USOORE41569E

a9 United States

a2 Reissued Patent 10) Patent Number: US RE41,569 E
Fimoff et al. (45) Date of Reissued Patent: Aug. 24,2010
(54) METHOD OF PROCESSING VARIABLE SIZE 5237460 A * 81993 Milleretal. ................. 360/48
BLOCKS OF DATA BY STORING NUMBERS 5,321,521 A * 6/1994 Nomizu ......... ... 358/426
REPRESENTING SIZE OF DATA BLOCKS IN 5,361,097 A * 11/1994 Kolczynski . ... 348/390
A FIFO 5,386,212 A * 1/1995 Shen ... . 341/67
5,394,442 A * 2/1995 Lill .ciiivieeieiiiiiiinnnnnnn. 341/67
(75) Inventors: Mark Fimoff, Hoffiman Estates, IL. (US); FOREIGN PATENT DOCUMENTS
Timothy G. Laud, Libertyville, IL. (US);
Ronald B. Lee, Northbrook, IL (US) EP 0180345 ¥ 3/1985
Jp 0136450 *5/1978
(73) Assignee: LG Electronics, Inc., Seoul (KR) OTHER PUBLICATIONS
(21)  Appl. No.: 12/000,338 Yuichi Sato, “DPCM Coding Method Using Variable—
Length Codes For Video Telephone Signals”, Fig. 1.*
(22) Filed: Dec. 11, 2007 . .
* cited by examiner
Reissue of: Related U.S. Patent Documents Primary Examiner—Sam K Ahn . .
(64) Patént No.: 5,563.920 %)7{1% Attorney, Agent, or Firm—Harness, Dickey & Pierce,
Issued: Oct. 8, 1996
Appl. No.: 08/018,658 (57) ABSTRACT
Filed: Feb. 17,1993
A digital data processing system receives compressed vari-
(51) Int.CL able length encoded digital data in the form of variable
Ho4L 7/00 (2006.01) length codewords in contiguous variable speed Blocks of
data. The boundary signals between adjacent codewords are
(52) US.CL ... 375/354; 375/372; 375/E7.144; determined and a demultiplexer sequentially sorts the serial
375/E7.201; 375/E7.226; 375/E7.231 digital data among a plurality of parallelly connected buffers
(58) Field of Classification Search ................. 375/354, for reducing the bit read speed of the buffers. A correspond-
375/372, 364,365,371, 368, 377, 253, 257, ing plurality of variable length decoders decodes the data
375/374, E7.144, E7.201, E7.226, E7.231; from the buffers and outputs the data in parallel form to a
360/48;341/64, 65, 67, 63; 358/523 multiplexer where it is reassembled into a serial expanded
See application file for complete search history. data stream. The incoming data includes selector informa-
tion in fixed length headers that are separated, buffered and
(56) References Cited variable length decoded for controlling the demultiplexer. In

U.S. PATENT DOCUMENTS

one aspect of the invention, the data is sorted into substan-
tially equal sized groups of integral codewords for equaliz-

3,813,485 A % 5/1974 AIPS .cooovieveiereeennn. 178/68 ing the loading of the parallel buffers. In another aspect of
4,520,483 A * 5/1985 Aritaetal. ... 371/68 the invention, the Block boundary marker signals are pro-
4,596,026 A * 6/1986 Ceaseetal. ..... 370/102 cessed through much smaller auxiliary buffers using
4,796,280 A : /1989 Nesinetal. ..... 375/360 counters to keep track of the Block boundary marker signals
5034914 A 7/1991 Osterlund ...... 360/48 for synchronization with the data flowing through the buff-
5,038,277 A * 8/1991 Altmanetal. ............ 364/200 ers
5,111,485 A * 5/1992 Serack ...ccccccceveevennnnne 375/363 ’
5,163,072 A * 11/1992 Lill .....oeeeeeeeee .. 375/369
5,214,642 A * 5/1993 Kunimoto et al. ............. 370/82 14 Claims, 3 Drawing Sheets
— 3 DATA 3 £XP SEL DATA
COMP_SEL DATA - 3 DATA I [)
052 oK R0 | rea _Reo REQ
\ DATA WBUFFRD pre—— | L3 38 % (?JENLQ)%)
SEP. N 8T (c0) e 0 DET BONDARS MARKER
JZ:R CIR X PO f r_R . R —————
PARALLEL. DATA &
2 L] % GROUP BOUNDARY BITS
1 S S SERIAL DATA SERIAL DATA = ——
ins o:‘:A :}Fﬂ REQ‘L ReQ i J—w oio
L BUFFW 7 80 wo BurF | ——Exp DATA
I wer (<} ouT aIr oy | ..., 4
scinOARY DEMUX1 % 1 AUX FIFO j i o i R o e
MARKER | PE R w - H — T 00 [~
GROUP B H 50 - :
®l oatn 5.7) : 51 SERIAL DATA SERIAL DATA 97‘15__ Wy ¢
7 o : e ol RE _ReQ : : S S
I— - SUFF b 77 : & wo BUFF
mock | cowpLeTe aock 7] INC%Y 1 AU(::FO :F OUCTT:H @/ " L o |-REQ §
BORY | BOUNDARY uARKERj R R ] M. L]
MARK _wa___&‘

