompressor which includes variable length decoding,
VLD, circuitry, the deselect circuitry will be configured to. provide
output data in VLC form. Alternatively, the deselect circuitry may
be subsumed into the decompressor 27 and provide the VLD
function of the decompressor, in which case the output codewords
will be in variable length decoded form.

FIGURE 6 illustrates an exemplary generalized priority
deselect apparatus' which may be arranged to provide either
variable length encoded or decoded video output data. In FIGURE
6 the HP and LP data provided by the transport processor 25 is
presumed to occur in fixed codeword lengths. These codewords
are applied to respective barrel shifters 60 and 61. The barrel
shifters concatenate ones of the fixed length codewords and apply '
combinations of databits to decoding tables included in the VLD

64 via the multiplexer 62. The form of the output data from the

VLD will be determined by the decoding tables. This type of

variable length decoding is known to those skilled in the

compression arts and a more detailed description of variable
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5 ."3" may be reserved. The coded block pattern is assigned priority

type "4". DC DCT coefficients are assignéed |prlortty—t =5—and
successi ve codewords representing higher orﬁiﬁ'%ﬁéﬁbﬁﬂmaﬂmﬂ S are
assi gned pwiom3/09636ypes "6" to "68". The priLarit PEPLAGEDsor  [PCT/US92/08553

determ nes, according to the relative anounts of hi gher =Fower 10
priority data, the priority types which will  be allocated to the high

and low priority channels. Note that the pl;]%ority classification is
indicative of the relative inportance of t particul ar types of dat a
with prioritjengthedecoding may the foundi ilpdheaanticléh®An Entropyc dSadingi n

the ol ass or %"”g"“ DRt HDTR Apiftadonis’) b LEr abd Sufl TEERPOY, O o,
priority cha .S%&ﬂg WQ‘QWQSWO& Q o the high
priority chaTBCHNSLOGY 'VOIARING. 3)March 1991sue that for a particular
raor oDl 0ok Lhe FOF S, SHCNEER b angsmnmed. o sechlt g LGaG v e 1o
the HP channedultiplexer 162°Qmilefd iprietity bredkt i¢ encountered and then
“accepts data from the LP channel until an EOB is encountered, at
which time it again accepts data from the HP channel and so on.
More specifically, the VLD includes a state machine (decoder state
10 sequencer) which is programmed to control the decoding
sequence. The state sequencer is programmed to control the VLD
in accordance with an expected input data sequence, for example
conforming to the data format of FIGURE 2. The header .data
provided by the transport processor is coupled to the state
15 sequencer to initialize respective ones of the control sequences
programmed in the device. Once synchronized to a particular
point in the data sequence, for example the beginning of a frame
or the beginning of a slice etc. the sequencer provides the
requisite control functions to decode the subsequently occurring
20 data. In addition as respective codewords are decoded, the state
sequencer is programmed to output-a signal indicating the _
expected class or type of the next occurring codeword. The "type"
signal -is applied to one input terminal of a comparator circuit 63.
The priority break point, PBP, code available from the transport
25 processor is applied to a second input terminal of the comparator.
. The output of the comparator conditions the multiplexer 62 to
pass HP data to the VLD 64 as long as the "type” signal from the
state sequencer is less than the PBP signal and to pass the LP
- signal otherwise. :
30 The recombined HP and LP video data provided by the
VLD 64 is applied to a multiplexer 67 and output to the
decompressor 27 in the absence of any error indications. If errors
have been detected substitute video data, provided by an error
token generator 65, is output from the multiplexer 67.
I —
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EOB codes are assigned to the LP channel. For transm ssion pur poses
all “the HP codewords are concatenated in hfp=serFar—tof © W t hout

demar cat i b?,d)%:; from respective bl ocks|| THIS §HEH?”6‘§ BEEN o US9ziesssyds
aré variable I'ength encoded and there are 410 25 RER ti,onst between
codewords (in order to realize the greatest aTTective bandwidth in a
limted bandw dth channel). The PBP for correspondi ng nmacrobl ocks is
transmtted so that the receiver has l requisite information for

separating the HP data @naneﬁbrtmen enéﬁwﬁcﬁﬁvﬁsbﬁﬁcﬁa ethe LP
channel, data from res ect| 3‘565?’

B 5645007 P85 o
The HP and LF’né‘Ef \ é’lgé e t8
pr ocessor vvhlmlﬁoa)lanegnmlndedem—lﬂhanttanipmnt hlocks, ther ems ofrtther ¥dgdact i ve

HP and LP tr r @dl@%ﬁéﬁ’%m@ crré)r eﬂferﬁ%(i'l 53 é‘?&mdancy

check on each ansport roprlate p y check
bits ther8to,inghede)a table of substitute data which slmulates compressed

video data. This data corresponds to particular data that is
recognizable by the MPEG-like decompressor. The error token
generator is also provided with data from a memory 66 which
. may be substituted for excised video data. In particular, the
10 memory 66, responsive to the state sequencer of the VLD, is
loaded with motion vectors corresponding to, for example, the
motion vectors of macroblocks in the previous slice of data.
. The motion of image objects will occur across
macroblock boundaries. In addition errors will propogate or occur
15 -along the horizontal direction. Thus it is likely that motion vectors
from vertically adjacent blocks will be similar, and the
substitution of motion vectors from vertically adjacent
macroblocks will result in acceptable error concealment. Similarly
the DC DCT coefficients from vertically adjacent blocks can be
20 ‘expected to be similar. As such they may also be stored in the
memory 66 for substitution of lost DC coefficients.
Storage of data in the memory 66 is controlled by the
state sequencer. The sequencer is programmed to condition the
. VLD to output data according to a predetermined sequence, and
25 thus can provide the appropriate signals to fetch the desired types
of data when it is output from .the VLD. This data mﬁy be written
into the memory at predetermined address locations which may
be accessed by the error token generator.
The error token generator monitors the transport
30 header data and the error signal to determine when and what
data is lost, and responsive to lost data, substitutes data on a
macroblock basis. Sequences of predetermined types of data are
preprogrammed for substitution depending on the frame type and
the type of data that is lost. For example, macroblocks carry
35 particular addresses and occur in a predetermined sequence. The
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6 . mul ti pl exes the auxiliary data with tffe=HR |
parrty check bits are utilized by the recei F'HfS)‘BHEEDA.;AlélB%gNe rors I n
conj-uncti‘on with synchroni zing header infor:

at | onRERDAEEH .
error concws 9¥e9636n t he event of uncorrect abl & DrE—B=—fffg &ﬁﬁ?&’&ss

recei ved dat a. FIGURE 3 illustrates the format of the
si gnal provided by the transport processor. Respective transport
bl ocks may include nore or less than g glice of data. Thus a
particul ar

error token generator, responsive to the header data determines if
there is a break in the normal sequence of macroblocks and
provide substitute macroblocks for missing macroblocks.
Before discussing specific examples of the substitution
5 data provided by the error token generaior 65, it is beneficial to
describe an MPEG type decompressor. Refer to FIGURE 7 which
shows the general form of an exemplary MPEG type
decompressor.
The video data provided by the multiplexer 67 of the
10 priority deselect processor is applied to a buffer memory 300.
This data is accessed by the decompression controller 302 and
applied to a variable length decoder, VLD, 303 which variable
length decodes the data. applied thereto. Header data is extracted
- to program the controller 302. The variable length decoded
15 codewords corresponding to DCT coefficients are extracted and
applied to a decoder 308 and the variable length codewords
corresponding to motion vectors are applied to the decoder 306.
The decoder 308 contains apparatus for performing inverse run
. length decoding and inverse DPCM coding as appropriate under
20 the control of the controller 302. Decoded data from the decoder
308 are applied to an inverse DCT circuit 310 which includes
circuitry to inverse quantize the respective DCT coefficients and to
convert the coefficients to a matrix of pixel data. The pixel data is
then coupled to one input of an adder 312, the output of which is
25 coupled to the video display ram 318 and buffer memories 314
~and 316. . | | ‘
The decoder 306 includes circuitry to perform inverse
DPCM coding of the motion vectors as appropriate under the
. control of the controller 302. Decoded motion vectors are applied
30 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 -
buffer memories 314 and 316. The predictor provides a block of
data (from the one of the buffer memories) or an interpolated
\
“ This Sheet Has Been R,

Hllllﬂ il I’Il Il: i



transport block may include data fromthe end of one slice and 10. data
from t he begi nning of the next subsequenfr—s1 0 ‘
} PR Ps92/08s53

incl.udi ng vi deo data may be interl eaved '
cont ai ni ngWR KP4t a, e.g., audio. Each
service type header ST which indicates the Ty =af'or mat i on
included in the respective transport block. In this 15 exanpl e the ST
header is an 8-bit word which indicates whétbher “the data is HP or LP,

and whet her t @ BB u d

Each transpor?ﬁnc;kga(g | nc# Sggiéﬁcat ?ﬁgpgr%ﬁﬁnﬁ bl%s’j“ﬁ‘éﬁ\ %rdﬂa BP?ﬁer

fol | owi ng t hemgmardesleto Fovecond LnputhSfinthe @addep312+ ansport header

i ncludes a 7-bit rracrob])égb L5416 lsa e as follé\we! i and a 7-bit
mEFﬁ ( iﬁn'hiéd §! TIfe‘{

[ mel udes. ontyEiSIR/Re PEBPYE ruided: e ippraliaing cncodsd HER TSRO
poi nter i § usmotion mmnhﬁd the dmablacmmrseenanﬁdiﬂﬁaemcmmonents,
and points to oerﬁlcxet?ts correspond to blocks of pixel values. Thus for
intraframe encoded data the predictor 304 applies a zero value to
the adder 312 and the inverse transformed DCT coefficients are
passed unaltered by the adder 312, to the video display RAM '

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

If a field/frame of input data corresponds to a forward

15 motion compensated P field/frame, the inverse transformed
coefficients correspond to residues or differences between the
present field/frame and the lastmost occurring I frame. The
predictor 304, responsive to the decoded motion vectors accesses

~ the corresponding block of I frame data stored in either buffer
20 memory 314 or 316 and provides this block of data to the adder
' wherein reéspective blocks of residues provided by the inverse
DCT circuit 310 are added to the corresponding block of pixel data
provided by the predictor 304. The sums generated by the adder
312 correspond to the pixel values for the respective blocks of the
25 P field/frame, which pixel values are applied to the display RAM
" 318 to update respective storage locations. In addition the pixel
values provided by the adder 312 are stored in the one of buffer
memories 314 and 316 not storing the I field/frame of pixel data
utilized to generate the predicted pixel data. -

30 For bidirectionally encoded (B) field/frames the
operation is similar, except predicted values are accessed from the
stored anchor frames (I or P) in both buffer. memories 314 and
316 depending upon whether the respective motion vectors are
forward or backward vectors or both. The generated B

35 field/frame pixel values are applied to update the display RAM
B
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25. "of the next decodabl e component. For example, if ‘the parti gul ar f
transport bl ock includes macroblock data assp ﬁ%@ﬁ ‘en o]
sltce r and the beginning of slice n+l, t'qa da R L&gﬁ rbféLLE@' IP%I‘/U ,

pl aced adj VEA3/ transport header and tlhes : t és S93{48553
t he next decodable data is adjacent the transport header TH 3 0

Conversely, if a record header RH is adjacent the TH, the first
poi nter indicates the byte position follow h§ the record header RH. A

zer vl ued TEStObaElarlhdh Sholel i bither 0¥y Bulf " HROhbrigs 3sCp k2%
none, one or rﬁﬁld/éame tdata dsenobcwtilized afen . generating d obleerd fie ldj/fransesat -
the begi nningof picture data. :
A point to note in the MPEG-like signal format is that
5 for P and B encoded frames macroblocks may be skipped. This
factor permits some flexibility in error concealment. For
macroblocks that are skipped, the decoder effectively copies them
~ from the previous picture into the present picture, or
alternatively, for skipped macroblocks the corresponding areas of
10 the video display RAM 318 simply are not updated. Macroblock
skipping may be accomplished by coding the motion vectors with
zero values and the DCT coefficients with all zéro values. On the
other hand, in I encoded frames, no macroblocks are skipped.
That is, the decoder expects data for all macroblocks in I frames.
15 Thus missing macroblocks cannot be simply replaced with data
from the prior frame. _ |
A second point to note is, that when the DCT
coefficients are encoded, an EOB code is placed after the last
non-zero coefficient. The decoder is programmed to accommodate
20 however many zero valued - coefficients occurred between the last
non-zero coefficient and the last potential coefficient in a
respective block. ' |
- A third point to note is that for. P and B frames, a
larger amount of data corresponding to data higher in the data
25 hierarchy will probably be transmitted in the LP channel than for
I frames.

