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general | y to inmge. processi ng systenms and methods and, in particular,

paral | el , processing systens H#fat enpl oy pipelined ifge process- ing

t echni ques. BACKGROUND OF THE, | NVENTI ON: Constraints that are encountered
in Single Instruction- Miltiple Datastream ( SIHv) - and.Mul tiple Instruction-
Mil tipl e Datast ream (M MD) paral | el processi ng systens include the

fol | owi ng. In SIND systens, a partitPdhi%h§ gfI anTi AutN dat a segment makes -
it difficult to achieve proper prio®8OCESS1PGRELING ARCHIEEQIURENG par al | el

execution of the data-seg- ments. AloROImMidE/WESESE PROEEE st @ bandwi dt h
requi rement on the input data path beconmes a design burden when it
FIELD OF THE INVENTION:
This invention relates generally to image processing
systems and methods and, in particular, to parallel
processing systems that employ pipelined image process-
ing techniques.

BACKGROUND OF THE INVENTION:

Constraints that are encountered in Single Instruction-
Multiple Datastream (SIMD) and Multiple Instruction-
Multiple Datastream (MIMD) parallel processing systems
include ‘the following.

In SImb systems, a partitioning of an input data segment
makes it difficult to achieve proper processor load
balancing during parallel execution of the data seg-
ments. Also, an incremental data bandwidth requirement
on the'input data path becomes a design burden when it
is desired to increase the number of parallel processors
in the SIMD systemn.

In MIMD systems, complexities typically exist in data-
flow communication and synchronization amongst the
plurality of processors.

These problems become especially apparent when blocks of
image data are being processed, such as when image data
is being compressed (encoded).or decompressed (decoded).
In that a source of image data, such as camera, or a
sink for image data, such as a display monitor, operate
in real time with fixed image data transfer rates, the
image data processing system should be capable of keep-
ing pace with the required source or sink image daté
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S degired to increase the nunber of parallel processors |n the SIMD
system In MM systens, conplexities typicak 1)
comuni cati on and synchroni zati on anongst the
These probl ens beconme especial |y apparent whenl| bl ocl&E
bei ng processed, such as when inmage data is bet BT €s5sed (encoded) or
deconpressed (decoded). In that a source of ifege data, such as canera, or
a sink for inmage data, such_as a display nonitor, operate in real time with
fixed i mage data transité'r"‘“?ﬁ‘f’é§at?hélp'§aﬁab%' FaE 105 9RE8 RFOSESI NG SHBEEM be
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To obtain an optimal processing performance from a.
process-pipeline architecture, the pipeline data-flow
should be maintained as full as possible. However, this
becomes difficult due to data-flow fluctuations that
typically occur during the operation of such systems.
Also, overall supervision of pipeline control can repre-
sent a costly overhead factor to a host system or a
dedicated supervisory co-processor.

U.S. Patent No. 5,046,080, issued September 3, 1991,
entitled "Video CODEC Including Pipelined Processing
Elements" (J.é. Lee et al.) describes a videophone
system that provides videophone service within a narrow
band digital'network. A host CPU 20 is colupled through
a bus 21 and a common memory 24 to an image bus 28. The
CODEC 25 is comprised of a plurality of processing
elements (PEs) connected as a pipeline. Each PE in-
cludes a digital signal processor (DSP) and performs a
part of the function of image coding. FIFO memory
modules 64 are comprised of a flag circuit and FIFO
memory. The flag circuit controls data flow between
processing elements. The common memory is employed to
store messages and performs synchronization between
processing elements. No methodology is described for
optimizing a pipeline architecture so as to efficiently
operate with blocks of data.

It is thus an object of this invention to provide a
process-pipeline architecture wherein data buffering and
local. control functions are inserted within the process-
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vents the generation of undesirable visual artifacts when the inmage data is
di spl ayed. To obtain an optimal processing performance from a-
process-pi peline architecture, the pipeline data-f{Fow: v
as full as possible. However, this becones diffic
fluctuations that typically occur during the oper .
Al so, overall supervision of pipeline control Can repre- sent a costly
overhead factor to a heideldyiet #Enthe BoGidlirdas a5k FuHEFeteSProced—-PLPEERRO! .
U.S. Patent No. .5, 046¢08Q4i0hssued Septenber 3, 1991, entitled "Video CODEC
I ncl udi ng Pi-pel i ned- Processing El ements” (J.S. Lee et al.) describes a

vi deophone system that provi des vi deophone service within a narrow band
digital network. A hosit @eua2turtherogbjeat ehrgughinveantdon itapgorided mon
menory 24 to an i mage peees8-piga ineDfeiiTetturkoetedaddddcretel staddd o rof

processing el enents (RER) piRETGHd Qdcifad 1BERE!daRS: adP pBsE iy acbhakles a
digital signal processor erf

DSP) d orns,a.part,_of the function of imge
codi ng. FI FO menory nodtht 556_4""21413 g% ]ric§§5r°(j’1ae b gﬁpﬁﬂ%’lﬁ ﬁc"éﬂg -FI FO
mermory. The flag circui¥nchsarizAtd ogatnd fRighnget ween processing el ements.
The common nenory is enployed to store nessages and perforns

synchroni zation betweeft RE06RS SturEnt GSBYRCE . oNRNIEIHQERL QY toSpLGPLdd Red

Lfgcﬁgt o aarg o P PeldfNReAr £l (eaehil fy $RaPdedcduf Hi8LREd Y (IREE Alutagd 1N

data, and to provide a methodology to optimize a pipe-
line architecture.

ai ned

SUMMARY OF THE INVENTION

The foregoing and other problems are overcome and the
objects of the invention are realized by an image pro-
cessing system constructed with a process-pipeline
architecture having a plﬁrality of serially coupled
computational routines or functions. Buffers, such as
First In-First Out buffers (FIFOs), and a Local State
Machine (LSM) are interposed between adjacent, serially
coupled routines or functions. This sequential process-
pipeline processing architecture minimizes the synchro-
nization complexity in a MIMD environment, while also
increasing the flexibility of the image processing
system in accommodating incremental changes in function-
ality. Adding and inserting a new function or routine is
accomplished by determining a new processing boundary in
the serial process-pipeline structure, and inserting the
new function or routine at the determined boundary.

Buffers, such as FIFOs, are inserted between processing

stages to provide the-pipeiine structure with an ability
to cope with a wide range of data-flow fluctuations.

—
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SUNNA&Y OF THE | NVENTI ON It is an object of the present I nvention to
aneliorate one or nore disadvantages of the prig . _ According to
one aspect of the present invention there is disc S : 3]
process-pipeline for use in a data processing sygfem @%é ﬁﬁf“ %
plurality of processing stages each of which exe EBss_onlidat a
organi zed as data blocks, said plurality of %processing stages being

serially coupled onerg %&BQ&&%e m'i:hpé‘sﬁix_@gega%sg§ P'&Clﬁﬁié haleReidgkey 2

fs;/;ftemopgsgLrigl ?nltocra'?ceaét g%“%é"@‘%ﬁi?@ Itsg” b]p?r‘&céga}:"f?ﬁ grgtc%s;]s:cgg

i nputting data from BhRI PPBRIJTH BEEVRAY et ad1aFenk cPRPSERSHY (O 28| h‘g system
at a first data ratmanagel dstalomgnohrasizetpowdasks N¢herebe Dvieecominpupl ed

to a data source andt‘_tﬁar g%oﬂ?é@ re’ihﬂ&do&e&ﬁ&'ﬂﬁzr@&s&i %%G%dj%au{:?éﬁ that
differs fromtheflr cessing stage ncludlng

C
data buffer neans r ose‘c’ietbelto fah?ﬁ'u 5ro%‘g‘§§??fg COrRHRCERG” ars{mhdj acent
processi ng stage, saﬁ‘sd‘ ePpEeYH FEERsSIaF s tR eI UREHON ¥ "c*} @& ABteEN erf ace

process handshaking protocol, to determine a correct

sequencing of processes in the process-pipeline archi-
tecture.

That is, this invention provides a sequential process-
pipeline architecture with embedded buffers and Local
State Machine control between processes{ In combination,
the buffers and the LSM provide dynamic storage buffers
and also provide data-flow control of a process
sequence. These features beneficially increase the
flexibility of the system and the extensibility of the
system to various applications including, but not limit-
ed to, image processing applications.

More partiéularly, an aspect of this invention provides
a sequential process-pipeline for use in a data process-
ing system. The sequential process-pipeline includes a
plurality of processing stages each of which executes a
Process on data organized as data blocks. The plurality
of processing stages are serially coupled one to another
for passing data blocks therebetween. A first one of the
processing stages is coupled, at a data processing
system resource interception boundary, to the data
processing syétem for inputting data from and outputting
data to the data processing system at a first data rate.
A last one of the processing stages is coupled to a data
source and/or a data sink operating at a second data
rate that differs from the first data rate.
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data buffer neans interposed between the data processing systemresource
I nterception boundary and the first processing stage; and V\/nerel n a Sl ZE
of each of said data buffer neans that are integrpased-—betweeri=s fEfpcent

pr ocessing stages is deternmined in accordance ;h|stSwEEer%E BBﬁ@ p: SIZE
t

OF [err] )xPmax, where, for a processing sta e hat BREBLACER a [elir] where
i is Process sequence nunber associated w th 1hHe=—procte g Stage in the

process-pi peline, P r I cess a
process- pi pel i n then&échsp&a@m@l@tabwwﬁqug £¢ &ﬁ puERER Pﬁ ;olpéga a2

rate produ
rate froma next fol I[bS\%W% té’?r r°°essm%c%ftﬂ98|?‘fbftaﬂ %\‘ﬁﬁcﬁBF £189 the
present invention thé&tades '%eoﬁ ¥Rid PXACRPRIGE SHAdSC Eunthey éy@%‘@fﬂs an
conprising: a sequentin@érfacec data [(Huf€kr NEnteeppddd bdtwdend the Udatla pyoof

processing stages ea%EsQind"’%&Q@erh fl%'sBQEée ri%%@?c%ﬂ&oﬁ%%h?ﬁ #hdPELREESS on
| mage data organizeq, ocks, said plurality of processing

e
st ages being seriall 'ﬁj[ﬂrgges%ﬁ g 2fot her for passi ng i mage data bl ocks
t her ebetween, a first one of said processing stages being coupledto a
dat a processi ng syst @m forshorputhatng SDZHroEseach ofiegte data buffers that

are interposed between adjacent processing stages is
determined in accordance with the relationship:

SIZE OF BUFFER, = (RP, - RP,,,) x Pmax,

where, for a processing stage that executes a Process,,
where i is Process sequence number associated with the
processing stage in the process-pipeline,

Pmax is a maximum time required to completely
process a data block with the Process,,

RPi is a data rate produced by the Process,, and
RP,,, is a data rate from a next following
Process,,;.

The sequential process-pipeline further includes a local
controller associated with each of the processing stages
for controlling the execution of the Process by the
processing stage.