] 67




US RE41,569 E

Sheet 1 of 3

Aug. 24, 2010

U.S. Patent

Ay

— k @
g
034 | (an) | 034 4300030 03y (0)
¥OLOTNIS  =rgwanomT | 34408 VIVO ~TuvoRmoE |  puondl ¥344n8 V1vQ
e J3SS3IUSNOINN - ST (Q3SSIHAN0D
T Wy | T, TI8VRIVA d
S et \ S
\ f4 [AA 0z 81
11
43A1303Y
(VviVQ dn0D)
88 H3000N3
Y344ng viva K 4300ON3
33SS3IUdN0D HLINT
HAW L1 g3XId JIBVIYVA
/ HAW LL=AV f f
9l ALVY I8VIEVA b1 zl
ol
HILLINSNVAL

03diA



US RE41,569 E

Sheet 2 of 3

Aug. 24, 2010

U.S. Patent

L9
—_— oy WM
044 XNV | Tmz%: AYVONNOS
e wy | - %2078 3 INdNOD
Lb
(a2) 118 NI
44n8
gy ¥M
D3y 0414 | LESE V)
viva iy3s [ viva
Nﬂ ....... w
. | 1 !
. I
08 .
™ . dnoyo
— —fay W : %
HINUVIN
(00) ‘ wgn LT ' dno¥d
44n8
—y HM
VED A {o
0313
viva Wwiy3s fc S viva “HdWOD
68— \
— a4 UM o¢
04l4 XNV ke
e 4
(00) g N
Adng
—_—0Y MM
034 o 04 A0
vLva C viva 13S dwoa
7Y

NYVRH
A¥0g
%o0071d
ONAS
| IN3INO3S
“ viv@a
HAYN
AdQg
Y018
Wiivd
'd3s
viva
vivQ
“ydW0O “
15Q viva
dNOD
'd3S
YivQ N .o_ m

¢sa



US RE41,569 E

Sheet 3 of 3

Aug. 24, 2010

U.S. Patent

b ~

YiVQ dX3 ~=—

AINOO
¢ O

(dWOONN)
XNw/13s

i
03 TN 4 130 0 k e
34n8 g (8 ; LL I
(———]0 1K : ETM
T 0 r_ ” VIVO VR3S
....... L0 L6 B
I .
I X
! :
00l — : M
3 mL
.03 AL 130 0 pk——— HLd
(an) d TR0 o P—
44ng an 08 0L D
]
- v o I i © EN
N Y 0 V1vG WVI¥3S
06
S118 ANVONNOCE dNo¥9
R ViVQ 1ITvivd '
Ny mL
YINUVYA AAVANNOB 1300 K AaLo
¥0018 ILIdW0D e ’
an g ] 11 1o je————oo
73S ]
GER - WER
K 0 |
vLVa 135S dX3 ¢ vive