Examples of substitution data provided by the error
token generator will now be considered. The type of substitution.
data is dependent upon the type of frame currently being

30 processed, whether the error occurred in the HP or LP channel,
and where in the data stream the error occurred. Consider that an
error occurred in the LP channel of an I frame, and that only AC
coefficients are being transmitted in the LP channel (the PBP is
greater than or equal to 5). In this instance respective EOB codes

35 may be substituted for the AC coefficients that were expected in
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7 of each slice of nacrobl ock data. ipa=tthe - and LP channel. No

- . . -—--\
record headers are included in transport b‘ﬂengké.ié NaL L Net-oee WUS%IOS s3
eadgep( SED poi n?s

vi:deo dataWee¥¥8963bnf or mati on. The recor

' r
to the byte position containing the star =t o : fd 5 header in
the transport block. A zero valued RH pointer indicates that there are
no record headers in the transport bl ock. I1f8 both the record header

i cat et hathe i (RanBek, 187 Pk b6 558 macroblBcklind $adn ™% 0 1o;
i nformation. d@acroblock that washexqisedi in ithenk.Pr channel. t HEha pmagensport
header resulting from the substituted data will be lacking structure but
will have the proper brightness value. Thus, pixels generated
5 from the substitute video data, though somewhat in error, will not
produce image artifacts that are particularly noticeable.
Alternatively if the PBP is less than 5 the DC DCT coefficient is
transmitted in the LP channel. Replacing the lost LP data, in this
instance, with EOB's, will ‘provide too little data to the
10 decompressor for it to produce non-objectionable artifacts. In this
instance and the case of an HP error the substitute data will
include enough information for the decompressor to perform a
decoding function on a macroblock basis. That is the
. decompressor is provided enough data to preclude it from
15 entering an inoperable state, however the reproduced image for
. the areas for which video data is substituted may bear no relation
to the actual image. - This substitute data may comprise the
macroblock address, the macroblock type, DC DCT coefficients
corresponding to a midgray value for respective blocks in the
20 macroblocks and EOB codes for respective blocks in the
macroblock. Note that such errors in the I frames will ‘propagate
through the GOF if further processes are not initiated, which
processes will be discussed further below. '
Substitute data provided for the P and B frames may
25 be of similar form. For example assume that data corresponding
to only the AC DCT coefficients is lost in the LP channel. As with
the I frames an EOB may be substituted for this lost data.
- Alternatively assume that motion vectors and the hierarchically
lesser important data are lost in -either or both the LP and HP
30 channels. At least two alternative forms of substitute data may
be used. The first may take the form of providing substitute
compressed macroblocks with zero valued motion vectors and
zero valued DCT coefficients for the excised macroblocks. This will
cause pixel data from the prior frame to be effectively substituted
35 for the lost macroblocks. The portion of the reproduced image
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identifies the current frame type, the frame nunber (nodul o 32), t he

current s|ice nunber, and the first nacrobl ock contained in t he
t Fansport WI@%I .. Following the transport headepcrpySddshgassa
record 1 5 RH, or data. As indicated in FI GURE he record header

for the video data in the HP channel includes the foll owingys sHEET HAS BEEN
information: A 1-bit FLAG which indicates if a header extjensi OREPLACED
EXTEND, is present. FoI I owing the FLAG is ah9i dentifier N'DENKEY

whi ch i ndi cat gg, % ewlmarsﬁbwaﬁeh nlifa&bbi’ac v?‘hlP @Maiﬁagfg

——

nunber (nodul o n I ce nupber LI CE
| DENTI TY Fol F&%® t@emfvw) ﬁﬂfﬁe%m%@&om y singg thesrest of

nmacrobl ock prithé i inyage anliypbé niho'v lomlalﬁvel R8Pthd hearea forPWhithdigat eFast he
codeor . of 3 AG4ERAPL A TRAYSEky evide, sSonblinASboblogk «
Lastly, arboptavimg otien mmnswniecte,d tfeom verticallydedjacerthe HP record
header. - macroblocks, and an indication that the current macroblock was
not coded, which means that all of the residue values are
- considered to be zero valued. In this instance the area of the
image under consideration will likely be moving in synchronism
10 with the remainder of the image, however the actual picture
detail of this area may be slightly in error. These are tradeoffs to
be considered by the system designer when selecting particular
substitution signals to be used for various types of lost data. Note
the motion vectors from vertically adjacent macroblocks are
15 cyclically stored in and obtained from the memory 66.
| Consider also that the DC DCT coefficients may be
differentially encoded {DCPM) from macroblock to macroblock. In
this case the last macroblock of a sequence of substitute
macroblocks will not have a correct DC DCT value for the first non
20 substituted macroblock to reference. The error token generator
may therefor be programmed to substitute a DC DCT coefficient in
such last substitute macroblocks from a vertically adjacent
macroblock (i.e., taken from memory 66) or from a temporally
displaced collocated macroblock (taken from an expanded
25 nmemory 66 arranged to store select compressed data for e.g. an |
entire frame). |
Refer again to FIGURE 7. It was indicated above that °
for I frames and certain types of lost data, substitute data was
provided merely to condition the decompressor to continue
30 operating, even though the decoded picture data being generated
~ would tend to be unacceptable. This data is precluded from being
written to the display RAM 318 by virtue of an error map
provided by the error token generator. During the processing of I
frames, the error token generator develops an error map of all
35 substitute data that will be deemed to produce potentially
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The record header incorporated in the LP channel i ncludes only an

“identifier, IDENTITY, simlar to the identifier I npl enented in the HP
channel . % 3/09636 Each transport block is term nated WCIvus92A8553
frame ﬁ sequence, FCS, which is calcul ated over all _bits—in et
transport bl ock The FCS may. be generated using a cyclic || vy |§m
code. The transport bl ock f information re apePLAGEDO 3 \

5 respective forward error encoding el eménts.- which a) pen
unacceptable images. This error map may consist of a pattem of

binary ones and zeroes, corresponding to pixels (or blocks or
macroblocks) which are generated from particular substitute data
and those which are not. This error pattern is loaded into a
5 memory arrangement 313 at address locations corresponding to
address locations of associated pixels in the video display RAM,
VDR. As write addresses are applied to the display RAM, these
address values are applied to the memory arrangement 313 to
address the error pattern. If a particular address location
10 contains an error indication, a signal is produced by the memory
arrangement to inhibit writing of new data into the corrcspondmg
memory location of the display RAM. (
FIGURE 8 shows a further embodiment wherein the
priority deselect apparatus and the decompressor share the
15 variable length decoder. This arrangement not only eliminates
the need for two VLD's in the system, but also obviites the
memory arrangement 313 of FIGURE 7. The circuit elements of
FIGURE 8 which are designated with the same numerals as
elements in FIGURES 6 and 7 perform similar functions. In the
20 FIGURE 8 circuitry, however, the output words provided by the
VLD are in variable length decoded form, and the table of
~ substitute data included in the error token generator is altered to
‘include, for example, skipped macroblocks for I frames. The
decompression algorithm for this arrangement conforms
25  substantially to the MPEG decompression algorithm, but with one
advantageous exception. The exception is the provision to accept
skipped macroblocks in I frames. Allowing the decoder to
recognize skipped macroblocks for I frames means that I-frame
data will not be updated in the display RAM or the decoding
30 buffer memories (314, 316) for areas corresponding to the
skipped macroblocks. This feature obviates the memory
arrangement 313 of FIGURE 7 and the error map generating
function of the error token generator. Thus whereas in the former
arrangement substitute I-frame data was configured to merely
satisfy the requirement that data be provided for each.

w
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8 REED SOLOVON forward error correction encodi ng i ndependentl|y

to
t he respectlve data streans; b) interleave bl ocks of data to precl ude
| arge.error bursts fromcorrupting a | arge contiguous 708553
29636, c) appends, e.g., Barker codes to 5 the ata ? ps

r epr oduced"

synchroni zing the data streamat the rece| ver.
responsive to transmtted signals which
above, includes apparatus for

| nverse codi
LP data nust
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10
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25
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cast a por 1 90,61 _Lhe L celyed, S PNl Ly PGSO AR ShiBlubioor

-skipped macroblocks may simply take the form of including in the

data stream the next detected valid slice header.

- The circuitry of FIGURE 8 includes a system controller
370 and a decompressor controller 360. The system controller
370 controls the overall receiver system and is responsive to user
input stimuli. This controller conditions the VLD, state sequencer,
error token generator, and decompressor controller to initialize on
system start-up, to override certain decoding sequences to |
provide special effects, and to control channel changes etc. The
decompression controller 360 controls the decompressidn circuitry
and the display RAM. Video data from the VLD is applied to the
controller 360 which is programmed to recognize the various
MPEG header data and responsive thereto, to sequence '
appropriate data through the appropriate decodlng functions.
Responsive to the macroblock addresses, the controller conditions
the display RAM to write corresponding decoded pixel values to
appropriate raster areas. Display RAM memory cells
corresponding to raster areas represented by skipped'
macroblocks are periodically refreshed by the controller 360
effecting a temporal replacement in these ‘areas.

‘Since the FIGURE 8 system is arranged to process (or
more correctly not process) skipped macroblocks in I, P and B |
frames, certain special effects may be provided through the error
token gemerator. A freeze frame function may be induced by the

user, merely by arranging the system controller to override the

error token generator and causing it to substitute video data
corresponding to skipped macroblocks for all macroblocks in all

- frames, or by overriding the decompression controller and

conditioning it to treat all macroblocks as if they were skipped. A

| stroboscopic effect can be provided, by for example, overriding all

P and B frames with skipped macroblocks. A partial stroboscopic
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transm ssion process. Consider that the PBP code in a HP 1 5 t ransport

block is lost. Wthout this PBP code, information correspondi ng to the
respectivé“%gg)&?‘&f a nmacrobl ock cannot be 'separ at ed. ApErms90/08553
cohsi derable” porfion-of the information contained inthe HP transport .
bl ock may be rendered useless. In addi tion informati finrng gHEeTYHRAS BEEN |
transport bl ock, corresponding to 20 blocks,contained infthe I—ﬁ’Emeort

bl ock, is al so rendered unusable. In f&tt, the | oss |

goge\/\?rd cont effext maya be realifted rby sprogratiming the cenntellent 370 vicse val } d
ata for an en S o] or
exanpl e, the Bhdﬁ&%%e%faé'?ﬁr u&gec ?Pé‘éﬁi@g ?gmﬁ}a{mgegh& ?@Zéfi"z“ﬁf‘g
coding 25 type.skippadumacroblackseinralternateitsete of shisesi coded data is
rendered unusabl e or at Tl@%&f‘%&bﬁb?neramr maly Ibc aér g'sE'aeth Ef@v"itde

I nvention is enbodl ed in apparatus 1n
processi ng sy speeific srubssitbia vidgoedata sunmlaind to emghcomﬂagimem The

reproduced i mggpsritlite 'datd "Able Iffay lii€fudé subStitute data for providing
certain images under certain conditions. While the receiver is
synchronizing to a particular broadcast channel, and no
~ recognizable header data is available from the transport
10 processor, the error token generator may be conditioned to
‘produce substitute data corresponding te, for example, a blue
screen or possibly a checkerboard pattern etc. Alternatively,
when a channel change is induced, the token generator may be
conditioned to freeze the last frame from the prior channel that
15 was being viewed, until the system resynchronizes to the new
channel.