In a presently preferred embodiment of this invention
the data blocks are comprised of image data, and one of
the processing stages executes a Discrete Cosine Trans-
formation Process that generates coefficients, one of
the processing stages executes a Discrete Cosine . Trans-
formation Quanﬁization Process, and one of the process-
ing'stages-executes a Process to reduce an entropy of
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4 fromand for outputtlng conpressed image data to the data proce55|ng
system wherein said first one of said processing stages IS coupled to a
second one of said processing stages through a gk
i ncludi ng an i mage data input buffer neans, an.lmmgesd&EafﬂmnaﬁﬂN ffuf f er
means, and an address buffer means, said addr ss;buffeREpunaﬂms st oflli ng
addresses each of which identifies an initial® adeFes 5
addresses W thin antch&bgfan¥ebed \bizeaste &%Qhebfﬁakf&éma%ddﬁe&ﬁfﬁstorl ng a
bl ock of deconpressgd, ﬁa%ge dat a. According to still another aspect
of the present invention ‘here is provided an inmage processing system
conprising: neans for interfacing said i nage processing systemto a Host
dat a processing Syst ém theipdesentdiyf arefersadsentreiinentng thenbiwsty obafdéfr
means for storing cogpégssrdskimpatdaés fhabupled €668 \rdohd Whe B3RLRdAL S

output to, the HoSt.0gldAhCcsanelOe RSIAT: bidial iy A5oREPle IEaRs. Coupl ed

to said nenory buf f eP. neans Og%ﬁ% conpressed |nage
data the conpressed Fﬁ‘é‘bié‘gdaf‘ "E‘W&td k2 inpuki Rdferr AR "P‘H‘éel-‘i?s"ﬁ garRpt
processi ng system ihafferhuphdramaddsespbuiferi The advrespriasifed shewps dat a;
and neans for conpreasdf@seby ERMOBRr @SN Yaéd¥IBEE] arblincksa0fadbp@ge dat a,
sai d CODEC means bei gg | BhGEROSELBELYGEN widhth aBEGRAUEERry. Each

block of addresses in the image memory stores a block of

decompressed image data. The local controller is respon-
sive to the writing of an address into the address
buffer to initiate the operation of the processing
stages that execute the Discrete Cosine Transformation
Process and the Discrete Cosine Transformation Quanti~-
zation Process.
BRIEF DESCRIPTION OF THE DRAWINGS

i The above set forth and other features of the invention
are made more apparent in the ensuing Detailed Descrip-
tion of the Invention when read in conjunctioﬂ with the
attached Drawings, wherein:

Fig. 1 is simplified circuit block diagram showing a
portion of an image processing system and, in
particular, showing a multi-stage sequential
process~pipeline that is constructed and oper-
ated in accordance with the invention; -

Fig. 2 is a simplified circuit block diagram showing
an embodiment of an image data coding and
decoding system that is constructed in accor-
dance with the process-pipeline architecture
of Fig. 1;
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means and said first processor neans, said CODEC neans being coupled to
said first processor neans through processor buffer neans, said processor
buffer neans including an image data input buffer neans, an inage data

out put buffer neans, and an address buffer means, said address buffer
means storing addresses each of which identifies an initial address of a
bl ock of addresses within said i nage nenory #eans, €ach bl ock of addresses

storing a bl ock of ) ' e Accardin i)
anot her aspect of tﬁ% 'ggggit&gg\%en i o E’liu‘ael?'ecf’gtenrto?lgd%'cf gnbrgr%tsf}#(? of
defining a sequential proces®ipFp8tihdoropn J§\§9Frfpaé‘adﬁ?°a°dﬁr geeratiiegisyst em
conprising the steps of: defining a plurality of data processing stages
each of which execwiRs 3(by Ghoas & kehplaydedhead 38 €d AnphOFEFo each

data bl ock being conprised of ¢ ;01 W bt Y, t I HEQ%S DAl ;3L6
operated on as a group, each of §§ T?stoagensq%lglg%g&tgegl ne g% as it%g'
segregat e dat a-dependent Processes from dat a-i ndependent Processes;

5 serially couplindighe3ptushbivs yanfexgaplaryd cortentpedcdes Addreasa§EEOone t o

another in a order of Fig. 2 for the image data decode operation
“_ of Fig. 3(a);

Fig. 3(d) shows an exemplary content of the Address FIFO
‘of Fig. 2 for the image data encode operation
of Fig. 3(b):

Fig. 3(e) shows an exemplary content of the Output FIFO
' of Fig. 2 for the image data encode operation
of Fig. 3(b):;

Fig. 4 is a detailed circuit block diagram of a pres-
ently preferred embodiment of the image data
coding and decoding system shown in Fig. 2;

Fig. 5§ is a logic flow diagram that illustrates a
JPEG DCT (Joint. Photographic Experts Group,
Discrete Cosine Transform) -based image data
coding model; and

Fig. 6 is a block diagram that illustrates in greater
detail the correspondence of the major func-
tional blocks of Fig. 4 with the process-pipe-
line architecture of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION .

The following Detailed Description of the Invention is
organized as follows: Section (A) describes, in refer-
ence to Fig. 1, a sequential process-pipeline architec-
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sel ected for acconplishing a desired Processing function; and providing, at
an interface between adjacent ones of the serially coupled data processing
stages, data block Buffer neans and a |ocal control means for controlling
the transfer of data blocks across the interface. According to yet
anot her aspect of the present invention there is provided a nethod of
defining a sequential process-pipeline for-ifse in a data processing system
conprising the steps_of: defining a pluraljty of data processi st ages
each of which execulg‘elgeathagr b%eag%%ﬁe % g#%aiﬁli‘"z’%ﬁia‘l’é’é gﬁ‘f%l“’ﬁ'l 6823, each of
sai d stages being d8rPPRiPese iR neferanqp dga¥iasdala-Bepafdentther 8¥e®ses from
dat a- i ndependent Pratkssestreetion hyd copeirhthgn offhe preseatiy prefersdd ned
accompl i ohing o deoehBabibnt bE R0 viho b0 fHecBle B BibAILIS that Lo e

i shi ng S SSi u i an; vi di
bet ween adj acent o%%%edof‘mt ﬁ’ge seg'glggf %/nctcggp i«£ gataandr;;%gﬁg’[s°§1 Rﬁs'St es, data
bl ock Buffer means &RERZENCECE? Figsntt Andnarfiescsibeodnr ereates deealtl ansfer
of data bl ocks acr oshetgresentky fpare ferm=i phbamiineot cofHfthe hei ddal/amgedcessi ng
stages, at a data pppsassHing ipeheAe! esource interception boundary, to the
data processing systemfor inputting data fromand for outputting data to
the data processing systemat a first data rate; and coupling a second one
of the data procesSPffo% &4Bks to a data source and/or a data sink
operating at a secoRtigddt asrsimplifideéd block diagram showing a portion of

an image processing system 10 and, in particular, show-
ing a multi-stage (Stage,, to Stage,,,) sequential pro-
cess-pipeline 12 that is constructed and operated in
accordance with the invention. A host processor 14 is
coupled, at a System Resource Interception Boundary
(SRIB) 14a, to Stage,, of the pfocess-pipeline 12.

In general, the sequential process-pipeline 12 can be
considered to be a series of processing unitsithat are i
concatenated in a predetermined sequence of processes,
the processes being partitioned based on their routine
or function. The processes are intended to function in
concert to achieve a desired computational end result.

Stages (1) and (i+l1l) of the process-pipeline 12 include,
by example, first and second buffers 16a and 16b, a
Local State Machine 18, and a Process block 20. The
process-pipeline architecture of the invention is char-
acterized by the systolic nature of the Local State
Machines 18, each having associated buffers 16a, 16b
functioning as a data reservoir. Controls and data are
passed between Stages via the Process blocks 20 and the
buffers 16a and 16b, under control of the LSMs 18.
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differs fromthe first data rate. DESCRI PTI ON OF THE PREFERRED
ENMBODI MENT( S) The above set forth and other features of the invention
are made nore apparent in the ensuing Detail ed Description of the

I nvention when read in conjunction with the attached draw ngs, wherein:
Fig. 1 Is sinplified circuit block di agrarn showi ng a portion of an image
processi ng systemand, in particular, showing a nmulti-stage sequenti al
process- pi pel i ne t hatrhesbuffeasr 164 addansh @parele del H-tiGRaA!, daG-RIXIVER t he

T oui ¢ bi ock di agr aBrSEeselng Sontrol e 8 tho godbentsal ! Ardbegb TP’ || o
codi ng and decodi ng _?§§?g’me gﬁa?rﬁ §'eg TetiEe sy pieﬁ&m a series@a@(,fof'g%quce

with the process- pi perpaessinghtpexatiers @ndfpy other operations on digital
image data. This technique provides automatic, flexible

process-pipeline control on a per-block basis throughout
the process-pipeline, assuming that the process is self-
triggered in the correct sequence.

Various aspects of the operation of the process-pipeline
12 are now described in detail.

Process synchronization

Based on a given requirement in data-throughput that the
process-pipeline 12 is intended to fulfill, and tracing
aldng the sequential processes in the process-pipeline
12, a worst case processing time of a process can be
identified.

i The maximum required time, expressed in a number of
processing cycles for each computational routine or
function, referred to herein as "Pmax", represents a
largest number of processing cycle counts reguired to
completely process a block of data. The magnitude of
Pmax may thus be considered as a Global synchronization
interval for every computational process. The resulting
Global synchronous clocking, performed by the Host 14,
signals the individual Processes 20 when to begin pro-
cessing. This signalling is accomplished by the Ready
line that is coupled across the SRIB l4a to the LSM 18
of Stage i-1.

Underlying the Global synchronization performed by the
‘Host 14 is an inter-process data-flow communication that
is locally managed by each embedded Local State Machine
18. The self-activated Local State Machine 18 that
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- 7- Fig. 3(a) shows an exenplary content of the Input FIFO
Fig. 2 for an inage data decode operati on;
content of the Input FIFO

of Fig. 2 for an inmage data encode

of

Fig. 3(b) -shows an exenpl ary

operati on; Fig. 3(c) shows an exenplary content of the Address FIFO

~of Fig. 2 for the i mage data decode operation of Fig. 3(a);
Fig. 3(d) shows an exenplary content of the Agdress FIFO of Fig.
2 for the image data encode operation of Fig. 3(b); Fig. 3(e)

shows an exenpl ary c&fgekates andesunehpanizesFench of the pagtitieped for the
i mge data encode opgiratésses in the prodésd-pdpefink) 12 exeicgted the ipFoto-
detailed circuit blogk;di a2 8Ed AnPhELa11 below, in FterhiRIfS ned

enbodi nent of the i mage
C

Fig. 2;

rrgggiiiming to achfé%é Bgoéﬂég 9§§éﬁron on.
It should be noted that the number of processing cycles
for a non-computational event, such as the processing
cycles required to perform a shared system memory re-
source arbitration, can at times dominate the total
processing effort. The non-computational event is thus
preferably accommodated with an override mode. Herein, a
maximum time, or number of cycles, to accommodate the
non~computational event is designated "Tmax", which is a
system 10 resource-dependent variable. Tmax can exist if
and only if a system 10 resource arbitration overhead
(or maximum time required to perform resource arbitra-
tion), referred to herein as "Asys", is greater than
Pmax. In Fig. 1, the Ready signal line 14b that is
coupled between the Host 14 and the first LSM 18 of the
sequential pipeline is employed as an Asys indicator,
and serves as an override to the otherwise employed Pmax
of the LSM 18. The Ready signal line 14b thus provides,
when enabled, Global synchronization of the process-

pipeline 12.

The protocols for each process can thus be described as
follows in the exemplary pseudocode:

IF Asys is greater than Pmax AND IF the Buffer,,
is NOT EMPTY

Tmax = ASyS;

start the PROCESS, for every Tmax cycle;
ELSE IF Asys is not greater than Pmax AND IF the

Buffer, , is NOT EMPTY

start the PROCESS, for every Pmax cycle;
END IF.

YO 992 060
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Fig. 5 Is alogic flow diagramthat illustrates a JPEG DCT

(Joi nt. Photographic Experts G oup, Di screte Cosine Transforn
-based i mage data codi ng nodel ; and Fig. 6 is a bl ock
diagramthat illustrates in greater detail the correspondence of
the maj or func- tional blocks of Fig. 4 with the process-pipe-

line architecture of Fig. 1. DETAI LED DESGRI PTI ON OF THE | NVENTI ON The
following Detailed Description of the Invention is organized as foll ows:
Section (A) describerhe maximimesyseaseiependént. ploceassuyudnei al.e.

pracess-pi peline ar Glyak§C-py default, ovekHidest Bad t'r%géé‘rsﬁliﬂécﬁsnﬁ’fmt he
refereneto t he

I nvention; Section | 5,
over- all constructi E%'i g ‘a&b ?5? ‘3‘??18?5 a“I5 g‘ééhlt Ffiigrtéf“gfjr‘éﬁi 8di ment of
a vi deo/ i mage pr oceﬁpﬁgs?ﬂ‘iﬁl PrcPRarat fhat is, a process must sometimes

wait upon slower system arbitration until the longest

processing cycle (i.e. Tmax) enables the process to
start. This process-pipeline lztméde of dynamic regula-
tion thus integrates and accommodates system 10 resource
timing.