US RE41,569 E

1

METHOD OF PROCESSING VARIABLE SIZE

BLOCKS OF DATA BY STORING NUMBERS

REPRESENTING SIZE OF DATA BLOCKS IN
A FIFO

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

DIVISIONAL REISSUE APPLICATIONS

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 5,563,920. The reissue appli-
cations are application Ser. Nos. 12/000,338 (the present
application) filed Dec. 11, 2007, and 12/453,735 filed May
20, 2009, all of which are divisional reissues of U.S. Pat. No.
5,563,920.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is related to U.S. Pat. No. 5,285,276,
entitled BI-RATE HIGH DEFINITION TELEVISION SIG-
NAL TRANSMISSION SYSTEM, issued Feb. 8, 1994, in
the name of R. Citta and discloses an invention claimed in,
U.S. Pat. No. 5,424,733, entitled PARALLEL PATH VARI-
ABLE LENGTH DECODING FOR VIDEO SIGNALS,
issued Jun. 13, 1995, in the names of the present inventors,
all of which are assigned to Zenith Electronics Corporation.

BACKGROUND OF THE INVENTION AND
PRIOR ART

This invention relates in general to data processing sys-
tems and in particular to a video data recovery and expansion
system for use in connection with a digital high definition
television system. The recently tested high definition televi-
sion sysem of Zenith Electronics Corporation and AT&T
Corporation includes a video compression scheme for com-
pressing 37 MHz information for transmission over a 6 MHz
wide television channel.

U.S. Pat. No. 5,285,276, describes a temporally oriented
video compression system in which compressed video infor-
mation is transmitted in the form of motion vectors and dif-
ference signals with the motion vectors identifying previous
portions of a frame of video that closely match the current
portion and the difference signals representing the differ-
ences between the previous and current portions. The video
information has a bandwidth of about 37 MHz and may
comprise a progressively scanned video signal in the form of
successive frames of binary video data having a vertical peri-
odicity equal to the NTSC standard (i.e. about 59.4 Hz) and a
horizontal periodicity equal to three times the NTSC stan-
dard (i.e. about 47.25 KHz). The data is in the form of a
series stream of binary pixel values that have been transform
coded in the frequency domain to develop discrete cosign
transform coefficients. The transform coding process pro-
vides a series of clusters of spectral transform coefficients
for each frame of video, with each cluster of coefficients
corresponding to a different spatial region of the video
image. Each cluster, for example, may comprise an 8x8
array of coefficients with 14,400 clusters representing an
entire video frame. The coefficient clusters are serially
applied to a perceptual modelling system which develops an
output that reflects the perceptual nature of the correspond-
ing portion of the video image. The video data is then com-
pressed in accordance with a selected compression algo-
rithm. One well-known compression technique does not
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2

send all of the transform coefficients, the coefficients whose
omission will have the least noticeable effect on the received
image being dropped. The remaining coefficients are vari-
able length encoded and sent as a series of codewords of
unequal bit length, with the shortest codewords being
assigned to those values that are most probable.

As further discussed in U.S. Pat. No. 5,285,276, the data
may be ranked by importance, i.e. control data may be sent
in more robust initial data segments, followed by data of the
next level of importance such as motion vectors, etc. It will
be noted that the number of motion vectors and difference
signals may vary from frame to frame depending upon the
perceptual nature of the video information in the frame and
its relationship to the previous frame. The compressed vari-
able length encoded information is assembled into Blocks
consisting of a fixed number of 8x8 coeflicient arrays, from
most of which some coefficients have been omitted.
Included with each Block is a Block header referred to as a
selector, that consists of a fixed number of variable length
encoded codewords containing the selector information. The
selector information identifies which coefficients have been
omitted from the 8x8 arrays in the Block and the total num-
ber of coefficients in the Block. The Blocks are assembled
into data frames, each frame comprising a preselected num-
ber of equal length data segments. Each data segment has an
initial fixed length segment sync portion, a fixed length data
segment header and Block data, i.e. selector and coefficient
data. The data segment header has a pointer that indicates the
location in the data segment where the first Block beginning,
if any, in that data segment occurs. Thus the selector data and
coefficient data may be recovered by counting codewords
and coefficients.