U

The invention has been described in the environment
of a two layer or channel system. However those skilled in the art
of video signal compression will readily recognize that it may be

20 practiced in single channel systems, and on different compressed
signal formats, and the following claims should be considered in
this light. ' -
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3 P_signal transm ssi on.” The systemnmi nmctudes apparatus for detecting

t tted video data, ignals if errors are pr esent
i ;agzgﬁent ort bﬁﬂlﬁl@ Wﬂlﬁﬂﬂﬂaﬂﬂ ved data, and ség@é r}208553
segments h @émors from the dat"a Stré&am n- The - received %
applied to a decoder/deconpressor system which 3 5 decodes-and

i Vi  data accordin - -
deconpresses the transmtted. video 23 g. { THIS SHEET HAS BEEN
. CLAIMS:

_ REPLACED

—

1. In a television processing system for convei'ting
compressed data representing images into noncompressed data,
5 said compressed data occurring as blocks of data and being
subject to errors, apparatus comprising:
means (20-25) for receiving said compressed data and
detecting errors therein, and responsive to said errors, replacing
(26) blocks of compressed data in which errors occurred with
10 predetermined sequences of compressed data;
decompressing means (27), having an input port
coupled for receiving compressed data from said means for
receiving, and having an output port for providing decompressed
data, said decompressing means being responsive to said
15 predetermined sequences of compressed data for substituting
video signal information from previously decompressed image
data for image data corresponding to ones of said blocks of
compressed data in which errors occurred.

20 2. The system set forth in claim 1 wherein said
compressed data is arranged in macroblocks with an end of block
code terminating each macroblock, and wherein said compressed
data occurs in first and second channels with partial macroblocks
of compressed data occurring in said first channel and the

25 remainder of corresponding’ macroblocks occurring in said second

 channel, and wherein said means for receiving replaces said
remainder of corresponding macroblocks with end of block codes
for ones of said remainder of corresponding macroblocks in which
errors are detected. R
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9. to a predeterm ned s [ ﬂpressed vi deo data may be
appl ied to a menory for subgmmm ui ﬁﬁ riecordi ng, etc.

decoder/demwééﬁ is responsd ve ror signal s for Pag‘éngéﬁqsﬁﬁ
bl'ocks of data in which errors occurred with, ,substitute 5
substitute data conprises conpressed data in a partic .;n.fe
and both conpressed data and decoded 24 spatio-tenporall ‘ rel aﬁ §
a further enbodi nent. In a particul ar ﬁ'-'-' ----- --h4
received data is provided in two data streans of variable Iength

godewo(rjds 1 Of(withou_t G;)de'ﬁhe csyseemdset €o9th inhicthimla2 awheretansaidebiocks ]
the i rsPrafbirte it di NiRinaE RAARL, O  faifl BRLhL InatetBRe O
and | esser i npodt aaide p&'ﬂpbcmmwblocklsemw ancludecassotiated mation data
Streams 0CCYr ypRyd, Spﬁfd'%ﬁe&qﬂnﬁﬂf@fﬂgg{lé‘rfo& ?ggéi@ﬂgf”fdr)fhér SnEliffdsed for

errors and excised 1 f errors occur
means for replacing, in blocks in which errors occurred, respective

motion vectors in said _plurality of partial macroblocks with
motion vectors from macroblocks corresponding to image areas
which are adjacent respective ones of said plurality of

1 0 macroblocks. -

™ o -

4. The system set forth in claim 1 wherein said
compressed data is arranged in macroblocks, and said blocks of
compressed data include pluralities of said macroblocks and said

15 macroblocks may include associated motion vectors, and wherein
said means for receiving further includes means for replacing, in
blocks in which errors occurred, respective motion vectors in said
plurality of macroblocks with motion vectors from macroblocks
corresponding to image areas which are adjacent respective ones

20 of said plurality' of macroblocks.

5. The system set forth in claim 1 wherein said means
for receiving replaces compressed data in blocks in which errors
occurred with a combination of compressed data from blocks of

25 compressed data representing vertically adjacent image areas and
sequences of predetermined compressed data.
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streams are applied to a variable |length décoder for deternining

‘codewor d poundaries and reconbi ning the two data streams into a single
dat a* st reawq %ﬁ@ﬁ ablnﬁmﬂ mllml H“I responsive to bjaaks

whi ch indiCa seg | esser 20 |rrportanceq1av een
exci sed, substitutes data correspondl ng “to a pr edet er. me _ﬁfo.r._,mﬁ
t he excised data in the reconbi ned data .. stream . IS SHEETHAS BEEN M
BRI EF DESCRI PTI ON OF THE DRAW NGS 25 _ FI GURE 1 a BERLACER

representation of the MPEG | i ke 2 5 signal coding hi erarchy
FI GURE 2 schematical |y indigates an MPEG.| i ke, si gna
FIGURE 3 is a diagram of-a nsé'ﬁ ey S, &Pﬁ Fg?‘\‘gédl furthqromcludmg

transmission. 3 0 a memoFy Gidand baupldai qok rét@x@f‘eafﬁdébni’pﬂ%%éd on of a
HDTV rec‘?fd\é%r Siffa' o Sak dgé)&lcqeuaesmg& QiRRAL A Us-
5 means associated with said means for receiving, for

generating an error map representing image areas correspondmg
to one of said blocks which were replaced; and
means responsive to said error map for inhibiting said
memory means from writing decompressed video data
10 corresponding to said ones of said blocks which were replaced.

7. The system set forth in claim 1 wherein said means
for receiving further includes means responsive to user stimuli for
replacing entire frames of compressed video data with substitute

15 compressed video data in order to provide special effects.

8. In a video signal processing system for
decompressing transmitted compressed video data, said
compressed video data occurring in blocks and subject to

20 incurring errors, apparatus (25) for detecting the occurrence of
| errors and replacing (26) blocks of compressed video data with
predetermined sequences of compressed data emulating, in part,
compressed video data; decompression (27) means for
decompressing said compressed video data including said
25 predetermined sequences; and means (313,318) associated with
said apparatus for detectin'g errors and said decompression
means, for replacing decompressed video data corresponding to
ones of blocks of compressed data in which errors occurred, with
temporally displaced, spatially collocated decompressed video
30 data. '

heet Has Been Replaced
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FI GURE 5 is a block diagram of apparat us for . processi ng received

trangport. %6§§j%§€d provi di ng error signals. pEROER/6ksss

a bI ock di

R e
V\:hl ch rmmmmnmnﬂrmu Hﬁrfor t he decorrpr2e655| on circuit 27 .JH'S ?:I';’EiigésnBE?N

HP/ LP signal 35 conbi ner.

7 is a block diagram of exenpl gFr—eirett ey

9. Apparatus for decompressing video data provided
in high and low priority channels, compressed video data in said
high priority channel arranged in transport blocks, said transport
blocks including pluralities of partial macroblocks of information,

- video data in said low priority channel arranged in transport

10

15

20

25

30

blocks, said transport blocks including pluralities of partial
macroblocks of information, wherein the information in said
macroblocks corresponds to hierarchically layered compressed
video data with data of greater importance being contained in
partial macroblocks in the high priority channel and data of lesser

.importance being contained in corresponding partial macroblocks

in said low priority channel, and wherein said compressed video
data is subject to incurring errors; apparatus for concealing errors
in images reproduced from said compressed video data
comprising: | _

means (25) responsive to compressed video data in
said high and low priority channels for detecting the occurrence of
errors and excising transport blocks of mformatlon containing .
errors;

means (26) for combining corresponding partial

macroblocks of high and low priority information, and responswe

to excised transport blocks of low priority information for
appending end of block codes to corresponding partial
macroblocks of high priority information; and

means (27) for decompressing the combined
macroblocks -of mformauon to produce a decompressed video
si gnal

10. The apparatus set forth in claim 9, wherein said .
means for combining include means for excising partial
macroblocks in the low priority channel corresponding to excised
partial macroblocks in the high priority channel.

Thls Sheet Has Been Ru laced
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FI GURE 4. FIGIRE 8 is a schemati ¢ di agram of a comnbi ned

signal 5. conbiner-deconpressor. _ Referring to FlI GURE 4,
tr‘an‘sm’ tt edvoiozrewesé s coupl ed to a denodul ator 20 whi ch pPCI/USS2/08853
'Q'I‘lﬁ'lW’?ﬁOﬁdﬁTQ"[O a hi gher priority, HP, angpeswes—priority,
m . signals are applied to re:;TBMSSMEERﬁEQBEEN .
Cmmmulﬂjmlaml |ng 10 decoders 2% and 22. The erlrjor COREPLACED
SI gnal s faré clupfed to rate bufferd /23 and 24 whic Frecerve—cata—at—a/

constant rate and - bqutpu'[‘hdaappa'atus \set | fortle mat;mﬁp_ln_ngprwmﬁqle yalagl t he
requi renments o e circuitry e vari abl e
rate HP and L%;CH{} g §§§ﬁ?§ﬁl£%§w¢aﬁgﬁﬁﬂ processor 15 25 which
per f or ns adfgrther errorsmltagck memﬂarfnrestomagrgxpdetemned s?%(ymsogocft .
transmtte M S e e respective
transport bI ocfzﬁ'l#régers rom?lilh I’VI ce dap 0 mﬁ{é&{ %nd\“ deo service data
and correspdndi ng error means foa tcrpiacmg texcised high priority partial
macroblocks and corresponding excised low priority partial
macroblocks with macroblocks of predetermined sequences of
compressed data.

10 12. The apparatus set forth in claim 9 wherein said
means for combining further includes:
storage means for storing predetermined sequences of
compressed data in compressed video - format; and
means for replacing excised. high priority partial
15 macroblocks and corresponding low pﬁority partial macroblocks
with macroblocks of predetermined sequences of compressed
data.

13. The apparatus set forth in claim 12 further

20 including: - -

' memory means coupled to said decompressing means
for storing decompressed video signal in raster scan format, said
memory being regularly updated with decompressed data from
said decompression means; '

25 means associated with said means for detecting for
generating an error map corresponding to image areas
represented by compressed video data in omes of transport blocks
whlch have been excised; and

means, responsive to said error map, for inhibiting

30 said memory means from updating data in said memory means
corresponding to image areas represented by compressed video
data in said ones of transport blocks.

This Sheet Has Been Replac
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header data are applied to a priority desel ect "processor 26, which 20
reformats, the HP and LP data into an hierarchically |ayered signa

whi ch I's :mpjgsam a deconpressor 27. The deconpressor 27 PCTZUBYZ08S53
t he_conpressed signal _into a signal suitable for di splay_or st or age.

Fl QU he transport processor 25 25 inc thed 11T
rece?@lﬂl&w!‘[ﬂmm ﬂe system Two sucg processor | mg&ﬁj&ﬁﬂ.
mels ard one for the LP channel. If - %Porl_or‘

that audio or auxiliary data wll al ways be excluded froma partrc r

channel , the correspondijid The fHpaRitsS sBB¥oRfA ﬁ+ %&Jgeggfngg}q}m t he

channel transport 30 ocessor
rate buffer 283651’@4 biocks inglude; dadicia for-giemifying dat deastr pestionsdof

SeLok ! ST R dnformaiBY, SniREE i S igHiASS BIGeR] g L7 eneror
ar e apparatus farther mclude
means for separating said indicia from respective
transport blocks of information;
means for storing compressed video data from said
high priority channel; _ :
10 - storage means for storing predetermined sequences of
compressed data in compressed video format; and
wherein said combining means inclu_dgs means
responsive to said indicia for replacing excised high priority
partial macroblocks and corresponding low priority partial
15 macroblocks with macroblocks of said predetermined sequences
of compressed data augmented with 'compressed video data from
said means for storing compressed video data.