The Buffers 16 between processes function to logically
smooth out "density fluctuations" in the data-flow. The
boundary Buffers 16 also serve another purpose: to
separate a data-dependent process from a data-indepen-
dent process. For many signal processing routines the
relative sample rates at the data-flow nodes are data
independent. Thus, an aspect of the invention that is
embodied in the sequential process-pipeline 12 is the
distinguishingiéf data-dependent processes from data-
independent prbcesses. '

The decisions in where to define a process boundary and
how to determine the associated Buffer 16 size amongst
subsequent processes are dictated by factors that can be
classified in three categories:

1. the system arbitration overhead (i.e., Asys) in-
curred from various resources;

2. the processing nature of the relative sample rates
of the data-flow within a process (i.e., is a given
process data independent?); and

3. the data bandwidth requirement or constraint on the.
input and on the output of each process 20 in the pro-
cess-pipeline 12.
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based on the enbodi ment of Fig. 1; and Section (C), in reference to Figs. 4
and 6, describes in greater detail the presently preferred enbodi nent of

t he vi deo/i mage processing pipeline. Section (A Fig. 1 is sinplified

bl ock di agram showi ng a portion of an inmage processing system 10 and, in
particular, show ing a multi-stage (Stagequrl to Stage[err]) sequenti al
pro- cess-pipeline 12 that is constructed and operated in accordance with
the invention. A hoghn prdseteoacdchmofateuplshdrt-dern rate ADEMMASHIT Ce

I nterception Boundali,)ét‘(,gg{ ﬁholg@jageqt%@&%ggég ]209f tﬁ@gi%o&psafem peline 12.
In general, the seq egtlag %argcggs-pl geléﬂe 1? cag be cogm derre# to be a
series of processi nd URTRELLEPIEGES 258 SRERALASS 1 ACCSFEaRTe Hthetine
sequence of process@¥Presiiopocesses being partitioned based on their
routine or function. The processes are intended to function in concert to

achieve a desired conmputafidropal pdr! €SYkb, - RS 79 Publk) and (i¢h) of the
process-pipeline 12 ipclude, by exanple, first *dnd second buffers’ 16a and

|
16b, a Local State Nggﬁf%e 18, and a Process bl ock 20. The process-pi peline
architecture of the invention is char- acterized by the systolic nature of
the Local State Machi nenb, igatte Pavcessiagsoineaistedval{ eors mbxamud 6b

functioning as a data rgsRcé@king €3RE] Ofct @%@@ﬁﬁx@t@oﬂé‘f%ﬁx@cgﬁﬂl"een

St ages via the Process tﬂpoci%s a2 a@eratth PoLHufcgésb 1§gealpldocjéss, under control
of the LSMs 18. 1 P ¥ 1
: RP,,, is a data rate from the next following

Process,,;, and
i is a Process sequence number in the
process-pipeline 12.

For achieving continuous data-flow in the process-pipe-
line 12, the size of a Buffer 16 that intersetts the
SRIB l4a is considered separately. Wwhen intersection
with system 10 resources occurs, Pmax in Equation (1) is
replaced by Tmax, and the SIZE_SRIB of the interface
data Buffer 16 at the SRIB is determined in accordance
with the relationship:

SIZE_SRIB = (RP, - RP,,) x Tmax. (2)
In accordance with the foregoing an aspect of the inven-
tion provides a method of defining a sequential process-
pipeline for use in a data processing system. The method
includes the steps of (a) défining a plurality of data
processing stages each of which executes a Process on
data organized as data blocks. Each of the stages is
defined so as to, by example, segregate data-dependent
Processes from data-independent Processes. A next step
of the method (b) serially couples the plurality of
defined data processing stages one to another in an
order selected for accomplishing a desired Processing
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YO 992 060 -9- The buffers 16a and
16b and the self-tinmed, LSMdriven processing control enbodied in the
sequential process- pipeline 12 are well-suited to performa series of

| mage processing operations and/or other operations on digital inage data.
Thi's technique provides automatic, flexible_pgrocess-pipeline control on a
per-bl ock basis throughout the process-pipeline, assum ng that the .process
is self- triggered i nfaietion:r Bcthiveqaeas @f thed/aethos propiddss, akt ake

operation of the pr oceﬁééﬁaeelb@&ele% 88 fadlAW Slfe%%fbafi- L;Qrf.iaqtl lcou 1dd ocess
synchroni zation Based oh. & giyen requ |rerrent { ?’il qﬁ? fg %ﬁio t at the
process- pi peline 12 |s 4 enﬁ ot to rarftia 2 %?nc? % b‘ \j létﬁ

sequential processes FIRtAAE1EF Of SOPtHR)liing the transfer of data blocks

across the interface.

Section (B) }
Fig. 2 is a simplified circuit block diagram showing an
embodiment of an image data coding and decoding system
that is constructed in accordance with the process-
pipeline architecture of Fig. 1.

The purpose of the system is to perform compression
(encoding) and decompression (decoding) of image daté.
For encoding, an image in an Image Memory 22 is passed
to a Compression/Decompression (CODEC) device 24, and
the resulting compressed data is placed in an Output

i FIFO 26 for subsegquent storage. When decoding image
data, compressed data in an Input-FIFO 28 is passed to
the CODEC 24, and the resulting chompressed data is
stored in the Image Memory 22 for display and/or subse-
quent processing. A local Processor 30 is coupled
between a local Memory 32 and the Output FIFO 26, the
Input FIFO 28, and an Address FIFO 34. The Address FIFO
34 stores the initial addresses of blocks of decoded
image data within the Image Memory 22, as described
below. A Control Register 35 has an input coupled to the
output of the Input FIFO 28 for receiving and storing
data block Header (H) information. This Header informa-
tion includes CODEC 24 control information, also as
described below.

In this embodiment of the invention the CODEC 24 pro-
cesses the image data using a discrete cosine transform
(DCT)-based compressidn algorithm. A presently preferred
DCT approach is one based on the Joint Photographic
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12, a worst case processing tinme of a process can be identified. The

maxi mum required tinme, expressed in a nunber of processing cycles for each
conput ati onal routine or function,.referred to herein as "Pmax", represents
a |l argest nunber of processing cycle counts required to conpletely process
a block of data. The magnitude of Pmax may thys_be considered as a d obal
synchroni zation interval for every conputational process. The resulting

d obal synchronous clExperts, Groapf (JFRE} basélimeliosd dbdcribeginahsisdyaec

i ndi vi flualh CF;r ocesses Fe 10561y vce ﬁ@ﬂiﬁ_ﬂ s@ﬁr?nlcﬁgéiﬁlges.fﬁh% %?i'ﬁdld;ing is )
CSM 1B of Stagh i-T. ity atediicha il ¥escs heist pas bikd B }mc%fshé’at by
the Host 14 is an i nti@®RIprdids elemants| 808 dOAPRUPTICREFSH a@5ht oF heocal |y
managed by each enbeddedksocthle Stedessliaghofha b8ocklloé tide data iz etokwcal
State Machine 18 thatin the symmetric logic flow diagram of Fig. 5. 10 -
Prior to compression, image data is level shifted by
subtracting 128 (8 bit precision). A DCT device process-
es blocks of 64 events and produces coefficients which
are then quantized in accordance with a 64 entry lookup
table of weights. The weights are based on a known
response of the human eye to various frequencies. The
result is a frequency dependent quantization which is
then coded through a lossless entropy coding technique.
Huffman variable length coding (VLC), as described by
D.A. Huffman, "A Method for the Construction of Minimum-
Redundancy Codes", Proc. IRE, Sept. 1952, pp. 1098-1101,
and run-length coding (RLC), as described by W.K. Pratt,
Digital Image Processing, John Wiley & Sons, pp. 632,
(1978), are two most-often employed lossless entropy
coding techniques. Both of these techniques (VLC and
RLC) take advantage of the fact that the stream of DCT
coefficients frequently contains long runs of zeros.

The aforedescribed characteristics of the process-pipe-
line 12, when used in a CODEC-based image processing
system, provides the following advantages.

Because of the inherent synchronization mechanisms, the
system 10 user need not be concerned with the exact
timing of the data transfers, so long as the processes

in the process-pipeline 12 occur in correct sequence.

Also, the FIFO memory inserted between processes
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regul ates and synchroni zes each of the partitioned processes in the
process-pi peline 12 executes the proto- cols, described in detail below, in
determ ning the correct timng to achi-eve process synchroni zati on. I t
shoul d be noted that the number of processing cycles for a

non- conput at 1 onal event, such as the proces_silgg_cycl es required to perform
a shared system nenory re- source arbitration, can at tinmes domnate the
total processing eff ambotHée onenfDfuatddnsOnal tiwy/ aRktarmtaneoas rahekak! v
accommodated with an ,Qyesrddenaoga., Hepgi N, a maxi numtinme, or nunmber of
cycles, to accomopdate the non-conputational event is designated "Tnmax",
which is a system 10 resource-dependent variable. Tnax can exist if and
only if a system 10 Fasbiexmergy bthe selérachivphecthdocal Staternianhinge required
to performresource @&obttslmakeshetweehdundaty pretessingSwals\states S

greater than Pmax. | RjrhhSbarknt! hdendY 241980¢s ld BRogdebtmb Pt rdrs hﬁ@% ed
bet ween t he Host 14 %ndt e firs o)

t..L 18. of the sequential pipeline s
enpl oyed as an Asys iRdfCKSFT 3n%°§%$v%1§"ea§°g%d“§\7egﬁ &é‘et%lp‘f‘%gsﬁﬁhervm se
enpl oyed Pmax of the PESRAQEFiNghEhmuglyths praress-wépalinet Ads provi des, when
enabl ed, G obal synchronization of the process- pipeline 12. The
pr ot o;:ol s for gachdpfgg,gg&é p(;_.alaeggmﬁ be descri bed ﬁs fgl I OWZNiDnI 'It:heh
exenpl ary pseudocode T E ésoxl%rgsssi%rrsate t han X t he

Buffer[err] is . Uncompressed source images
are initially stored in the Image Memory 22. The Pro-
cessor 30 first prepares the CODEC 24 for encode pro-
cessing by loading internal tables and performing other
necessary functions. The encode process is controlled by
the LSM 18. Prior to initiating the encoding of a block
of data, the LSM 18 reads the Input FIFO 28 to retrieve

f the block header (H). The header, containing CODEC, 24
control information, is then stored in the Control .
Register 36 and applied to the CODEC 24. The Processor
30 then loads the Address FIFO 34 with Image Memory'zz
source addresses for each image data block to be pro-
cessed.

Fig. 3(b) shows an exemplary content of the Input FIFO
28 for the image data encode operation. As can be seen,
the Input FIFO 28 contains a plurality of Header Blocks,
each of which includes CODEC é4 control information for
an associated data block of image data that is stored in
the Image Memory 22.-Fig. 3(d) shows an exemplary con-
tent of the Address FIFO 34 of Fig. 2 for the Input FIFO
28 contents of Fig. 3(b). Fig. 3(e) shows an exemplary
content of the Output FIFO offFig. 2 during and after
the image encoding operation.
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Tmax = Asys; start the PROCESS[err] for every Trﬁax cycl e;

ELSE IF Asys is not greater than Pmax AND I F the ' - Buffer[err] is
NOT EMPTY ~start the PROCESS[err] for every Pmax cycl e; END
I|F. YO 992 060 , The maxi mum syst em dependent processing tine

(i.e. Trmax), by default, overrides and triggers the LSM 18, which ot herwi se
enpl oys the | ocal self- tlrred criteria represen]ted by Pmax. That is, a -

process nust soneti Mesasiirt pHRAKIALOMR HeNE8dETnBsRidtiohi £or Wnblbck e
| ongest processing cy id&gé' data I@aéﬂe %%QLS? r{eg(fswhzo%ssz.éw 13 8édas gh' S

process- pi pel i ne 12 rates an

acconmodat es system 10‘7‘?@36%‘{9@% F?n"rﬂf I“‘a%é‘egﬂﬂf st 6E 9 ReBIPHN 8fesses
function to | ogically imaget datautintodethe CODEG 24t uflicoRODEG (24t Bacerdasatheow.