It will be noted that since the size of a Block is variable
and the size of a data segment is fixed, the number of Blocks
in a data segment will vary in accordance with the amount of
compression. Therefore, several Blocks may be contained in
a single data segment, or a single Block of data may extend
over several data segments. As to the variable length encod-
ing of the Block data, any of a well known number of encod-
ing systems may be used such that the data or codewords
may be joined, i.e. sequentially transmitted without breaks
therebetween. The receiving system can produce a state
table for determining the boundaries or junctions between
adjacent codewords. The encoding form known as Huffman
encoding is presently preferred. This is all by way of back-
ground to the present invention which will be understood not
to be restricted to any particular form of encoding or pro-
cessing.

The problem solved by the present invention is caused by
the fact that the variable signal groups of compressed data
supplied to the buffers must be processed along with syn-
chronizing or reset signals. Since the compressed data buft-
ers are of the fifo type, an equal size auxiliary fifo buffer is
required for the synchronizing signals to keep everything in
synchronism. This is a very expensive solution, however,
and the present invention is directed to a system for signifi-
cantly reducing the size of the auxiliary buffer memory
required for processing the sync signals.

OBIECTS OF THE INVENTION

A principal object of the invention is to provide a novel
digital data processing system.

Another object of the invention is to provide a processing
system for variable sized groups of compressed data that
minimizes memory requirements.

A further object of the invention is to provide an improved
method of maintaining synchronism between variable sized
groups of compressed data and accompanying synchroniz-
ing signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the invention
will be apparent upon reading the following description in
conjunction with the drawings, in which:

FIG. 1 is a block diagram of a television transmission
system utilizing the invention; and

FIG. 2 is a block diagram illustrating operation of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIG. 1, a transmitter 10 includes an encoder 12 for
receiving video from a suitable source and processing it in
any of a variety of ways, including the one specified in U.S.
Pat. No. 5,285,276 by developing motion vectors and dis-
crete cosign transform coefficients for the difference signals.
The data is supplied to a variable length encoder 14 in which
the data is compressed and formatted in the form of code-
words of variable length. The output of variable length
encoder 14 is at a fixed video frame rate resulting in a vari-
able data rate which, in accordance with the preferred
embodiment, averages about 17 megabits per second. The
variable rate data is applied to a compressed data (CD)
buffer 16 which outputs data at a fixed data rate of 17 mega-
bits per second. The data is transmitted by any suitable
means, e.g. over the air or by cable, to a receiver 11 which
includes a compressed data buffer (CD) 18, a variable length
decoder (VLD) 20, an uncompressed data bufter (UD) 22
and a selector 24. The uncompressed data buffer 22 is shown
in a dashed line block to simplify the operational description
of the processing system.

The receiver requirements can best be understood by con-
sidering that selector 24 must provide pixel data in parallel
form (at an assumed 8 bits per pixel), at a rate of about 75
megabytes per second. This 75 megabytes per second rate is
referred to as the pixel clock (pclock). To achieve this rate,
selector 24 requests data as needed (in parallel form) from
VLD 20 via its request (req) line. The selector adds or fills in
0’s for omitted coefficients in the transmitted Blocks of data.
It therefore doesn’t request as much data from VLD 20 for a
Block that has omitted coefficients. The result is a relatively
low data rate between VLD 20 and selector 24 when pro-
cessing that Block. For Blocks of data with no coefficients
dropped, selector 24 must receive all coefficients at the
pclock rate. To supply selector 24 with data at the pclock
rate, VLD 20 must request data from CD buffer 18 at the rate
of one variable length codeword per pclock. For example,
assume a time period in which all incoming variable length
codewords are of maximum 8 bit length. Because VLD 20
receives data serially, the data rate is 8xpclock between CD
buffer 18 and VLD 20. This is a very high rate (8x75 MHz)
at which to read data out of conventional memory. Hence,
the CD buffer 18 in the receiver is placed before VLD 20 to
keep the buffer size reasonable. (Buffering after VLD 20
would require a buffer of much larger size.)

A circuit modification that helps to reduce the buffer size
includes another buffer UD 22 in the dashed line box. Since
worst case situations (no significant compression of data)
will persist for relatively short and infrequent time periods,
UD 22 provides data to selector 24 at the pclock rate while
reading data from VLD 20 at a somewhat lesser rate. The
result is that the rate at which data is read from CD buffer 18
is somewhat reduced. However, UD buffer 22, which stores
expanded data, would need to be very large to effect a sig-
nificant reduction in the data rate from CD buffer 18. The
problem remains in that the high data rate between the CD
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4

buffer and the VLD requires the use of a very expensive high
speed memory for the compressed data bufter.