15. The apparatus set forth in claim 14 wherein said
20 compressed video data includes codewords corresponding to
motion vectors and discrete cosine transform DC and AC
coefficients, and said means for storing compressed video data is
arranged to store said motion vectors, and wherein said combining
means is responsive to said indicia for augmenting said
25 predetermined sequences of compressed data with motion vectors
from said means for storing.

\
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35. . present in the corres l bl ock The detector 250
determnes if an errors 0 @l le" mmlmua not correctable b

REED SOLOWR 934¥983&rs 21 and- 2%, and®previd es an error épS@I08553
i ndi cat i ng the presence or absence of errorsiin .the g
The error signal is applied to the mp;t9 port of a \ THIS RE EPLACED

. ~16. In a television processing system for converting
compressed video data representing images into noncompressed
video data, said compressed video data being subject to errors and

5 including at least in part frequency domain transform coefficients

' representing said images; apparatus including; circuitry (25)
responsive to said compressed video data for generating error
signals on the occurrence of errors in said compressed video data;
circuitry (26) responsive to said error signals for replacing

10 segments of compressed video data in which errors occurred with

' substitute data in the form of compressed video data: and

decompression circuiiry (27,313,318) for decompressing data
provided by said circuitry for replacing segments of compressed
video data, and respomsive to said error signals for replacing

15 decompressed video data which is represented by segments of
compressed video data in which errors occurred with spatio-
temporally related decompressed video data.

[
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5 .. one-to-three denul tiplexer 253. The del ayed transport bl ock dat a

is also applied to the input port of the nulti pl exer 253. . Del ayed

tranSport WIOR30%36a i s al so coupled to a service type dRAEIUSH2/08553
—DETECT) 252, whi ch examines the ST header and resp ,g ==
_c%ggﬂeétq;g@gehﬁpﬂmdtrpl exer 253 to pass the 10 transpor Jt*h‘\%lﬁaa

co _ or signal to the appsgpri ate one - LAGED
auiﬂﬂ“ﬁlﬂ H“ﬂﬂ%o si gnal processing fﬁt hs. Th the—"
Vi 1Y fhg essi-ng path, the transport bl ock data and error
siignal are coupled tp @B pBodesBiBgPel Bnidnt| lBSB ZBGBV\/rB ch Bch sdas t he FCS
code and the transpe Vg p
stream It is aloG e ’:‘d{/ 5

data in which . ck ef
|, FRAME SEQUERGE -
AAAAAA

video data witl
the transport
separ at e busses

2Ll L L LLLL

SU._CEL[IIIIIIIHHII/U

MBr
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| S
| FRAME| L B T
- R
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X

SERVICE TYPE
b5
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The FEC circuits 21 and 22 provide the received data in flxed Iength
mords corg &gﬂ*@% to fixed |l ength words provi ded to the )! S
ih the enci ; such the transport bl ock header dgta—ee
boundari es which are either 25 predeternined (ST, TH anf fNESSHEET@U&;BEEN
identified (RH) by the transport header. Thus it is R rel aREMEAGED
sinple matter to identify and extggft the requisite ot
headers from respective transport ocks. FI GURE 6
illustrates an exenplary priority deselect 3 0 pgroceqsor. The priority
desel ect processor accepts ddta fromthe rede&ver} transport processor
and reconfigures the HP and LP data to a sin ata stream |n order
to do so respective codewords of the data strE?hihave to be -
identified, that is the]classes or types . of %%gﬁhords i n each bl ock
must be detectable. Yayje the data is 3 5 in thg @&brrm of concatenated
vari abl e | ength codesjH|t nust be at
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12 | east partially VLC decoded to define the codeword boundari es
and the codeword types. Once the codeword boundaries and correspondi ng
types *ar e WO9/08636d, the data priority break poi nt's, PBIPQ'I/U§P£){

HP" channel ) can be determ' ned. Thereafter 5 the HP data framnbe :
bet ween respective bl ocks and parsed into respectivdg
code form LP data corresponding to s essi ve bl ocks y I
di stingui shed by - nmeans of the EOB cod&%. However VLC ~=~-.--~..:.
LP data is :

TRANSMISSION FlG. 4

. CHANNEL
20 21

K 2 P
=1 FEC =>{BUFFER
‘—{ DEMOD- -

— FEC F={BUFFER|
L 2

27~

wl
-«— DECOMPRESS

PRIORITY
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TRANSPORT
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necessary to recogni ze the EOB codes and to parse the 10 concatenated data

i nto.separgte codewords. Detection of the EOB codes causes the

pr ocessor WO IHPMW3® to the high priority channel. | n addiRGIYHSIPAPBSS3
counting the occurrence EOB codes the processor - may determ ne mhen to
expect new header data be it for - ‘macrobl ock, slice,j .
Dependi ng upon the configuration of the dfgconpressor TﬁwsﬁﬁéE UBEEN
data provi ded by the priority desel ect.apparatus Wi t alfERY ent

forms. For ex if the- deconpressor is an NPEG—Ilke deconpressor
whi ch include |able | engt ] VLD, ¢Rrgmth§ Nfselect

circuitry @Iﬁhothe

AIternatlver
i OFPMGRIWB

BRKPOMT €Ssor, in
I 'ength decoded

deconpressor -

form ’y general i zed
priority
{1 | e
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25 Jdesel ect apparatus which may be arranged to provide either

vari,abl el ength encoded or decoded vi deo output data. In FI GURE 6 the
HP amd LRwdeg3rowaevi ded by the transport processor 25 is PCI/USAR4085%D
occur in fixed codeword | engths. These codewords AEe—apPr et LU - '
respective barrel shifters 60 and 61. The barrel 30 ghiTHISSBHEEDHARIETAY ¢
ones of the fixed |length codewords and apply co naticﬁ&?‘-&CE@ata S
to decoding tables included in the VLD 5/ 64 via th rprexer 62. The
formof” the output data fromthe \/I'S_Bwill be determ ned by the
decodi ng tabl es. T ype of vari abl e | ength .decoding is known to
those skilled in tjhe o __conpression arts and a nore detailed description
of variable el -
_ 8%
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iy .-l
# eyt h decodlng may befoundlnthe article "An E
a’System for Di gital HDTV Applications”, by Lei and Sun, |E me SHEET
_TRANSACTI ONS ON CI RCU TS AND SYSTEMS FOR VI DEO TECH Y, VOL. 1, NO.
1, March 1991 5 The VLD 64 is programed t eccép‘tJUlE’..ﬁ%a
; fromthe mul tiplexer 62 until a priority break is enqoyntered and thén
. -accepts” data fromthe LP channel until an EOB is encounterned, at WhTTCh
Y time it again accepts data fromthe HP channél and so on. Mare
specifically, the VLD includes a:state machi ne (decoder state 10 sequencer)
whi ch is programed to corAPRARATUSFORICONCEALINGERRORS INe state

sequencer is programed t oAJIGIPAL'VEDEO-PROCESSING SYSTEM

5 The invention relates to concealing image data that is
lost during signal transmission.

The International Organization for Standardization is
currently developing a standard specifying the coded
representation of video for digital storage media, ‘supporting a

10 continuous data transfer rate of 1.5 Mbits/sec., which standard is
described in the document ISO-TEC JTC1/SC2/WG11; CODING OF
MOVING PICTURES AND ASSOCIATED AUDIO; MPEG90/176 Rev.2,
December 18, 1990. This format has become known as MPEG.
According to this format sequences of frames are divided into

15 groups, and respective frames within each group are encoded
according to one of a plurality of coding modes. Typically the
coding modes include 'i_ntraframe coding, (I frames) and two types
of interframe predictive coding (P and B frames). In-all modes
only odd fields are encoded, the even fields being discarded.

20 The Advanced Television Research Consortium (ATRC)
in the United States has modified the MPEG format for
transmission of high definition television (HDTV) signals in digital
form. Generally, the initial signal coding of this HDTV signal is
similar to MPEG except that the pixel resolution, and data rates.

25 are increased, and both odd and even frames of each field are
coded. In the HDTV system the coded signal is prioritized
between a higher and a lower priority channel for transmission..
Coded data having apparent greater importance to picture
reproduction is transmitted with a given power level and coded

30 data of lesser importance is transmitted with a lesser power level,
to minimize cochannel interference. _

FIGURE 1 is a pictorial representation of the coding
format prior to prioritization. The frame sequence is merely
representative. The letters I, P, and B above respective frames

35 indicate the coding mode for the respective frame. The frame

~ sequence is divided into groups of frames (GOF) each of which



in ac€8Fdance with an expected i nput data sequence, for ex rBl] LACEMENT SHEET
tonformng to the data format of FIGURE 2. The header data provi ded by
the transport processor is coupled to the state 1 5 sequender} t3 1 0ULi 1894 26
respective ones of the control sequences programed i tlhe "devi ce.

Once synchronized to a particul ar poi nt 2bn t he data S qu:ance T or ]
exanpl e the begi, nni a frane or the ni. ng slice etc. the
seqlrjrgncer provid 3%% tLe same £AdINg SequsnFe; fgﬁgt fr@ﬁse to(f eedesti dathas

3ubs§q3ent Ihy otccimmrdledguﬁa sliedsa represening, dor aﬁ(ahﬁﬂﬁeqtﬁu;iﬂlaa@g?ﬁﬂe§ dSEQER
e e s encer

i (ra]glocatl ng the Hite 8 d"ﬁ? QQ nﬁgsg{%r ggg’?n?cﬁlné)?ngi’[‘ cr(?BF?Sieﬁ& cffevor d.
The "type" eéagm, slGppllGmatoixont pinpls: tRach mdcrobleekcisndivideor
circuit 63. 5 infth® Plocks iﬂclbﬂﬁ?tfgﬁt "Block¥iuf sﬂﬂﬁnﬁ\fﬁid %@1 f]gr un he

transport 25 processor |s pli con ferm na
conpar at or . lumyina ﬁf a?‘ﬁe‘“é%n@&FE? of dB 4‘!)9& PFI"@mﬁJltpl pl exer 62

to pass HPctﬂaommzmdehelgth 64The luminarcet aad” thrsmirdngakinforpione
are coded separately and then combined for transmission. The
luminance blocks include data relating to respective 8 x 8

10 matrices of pixels. Each chrominance block comprises an 8 x 8
matrix of data relating to the entire 16 x 16 matrix of pixe's
represented by the macroblock.

Blocks of data, encoded accordmg to intraframe coding,
consist of matrices of Discrete Cosine Coefficients. That is,

15 respective 8 x 8 blocks of pixels are subjected to a Discrete Cosine
Transform (DCT) to provide coded signal. The coefficients are
subjected to adaptive quantization, and before being applied to
the priority processor are run-length and variable-length
encoded. Hence respective blocks of transmitted data may include

20 fewer than an 8 x 8 matrix of codewords. Macro blocks of
intraframe encoded data, will include, in addition to the DCT
coefficients, information such as the level of quantization
employed, a macroblock address or location indicator, and a
macroblock type.

25 Blocks of data encoded according to P or B interframe
coding also consist of matrices of Discrete Cosine Coefficients. In
this instance however the coefficients represent residues or
differences between a predicted 8 x 8 pixel matrix and the actual
8 x 8 pixel matrix. These coefficients are also subjected to

30 quantization and run- and variable-length coding. In the frame

' sequence I and P frames are designated anchor frames. Each P
frame is predicted from the lastmost occurring anchor frame.
Each B frame is predicted from one or both of the anchor frames
between which it is disposed. The predictive coding process

35 involves generating displacement vectors which indicate which
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state sequencer is | ess than the PBP signal and to pass the MPLACEmgﬁEET
ot herw se. 30 The reconbi ned HP and LP vi deo ddt p| ovidet—by
t he VLD 64 is applied to a nultiplexer 67 and output tg t J
deconpressor 27 in the absence of any error indications. If erro§s1 UL 1996
have been detected substitute video data, provided by an erron taken
generator 65, is output fromthe nultiplexer 67.