The image data block and passes the compressed image data to
the Output FIFO 26 for subsequent retrieval by the
Processor 30. When the CODEC 24 completes the compres-
sion of a full block of data, it generates an End of
Block (EOB) signal to the LSM 18. 1In response, the LSM
18 repeats the above described operations by retrieving
the Header information for the next image data block
from the Input FIFO 28, if thére are more blocks to be
processed. The LSM 18 determines that there are more
blocks to be processed by the presence of a further
Image Memory 22 source address ih the Address FIFO 34,
as indicated by the state of the Address FIFO 34 EMPTY
signal line.

Decode Processing

For decoding (decompression), compressed blocks of image
data are placed in the Input FIFO 28 by the Processor
30. The Processor 30 initiates and maintains a record
of any required block control parameters, such as those
referred to below in regard to the DCTQ 42 and DCT 40
control bits. The decode process is controlled by the
LSM 18. Prior to initiating the decode of a block of
data, the LSM 18 reads the Input FIFO 28 to retrieve the
Header of the block of image data to be processed. The
Header, containing CODEC 24 control information, is then
stored in the Control Register 36 and applied to the
CODEC 24. The Processor 30 also loads the Address FIFO
34 with Image Memory 22 target addresses for each image
data block to be processed.

Fig. 3(a) shows an exemplary content of the Input FIFO
28 for an image data decode operation. As can be seen,
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boundary Buffers 16 al so serve another purpose: to separate a

dat a- dependent process from a dat a-i ndepen- dent process. For many signal
processing routines the relative sanple rates at the data-fl ow nodes are
data i ndependent. Thus, an aspect of the invention that is enbodied in the
sequential process-pipeline 12 is the distinguyshi ngof data-dependent
processes from dat a- |nde endent processes. The decisions in where to
define a process boun&BPy %ﬁﬂfrhé rpagdéorrif hatenseergethaish il wkeEf ef 16

si ze anpngst subsequedmage cladesesd &End df cilatkd(BOp)f bddrrisiehat Righ bec)
classified in three cgheg@rdeexempilaryt B&:&V.%t@fnt%bmdﬁsbomwgmheéd (i.e.,

Asys) in- curred frorSangrl.ﬁ%éag ]&lrggé FIFO 28t&%t8£ §si_,n€ rga(t re of the

relative sanple rate oA 4 rocess (1 ‘a given
process data independent?); and 3. the data bandvm dth requi rerrent or
constraint on the inpieliewingnthire opergtionof tismE8MplO@gesdn2fedds the pro-
cess-pipeline 12. YOrfift GG®o 28 to retrieve the first word of compressed
data for the block. The CODEC 24 begins decoding the
data and sends a READY indication to the LSM 18 for
additional data. The LSM 18 continues to read the Input
FIFO 28 in response to each CODEC 24 READY indication.
The CODEC 24 identifies the EOB for a block of image
data read from the Input FIFO 28 and indicates this
condition to the LSM 18 by driving the EOB signal line.
The LSM 18 waits until the decoded block of image data
is transferred from the CODEC 24 to the Image Memory 22,
and then repeats the above-described process if there
are more blocks to be processed, as indicated by the
state of the Address FIFO 34 EMPTY status signal line.
Section (C) )
Fig. 4 is a detailed circuit block diagram of a pres-
ently preferred embodiment of the image data coding and
decoding system shown in Fig. 2.

This embodiment of the invention is provided on a plug-
in circuit card intended to be interfaced with a data
processing system having a system bus that operates in
accordance with the Micro Channel interface speéifica-
tion {Micro Channel is a registered Trademark of the
International Business Machines Corporation of Armonk,
NY).

In this embodiment, the Local Memory 32 and Buffersi
(FIFOs 26 and 28) are sized in accordance with the
description provided above in Section (A). More specifi-
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- 12 - In order to acconmpdate a short-termrate m smat ch between two
adj acent processes 20, the size of the interposed Buffers are determned in

accordance with the expression: SIZE OF BUFFER[ err] = [err] x Pmax,
(1) where Pmax is the Processing tine interval or maxi mum
processing tine, for each conputational procg [err] Is a data rate
produced by the [err] [err] is a data e e fromthe next foll ow ng
Process[err] . ami2 cal? Ltﬁegcﬁr&%scsaﬁeqamﬁsmgﬁ&; 1 R gqu bit

process- pi peline achi evi ng.go at a-flow |

process- pi pe- 4 ine 15tF ﬁ? 9 zée d 3%’u %’a’fte ﬁ%%?’s 2?‘““ fﬁ%”@Rl B 14a

i s consi dered separ a®®I5he BAEHL M‘PE"@F%e}?( i o'ﬁh‘?/m"tiﬁc‘!;‘;FsFéﬁiilﬁBlsl"e§8BF%5é§
occurs, Pmax in EquatilorallProcessepl a@;.e@nbytm“trwtdprh@eﬁm&%ﬁdﬁs t he

interface data Buffe[pds 4a,, b 92)Bradt dehséiFenas cBpAE oRf.0aaG e tp t he
relationship: and 42 conform to the Joint Photographic Experts Group
(JPEG) baseline specification. -
In a presently preferred embodiment of the invention the
DCT device 40 is a L64730 Discrete Cosine Transform
Processor that is available from LSI Logic of Milepetas,
California, and the DCTQ device 42 is a L64740 DCT
Quantization Processor also available from LSI Logic.
The construction and operation of the DCT 40 is des-
cribed in a publication L64730 (July 1990), and the
construction and operation of the DCTQ 42 is described
in a publication L67440 (September 1990). These publica-
tions are also available from LSI Logic. Both of these
devices includes internal data buffers (BUFF 40a and
BUFF 42a). An external 64 byte translation buffer 44
operates in conjunctioh with the DCT 40 and the DCTQ 42,

as described below.

Control logic is contained within Programmable Logic
Devices (PLDs), specifically a SYSTEM CTRL LSM 18a and
an XLATE CTRL LSM 18b. The circuit card functions to
perform image data encode/decode specific processing.

The abovedescribed JPEG compression/decompression algo-
rithm that is illustrated in Fig. 5 can be divided into
three tasks.

1. The nonadaptive Discrete Cosine Transform (DCT) -
based on 8-by-8 blocks of image elements.

2. The uniform midstep quantization of the DCT
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SIZESRIB = [err] x Tmax. (2) I'n accordance with the foregoing an
aspect of the inven- tion provides a nethod of defining-a sequenti al
process- pipeline for use in a data processing system The method incl udes
the steps of (a) defining a plurality of data processing stages each of
whi ch executes a Process on data organi zed as data bl ocks. Each of the
stages is defined so as to, by exanple, segregate data-dependent Processes
from dat a-i ndependent Pr ocess%s. A next step of the nethod éb%: serially
couples the plurality of (S HAGI: 25pPitedentinasfuRRId oAt 258t her i n
an order sel-ected for accopHimitedfoxr Hemdn edsydlopessiptdon and compacted

- 13 - function. A third st epnoferigth o8diigd ()i des, at an interface

bet ween adj acent ones of the serially coupled data processing stages, a

data bl ock Buffer and | | controller for controlling _the transfer of
[hedt nittrugh Vicsg 8

dat a bl ocks across cFFBiFe(B)e entropy Of the quantized
DCT coefficients.

The system illustrated in Fig. 4 partitions these t;sks
such that the DCT 40 performs the nonadaptive DCT func-
tion, the DCTQ 42 performs the gquantization function,
and Run Length Coding (RLC), and the Processor 30 per-
"forms the VLC decompression function. As such, and
referring briefly to Fig. 6, the Processor 30 corre-
sponds to the Processi of Fig. 1, the DCTQ 42 corre-
sponds to the Process,,, of Fig. 1, and the DCT 40 corre-
sponds. to the Process,,, of Fig. 1.

In gerieral, the VLC function that is executed by the
Processor 30, when encoding image data, is a table
lookup operation that cokresponds to a mapping between
source symbols and variable-length codewords. When
decoding image data, VLC is generally accomplished by
tracing along a coding tree until the decoded data is
reached. The VLC coder maps the input data into vari-
able-length codewords. As was noted above, for the
baseline JPEG method that is employed in the presently
preferred embodiment, the Huffman coder is used to
reduce the entropy of the gquantized DCT coefficients.
That is, the Huffman coder reduces the average number of
bits that represent a symbol, without destroying the
original identity of the symbol.

For image data decoding, compressed image data is moved,
under Host 14 control, from a Host bus 46, through a
Host bus Interface 48 and, via a System Bus 50, to the
local SRAM 32. The system bus 50 and an Image Bus 52 are
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Fig. 2 is asinplified circuit block diagram show ng an enbodi nent of an
| mge data codi ng and decodi ng systemthat is constructed in accordance
with the process- pipeline architecture of Fig. 1. The purpose of the
systemis to perform conpression (encoding) and deconpr essi on (decodi ng) of
i mage data. For encoding, an inmage in an |nage Menory 22 is passed to a
Conpr essi on/ Deconpr essi on (CODEC) device 24, and the resulting conpressed
data is placed in anbékit pohtéifdd 2thin thebserfians «t chageircsncast,odi ng
and_t he T esul LT ng. de e g e ey 2 (o
-data_ig store n e.lm [ or
di spl ay and/ or subse;s‘yr%qrgl%‘é:r‘])f1 %arl o%é‘sglfnéétaA%F%%szﬁerﬁr%cgégogf rge%%uurpﬁeed
between a | ocal Menoidterserhirn hovndepyitlépl Foasgomplighed ith-Fre) Bgsand an
Address FI FO 34. Thethatdieescéitadngd withiesthddntenfiacel 48ddpessébcadf- bl ocks

Control Regi Ster 36 P e e e ot ho L au I F

as, an i C : -FI FO 28
for receiving and stb'%dl%r?ataa aa%laogggéggée?jﬁslgﬁ gﬁ%ﬁ?idoatﬁge?%gy Sader
i nforma- tion incl uddredpte the SBAY, 3%- The Fi¥aflidh 483) 1% 288dgR% cth%hed

bel ow. I n this enbextcessbroi0 tand isvesed b inieiBEDER: 2deqempressiyyes t he

i mage data using a dbf @Rl B1688I0FE 1hi§d Halh By PRd)DOTAS € CarkD AL EBSIE N
algorithm A present)‘ preferred DCT approach is one based on the Joint
Phot ogr aphic YO 992°160

At the termination of the encoding of a block of image
data by the DCT 40, the DCTQ 42, and the VLC performed
by Processor 30, an Acknowledge (ACK) flag 48b is set by
the Processor 30 to indicate that a block of compressed
image data has been stored within the SRAM 32. The ACK
flag 48b is read by the Host 14 and is used to initiate
the movement of the compressed block of image data to,
by example, a mass storage device 15.

The local Processor 30 is embodied within a Digitél
Signal Processor (DSP) that performs interface func-
tions, Header parsing on the compressed data stream, and
VLC. One suitable embodiment for the DSP Processor 30 is
a TMS320C30 device that is available from Texas Instru-
ments. It should.be realized that a Digital Signal
Processor is not required to implement the invention,
and that any digital data processor having the required
speed and processing robustness-may be employed. A
Reduced Instruction Set (RISC) processor is another
suitable processor—-type.