The invention claimed in U.S. Pat. No. 5,424,733, above
significantly reduces the reading speed requirement for the
compressed data buffer by splitting the data among a number
of buffers that operate in parallel. Referring to FIG. 2, com-
pressed data and data segment sync signals are applied to a
first separator DS1. The data segment sync signals mark the
boundaries between each of the fixed length data segments.
DS1 separates the data segment header from the Block data
in the data segments and sends the Block data to a com-
pressed data output. DS1 determines the starting points in
the compressed data stream for some of the Blocks, i.e. the
first Block beginning, if any, in a data segment from the data
segment header information. Specifically, a pointer in the
data segment header points to the first Block beginning in
the data segment. This information is used to create a partial
Block boundary marker signal for synchronization of the
subsequent circuitry. The compressed data and partial Block
boundary marker signals are applied to a second data separa-
tor DS2.

DS2 includes means for finding the separation points
between each of the individual variables length codewords
in the compressed data stream. Such means may conve-
niently take the form of separate variable length decoders
that are dedicated primarily to the task of finding these code-
word boundaries. A partial Block boundary marker signal
from DS1 identifies a known, fixed number of following
codewords as selector data for the Block. A variable length
decoder decodes the data counting this known, fixed number
of codewords to identify the boundary in the compressed
data stream between the selector data and the coefficient
data. The compressed selector data is sent to the compressed
selector data output of DS2 and the subsequent coefficient
data is sent to the compressed data output of DS2. The por-
tion of the decoded selector data that identifies the number of
coefficient codewords in the Block is saved and used to con-
trol the VLD which decodes the identified number of coeffi-
cient codewords before the next Block (and the new selector
data) is encountered. DS2 stops routing the compressed data
stream to the compressed data output and switches back to
the compressed selector data output at that point. The
remainder of the decoded selector data and all of the
decoded coefficient data is discarded in DS2. DS2 also gen-
erates a group boundary marker signal that denotes the
boundaries between groups (i.e. an integral number of
codewords) in the compressed coefficient data stream at the
compressed data output. The integral number is determined
according to an algorithm to be discussed. In the event of
errors in the received data, the variable length decoders in
DS2 will be quickly resynchronized by the partial Block
boundary marker signal from DS1. The compressed data and
group boundary marker signals are applied to a demulti-
plexer and grouper 30 for demultiplexing and assembling the
codewords into groups (determined by the algorithm) con-
sisting of an integral number of codewords, the boundaries
between the groups being determined by the group boundary
marker signal. The compressed selector data signal from
DS2 is supplied, along with a data clock signal, to a com-
pressed data bufter 34.

The clock signal is supplied to the WR (write) terminal of
a CD buffer 34, while the data signal is applied to its I (input)
terminal. The output terminal O of buffer 34 supplies the
compressed selector data to a selector data variable length
decoder 39. VLD 39 controls the rate of transmission of data
from buffer 34 by means of a request line which is coupled
to the R (read) terminal of buffer 34. The partial Block
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boundary marker signal supplied from DS1 to DS2 is
present for only the first-occurring Block beginning in a data
segment as described above. DS2 also develops a complete
Block boundary marker signal that identifies each Block
boundary when the separation points between the end of the
compressed coefficient data and the beginning of the com-
pressed selector data, as described above, are determined.
An auxiliary buffer 35 is operated in parallel with buffer 34
for maintaining synchronism between the data (as it is
processed) and the complete Block boundary marker sig-
nals. This arrangement for processing the marker signals
constitutes the subject of the present invention and results in
a significant reduction in the required size of the auxiliary
buffer.