3.

block of an anchor frame most closely matches the block of the
predicted frame currently being coded. The pixel data of the
matched block in the anchor frame is subtracted, on a
pixel-by-pixel basis, from the block of the frame being encoded, to
5 develop the residues. The transformed residues and the vectors
comprise the coded data for the predictive frames. As for
intraframe coded frames the macroblocks include quantization,
address and type information. Note that even though a frame is
predictive encoded, if no reasonable block matches can be found, a

10 particular block or macroblock in the predictive frame may be
intraframe coded. In addition certain ones of the macroblocks
may not be encoded. Macroblocks are skipped by increasing the
address of the next coded macroblock.

After the video data is coded, it is arranged according

15 to an MPEG-like protocol. The MPEG hierarchical format includes a
plurality of layers each with respective header information as
shown in FIGURE 2. Nominally each header includes a start code,
data related to the respebtive layer and provision for adding
header extensions. Much of the header information (as indicated

20 in the referenced MPEG document) is required for synchronization
purposes in an MPEG systems environment. For purposes of
providing a compressed video signal for a digital HDTV simulcast
system, only descriptive header information is required, that is
start codes and optional extensions may be excluded.

25 When referring to the MPEG-like signal produced by
the present system what is meant is that a) successive
fields/frames of video signal are encoded according to an I, P, B
coding sequence, and b) coded data at the picture level is encoded
in MPEG-like slices or group of blocks albeit that the number of

30 slices per field/frame may differ and the number of macro blocks
per slice may differ.

The coded output signal of the present system is
segmented in groups of fields/frames (GOF) illustrated by the row
of boxes L1 (FIGURE 2). Each GOF (L2) includes a header followed

35 by segfnents of picture data. The GOF header includes data
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type. ! Sl'iach slice (L4) mcludes a header followed by a plurality of
blocks of data MBi. The slice header includes a group number and
a quantization parameter. ‘

Each block MBi (LS) 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
comprised of 6 blocks, including four luminance blocks, one U
chrominance block and one V chrominance block. |

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

Compressed video data -hierarchically formatted as
indicated in FIGURE 2 is applied to a priority processor, wherein -
the coded data is parsed between 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
perfect image. Low priority information is the remaining
information. The high priority information includes substantially
all of the header information included in the different hierarchical
levels plus the DC coefficients of the respective blocks and a
portion of the AC coefficients of the respective blocks (level 6,
FIGURE 2).

For priority processing purposes, the respective types
of encoded data are assigned priority classes or types. For
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substitutes dataypé "3". DC DCT coefficients are assigned priority type "5" and
- successive codewords representing higher order DCT coefficients
are assigned priority types "6" to "68". The priority processor
o determines, according to the relative amounts of higher and lower
10 priority .data, the priority types which- will be allocated to the high
and low priority channels. Note that the priority classification is
indicative of the relative importance of the particular types of
data with priority type "0" being the most important. The
processor in effect determines a priority break point (PBP) which
15 corresponds to the class or type number above which all data is
designated to the low priority channel. The remaining type data is
allocated to the high priority channel. Refer to FIGURE 2 and
assume that for a particular macroblock the PBP is determined to
be “5", so that the DC coefficients and all hierarchically higher data
20 is to be allocated to the HP channel, and all AC coefficients and the
EOB codes are assigned to the LP channel. For transmission
purposes all the HP codewords are concatenated in bit-serial form
without demarcation of data from respective blocks. In addition,
the codewords are variable length encoded and there are no
25 separations between codewords (in order to realize the greatest
effective bandwidth in a limited bandwidth channel). The PBP for
corresponding macroblocks is transmitted so that the receiver has
the requisite information for separating the HP data amongst the
respective blocks. In the LP channel, data from respective blocks
- 30 is separated by EOB codes.
The HP and LP compressed video data are applied to a
transport processor which a) segments the HP and LP data
streams into respective HP and LP transport blocks, b) performs a
parity or cyclic redundancy check on each transport block and
35 . appends the appropriate parity check bits thereto, and c)
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multiplexes the auxiliary data with the HP or LP vide
parity check bits are utilized by the receiver for 1solat11;g errors in
conjunction with synchronizing header information and for
providing error concealment in the event of uncorrectable bit
errors in the received data.

FIGURE 3 illustrates the format of the signal provided
by the transport processor. Respective transport blocks may
include more or less than a slice of data. Thus a particular
transport block may include data from the end of one slice and
data from the beginning of the next subsequent slice. Transport
blocks including video data may be interleaved with transport
blocks containing other data, e.g., audio. Each transport block
includes a service type header ST which indicates the type of
information included in the respective transport block. In this
example the ST header is an 8-bit word which indicates whether
the data is HP or LP, and whether the information is audio, video
or auxiliary data.

Each transport block mcludes 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
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
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.
A zero valued macroblock pointer indicates that the transport
block has no macroblock entry point.

The transport block may include none, one or more
than one record header. A record header occurs at the beginning
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A receiver, responsive to transmitted signals which
are formatted as indicated above, includes apparatus for
performing inverse prioritization and inverse coding. Inverse
prioritization, or recombining of the HP and LP data must be
performed before decoding can be accomplished, because the
decoder expects to see data in a predetermined format (similar to
that shown in FIGURE 2). It should readily be appreciated that at
least a portion of the received signal will be corrupted by the
transmission process. Consider that the PBP code in a HP
transport block is lost. Without this PBP code, information
corresponding to the respective blocks of a macroblock cannot be
separated. As a result a considerable pbrtion of the information
contained in the HP transport block may be rendered useless. In
addition information in the LP transport block, cbrresponding to
blocks contained in the HP transport block, is also rendered
unusable. In fact, the loss of a single PBP codeword contained in a
HP transport block can render otherwise valid data for an entire
slice useless. A second example is the loss of, for example, the
codeword in a picture header which designates the frame coding
type. Without this codeword an entire frame of coded data is
rendered unusable or at least unreliable. :

The present invention is embodied in apparatus in a
digital video signal processing system, for concealing errors which
might occur in reproduced images due to image data lost during
signal transmission. The system includes apparatus for detecting
transmitted video data, generating error signals if errors are
present in segments (transport blocks) of the received data, and
excising segments having errors from the data stream. The
received data is applied to a decoder/decompressor system which
decodes and decompresses the transmitted video data according
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that there are no record headers in the transport block. If both
the record header pointer and the macroblock pointer are zero
valued, this state indicates that the transport block includes only
video data header information.

10 The 18-bit identifier in the LP transport header
identifies the current frame type, 'the frame number (modulo 32),
the cu_rrent slice number, and the first macroblock contained in
the transport block. -

: ~ Following the transport header is either a record

15 header, RH, or data. As indicated in FIGURE 3 the record header

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 identifier IDENTITY,
which indicates -a) the field/frame type I, B or P; b) a field/frame

20 number (modulo 32) FRAME ID; and c¢) a slice number (modulo
64) SLICE IDENTITY. Following the identifier the record header
includes a macroblock priority break point indicator, PBP. The
'PBP indicates the codeword class, developed by the analyzer 152
of the priority selector, for dividing the codewords between the

25 HP and LP channels. Lastly, an optiona.l header extension may be
included in the HP record header. _ -

The record header incorporated in the LP channel
includes only an identifier, IDENTITY, similar to the identifier
implemented in the HP channel.

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

The transport blocks of information are applied to

35 respective forward error encoding elements which a) perform
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to a predetermined sequence. The decompressed video data may
be applied to a memory for subsequent display, recording, etc.
The decoder/decompressor is responsive to the error signals for
replacing blocks of data in which errors occurred with substitute

5 data. The substitute data comprises compressed data in a
particular embodiment, and both compressed data and decoded
spatio-temporally related data in a further embodiment.

In a particular embodiment, the received data is
provided in two data streams of variable length codewords _
10 (without codeword boundaries), which data streams were derived
from a single data stream according to a particular hierarchy, the
first and second received data streams including data of greater
and lesser importance respectively. The data in each of the two
data streams occur in respective segments and are independently

15 checked for errors and excised if errors occur. The two data
streams are applied to a variable length decoder for determining
codeword boundaries and recombining the two data streams into
a single data stream. The variable length decoder, responsive to
error signals which indicate that segments of the data of lesser

20 importance have been excised, substitutes data corresponding to a
predetermined value, for the excised data in the recombined data
stream.
BRIEF DESCRIPTIN OF THE DRAWINGS
. FIGURE 1 is a pictorial representation of the MPEG-like
25 signal coding hierarchy.
FIGURE 2 schematically mdlcates an MPEG-like signal
format. .
FIGURE 3 is a diagram of a segment of signal arranged
for transmission.
30 FIGURE 4 is a block diagram of a portion of a HDTV
receiver including error concealment apparatus.
FIGURE 5 is a block diagram of apparatus for
processing received transport blocks, and providing error signals.
FIGURE 6 is a block diagram of a HP/LP signal
35 combiner, :
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a demodulator 20 which provides two signals corresponding to a
higher priority, HP, and lower priority, LP, video data. These two
signals are applied to respective REED SOLOMON error cormrecting
10 decoders 21 and 22. The error corrected signals are coupled to
rate buffers 23 and 24 which receive data at a constant rate and
output data at a variable rate commeénsurate with the
requirements of the subsequent decompression circuitry. The
variable rate HP and LP data is applied to a transport processor |
15 25 which performs a further error check, separates the respective
types of transmitted data (Aux., Audio, and Video) and separates
the respective transport block headers from the service data. The
video service data and corresponding error data and transport
header data are applied to a priority deselect processor 26, which
20 reformats the HP and LP data into an hierarchically layered signal
which is appliéd to a decompressor 27. The decompreésor 27
converts the compressed signal into a signal suitable for display or
storage.
FIGURE 5 illustrates the transport processor 25
25 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
always be excluded from a particular channel, the corresponding
elements may be eliminated from such channel transport
30 processor. '
In FIGURE S data from the rate buffer 23 or 24 is
applied to an FCS ERROR detector 250 and a delay element 251.
Delay clement 251 provides a delay of one transport block
interval to allow the detector 250 to determine if any errors are
35 .present in the corresponding transport block. The detector 250
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transport block The error sngnal is applied to the mput port of a
5 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 pass the
10 transport block data and corresponding error signal to the
appropriate one of the audio, auxiliary or video signal processing
paths. .

For bi ditectjonally

In the video signal processing path, the transport

block data and error signal are coupled to a processing element
15 256 which excises the FCS code and the transport block headers

ST, TH and’ RH from the data stream. It is also arranged to delete

entire transport blocks of video data in which errors have been

detected. Element 256 provides the video data with transport"

block headers excised, the error data and the transport headers to
20 the priority deselect processor 26 on separate busses.

The FEC circuits 21 and 22 provide the received data
in fixed length words corresponding to fixed length words
provided to the FEC circuits in the encoder. As such the transport
block header data occurs on byte boundaries which are either

25 predetermined (ST, TH and FCS) or are identified (RH) by the
transport header. Thus it is a relatively simple matter to identify
and extract the requisite transport block headers from respective
transport blocks.