DSP Processor 30 performs the VLC decémpression function
and composes blocks of Run Length Coded (RLC) image data
from the data stored within the SRAM 32. Processor 30
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- 14 - Experts Goup (JPEG baseline, as described in LSO IEC JTC1/ SC2/ W&8
CaTT SGVITI JPEG 8-R5.2 May 10, 1990. This algorithmdivides a source

i mage into 8x8 bl ocks of inmge data el enments, and then processes each of
the bl ocks. The processing of a block of image data is shown in the
symetric logic flow diagramof Fig. 5. Pri 1o conpression, imge data
Is level shifted by subtracting 128 (8 bit precision). A DCT device
process- es bl ocks ofafeb @reducesiadHpadskiqay taebhtéicidnts. WihehHeadeit hen

quantized in accordangg,giihl, 3Bb4h «f,et_-tmc@pismst abéﬁ.poaawm €he THEr

wei ghts are based on kno t.he, humgn e t -
frequenci es. The resu ‘?‘?‘”Ice f?’é‘ﬁ&g‘ E%SSHﬁ%pqua |]z:§ 1on &h&a fis then
coded through a | oss|REeckenaFepkrans4PRELS S¥nHIBEY Hastt AArF &PPaBR®R | engt h
coding (VLC),  as desciagadFDyo [28AasHub + ietn wot'ds .VeEddd dada klleekChbast ruct i on

Puntl et g | e e o S s
I(‘Q‘lggn (ﬁzéé 9L, as_shoun g ??gn emt)ll oyed

Processi ng, John Wle
| ossl ess entropy codiPtPake@fin? “‘Bbtﬁ‘cdf‘d? hfé@E ensc kA 8 eorag L ef

Length Coded (RLC) image data.

The DSP Processor 30 first initializes the DCTQ 42 by
loading internal quantization tables and then, for each
block, provides an Image Memory 22 target address for
the block. The target address is loaded into the address
FIFO 34, as shown in Fig. 3(c). This address is later
used to store the decompressed block of image data in
the Image Memory 22.
! .

The SYSTEM CTRL 18a initiates image data processing when
it detects that at least one address is contained in the
Address FIFO 34. This condition is indicated by the
EMPTY status flag of the address FIFO 34 being de-
asserted when the Processor 30 loads the first block
address. In response to EMPTY being deasserted, the
SYSTEM CTRL 18a reads the first block's Header from the
Input FIFO 28 and stores the Header information in the
register (REG) 36. REG 36 outputs control signals that
are applied to the DCT device 40 and to the DCTQ device
42 to set their internal characteristics for processing
the ensuing block data output from the Input FIFO 28.

Specifically, the DCTQ 42 receives four control bits
from REG 36, the four bits being connected to the
MODE.Q, COMP0O, COMP1l, and RESPRED input terminals of the
DCTQ 42. These terminals are used for controlling the
following functions, as described in the above mentioned
DCTQ publication L67440.
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RLC) Eake advantage of the fact that the stream of DCT coefficients

frequently contains |long runs of zeros. The af oredescri bed
characteristics of the process-pipe- |ine 12, when used in a CODEC based
I mage processing system -provides the follow ng advant ages. Because of

the inherent synchronization nechani sms, the22yStem 10 user need not be

concerned w th the exgpk.§i m ng ofsdieedabie LECARS Shbernsd L@AWEiZALE

processes in the process-pipeline tla Qgeur in correct sequence. Al'so, the
FI FO nmenory inserted bet vveerayﬁr oceRis -

15 - snoot hes out " f ICO¥PRatGARE | S/URSLE MR IDENPEFESEST t ransfer rates of the
data fl ow. Furt her mESPRED he sel fRezcitsvehedntansll 8 giredibtdrsneh&ont r ol
nmakes between-boundary processing yyynt states

The DCT 40 receives one control bit from the REG 36, the
control bit being connected to an INTER input termihal.
The signal'on this terminal, when high, indicates that
the device is to operate in an inter-frame mode.

In operation, the DCTQ device 42 produces 64 coeffi-
cients per data block which, after passing through the
DCT device 40, become 64 bytes of decoded image data. In
that the DCT device 40 producés a scrambled (but consis-
tent) ordering of the output data, a translation is
performed by the data buffer 44. This translation is
accomplished by the XLATE CTRL 18b controlling the
address inputs of the data buffer 44 so as to store the
decoded image data in a desired order. The reordered 64
bytes of decoded image data are then stored within the

- Image Memory 22, beginning at the address contained in
the Address FIFO 34. This address is applied through a
Gate (GT) 58 to the address bus (ADDR) portion of the
Image Bus 52, and is latched in an Address Latch (AL)
contained within a Memory Controller (MEM CTRL) 22a. The
contents of the AL are automatically incremented so as
to store the entire 64 byte decoded data block. A Dynam-
ic RAM Controller (DRAM CTRL) 22b controls the timing of
the accessing of the 4 Mbytes of Dynamic RAM that com-
prise the Image'Memory 22.

This process continues until the Address FIFO 34 becomes

EMPTY, indicating that there are no further blocks of
compressed image data to process. '
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transparent, and thus relieves a programmer from having.to consider a

d obal tine schedule for the processes propagating through the

process- pi pel i ne 12. Encode Processing For encodi ng (conpression),
unconpressed source images are initially stored in the Image Menory 22. The
Pro- cessor 30 first prepares the CODEC 24 jazr encode pro- cessing by

| oadi ng internal tables and perform ng other 'necessary functions. The
encode process i S COrHorOih&gk lauthheéndodVing. sddictoriniages Nirdel abhtyinedcin

encodi ng of a bl ock qf,.d 8 t tri
encod ng L2 (H)Q:he Phige MiRoky™M2L8 pheatRirb Bl tndy BO At aiRefelri EVE

e JTh eader.” contal ni ng CODEC 24 contrpl_.information,
s then stored in t ha=eBATDIEHAREIes &t aRoLH dnah STERAYS (HELTHDRRaSE. The
Processor 30 then | od@&atdfe 3Qdgranes meroseeeng-t The REPLIRSRBFYE 2P sour ce
addresses for each i pagpatied ahkl etkcdi®z ber@rfor eessedproceBsing Jyb) shows an

exenpl ary content of ﬂolaaiﬁggmﬂe Fht 33 rbOss t1hi BEIOENE AickoeReQie naRAL at i on.
As can be seen, the Iegghl FOQ Zglcqtnt Lns b%u.rl%lahtl\/ q__fhel-g er428I fole ks,
each of which include &25h RS JE TP i183948T BAS APl e dat a
bl ock of image data tHpgt 2PRroprépEg quanthzatipagtaiesyrnd sherlpadipg) shows
an exenpl ary con- tertheoAddtessAHIF@SH WiEWD InkgefMdmogy 22 ttergetheddness- F| FO
28 contents of Fig. Iebreradn Bisdk I#AYWS Ha)§xenpl ary content of the
Qut put FIFO of Fig. 2 during and after the inage encodi ng operation.

The SYSTEM CTRL 1l8a initiates the encode process when it
detects the preéence of at least one address in the

Address FIFO 34. The SYSTEM CTRL l18a reads the first

address from the Address FIFO 34 and transfers the

address to the Address:Latch of the Memory Control 22a.
Subsequently, the SYSTEM CTRL 18a initiates the access

of the corresponding block of image data in the Image

Memory 22. The SYSTEM CTRL 18a then reads the first

block's Header from the Input FIFO 28 and stores the

Header in REG 36. The stored Header information is
"applied to the DCT 40 and the DCTQ 42 to control encode
processing parameters for the image block, as described
above. Image data is read, under control of the XLATE

CTRL 18b, from the Image Memory 22 into the buffer 44,

which then.passes 64 byte blocks to the DCT 40, also

under control of the XLATE CTRL 18b. In the encode mode,

the buffer 44 provides synchronization of the input data
stream to both the DCT 40 and DCTQ 42. Coefficients

output by the DCT 40 pass through the DCTQ 42 and become

a stream of compressed 16-bit image "events". The image
"events" are stored in the Output FIFO 26 for subsequent
retrieval and VLC by the -DSP Processor 30. The DSP

Processor 30 has an input coupled to the EMPTY flag of
" the Output FIFO 26 for detecting when the first byte of
compressed image data is stored therein.
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- 16 - After providing the Header Information for a block of inmage data to.
the Control Register 36, LSM 18 sends a read request to the | mage Menory 22
to read a block of image data into the CODEC 24. The CODEC 24 encodes the

i mage data bl ock and passes the conpressed i nage data to the Qutput FIFO 26

for subsequent retrieval by the Processor 30. 2V\hen t he CODEC 24 conpl etes
the conpres- sion of a full block of data, it Yenerates an End of Bl ock

(EOB) signal to the LSM 18nglds laaSpddests L56reabhd &inf eREaidrkhs ﬁ%‘bVQA.

mage data bl ock {1om s ““%ﬁ*ﬁ?&é‘%’é@ﬁ?ﬁ{ s e PHLOP I FebiEnd B

processed. The LSM 18 Rf&F SSPRATPH LR Addzens TR 3t aad;: Blegk processed
by the presence of a figadese inemgthéinpuy PIFOs88s s @elll ess the wihidiAddr ess

FIFO 34, as indicated diy ehbedet amegefbiider dwidr esstidl borgdk EYFd 261 gnal
i ne. Decode Processing For decodi ng (decorrpre55| on), conpressed bl ocks
of image data are placed in the Inpu t FI FO 2 thhe Processor 30. The

Processor 30 initiated®afa" M FEEPHSNE FEE%CE A% taditeaared &Kk tBent r ol
parameters, such as tR¥eeeped @fr ébet%rﬁél adddessreydndtiate khe DBB142 and

DCT 40 processing of image data, and continues to control the
processing of image data so long as an image data block
address exists within the Address FIFO 34. Thus, the use
-0of the Address FIFO EMPTY status flag decouples the
operation of the fixed processing cycle Stages (DCTQ 42
and DCT 40) from the variable processing cycle Stage
embodied in the Processor 30. Similarly, the use of the
EMPTY status flag of the Output FIFO 26 decouples the
Processor 30 from the fixed cycle DCT and DCTQ stages.
Furthermore, in conjunction with the operation of the

Processor 30, all image data processing (coding and
decoding) is performed asynchronously to, and in paral-
lel with, other processing tasks that may be performed
by the Host 14. :

It should be realized that although the description has
focussed on the processing of a single block of data,
that during normal operation a number of blocks are
typically moving through the process-pipeline. For
example, compressed image data is stored within the SRAM
32 awaiting decompression, the Processor 30 is perform-
ing the VLC operation on a data block being prepared for
decompression, one or more data blocks already VLC'd by
the Processor 30 are enqueued within the Input FIFO 28,
and the CODEC 24 is processing a current data block
under control of the Header information that is associ-
ated with the current data block.
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control bits. The decode process is controlled by the LSM 18. Prior to
initiating the decode of a block of data, the LSM 18 reads the Input FIFO
28 to retrieve the Header of the block of imge data to be processed. The
Header, contai ning CODEC 24 control information, is then stored in the
Control Register 36 and applied to the CODEC én_The Processor 30 al so

| oads the Address FIFO 34 with | mage Menory 22 target addresses for each

i mage data bl ock to beegepcarsed. Fig.FieQ. tikrd) 16 hn o0 REeEPbatidencent ent of
L gg | nput Fl FO 28 for barew_ém%edaé@se%wd&qufﬁgf efffoafinf 28e #1938 Uung iYc?n
is interspersed with BPEcRYGr PFRGRRS BARSL LiS RS toFtuin ek [im): As
identifiers. Fig. 3(cFaznefvsegh eienpgaskrondmetion of thee dathliridoy &t R@®e34 of
Fig. 2 for the Input BybteRGesoniantiatefcdptgon Hoahdary Akl omi ng this
operation, the LSM 18 ,3g&hgh i's58d oy Rfe Processor 30, in conjunction with

the RDY and ACK flags 48a and 48b, respectively. The

SRAM 32 functions as the input and output buffers (i-1)

of Fig. 1. Stage, is comprised of the Processor 30, the

SYSTEM CTRL LSM 18a, and the Input'and Output FIFOs 28

and 26, respectively. The processing that occurs within

Stage, (VLC) is data dependent, and requires a variable

number of processing cycles. Synchronization of the data

flow between Stage, and Stage,,, is accomplished by the

SYSTEM CTRL LSM 18a, in conjunction with the EMPTY flag

of the Address FIFO 34 (not shown in Fig. 6). Stage,,,

and Stagéﬂa are comprised of the DCT Quant 42 and the

DCT 40, respectively. These %tages:operate in a data-~

independent manner and have a fixed number of processing

cycles for each data block. Buffers,,, of Fig. 1 are

implemented with the internai buffers 40a and 42a of the

DCTQ 42 and the DCT 40. Control of the data movement to

and from the 64 Byte Buffer 44 and the Image Memory 22

is accomplished by the XLATE CTRL LSM 18b.