An input bit counter 32 and an output bit counter 37 flank
the auxiliary buffer 35. The data clock signal is applied to
input bit counter 32. The count value of input bit counter 32
is supplied to the data input of the auxiliary buffer 35. The
reset terminal of input bit counter 32 and the write terminal
of auxiliary buffer 35 are supplied with the complete Block
boundary marker signal from DS2. The output of auxiliary
buffer 35 is applied via a parallel load bus to output bit
counter 37 which is stepped by the request signal from VLD
39. The count value of output bit counter 37 is supplied to an
“all zero” detector 38 which develops a reset signal for VLD
39, for counter 37 and a lead signal for auxiliary buffer 35.
The selector data is applied to a selector/multiplexer 41 for
controlling operation thereof. VLD 39 also generates a com-
plete Block boundary marker signal for selector/multiplexer
41. As indicated, the buffers 34 and 35 are of the first-in,
first-out (fifo) type that are well known in the art.

Returning to DS2, demultiplexer and grouper 30 accepts
the incoming serial data and the group boundary marker
signal from DS2 and apportions the data into groups, each
consisting of an integral number of codewords, among a
plurality of parallelly connected compressed data buffers
50-57. The dashed line joining the buffers 50-57 indicates
that buffers, corresponding to output terminals 1-6 of the
demultiplexer and grouper 30, are omitted. It will be under-
stood that the output terminals 0-7 are arbitrary in number
and that each output terminal has the same processing
structure, i.e. buffers and variable length decoders, con-
nected thereto. It will therefore suffice to describe operations
for one output, it being understood that data at the other
outputs is processed in an identical manner.

The data from terminal O is applied to the input terminal
of CD buffer 50. The data clock signal is applied to the WR
terminal of CD buffer 50 and to an input bit counter 40. An
auxiliary buffer 60, an output bit counter 70 and a zero
detector 80 are connected in a manner similar to the connec-
tion of auxiliary buffer 35, output bit counter 37 and zero
detector 38 described above. A variable length decoder 90
receives the serial data from CD buffer 50, decodes it, and
applies the decoded data in a parallel format to an uncom-
pressed data buffer 100. The output of uncompressed buffer
100 is supplied to the selector and multiplexer 41, which also
includes means for uncompressing the compressed data. It
will be noted that the VLD by its nature converts compressed
data to a fixed length output and broadly performs some
expansion. In practice, the variable length encoded code-
words are decoded to a fixed 8 bit length. This is distinct
from the uncompressing of the compressed data that occurs
after the VLD.

A similar arrangement of elements coupled to output ter-
minal 7 of demultiplexer and grouper 30, i.e. CD buffer 57,
auxiliary buffer 67, bit counters 47 and 77, VLD 97 and
uncompressed buffer 107 function in the same way to
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develop a parallel output of a block of data, which is
assembled into a single serial stream by selector/multiplexer
41.

The parallel buffer arrangement will now be discussed. As
mentioned, the incoming data is formatted such that the
boundaries between codewords can be determined in the
decoding process. Since the uncompressed data can reach
extremely high rates, the plurality of parallel buffers 5057
is employed to operate on sequential portions of the data
stream. Since the required speed for each buffer is effec-
tively divided by the number of buffers, relatively low cost
fifo memories may therefore be used for the buffers. With
the codewords being of variable length, the grouping of the
codewords to load the parallel buffers substantially equally
is very important. The sizes or bit lengths of the codeword
groups are determined with an algorithm based upon select-
ing a nominal group bit length equal to the maximum code-
word size and adding successive codewords until the nomi-
nal size is reached or exceeded. When this occurs, the
nominal bit length is subtracted from the actual number of
totalled bits and compared with another total developed from
the difference between the totalled number of bits minus the
last-added codeword. The codeword arrangement that pro-
vides the smallest difference is selected as the group and
demultiplexer 30 supplies that group of data to buffer 50 and
switches to its next output for the next group of data. The
process proceeds in a cyclical manner with each of the out-
puts of demultiplexer and grouper 30 receiving a group of
data for its associated buffer. With the arrangement, the load-
ing of the buffers is substantially equalized so that no one
buffer is loaded significantly faster or more fully than any
other buffer. This contributes greatly to system economy and
enables the smaller size buffers to process the information. It
will be appreciated that the number of buffers need not be
eight, but any number can be employed with equal effect.
That invention is the subject matter of the U.S. Pat. No.
5,424,733,