. FIGURE 6 illustrates an exemplary priority deselect

30 processor. The priority deselect processor accepts data from the
receiver transport processor and reconfigures the HP and LP data
to a single data stream. In order to do so respective codewords of
the data stream have to be identified, that is the classes or types
of codewords in each block must be detectable. Since the data is

35 in the form of concatenated variable length codes, it must be at.
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corresponding types are determined, the data priority break
points, PBP's, (in the HP channel) can be determined. Thereafter
5 the HP data can be allocated between respective blocks and
parsed into respective parallel-bit VLC code form. LP data
corresponding to successive blocks may be distinguished by
means of the EOB codes. However VLC decoding of the LP data is
necessary to recognize the EOB codes and to parse the

10 concatenated data into separate codewords. Detection of the EOB
codes causes the processor to return to the high priority channel.
In addition, by counting the occurrence EOB codes the processor
may determine when to expect new header data be it for
macroblock, slice, frame etc. _

15 ' Depending upon the configuration of the decompressor
27 the output data provided by the priority deselect apparatus
will take different forms. For example, if the decompressor is an
MPEG-like decompressor which includes variable length decoding,
VLD, circuitry, the deselect circuitry will be configured to provide

20 output data in VLC form. Alternatively, the deselect circuitry may
be subsumed into the decompressor .27 and provide the VLD
function of the decompressor, in which case the output codewords
will be in variable length decoded form.

FIGURE 6 illustrates an exemplary generalized priority

25 deselect apparatus which may be arranged to provide either
variable length encoded or decoded video output data. In FIGURE
6 the HP and LP data provided by the transport processor 25 is
presumed to occur in fixed codeword lengths. These codewords
are applied to respective barrel shifters 60 and 61. The barrel

30 shifters concatenate ones of the fixed length codewords and apply
combinations of databits to decoding tables included in the VLD
64 via the multiplexer 62. The form of the output data from the

‘ VLD will be determined by the decoding tables. This type of
variable length decoding is known to those skilled in the

35 compression arts and a more detailed description of variable
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the LP chanrel than for ¢ LD 64 is programmed to acceépt HP data from the

multiplexer 62 until a priority break is encountered and then
accepts data from the LP channel until an EOB is encountered, at
which time it again accepts data from the HP channel and so on.
More specifically, the VLD includes a state machine (decoder state

10 sequencer) which is programmed to control the decoding
sequence. The state sequencer is programmed to control the VLD
in accordance with an expected input data sequence, for example
conforming to the data format of FIGURE 2. The header data
provided by the transport processor is coupled to the state

15 sequencer to initialize respective ones of the control sequences
programmed in the device. Once synchronized to a particular
point in the data sequence, for example the beginning of a frame
or the beginning of a slice etc. the sequencer provides the
requisite control functions to decode the subsequently occurring

20 data. In addition as respective codewords are decoded, the state
sequencer is programmed to output-a signal indicating the
expected class or type of the next occurring codeword. The “type"
signal is applied to one input terminal of a comparator circuit 63.
The priority break point, PBP, code available from the transport

25 processor is applied to a second input terminal of the comparator.

' The output of the comparator conditions the multiplexer 62 to
pass HP data to the VLD 64 as long as the "type" signal from the
state sequencer is less than the PBP signal and to pass ‘the LP

~ signal otherwise.

30 The recombined HP and LP video data provided by the
VLD 64 is applied to a multiplexer _67 and output to the
decompressor 27 in the absence of any error indications. If errors
have been detected substitute video data, provided by an error
token generator 65, is output from the multiplexer 67.
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information included in the transport blocks, the state of the VLD
and to the error indications. The error token generator 65 may
include a table of substitute data which simulates compressed
video data. This data corresponds to particular data that is
recognizable by the MPEG-like decompressor. The error token
generator is also provided with data from a memory 66 which
may be substituted for excised video data. In particular, the
memory 66, responsive to the state sequencer of the VLD, is
loaded with motion vectors corresponding to, for example, the

_.motion vectors of macroblocks in the previous slice of data.

. The motion of image objects will occur across
macroblock boundaries. In addition errors will propogate or occur
along the horizontal direction. Thus it is likely that motion vectors
from vertically adjacent blocks will be similar, and the
substitution of motion vectors from vertically adjacent
macroblocks will result in acceptable error concealment. Similarly
the DC DCT coefficients from vertically adjacent blocks can be
expected to be similar. As such they may also be stored in the
memory 66 for substitution of lost DC coefficients.

~ Storage of data in the memory 66 is controlled by the
state sequencer. The sequencer is programmed to condition the

VLD to output data according to a predetermined sequence, and

thus can provide the appropriate signals to fetch the desired types
of data when it is output from the VLD. This data may be written
into the memory at predetermined address locations which may
be accessed by the error token generator.

The error token generator monitors the transport'
header data and the error signal to determine when and what
data is lost, and responsive to lost data, substitutes data on a
macroblock basis. Sequences of predetermined types of data are
preprogrammed for substitution depending on the frame type and

‘the type of data that is lost. For example, macroblocks carry

particular addresses and occur in a predetermined sequence. The
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that are particularly noticeable. Al ternatively if t 'S €535
than 5 the DC DCT coefficient is transmited in the UP channel.
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5 data provided by the error token generator 65, it is beneficial to
describe an MPEG type decompressor. Refer to FIGURE 7 which
shows the general form of an exemplary MPEG type
decompressor.
The video data provided by the multiplexer 67 of the
10 priority deselect processor is applied to a buffer memory 300.
This data is accessed by the decompression controller 302 and
applied to a variable length decoder, VLD, 303 which variable
length decodes the data applied thereto. Header data is extracted
to program the controller 302. The variable length decoded
15 codewords corresponding to DCT coefficients are extracted and
applied to a decoder 308 and the variable length codewords
corresponding to motion vectors are applied to the decoder 306.
The decoder 308 contains apparatus for performing inverse run
length decoding and inverse DPCM coding as appropriate under
20 the control of the controller 302. Decoded data from the decoder
308 are applied to an inverse DCT -circuit 310 which includes
circuitry to inverse quantize the respective DCT coefficients and to
convert the coefficients to a matrix of pixel data. The pixel data is
then coupled to one input of an adder 312, the output of which is
25 coupled to the video display ram 318 and buffer memories 314
and 316. ' |
The decoder 306 includes circuitry to perform inverse
DPCM coding of the motion vectors as appropriate under the
control of the controller 302. Decoded motion vectors are applied
30 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
buffer memories 314 and 316. The predictor provides a block of
data (from the ohe_ of the buffer memories) or an interpolated
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for respective blocks in the 20 macr obl ockggand EOB codes|f 0T TESpecTive
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intraframe encoded data the predictor 304 applies a zero value to
the adder 312 and the inverse transformed DCT coefficients are
passed unaltered by. the adder 312, to the video display RAM

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

If a field/frame of input data corresponds to a forward

15 motion compensated P field/frame, the inverse transformed
coefficients correspond to residues or differences between the
present field/frame and the lastmost occurring I frame. The
‘predictor 304, responsive to the decoded motion vectors accesses
the corresponding block of I frame data stored in either buffer

20 memory 314 or 316 and provides this block of data to the adder
wherein respective blocks of residues provided by the inverse
DCT circuit 310 are added to the corresponding block of pixel data
provided by the predictor 304. The sums generated by the adder
312 correspond to the pixel values for the respective blocks of the

25 P field/frame, which pixel values are applied to the display RAM
318 to update respective storage locations. In addition the pixel
values provided by the adder 312 are stored in the one of buffer
memories 314 and 316 not storing the I field/frame of pixel data
utilized to generate the predicted pixel data.

30 For ‘bidirectionally encoded (B) fieldlframcs the
<;peration is similar, except predicted values are accessed from the
stored anchor frames (I or P) in both buffer memories 314 and
316 depending upon whether the respective motion vectors are
forward or backward vectors or both. The generated B

35 field/frame pixel values are apphed to update the dnsplay RAM
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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.

A point to note in the MPEG-like signal format is that
for P and B encoded frames macroblocks may be skipped. This
factor permits some flexibility in error concealment. For
macroblocks that are skipped, the decoder effectively copies them
from the previous picture into the present picture, or
alternatively, for skipped macroblocks the corresponding areas of °
the video display RAM 318 simply are not updated. Macroblock
skipping may be accomplished by coding the motion vectors with
zero values and the DCT coefficients with all zero values. On the
other hand, in I encoded frames, no macroblocks are skipped.
That is, the decoder expects data for all macroblocks in I frames.
Thus missing macroblocks cannot be simply replaced with data
from the prior frame.

A second point to note is, that when-the DCT
coefficients are encoded, an EOB code is placed after the last
non-zero- coefficient. The decoder is programmed to accommodate
however many zero valued coefficients occurred between the last
non-zero coefficient and the last potential coefficient in a
respective block.

A third point to note is that for P and B frames, a
larger amount of data corresponding to data higher in the data
hierarchy will probably be transmitted in the LP channel than for
I frames. ' : '

Examples of substitution data provided by the error
token generator will now be considered. The type of substitution
data is dependent upon the type of frame currently being .
processed, whether the error occurred in the HP or LP channel,
-and where in the data stream the error occurred. Consider that an
error occurred in the LP channel of an I frame, and that only AC
cocfficients are being transmitted in the LP channel (the PBP is
greater than or equal to 5). In this instance respective EOB codes
may be substituted for thé AC coefficients that were expected in
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<resolution data, but nmay suffer a notion anomaly since thejrest of fh
i mage may be noving relative to the area for which data \wa$ 3 1JUL 199
substituted. A second form nay provi de substitute macrobfogks 5 -havin
notion vectors selected*from vertically adj f;\gen crobl ocks, and an
I ndi cation that the current macrobl ock was not coded—whi-chneans that
all of the resi dve MRlchannel €or eachcblurkdén eal macrioblagk, oandhleach. I n thi s

A e 2 fihcibblolR that, waSPORciLed th ARNTF Hhdhhen Th ly be

noving in synchronl sm remal n ihbfhl mage, %owe er the
actual picture resultigg &rqmoihqm stiputed t%ewkl 39 Ing StrustureThiide are

t r adeof }‘ sto wxngehavenﬁieiqireﬁebybrﬁgmnewtﬁ‘mdefsI'I:mw g¥neédtedy
UL e gl e
15 cyclically splrodm'h i imagel artifactsedhat aret particutarly muceable
Consi der al so t hjternBfvEly HCthe PHP i61168Y thdfP$ ffe DC DCT coefficient is
transmitted in the LP channel. Replacing the lost LP data, in this
instance, with EOB's, will provide too little data to the
10 decompressor for it to produce non-objectionable artifacts. In this
instance and the case of an HP error the substitute data will
include enough information for the decompressor to perform a
decoding function on a macroblock basis. That is the
decompressor is provided enough data to preclude it from
15 entering an inoperable state, however the reproduced image for
the areas for which video data is substituted may bear no relation
to the actual image. This substitute data may comprise the
macroblock address, the macroblock type, DC DCT coefficients
corresponding to a midgray value for respective blocks in the
20 macroblocks and EOB codes for respective blocks in the
macroblock. Note that such errors in the I frames will propagate
through the GOF if further processes are not initiated, which
processes will be discussed further below. '
Substitute data provided for the P and B frames may
25 ©be of similar form. For example assume that data corresponding
to only the AC DCT coefficients is lost in the LP channel. As with
the I frames an EOB may be substituted for this lost data.
" Alternatively assume that motion vectors and the hierarchically
lesser important data are lost in either or both the LP and HP
30 channels. At least two alternative forms of substitute data may
be used. The first may take the form of providing substitute
compressed macroblocks with zero valued motion vectors and
zero valued DCT coefficients for the excised macroblocks. This will
cause pixel data from the prior frame to be effectively substituted
35 for the lost macroblocks. The portion of the reproduced image

D
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macroblocks, and an indication that the current macroblock was,
not coded, which means that all of the residue values are
considered to be zero valued. In this instance the area of the
image under consideration will likely be moving in synchronism
with the remainder of the image, however the actual picture
detail of this area may be slightly in error. These are tradeoffs to
be considered by the system designer when selecting particular
substitution signals to be used for various types of lost data. Note
the motion vectors from vertically adjacent macroblocks are
cyclically stored in and obtained from the memory 66.