Although described above in the context of a system for
compressing and decompressing blocks of image data in
real time, the process-pipeline architecture of Fig. 1
may be also be applied to data processing applications
other than image processing. Also, a number of modifica-
tions may be made to the presently preferred embodiment
of the invention that is shown in Fig. 5. For example,
the operation of the image processing system may be
enhanced with the addition of a block 64 that performs
motion compensation in accordance with the MPEG (Motion
Picture Experts Group) standard. For this enhancement,
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Inputt FIFO 28 to retrieve the first word of conpressed data for the bl ock.
The CODEC 24 begi ns decoding the data and sends a READY indication to the
LSM 18 for additional data. The LSM 18 continues to read the Input FIFO 28
in response to each CODEC 24 READY indication. The CODEC 24 identifies the
ECB for a block of inmage data read fromthe dsnput FI FO 28 and indi cates
this condition to the LSM 18 by driving the EOB signal line. The LSM 18
waits until the decdd®dippmes off ihagrjdagatthatsare ghered médhinokhe he CODEC
24 to the | mage Menuimag22Memory Rbhedre epbtiactelcambere-plesessed byptheess i f
there are nore bl ocksert Qobeal¥QCeeRad ruadeididi ﬁﬁ%@ Ji'&%dsi)ﬁt&uaf t he

Addr ess FI FO 34 EI\/P}\{kl%éat us, dselag r?terltjarég 628%%%}9411 |g2

as
detailed circuit bl |aramo pres- entI rrent of the
i mage data coding arﬁi‘Pd‘é‘éb'éﬁ ri’g‘dsy@‘é’%ﬁ@ﬁowgien ﬁagth?“gh ?H?s‘”é’r%’odl nment of
the invention is prountgdedacs 62.prhese iovher rinnctigwr day nincddde, tandbere

I nterfacgd Wi th ?hdteﬂo% &iﬂp&%wg ﬁﬂéﬁj’eegbm\ﬁbngcﬁoi)/féxﬁiérbﬂ&nl haliteper at es
in accordance wi an C

Channel is a regi stergd ’I"&E gﬂ Pe% "{FEL?{ nt ér nacf h‘} uesj‘l;l ess%gﬁl nes
Cor por ation of Arnor¥: KY§. DT #H M $henPoig Aémay Pﬁe"“?&i@&? NERP®52 and
Buf fersi (FIFGs 26 amdgasprcmessanmincmmc@pdmmrw tttnqthenﬁeq#dweﬂ?pu on

provi ded above in SaglanOfmddd dablléhdoR@fgfdmd decoding.

Thus, while the invention has been particularly shown
and described with respect to preferred embodiments
thereof, it will be understood by those skilled in the
art that changes in form and details may be made therein
without departing from the scope and spirit of the
invention. _ i
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YO 992 060 - 18 - .cally, the circuit
card contains three 1 Kby 18 bit FIFOS 26, 28, and 34, and a 256 Kbyte
Static Ram (SRAM as the Local Menory 32. The circuit '
| ocal Pr ocessor HM‘MIMHE processi ng devic
that conprise the s 40 and- 43 confor:
Phot ogr aphi ¢ Experts & oup (JFSEG) basel i ne specificati on.
preferred enbodi nent of the invention tHMeLDETL #eSice 40 is a L64730

Di screte Cosine Transform Processor that is available from LSl Logic of

M | epetas, Califor nlr.la letc‘i’ gﬁgtg.;rll_g@ggégf_ﬁggei&e e5P4ALA0 P fManti zation

Processor al so avai [abl construction and operatlon of
the DCT 40 is des- cri be&RFISHSSIPAGTYSEERY SFPPEXFRI: (July 1990), and the
construction and operation of the DCTQ 42 is described in a publication
L67440 (Septenber 1990).a Hhegal pipldfCprotedding aftagak Séachvak | abiah from LS|

Logic. Both of these dev%gtbgcé ydeseLbot &l Ra i? Qﬁlgﬁnﬁgdc ggsdgtl;yFF 40a and

BUFF 42a). An-external c){ct e transl ati 0{1
s, said plurality o processing stages being

. serially coupled one to another for passing data

blocks therebetween, a first one of said processing
stages being coupled, at a data processing system
resource interception boundary, to the data pro-
cessing system for inputting data from and for
outputting data to the data processing system at a
first data rate, a last one of said processing
stages being coupled to a data source and/or a data

" sink operating at a second data rate that differs
from the first data rate;

each of said processing stages including data
buffer means interposed between the processing
stage and an adjacent processing stage, said first
processing stage further including interface data
buffer means interposed between the data processing
system resource interception boundary and the first
processing stage; and wherein

a SIZE of each of said data buffer means that are
interposed between adjacent processing stages is
determined in accordance with the relationship:

SIZE OF BUFFER, = (RP, - RP,,,) x Pmax,

where, for a processing stage that executes a
Process,;, where i is Process sequence number
associated with the processing stage in the
process-pipeline,

YO 992 060
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operét es in conj ur’ft‘ri'o"n with the DCT 40 and the DCTQ 42, as descri bed

bel ow. Contr ol wi t hin Programrmabl e Logi ¢ Devi ces

(PLDs), specifi caI I ﬁumlmmmﬂﬁ SM 18a and an XLATE CTRL LSM 18b. The

circuit card functions to perforfm Fnage data endpaerdes it e TSR

processi.ng. The abovedescri bed JPEG corrpr;(?m nﬂ'dlﬁc@iﬁﬁ:ﬁTeHASﬁEENI o- rithm

that is illustrated in Fig. 5 can be divided intlo. t hr BEPLAGED. I The

nonadapt ive Discrete Copmag ig anmbheimin PSde requimgtgy ockosggf2
Y

|mage elements. 2. Thgoulld of BhEh 4AGER WHANtRE FrbBlsL) the DCT

060 -

YO 992 060 -

RP, is a data rate produced by the Process,, and
RP,,, is a data rate from a next following
Process,,,.

A sequential process-pipeline as set forth in giaim
1 wherein, for the first processing stage, a
SIZE_SRIB of said interface data buffer means at
the system resource interception boundary (SRIB) is
determined in accordance with the relationship:

SIZE_SRIB = (RP, - RP,,)) x Tmax,

where,

Tmax is a maximum time required to accomplish a
non-computational event. i

A sequential process-pipeline as set forth in Claim
1 and further including local control means associ-
ated with each of said processing stages for con-
trelling the execution of the Process by the pro-
cessing stage.

A sequential process-pipeline as set forth in Claim
1 wherein said data blocks are comprised of image
data.

A sequential process-pipeline as set forth in Claim
4 wherein one of said processing stages executes a
Discrete Cosine Transformation Process, one of said
processing stages executes a Discrete Cosine Trans-
formation Quantization Process, and wherein one of
said processing stages executes a Process to reduce

N
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coef ficient using weighting functions that are opt ==

vi sual perception and co n Lengt h Codi
Huf f man VLC to reduce thmmﬂmlllﬂl‘“ﬂ“ﬁuantized DCT
The systemillustrated in*Figy. 4 farfitions these t ask: =H
40 perforns the nonadaptive DCT func- tion, DCTQ 42 performs t he
quanti zation function, and Run Length Codi ng ( 0, and the Processor 30
per- forms the VLC deconpr assieaBrépy@lsi glantASed Usihcrabsl dosifs g sebieil ¥
to Fig. 6, the Processor 3q__i%%r£_gef gn slo the Processi of Fig. 1, the
DCTQ 42 corre- sponds to th r 0Cess err .of Fig.-1, and the DCT 40
corre- sponds to the Process[err] of Fig. 1. In general, the VLC
function that is execufed An tihagProoeesving3ystrencemmpuding: i mage data, is
a table | ookup operation that corresponds to a nmaepping between source

symbol s and vari abl e-1 ength, %QQSX‘QEH Onsybg&sdﬁggeqligg AJI%??TQ&"%? VLC is

general |y acconplished by tracing a ihe decoded

data is reached. The VLC cd@rakhis #h@r??ﬁiﬁﬁ“ﬂaﬁtég??lte@c?}a?? whigPe-) engt h
codewords. As was noted abdwnslufes meassbferlexkacutiRER rAgthess tdmtimage

enployed in the presently pathesrgthieabosd Mhage dalie mcﬁcaarsa@dgmufﬂi@ed
to reduce the entropy of thg H@@ééﬁ%g %Bfgoﬁé{dgchgﬁail 1'ec°s oxtné“:%aol

Huf f man coder reduces the ave e nu é g vy
another for passing 1mage data blocks there etween,

a first one of said processing stages being coupled

wi t hout destroying the

to a -data processing'system for inputting
compressed image data from and for outputting com-
pressed image data to the data processing system;
wherein

said first one of said processing stages is coupled
to a second one of said processing stages through a

i i plurality of buffer means, including an image data
input buffer means, an image data output buffer
means, and an address buffer means, said address
buffer means storing addresses each of which
identifies an initial address of a block of
addresses within an image memory means, each block
of addresses storing a block of decompressed image
data.

7. An image processing system as set forth in Claim 6
wherein said second one of said processing stages
is further coupled to a third processing stage,
said second and third processing stages each in-
cluding means for performing a decompression Pro-
cess on a block of image data; wherein said pro-
cessing means of said first processing stage stores
at least one block of compressed image data within
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original identity of nbol . For imge data decodi ng, conpressed

i mage data is rn)ved,lmaﬁm H’!ﬂﬁlﬂfntrol, froma Hosg=hus.46__through a
Host bus Interface 4 y ®iem Bus 50, to the|| lwrebHBRAMAZ RN
system bus 50 and an Inmage Bus 52 are YO 992 060 REPLACED

- 20 - both contained within the confines @0 the ci rém
coupl ed together through g System Bus Gate 54. Synchronizatjqn of data
transfers at the systemﬁaelgogPB‘ét i"f‘l‘lngEéﬁﬁ"ﬁna‘bdoﬁﬁ,d%\‘{‘vefﬁa‘”r?‘i&cE%H)I i shed

with two flags that are assiweaseuffgrt heang,héhe mddresgddgaptifyyagi theal - |y,
& Ready (RDY) flag 48a imitehlBlddreokiosddrbdséd wibRim alagdt imigeanbhesk of
conpressed image data hag ReephSlddntdnd dddhptal3tnagln8a Py sf La%pd82a i s
read by the Processor 30 .and.Is ed to |t-|atfe Lhe econpressi on of the
rse:-[aﬁg:ignao([\%{eerlmd 42 e decompression Pro-

bl ock of image data by t¥f&

cess.

8. An image processing system as set forth in Claim 7
and further comprising means, responsive to the
storage of the address within said address buffer
means, for initiating said processing means of said
second and said third processing stages to perform
the decompression Process on the block of image
data stored within said input buffer means.