The subject matter of the present invention is the provi-
sion of the input and output bit counters to enable the use of
an auxiliary buffer of a significantly smaller size than the CD
buffer while preserving synchronism between the data that is
being supplied to the CD buffer and the complete Block
boundary marker signal. Counter 40, for example, counts up
the bits written into CD buffer 50 until it is reset by the
complete Block boundary marker signal. This signal is a
pulse in which the trailing edge acts as a reset signal. The
count total of counter 40 is transferred (as a parallel N bit
word) to the auxiliary buffer 60 when its WR input is acti-
vated by leading edge of the complete Block boundary
marker signal. Both CD bufter 50 and auxiliary buffer 60 are
of the fifo variety, and as the data is serially transferred to
buffer 50, the N bit word, representing the number of bits in
the Block of data, is clocked along. The Block of data sup-
plied to buffer 50 may comprise a number of groups totalling
many hundreds of bits in length whereas the corresponding
word in auxiliary buffer 60 is only a few (N) bits long. When
VLD 90 requests data from buffer 50, the parallel data in
auxiliary buffer 60 is loaded into the output counter 70 and
the counter begins to count down in response to signals on
the request line. When the counter counts down to all zeros,
the zero detector 80 generates a reset signal, which is applied
to VLD 90, counter 70 and auxiliary buffer 60. Thus the
synchronization of the compressed data and the Block
boundary marker signal is maintained without requiring a
duplicate size buffer for handling the boundary signal.

N is readily determined by letting X equal the maximum
number of expected coefficient bits in a Block. Since there
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are eight parallel paths and the X bits are approximately
equally distributed to each of the parallel paths (CD buffers),
any given buffer will hold a maximum of X/8 bits. Since the
binary representation of N is log,(X/;), the input and output
bit counters must be N bits wide.

As mentioned previously, selector VLD 39 reads data out
of CD butfer 34 and provides decoded selector data to the
selector/multiplexer 41. In response to the reset signal from
zero detector 38 which corresponds to the Block boundary
points, VLD 39 sends a new complete Block boundary
marker signal (corresponding to the original Block boundary
marker signal) to the selector/multiplexer 41.

The parallel VLD’s (90-97) read data out of their corre-
sponding CD bufters (50-57), decode the data and output it
in parallel form to their corresponding UD buffers
(100-107). VLD’s 90-97 also keep track of codeword
groups generated according to the previously described
grouping algorithm and produce group boundary signals
(bits) which are passed to the UD buffers along with the
decoded codewords. The codeword data and group boundary
signals pass through the UD buffers and are available to the
selector/multiplexer 41.

The selector/multiplexer 41 outputs expanded coefficient
data at the pclock rate. In response to the reset (complete
Block boundary marker signal) from selector VLD 39,
selector/multiplexer 41 reads the selector data for the current
Block of data from selector VLD 39. This information indi-
cates which coefficients have been omitted from the Block of
data and the total number of coefficients in the Block. Thus,
the number of coefficients to be read from the parallel coef-
ficient UD buffers is determined and the point at which
selector data must be read for the next Block of data from
selector VLD 39 is ascertained. The selector/multiplexer fills
in O’s for the omitted coefficients.

To maintain proper ordering of the data at the output of the
selector/multiplexer, data must be read from the parallel UD
buffers a group of codewords at a time. This grouping is
determined by the previously described group boundary
marker signals.

What has been described is a novel data processing sys-
tem for decoding variable length encoded compressed data
while maintaining synchronization that minimizes the need
for fifo memories. It is recognized that numerous changes in
the described embodiment of the invention will be apparent
to those skilled in the art without departing from its true
spirit and scope. The invention is to be limited only as
defined in the claims.

What is claimed is:

1. A method of dynamically processing variably sized
Blocks of compressed data in a signal processing apparatus,
the method comprising continuously:

providing a bit stream of the compressed data, the com-

pressed data being processed by,

writing said compressed data into a first first-in first-out

(fifo) memory;
developing input numbers representing the sizes of said
Blocks of compressed data;

storing said developed input numbers in a second fifo

memory[:]; and

reading said stored input numbers from said second fifo

memory to identify said Blocks of compressed data as
said Blocks of compressed data are being read from
said first fifo memory.