Consider also that the DC DCT coefficients may be
differentially encoded (DCPM) from macroblock to macroblock. In
this case the last macroblock of a sequence of substitute
macroblocks will not have a correct DC DCT value for the first non
substituted macroblock to reference. The error token generator
may therefor be programmed to substitute a DC DCT coefficient in
such last substitute macroblocks from a vertically adjacent
macroblock (i.e., taken from memory 66) or from a temporally
displaced collocated macroblock (taken from an expanded
memory 66 arranged to store select compressed data for e.g. an
entire frame). |

Refer again to FIGURE 7. It was indicated above that
for I frames and certain types of lost data, substitute data was
provided merely to condition the decompressor to continue
operating, even though the decoded picture data being generated
would tend to be unacceptable. This data is precluded from being
written to the display RAM 318 by virtue of an error map
provided by the error token generator. During the processing of I
frames, the error token generator develops an error map of all
substitute data that will be deemed to produce potentially
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unacceptable images. This error map may. consist lof-a—pattern—of |
binary ones and zeroes, corresponding to pixels (or blocks or

macroblocks) which are generated from particular substitute data
and those which are not. This error pattern is loaded into a
memory arrangement 313 at address locations corresponding to
address locations of associated pixels in the video display RAM,
VDR. As write addresses are applied to the display RAM, these
address values are applied to the memory arrangement 313 to
address the error pattern. If a particular address location
contains an error indication, a signal is produced by the memory
arrangement to inhibit writing of new data into the corresponding
memory location of the display RAM.

FIGURE 8 shows a further embodiment wherein the
priority deselect apparatus and the decompressor sha_re. the
variable length decoder. This arrangement not only eliminates
the need for two VLD's in the system, but also obviates the
memory arrangement 313 of FIGURE 7. The circuit elements of
FIGURE 8 which are designated with the same numerals as
elements in FIGURES 6 and 7 perform similar functions. In the
FIGURE 8 cii'cuiu'y, however, the output words provided by the
VLD are in variable length decoded form, and the table of

substitute data included in the error token generator is altered to

include, for example, skipped macroblocks for I frames. The
decompression algorithm for this arrangement conforms
substantially to the MPEG decompression algorithm, but with one
advantageous exception. The exception is the provision to accept
skipped macroblocks in I frames. Allowing the decoder to
recognize skipped macroblocks for I frames means that I-frame
data will not be updated in the display RAM or the decoding
buffer memories (314, 316) for areas corresponding to the
skipped macroblocks. This feature obviates the memory
arrangement 313 of FIGURE 7 and the error map generating
function of the error token genmerator. Thus whereas in the former
arrangement substitute I-frame data was configured to merely
satisfy ‘the rcquiremént that data be provided for each
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arrangenent 313 at address | ocations corresponding to tor-ess—
|l ocations of associated pixels in the video display RAM | | DR As wrile
addresses are applied to the display RAM these addr sk \;'Bﬂu’ég-
applied to the nenory arrangenment 313 to address the| etrar pattern.
If a particular address |ocation 10 cont ai an error indication, a
signal is produced b the mem)ry arrang nt to inhi’
data into the cdnpex nin .the FIGMRE 8 oammangement tthe eiiropitake®RAM
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t he data stream the next detected vali slice header.
The circuitry of FIGURE 8 includes a system controller
370 and a decompressor controller 360. The system controller
370 controls the overall receiver system and is responsive to user
10 input stimuli. This controller conditions the VLD, state sequencer,
error token generator, and decompressor controller to initialize on
system start-up, to override certain decoding sequences to
provide special effects, and to control channel changes etc. The
decompression controller 360 controls the decompression circuitry
15 and the display RAM. Video data from the VLD is applied to the
controller 360 which is programmed to recognize the various
MPEG header data and responsive thereto, to sequence
appropriate data through the appropriate decoding functions.
Responsive to the macroblock addresses, the controller conditions
20 the display RAM to write corresponding decoded pixel values to
appropriate raster areas. Display RAM memory cells
corresponding to raster areas represented by skipped
macroblocks are periodically refreshed by the controller 360
effecting a temporal replacement in these areas.
25 Since the FIGURE 8 system is arranged to process (or’
more correctly not process) skipped macroblocks in I, P and B
frames, certain special effects may be provided through the error
token gemerator. A freeze frame function may be induced by the
user, merely by arranging the system controller to override the
30 error token generator and causing it to substitute video data
corresponding to skipped macroblocks for all macroblocks in all
frames, or by overriding the decompression controller and .
' conditioning it to treat all macroblocks as if they were skipped. A
stroboscopic effect can be provided, by for example, overriding all
35 P and B frames with skipped macroblocks. A partial stroboscopic
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certain images under certain conditions. While the receiver is

synchronizing to a particular broadcast channel, and no
recognizable header data is available from the transport

10 processor, the error token generator may be conditioned to
produce substitute data corresponding to, for example, a blue
screen or possibly a checkerboard pattern etc. Alternatively,
when a channel change is induced, the token generator may be
conditioned to freeze the last frame from the prior channel that

15 was being viewed, until the system resynchronizes to the new
channel.

The invention has been described in the environment
of a two layer or channel system. However those skilled in the art
of video signal compression will readily recognize that it may be

20 practiced in single channel systems, and on different compressed
signal formats, and the following claims should be considered in
this light. '
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CLAIMS:

1. In a television processing system for converting
compressed data representing images into noncompressed data,
said compressed data occurring as blocks of data and being
subject to errors, apparatus comprising:

means (20-25) for receiving said compressed data and
detecting errors therein, and responsive to said errors, replacing
(26) blocks of compressed data in which errors occurred with
predetermined sequences of compressed data;

decompressing means (27), having an input port
coupled for receiving compressed data from said means for
receiving, and having an output port for providing decompressed
data, said decompressing means being responsive to said
predetermined sequences of compressed data for substituting
video signal information from previously decompressed image
data for image data corresponding to ones of said blocks of
compressed data in which errors occurred.

2. The system set forth in claim 1 wherein said
compressed data is arranged in macroblocks with an end of block
code terminating each macroblock, and wherein said compressed
data occurs in first and second channels with partial macroblocks
of compressed data occurring in said first channel and the

remainder of corresponding macroblocks occurring in said second

channel, and wherein said means for receiving replaces said

remainder of corresponding macroblocks with end of block codes
for ones of said remainder of corresponding macroblocks in which
errors are detected. |
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control channel changes etc. The - deconpression control fer 360 controls

the deconpression circuitry 1 and the displ a M Video data fromthe
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raster areas reprrn%%i%rr]l %ecto¥s Sinl %Biedd plurality of partial macroblocks:_ with
motion vectors from macroblocks corresponding to image areas
which are adjacent respective omes of said plurality of

1 0 macroblocks.

4. The system set forth in claim 1 wherein said
~compressed data is arranged in macroblocks, and said blocks of
compressed data include pluralities of said macroblocks and said

1'5 macroblocks may include associated motion vectors, and wherein
said means for receiving further includes means for replacing, in
blocks in which errors occurred, respective motion vectors in said
plurality of macroblocks with motion vectors from macroblocks
correspondirig to image areas which are adjacent respective ones

20 of said plurality of macroblocks.

. : . 5. The system set forth in claim 1 wherein said means
for receiving replaces compressed data in blocks in which errors
occurred with a combination of compressed data from blocks of

25 compressed data representing vertically adjacent image areas and
sequences of predetermined compressed data.
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5 means associated with said means for

receiving, for

generating an error map representing image areas corresponding

to one of said blocks which were replaced; and

means responsive to said error map for inhibiting said

memory means from writing decompressed video

data

10 corresponding to said ones of said blocks which were replaced.

7. The system set forth in claim 1 wherein said means
for receiving further includes means responsive to user stimuli for

replacing entire frames of compressed video data

with substitute

15 compressed video data in order to provide special effects.

8. In a video signal processing system for
decompressmg transmitted compressed video data, said
compressed video data occurring in blocks and subject to

20 incurring errors, apparatus (25) for detecting the

occu'njence of

errors and replacing (26) blocks of -compressed video data with
predetermined sequences of compressed data emulating, in part,
compressed video data; decompression (27) means for

. decompressing said compressed video data including said

25 predetermined sequences; and means (313,318) associated with
said apparatus for detecting errors and said decompression
means, for replacing decompressed video data corresponding to
ones of blocks of compressed data in which errors occurred, with
temporally displaced, spatially collocated decompressed video

30 data.
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t oken gertera //lgﬂ Bybgtitute video
data unrel ated td' erst onceal nent. The Substitute dqtcl taplre nay

i ncl ude substitute data ffor providing 26certain i mages ynder certain
conditions. Wile the receiver is synchroni zing to a particul ar

broadeast channel . and nog  ogieeadll £8P feoBisiessily’ Jiddo k' plivials o
in high and low priority channels, compressed video data in said
high priority channel arranged in transport blocks, said transport

5 blocks including pluralities of partial macroblocks of information,
video data in said low priority channel arranged in transport
blocks, said transport blocks including pluralities of partial
macroblocks of information, wherein the information in said
macroblocks corresponds to hierarchically layered compressed

10 video data with data of greater importance being contained in
partial macroblocks in the high priority channel and data of lesser
importance being contained in corresponding partial macroblocks
in said low priority channel, and wherein said compressed video
data is subject to incurring errors; apparatus for concealing errors

15 in images reproduced from said compressed video data
comprising:

means (25) responsive to compressed video data in
said high and low priority channels for detecting the occurrence of
errors and excising transport blocks of information containing
20 errors;
means (26) for combining corresponding partial
macroblocks of high and low priority information, and responsive -
to excised transport' blocks of low priority information for
appending end of block codes to corresponding partial
25 macroblocks of high priority information; and
means (27) for decompressing the combined
macroblocks -of mformatxon to produce a decompressed video
signal.

30 : 10. The apparatus set forth in claim 9, wherein said
means for combining include means for excising partial
macroblocks in the low priority channel corresponding to excised
partial macroblocks in the high priority channel.
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™ shoul d bE'GTBBE; BSABY fof Storing,preqeisamined sequences of
compressed data in compressed video format; and

means for replacing excised high priority partial
macroblocks and corresponding excised low priority partial
macroblocks with macroblocks of predetermined sequences of
compressed data.

10 12. The apparatus set forth in claim 9 wherein said

15

means for combining further includes:

eren npressed gnal formats, and the

storage means for storing predetermined sequences of .

compressed data in compressed video format; and

| means for replacing excised high priority partial
macroblocks and corresponding low priority partial macroblocks
with macroblocks of predetermined sequences of compressed
data.

13. The apparatus set forth in claim 12 further

20 including:

memory means coupled to said decompressing means
for storing decompressed video signal in raster scan format, said
memory being regularly updated with decompressed data from
said decompression means;

25 means associated with said means for detecung for

generating an error map corresponding to image areas
represented by compressed video data in ones of transport blocks
which have been excised; and

means, responsive to said error map, for inhibiting

30 said memory means from updating data in said memory means

corresponding to image areas represented by compressed video
data in said ones of transport blocks.
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sappar at gmg@ vi deo data def ; A, . ESsSEuvt-tee

data oc t bl ocks incl jidi qf hm ocks
each ma Mﬂmmmmﬁg a plurality of br SF—datE=Fha d_C:{ 8%&% _
bl ocks bei ng subj tct¥td errors and incl udi ng codevvords fro which errors ifn
a transport block may be determ ned, sai @ &pparat us conprijsi ng:

‘a source (20) of transnitted said corrpressed vi deo dat a; —

detector (21, 25, 250) responsive to said codewrds for detecting
14. Thé apparatus set forth in claim 9 wherein said

transport blocks include indicia for identifying at least portions of
the information contained in said transport blocks, and said
5 apparatus further includes:
means for separating said indicia from respective
transport blocks of information; '
means for storing compressed video data from said
high priority channel;
10 storage means for storing predetermined sequences of
compressed data in compressed video format; and
wherein said combining means includes' means
responsive to said indicia for replacing excised high priority
- partial macroblocks and corresponding low priority partial
15 macroblocks with macroblocks of said predetermined sequences
‘of compressed data augmented with compressed video data from
said means for storing compressed video data.