9. An image processing system as set forth in Claim 8
wherein said processing means of said first pro-
cessing stage also stores information in said input
buffer means for specifying decompression Process
control information to said processing means of
said second and said third processing stages, and
wherein said initiating means further includes
means for reading out the information and for ap-
plying the information to said processing means of
said second and said third processing stages.

10. An image processing system as set forth in Claim 6
wherein said second one of said processing stages
is further coupled to a third processing stage,
said second and third processing stages each in-
cluding means for performing a compression Process
on a block of image data; wherein said processing
means of said first processing stage stores infor-
mation in said input buffer means for specifying
compression Process control information to said
processing means of said second and said third

YO 992 060
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At the term nation of. the encedi-ng- of a bl ock of inmagey : H10,

the DCTQ 42, and the Processor 30, @n % BEm
flag 48b is set byt ﬁ o i ndi cat e that rmrelsed
I mage data has been . |n; e SRAM 32. The ACK flag 48b 1s réad by

the Host 14 and is used to initiate the rmverﬁént of the corrpressed bl ock of
| mage data to, by exanpl Iju_,Oat:egsrass st.orage d v ce 15. The Ioc Processor

30 is enbodied within a gsr%glge ocessBroc(eﬁgli’Tgt“}?gflsf fs s
interface func- tions, %’o‘é"— BLRES (FYrbhex REOE bt 2Bsaddress: Yithinegaid and
VLC. One suitabl e enbodi neddreserby ffierDofaiy,0the satdrass | sleat THENZOEB0 device -

that is available from TexatihDSiddiesBEHE bhbcrsmumdé&sesalhmdnt hat a
Digital Signal Processor 1§k, e%‘éh%?? .Jie%rnks”ﬂmee@g% Ié"gtwéépemog&ma“d

that any digital data processor av Céssin
robust ness may be enpl oy RFSSECR °Fn’s‘ﬁgﬁc ?%h that ’(ﬁ?ItSC‘?e feBcessor i s
anot her suitabl e processmresgpe. DSP Processor 30 perforns the VLC
deconpression function and conposes bl ocks of Run Length Coded (RLC) inmage

data from the data sygred s hid JNR.SRAM 39se bl 425507 eodln NOIPn 0P
and further comprising means, responsive to the
storage of the address within said address buffer
means, for initiating said processing means of said

second and said third processing stages to perform
the compression Process on the block of image data
stored within said image buffer means.

i12. An image processing system as set forth in Claim 10
wherein said processing means of said second pro-
cessingzstage stores the compressed block of image
data into said output buffer means, and wherein
said pfocessing means of said first processing
stage is responsive to the storage of compressed
image data within said output buffer means to read
out said compressed image data.

13. An image processing system as set forth in Claim 6
wherein said second one of said processing stages
is further coupled to a third processing stage, and
wherein:

said third processing stage executes a Discrete
Cosine Transformation Process on a block of image
data to generate a plurality of coefficients;

YO 992 060

This Sheet Has Been Reﬂlaced

(TR




21 - also produces ﬂ,mm” each bl ock. The Header contains, on a
per-bl ock basis, setu ,{W devi ce 40 T VI ce 42.
The resulting data bl ockstare t ans ed by the DTH@E;H '

i nput FIFO 28 as 16-bit words. Each data block is

correspondi ng setup Header word, and term nated by -aF&EB Yol shown
in Fig. 3(a). Each bl ock of a data nay |ncI U'dézf'rom one to 64 words of Run
Length Coded (RLC) inmage d P e i rst i t|aI|zesthe
DCTQ 42 by | oading inter na?équanfmat 1on é%l% Eé ﬁéutessf ormeac B ock,

provi des an | mage Menory 29°%ieg Efa’éﬁfd’Fgégi%P“‘?’Ffe‘zBFb‘&'k Profess a8t
address is | oaded into thebbaitk egsilﬁqéodeiﬂa, apdfherrinn Fig. 3(c). This
address is later used to store t he deconpressed bl ock of inage data in the

| rage Menory 22. The SY&], gg ]pt}%gégé}dgaggé%é ggg&he A P:F&Ceesésf:%g when

it detects that at | east one addr ess contal ne dress

This condition is indicatetePiFe ik SBUEPRY AL Ehe Fuanhizsd PHECTRif £981%8 FO 34
bei ng de- asserted when t hErimsdormation3goeffddéentise first bl ock address. In
response to EMPTY bei ng deasserted, the SYSTEM CTRL 18a reads the first

blhock s Header fromthg, '”ﬂlr'tmglgg(%x%%eéé‘ﬂagﬂs%@eﬁnt@@mﬁﬁ%‘l% information in
the

means for interfacing said image processing system
to a Host data processing system, said interface
means including a memory buffer means for storing
compressed image data that is received from, and
that is output to, the Host data processing system;

first processor means coupled to said memory buffer
means for composing into blocks of compressed image
data the compressed image data that is received
from the Host data processing system;

image buffer means for storing uncompressed
imagedata; and

means for compressing and decompressing (CODEC)
blocks of image data, said CODEC means being
interposed between said image buffer means and said
first processor means, said CODEC means being
coupled to said first processor means through

' ' buffer means, said buffer means including an image
data input buffer means, an imagé data output
buffer means, and an address buffer means, said
address buffer means storing addresses each of
which identifies an initial address of a block of
addresses within said image memory means, each
block of addresses storing a block of decompressed
image data.
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regi ster (REG 36. REG 36.outputs control signals that are applied to the
DCT device 40 and to the DCT device 42 to set their internal

characteristics for pr l!"tﬂ!ll mtl ng bl ock data._outp
FI FO 28. Specifi call y i ves four co
the four bits being connecte to t eIVL‘DEO 3C0VPO, o6

I nput termnals of the DCTQ 42. These term na S aretssed.
the follow ng functions, as described in the above mantloned DCTQ

publication L67440. 15“3 3921£¥H$ processing system as set forth in Claim 1422 B

MODE. O Sel ects on n erna uanii zati on
tabl es COVPO, COWVP1 Sef"g% din sbt‘t" h (E5E RESE ﬂﬁ%’ﬂ?@ﬁa“s storeg at.leash o

i nternal DC predictors wRBf block of °°mPress% dmage PpkapEthdp sakki ves one
control bit fromthe REGi8gyt tbadfenmeaank dnd abeadiyessnnidiiadsaid ad-| NTER

i nput termnal. The signgkesd pultiesr tnifalbNdne W@ sBi Shenti?gingtaRe that the
device is to operate in gﬂiéﬂtleglgél?‘rg% ggcgzeesses within said image memory
means wherein the decompressed image data is to be
stored at the completion of the operation of said
CODEC means in decompressing the at least one block -

of compressed image data.

16. An image processing system as set forth in Claim 15
and further comprising means, responsivé to the
storage of the address within said address buffer
means, for initiating said CODEC means to decom-
press the block of image data stored within said

i  input buffer means. '

17. An image processing system ag set forth in Claim 15
wherein said first processing means also stores
information in said input buffer means for specify-
ing, for the block of image data, decompression
control information to said CODEC means.

18. An image processing system as set forth in Claim 17
and further comprising means, respdnsive to the
storage of the address within said address buffer
means, for initiating said CODEC means to decom-
press the block of image data stored within said
input buffer means, and wherein said initiating
means further includes means for reading out the
information and for applying the informatiop.to
said CODEC means prior to the operation of said
CODEC means in decompressing the block of com-
pressed image data.
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I n operation, the DCTQ device 42_ r_oduges 64 coeffi- cients per data bl ock
whi ch, after passing through the DCT device 40, become- 64 bytes of decoded

EIEERY | L R e LA

control li ng the address inputs of the data-bgffer FFHsSo—as=to-351 the
decoded image data in a desired order. The reordered 64 bytes of H’T:oded
i mge data are then 3?or @@ dhags PropessinggeyMemny sEx fpoeh rim Gyatm lshe
address contai ned in thewhddebs saiiFfichd pltdcssafg meansi stafeRl iRfbdda—ough a

Gate (GI) 58 to the addr%&%nbﬁm tﬁoﬁﬁfﬂﬁ: Q&aﬁ$%a£n§§1§:1@9§n§ , and is
| at ched in an Address Latch % 5) at ‘[i v% P t %%@E&O”er ( MEM
CTRL) 22a. The contents SP"Phe® Ai\lf’“a?%“ Ao AEAFS! FRCPR Jeans to
store the entire 64 byt e3@@cdtRad s§ares lﬂ"oéﬂdreRSDy%ffd'rH‘ seiRaddeesirol | er
(DRAM CTRL) 22b contr ol s buligéet imsang, ofhet hédxasse $dentd foing e 4nbbidles of

Dynanmi ¢ RAM that com pria88rédi JeMBUSI MRS YaddZesses] N StDGRES Gl NUES
until the Address FI FO 34 becones EI\/P'l;\er nd.l can e% tha‘tﬁ‘t‘}%%eﬁ%%’e no

further bl ocks of corrpresse%lr’f meéns o plrso’5
block of mage data that is to be compressed.

20, An image processing system as set forth in Claim 19
and further comprising means, responsive to the
stoiage of the address within said address buffer
means, for initiating said CODEC means to compress
the uncompressed block of image data stored within
said image buffer means.

21. An image processing system as set forth in Claim 14
wherein said CODEC means includes:

a second processing means for executing a Discrete
Cosine Transformation Process on a block of image
data to generate a plurality of coefficients;

a third processing means for executing a Discrete
Cosine Transformation Quantization Process on a
block of image data; and wherein

said first processing means executes a Process to
- reduce an entropy of the quantized Discrete Cosine
Transformation coefficiehts.

22. A method of defining a sequential process-pipeline
for use in a data processing system, comprising the
steps of:

YO 992 060 .
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- 23"~ For i mge_data encoding;-source images are Wge
Menory 22. The source e obt ai ned from a
t hat generates di im\“ \Mﬁ\&“‘ at 30 frames per S)éh(jﬁ’(] £P Agggﬁe
Processor 30 prep » card for encode pkaecesstpg-—by—teadng the
I nput FIFO 28 with *ocf and DCTQ setup Head- ggs for each bl ock (Fig. 3(b)),

| oading the DCTQ 42 with the appropriate quantization tables, and then

| oadi ng the Address FlI FOd¥finindg d pdgeaNgyoes @Zatmogﬁetssanmwgesesadmr
each block (Fig. 3(d)). offThRi&YSkbiutdRla bBicdsBi bn AHa@S &éFfarAzeqdgs process

when it detects the presgpg 9{ éﬁs | gast o gngaﬁdgFg%% bﬁ ‘%gﬁﬁqggg?‘tﬁ FO

34, The SYSTEM CTRL 18a reagds tfhe first. address O 34
and transfers the addres&St §°t ?fegrﬁHBF%é?taE%‘fQﬁ? BRt BRECRBSAT F@Bntrol 22a.
Subsequent |y, the SYSTEMd@FRCindhpendent Prosesdes;access of the correspondi ng
bl ock of inmage data in the Image Menory 22. The SYSTEM CTRL 18a then reads

the first block's Header sfeEﬁ??iﬂ‘%ohBPfﬂg Ehgczrl%g g{@ gltglo&%f‘tegedg@gder in

REG 36. The stored Header ormati 0 nd the DCTQ
42 to control encode pr o@Egg?‘?FgmﬁaF&?rﬁ e ftt?r aP?lfé“ﬁrnéﬁea’bl% RT as
described above. |nmage daedested day, acandeliytngr ol desfired PIRCAFELING

function; and

providing, at an. interface between adjacent ones of
the serially coupled data processing stages, data
block Buffer means and a local contreol means for
controlling the transfer of data blocks across the
interface.

i 23. A method as set forth in Claim 22 and further in-
cluding the steps of:

coupliﬂg one of the data processing stages, at a
data processing system resource interception
boundary, to the data processing system for
inpdtting data from and for outputting data to the
data processing system at a first data rate; and

coupling a second one of the data processing stages
to a data source and/or a data sink operating at a
second data rate that differs from the first data
rate.