2. The method of claim 1, [further comprising:] the com-
pressed data being further processed by,
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developing a Block boundary signal indicating the junc-
tions between said Blocks of compressed data;

developing said input numbers by counting bits in said
Blocks of compressed data under control of said Block
boundary signal; and

controlling operation of said second fifo memory with

said Block boundary signal.

3. The method of claim 2, [further including] the com-
pressed data being further processed by, stepping an input
counter to develop said input numbers and stepping an out-
put counter that is loaded with said input numbers as they are
read from said second fifo memory.

4. The method of claim 3, [further comprising] the com-
pressed data being further processed by, developing a reset
signal when said output counter has been stepped a number
of counts equal to the input number loaded therein; and

controlling the read out of said second fifo memory and
the reset of said output counter with said reset signal.
5. A method of dynamically synchronously processing
contiguous unequal size Blocks of compressed data com-
prising continuously:
serially writing said compressed data into a first first-in
first-out (fifo) memory;
developing counts of the numbers of bits in each of said
Blocks;
storing said counts in a second fifo memory[:]; and

sequentially reading said counts from said second fifo
memory for identifying corresponding Blocks of data
as said Blocks of data are being read from said first fifo
memory.
6. The method of claim 5 wherein a Block boundary sig-
nal denoting the boundaries between said contiguous
unequal size Blocks is developed and further comprising:
controlling an input counter with said Block boundary
signal for counting the number of bits in each of said
Blocks of data;

controlling an output counter loaded with the stored
counts from said second fifo memory and operated by
bits being read from said first fifo memory for develop-
ing a reset signal in synchronization with said Block
boundary signal; and

resetting said output counter and controlling the reading

of data from said second fifo memory with said reset
signal.

7. A receiver for processing a continuous stream of digital
data in contiguous Blocks of sequential bits wherein the
number of bits of data in each Block is not uniform compris-
ing:

a first and a second first-in first-out (fifo) memory;

an input counter and an output counter;

means for writing said digital data to said first fifo

memory;

means for controlling said input counter to develop a

count representative of the number of bits in a Block of
data supplied to said first fifo memory and for writing
said count to said second fifo memory;

detection means for reading said count from said second

fifo memory and for loading said count in said output
counter; and

means for controlling said output counter as said digital

data is being read from said first fifo memory;

said detection means comprising means for determining

when the number of bits read from said first fifo
memory equals the count loaded in said output counter
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for developing a reset signal and means for resetting
said output counter and controlling said second fifo
memory with said reset signal.

8. The receiver of claim 7 wherein said output counter
controlling means comprises a variable length decoder
coupled to said first fifo memory, said variable length
decoder including a request line for reading said digital data
from said first fifo memory and for operating said output
counter and wherein said detection means comprises means
for resetting said variable length decoder with said reset sig-
nal.

9. The receiver of claim 8 wherein said determining
means comprises an all zeroes detector and wherein said
output counter is decremented responsive to said request
line.

10. A method of dynamically processing variably sized
blocks of compressed data in a signal processing apparatus,
the method comprising continuously:

receiving a video bitstream including compressed data;

and

processing the compressed data in the video bitstream by

variable length decoding, the processing being based
on inpput numbers representing sizes of Blocks of the
compressed data by,
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sequentially writing the compressed data into a first
first-in first-out (fifo) memory,

sequentially developing the input numbers representing
the sizes of the Blocks of the compressed data,

sequentially storing the developed input numbers in a
second fifo memory, and

sequentially reading the stored input numbers from the
second fifo memory in order to identify the Blocks of
compressed data being read out from the first fifo
memory.

11. The method of claim 10, wherein the first fifo memory
and the second fifo memory ave arranged in a buffer memory.

12. The method of claim 11, wherein a plurality of the
buffer memories are arranged in parallel.

13. The method of claim 10, wherein the Blocks include at
least one of 8x8 arrays, partial blocks, frames, and header
data.

14. The method of claim 13, wherein the bitstream
includes header data and wherein the input numbers are
developed based on at least one of marker signals, boundary
signal, starting points, and sync signals in the header data.

#* #* #* #* #*