15. The apparatus set forth in claim 14 wherein said
20 compressed video data includes codewords corresponding to
motion vectors and discrete cosine transform DC and AC
coefficients, and said means for storing compressed video data is
arranged to store said motion vectors, and wherein said combining
means is responsive to said indicia for augmenting said
25 predetermined sequences of compressed data with motion vectors.
from said means for storing.
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occurrences of errors in detected transpeet i m‘ks _char act gei-sed
Ci r cuHt+y—(256—"65,—67; —360, 370) incl ud_rrg."g g;:ﬁggqﬂyA -B n]g REBBAQEK/ENTOSHEET
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bl ock and réplaci'hg %t hé el ininated macrobl-ocks wi t h a pI ural i tly
sequences of data in conpressed format, 28id sequences bein N‘cqocu frorm
said nenory and each sequence enul ating, at least in part, cjonpressed Vi deo
data representing a respectlve macr gbl ock; and —adeconpr essor
(27), having an input pork6 co&mwe!mmndp@wwms \systera fericegvertingit put

port for provi diswp 9@@@@%&@@%@@ &eb%ﬁe‘iﬁi@iﬁt inthgesRfifo noncomgressed
2. The appar at us. et forth.i.,n cl sai g Ci rcu rates
error tokens re%if5Rsd8ta:¢ BalgeFBE’cﬂrS?Fegf Véq‘?%r%a ﬁ"'rge§ﬂ eI QS e ANt
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said plurali ty
responsive to said compressed video data for generating error

signals on the occurrende of errors in said compressed video data;
circuitry (26) responsive to said error signals for replacing

10 segments of compressed video data in which errors occurred with
substitute data in the form of compressed video data; and
decompression circuitry (27,313,318) for decompressing data
provided by said circuitry for replacing segments of compressed
video data, and responsive to said error signals for replacing

15 decompressed video data which is represented by segments of
compressed video data in which errors occurred with spatio-
temporally related decompressed video data.
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sequences of data in conpressed fornmat. L, Thew AKIEM%WFSHEE?
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THIS SHEE . a }Jal atts
set forth in claiml wherein said circuftry f S?ﬁﬁ%.es nge a 66 for
REPUARED

i ncludi ng notion vectors, derived from ocks thﬂ@é
sequences of dat a. 4. The apparat us set orth Ialm 1
further including: " a nenod (318)coupled to recdive and store

deconpressed vi deo si gnal from said deconpreSS|on nea —
APPARATUS FOR CONCEALING ERRORS IN A DIGITAL VIDEO PROCESSING

SYSTEM

ABSTRACT

A digital video signal processing system includes apparatus for
conceallng errors which might occur in reproduced images due to
image data lost during signal transmission. The system includes
circuitry for detecting transmitted video data (20-24),
generating error signals if errors are present in segments
(transport blocks) of the received data (25), and excising
segments having errors from the data stream. The received data
is applied to a decoder/decompressor system (26,27)which decodes
and decompresses the transmitted video data according to a
predetermined sequence. The decompressed video data may be
applied to a memory (318) for subsequent display, recording, etc.
The decompressor is responsive to the error signals for altering
the predetermined sequence.

FIGURE 4
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error map-generating circuitry (SYSTEM CONTROLLER), for genergtijng an €rro
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whi ch were repl aced; and menory control circuitngy 5(3
responsive to said error map, for inhibiting said nmenory. fromw
deconpressed video data into nenory |ocatiqyg corresponding t

sai d nmacrobl ocks whi ch were repl aced. 5. The apparatus
forth in any of clains 1 arejr | d, Cinr GUI is further
characterized by neans P3& 5 dspensy ve 1S & : iBtBr Irepl aci ng
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data in order to provide special effects. 6. S }
set forth’in claim2 wherein said deconpressor (27) includes Eg%g?“ﬂgﬂENq'SHEET
(313, 318) responsive to said error tokens for replacing deconprpssed video
data corresponding to ones of macrobl ocks of conpressed data | n|whi dRUL 1996
errors occurred, with tenporally displaced, spatially collocated =
deconpressed vi deo dat a. 2/57. The apparatus set|{forth in
claim 1 wherein said conpressed video data havi ng| been| f or nedi=+ '
macr obl ocks each containing a plurality of blocksjof data, the data in
respecti ve macrobl ocks and bl ocks bei ng hierarchi |yl | ayered, with data
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K
es

0

ERTENSION

included in partial bloegks of said macrobl ocks in priority transport
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bl ocks,
bl ock code,
havi ng an end of bl ock code, EOB,
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in said high and low priority transport b
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respective partial blocks of low priority data havi
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25 low priority information, and wherein
bl ock of low priority information is excised, said circui
exci sed bl ocks of low priority information with end of blpc %
and - means (27) for deconpressing the conbined bl
information to produce a deconpressed video signal.

The apparatus set forth in claim?7, wher @ said means for
i ncl ude nmeans (65,67) for excising partial blocks of |ow
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cohbiﬁﬁnaa*hrther i ncl udes:

sequences:of conpressed data in conpressed video format;

means (65,.67) for teplacing excised high priority macrobl g
correspondi ng excised | ow priority macrobl ocks with ‘macr ol

storage neans (G

predet er mi ned sequences of conpressed dat A.
apparatus set forth in claim7 further including

menory neans (318) coupled to said decoqy.essing means for
sai d nmeno

deconpressed video signal in raster scan Tormat,
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rrermry meaps from updating data in said nmenory neans corregpontihg—t-e—fege—
areX5 Tepresented by conpressed video data in said ones of {t RERIASEMENT! SHEET
whi ch -have been excise .

rzrgans (.6.36) Jm"u millmnmﬂrg:\gt ch)fS igﬁrp]; g;tsgdi \r/]igllegi 31at7af1ch thes%a‘?’ngf?ﬁw
priority transporf bl ocks:* 23
| CLAIMS

L. Error concealment apparatus in a compressed video data

decompressor, said compressed video data occurring in transport blocks including a
plurality of macroblocks, each macroblock containing a plurality of blocks of data,
said transport blocks being subject to errors and including codewords from which
errors in a transport block may be determined, said apparatus comprising:

a source (20) of transmitted said compressed video data;

a detector(21, 25, 250) responsive to said codewords for detecting
occufrences of errors in detected transport blocks; characterised by

circuitry (256, 65, 67, 360, 370) including a memory , and
responsive to detection of the occurrence of an error in a transport block, for
eliminating the plurality of macroblocks contained in an erred transport block and
replacing the eliminated macroblocks with a plurality of sequences of data in
compressed format, said sequences being accessed from said inemory and each
sequence emulating, at least in part, compressed video data representing a respective
macroblock; and '

a decompressor (27), having an input port coupled to said circuitry,

and having an output port for providing decompressed data representing images.

2. The apparatus set forth in claim 1 wherein said circuitry generates
error tokens responsive .to detection of errors, and responsive to ones of said error
tokens said decompressor (27) provides substitute decompressed video signal
information for decompressed video signal corresponding to said plurality of

sequences of data in compressed format.

3. The apparatus set forth in claim 1 wherein said circuitry further
includes means (66) for including motion vectors, derived from neighboring

macroblocks, within said sequences of data.

4. The apparatus set forth in claim | further including:
a memory (318)coupled to receive and store decompressed video
signal from said decompression means;

3 f \\\\‘i



'storage means (65) for storing sequences of conpressed da |
conbreéseW wherein said cowb?‘n%"ée#gﬂz é‘&ﬁ .

i ncl udes ne repl aci ng excised high priority npc ogl ocks and
correspondi Em Eﬁ i,"acrobl ocks with macrobl ocks o
conpr essed h conpressed 2\‘/1| deo data fron]said rreans for

storing corrpressed Vi deo dat a.

error map generaung circuitry (SYSTEM CONTIi"OEEEL Tot
generating an error map representing lmgge areas corresponding to ones of said
macroblocks which were replaced; and .

memory control circuitry (313), responsive to said error map, for
inhibiting said memory from writing decompressed video data into memory locations

corresponding to said ones of said macroblocks which were replaced.

) 5. The apparatus set forth in any of claims 1 through 4 wherein said
circuitry is further characterized by means (360,370) responsive to user stimuli for
replacing entire frames of compressed video data with substitute compressed video

— data in order to provide special effects.

6. The apparatus set forth in claim 2 wherein said decompressor (27)
includes means (313,318) responsive to said error tokens for replacing decompressed
video data corresponding to ones of macroblocks of compressed data in which errors

occurred, with temporally displaced, spatially collocated decompressed video data.

7. The apparatus set forth in claim 1 wherein said compressed \}ideo
data having been formed in macroblocks each containing a plurality of blocks of
data, the data in respective macroblocks and blocks being hierarchically layered,
with data through hierarchy level K (a variable) for respective macroblocks being
included in partial blocks of said macroblocks in high priority transport blocks, and
the remaining data above hierarchy level K in said respective macroblocks being
included in partial blocks of corresponding macroblocks in low priority transport
blocks, respective partial blocks of low priority data having an end of block code,
EOB, and réspective_ partial blocks of high priority data not having an end of block
code, EOB, unless al.l data for a respective block is contained in the high priority
block, and wherein said apparatus further comprises: ' '

| means (25,250) fesponsive to compressed video data in said high and
low priority transport- blocks for detecting the occurrence of errors and excising
transport blocks of information contaiﬁing errors;

means (26) for combining corresponding partial blocks of high and
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low priority information, _,
and wherein when a transpbrt block of low priority information is

excised, said circuitry replaces excised blocks of low priority information with end

of block codes, EOB’s; and '

' means (27) for decompressing the combined blocks of information to

produce a decompressed video signal.

8. The apparatus set forth in claim 7, wherein said means for
combining include means (65,67) for excising partial blocks of low priority
information corresponding to excised partial blocks of high priority information.

9. The apparatus set forth in claim 8 wherein said means for
combining further includes:

storage means (66) for storing sequences of compressed data in
compressed video format; and

means (65,67) for replacing excised high priority macroblocks and
corresponding excised low priority macroblocks with macroblocks of(predetermined

sequences of compressed data.

10. The apparatus set forth in claim 7 further including:
memory means (318) coupled to said decompressing means for

storing decompressed video signal in raster scan format, said memory being
regularly updated with decompressed data from said decompressing means;

means (65) associated with said means for detecting for generating an
error map depicting image areas represented by compressed video data in ones of
transport blocks which have been exéised; and

means (360), responsive to said error map, for inhibiting said
memory means from updating data in said memory means corresponding to image
areas represented by compressed video data in said ones of transport blocks which

have been excised.
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11. The apparatus set forth in claim 7 further including:
means (66) for stcé?ing portions of compressed video data from

said high priority transport blocks: -

storage means (65) for storing sequences of ‘compressed data which
emulates compressed video data; and

wherein said combining means includes means (67) for replacing
excised high priority macroblocks and corresponding low priority macroblocks with
macroblocks of sequences of compressed data augmented with compressed video

data from said means for storing compressed video data.
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APPARATUS FOR CONCEALING ERRORS IN A DIGITAL VIDEO PHOCESSING"
SYSTEM :

ma—

1

ABSTRACT

A digital video signal processing system includes apparatus for
concealing errors which might occur in reproduced images due to
image data lost during signal transmission. The system includes
circuitry for detecting transmitted video data (20-24),
generating error signals if errors are present in segments
(transport blocks) of the received data (25), and excising
segments having errors from the data stream. The received data

is applied to a decoder/decompressor system (26,27)which decodes

and decompresses the transmitted video data according to a
predetermined sequence. The decompressed video data may be
applied to a memory (318) for subsequent display, recoxrding, etc.
The decompressor is responsive to the error signals for altering
the predetermined sequence.

FIGURE 4