24. A nmethod as set forth in Claim 23 and further in-
cluding the step of operating a stage, of the se-
quential process-pipeline in accordance with the

il f\\i‘ i



“CTR 18b, fromthe | mage Menory. 22 i-nto the buffer 44, V\/mch t hen passes 64

byte bl ocks to the DCT 40, also control of tgF =-CIRl _.18b. In the
encode node, the bung:ﬂ“ ﬂu !tynchronl zat i gh TS SHEETHR .
streamto both the Coef fi ci entfs out REPLAGE

pass through t he DCTQ 42 and beconme a stream of conpressed—t6=hit—inhge
"events". The inmage "events" are stored in “t3e ~Qut put FI FO 26 for
subsequent retrieval and ylg, rshgraa%rpmgmmﬁg 17 he BRSPeFr 0ggSSOr 30
has an input coupled to bh lag of the Qutput FIFO 26 for detecti ng
when the first byte of c ﬂﬁ 34 imge data is stored therein.

- 24 - So long as an address is present in the Address FIFO 34, the SYSTEM
CTRL 18a continues to comha®l= afsysgadi ng of bl ock addresses fromthe
Address FIFO 34 and bl ock Headers fromthe Input FI FO 28, as well as the
witing of encoded inmage bl ock he O 6. As can be
seen, the SYSTEM CTRL 18§Q? t"r?’gég‘?éésg %or resen‘!:gl(%f the first address
toinitiate the local processing of inmage data and continues to €ontrol

t he . 'ELSE IF Asys is not greater than Pmax AND IF the

Buffer, , is NOT EMPTY

start the PROCESS, for every Pmax cycle;
END IF; wherein

Asys is a maximum time required to perform a data
processing system resource arbitration,

Tmax is a maximum time required to accommodate a
non-computational data processing event, and

Pmax is a maximum time required for processing the
PROCESS; .

_—

Tthh&n

Wi ﬁll
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processing of image data so |long as an i nage data bl ock.address exists
within the Address FIFO 34..Thus, the use of the Address-ELFO | EI\/PTY st at us

FI FO 26 decoupl es the Processor 30 fromthe fixed cycle and DC
stages. Furthernore, in conjunction witHh 8h& DFeha€i®n of the Processor 30
all inmage data processing (coding and decoding) is performed asynchronously

to, and in paral - IelAvﬂ en®i HE1p Rcase aagi;.@s(las that ar@Yrg_EFQ@ELﬁg Ired by
he Ho 14. I h I _
e o L e L PO, LUP, Jestar s v

focussed on the proced® i |
operation a nunber ofi®y¥ d&kbuﬁf%rqrygnehwy\grremwggsrﬁaﬁgghnpm buffer
process- pi pel i ne. For (Z8gnaheindpnaaes Sk gutber fdat a26)S ahdrad aadikbésd t he

operation on a Gata bLpc bl e aree BuLEh bERE LGifRecdd) by I"
dgta bl ocks al ready W 5’ 65 ?‘ﬁ%&ﬁg%s@’br‘"ﬁb aglr gg gdé‘vﬁqfﬁ?‘n# he I nput
FI FO 28, and the CODE®Iresisss priddesis PhglrrdeuReRaTy &i%ﬂ)a Brek les#eet cont r ol
of the Header i nfor meaddyesisbat in xhasinade mehetly stbhed e bLotk &ift adabm- bl ock.
YO 992 060 pressed image data. A local controller (18) is respon-

sive to the writing of an address into the address

buffer" to initiate the operation of the CODEC to execute

a Diéc_rete Cosine Transformation Process and a Discrete

Cosine Transformation Quantization Process.

2

-_—
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i unﬂ ] I il

YO 992 060



ﬁﬁ%&i§ Referring to Fig. 6, there is shown a correspondence between the-
presently preferred enbodi neht of Fig. 5 and the novel process-pipeline
architecture of Fig. 1. As can be seen, the synchronization of the data
flow at the systemresource interception bouqqgry 14a is acconplished by
the Processor 30, in conjunction with the RDY and ACK!f4ags 48a and 48b,

respectively. The SRAM 32 functpons as the input and é@ﬁput buffers (i-1)
of Fig. 1. Stage[err] is conpriked; of the Proce or 30, t het SYSTEM CTRL LSM
18a, and the Input and Qutput Fl kg 28 and 26, resp%ﬂi gy The processing
that occurs within Stage[err] (MX) is data depgndent. Bafd ¢ equirks a
vari abl e nunber of processing cyelfes. Synchrdnizationfof the dftaf flow
bet ween Stage[err] and Stage[erf| is acconplished b t&ee SYSJEM CTRL LSM
18a, in conjunction with the EMPEY| fl ag of tHe Addres® FEFO 34](npt shown
in Fig. 6). Stage[err] and Stagp[efr] are conprised g@f the DCJ Cuant 42
and the DCT 40, respectively. Thesg 'stages opemate In a daf a- i ndependent
manner and have a fixed nunber pf processing.ovglestor—cach_daia bl ock.
Buffers[ferr] of Fig. 1 are inplgnepted with thetinternal M0a and :
42a of the DCTQ 42 and the DCT #0.] Cbnirjol of} he dhtea n D and from
the 64 Byte Buffer 44 and the |jage 1ac:&hg:i [ he XLATE
CTRL LSM 18b. 9_1 2 5=V @ I
Lglf E ‘. b (5
~ i y 1 —
& el @ o 7 T
= g o
a | = -
o N +
< -
2 :
= -— b 3
& +
) a
8 14 r 1
h [ o
=3 E ® T \
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Al t hoygh descri bed above in the context of a system for conpressing and

decorrpreSS| ng bl ocks of inmage data in refF<FFrE—tRe~process- pi pel i ne
architecture of Fig. 1 may be also be app TG SHERTAIA BEE‘&FSl ng
appl i cations other than inage processingl| A soREBLhGﬁBer ofJl,podi fi ca- tions

may be made to the presently preferred e ~ViNO) € Tnvention that is
shown in Fig. 5. For exanple the operati e i nmage processing system
may be enhanced with [L9€MAdd tl%Of a block 64 that perfornms notion
conpensati on i n accon&e e MPEG (Motion Picture Experts Group)
standard. For this enhanfenent, _CONTROL, 26 - -
two franes of inmge datagthat are stored withln the nory 22 are
subtracted and are Pm@@gg@Reraﬁe DCT 40. A sg the é_Iunctions may be
provi ded by cou- pli-rggae—vreeo Interface 62 tp tﬁ&QPrra bus 52, and
exporting and inportind inpge data thr@8gh thfHvi CONTROLS52| The

ot her functions may ing [ ed t O— scal i ng, RS -
conversion, filter- ing ; ndotges T cuerTigTy, LY '
Simlar- Iy, the DCT 4 RS Ry lot by MORY

processing circuitry tq peyrfpr ' ‘?t I?gr t han | fape datba e1coa“n(j|-

24 DATA EOB
3 READY ADDR
ADDR FIFO
I8
EMPTY Y40 STORE

READ |LSM| READ

INPUT FIFO CONTENTS: DECODE
( (a) §[EOB DATAIDATA I [eos|paTajpaTalpATA |HI—+

4
1 o
H=BLOCK HEADER DATA A=ADDRESS
EOB=END OF BLOCK DATA=BLOCK DATA

INPUT FIFO CONTENTS: ENCODE

YR L e e e e T Y R A O et
B d4 44

An AAAA
FIG 3.¢ 3210
ADDRESS FIFO CONTENTS: DECODE

ADDRESS FIFO CONTENTS: ENCODE
(d) ¢ |An  Pajpep

1 |Ao}—

% (e)

OUTPUT FIFO CONTENTS: ENCODE

< oata |El oata. |E| Dama
N BLOCK |g| BLOCK |g| BLock

wom
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Thus, while the invention has been particularly shown and described with

respect to preferred enbodi nents thereof,
wi t hout departing fromthe scope and spirit of the invention.
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YO 992 *060 - '
REPLACEMENT SHEET CLAIMS 1. A

sequential process-pipeline for use in a data processing SYstem e
conpri si ng: a plurality of processing stages SRR @éE-quAgbegNe ut es
a Process on data organi zed as data bl ocks, said pi ural REVLM‘:EDF ocesBi ng

stages being serially coupled one to anot41/eﬁr for passtag—data—Hloeks -

t her ebetween, a first Ft fﬁsal d processi ng stages being coupl ed, at a
dat a processing- syst enfTesSoUrte i ntercepti onlMAGEDATA, to the data

processi ng system for inputting data from and fpr outputting data to the
data processing systemat a first ast one o] gcessi ng
st ages -being coupled to a data source E(g:\m : g-]gﬁ%%ééé
second data rate that differs fromthe 3 rate ‘!bl
_processing stages including data buffer neans | n§ er posed between the

r—l-

processi ng stage and an adjacent processi ng [HGRWARD a'kg)z'érst r ocessi ng
stage further DCT ) |
(64 ENTRIES) | TABLE QUANTIZE
TABLE » CODING
| % 4—]_—COMPRESSED
IMAGE DA
TABLE DECODING TA
6 _ INVERSE
i (64 ENTRIES)| TABLE QUANTIZE (8 X8)
INVERSE
DCT

LEVEL SHIFT ADD 128
IMAGE DATA ‘/L/(S BIT PRECISION)

IMAGE DATA

_ ‘ This Sheet Has Been Reililced
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Lncludi ng interface data buffer means interpo ed betme-

processi ng system resource |ntercept|o
a Sl ZE of eadg
I nt er posed between adj acent processing . z
SI ZE OF BUFFER [err] XPHBX5/F

stage; and wherein

wi th the rel ationship:

processi ng stage that executes a
nunmber associated with the ggoce Si

Pmax is a maximumtine requ
Process[err], [err] i
[err] 1 is a data rate fro
sequenti al process-pipel i neqgas
processi ng stage, a Sl ZE13

system resource interceptiﬁh
with the relationship:
Thex is a maxi mumtine required

L
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33
s
T
QWO
328 S
HSqOn
p=1-
S

|
»RDY 48a

XLATE CTRL
EOB,f sm 18b

., where i

ces

is d
] xpras

o
+

ljhedma

first processing
nmeans that are

er
Tned i n accordance

where, for a

I s Process sequence

wh

N éPnor@conput at |

N g process-pipeline,
) %% ss a data block with the
ﬁg by the Process[err], and
Qgﬁerr]+-1.

m 1 whereiny,

2. A
for the first
ans at the

erm ned i n} accordance

e,
q! event.

SYSTEM CTRL

40a,
42a
i+l
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DCT
QUANT
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s |PrROCESS

EMPTY i sm 18a

INPUT
FIFO
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i

EMPTY

READY
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28 3. A sequential process-pip

|nclud|ng | ocal control
stages for controlling the\éﬂﬂﬁ@ﬁ
urocesﬁ

ess by th ceéssi ng
‘'stage. 4. A sequential D] = &ﬂUNﬂ8@?a|n11 wher ei n
- said data bl ocks are conp |nage data 5. A sequentia
process-pipeline as set forth in claim4-8&fAereih one of said prodessing
‘'stages executes a Discrete Cosine Transfornati obh.Reosess—ome—0f said
processi ng stages executes a Discrete Cosine Transformation Quantization-

Process, and wherein one gg%éégésgﬁlﬁﬁﬁfﬁ%gﬁi@ﬂmeRs a Process to

reduce an entropy of quan scre sine Transformation

coefficients. 6. An i mage proces |S|ng a
sequential process- pipeline conyngiﬁagpiéfﬁﬁﬁkE%%ﬁg of processing stages
each of which incluges means for executing @ Process on imge data
organi zed as ta

ELAQEWHEEM further

—sattpricessi ng

- A sequential process-pipeline (12) has a first process-
ing stage (30) coupled to a CODEC (24) through-a plural-
ity of buffers, includinglah image data input buffer
'(28), an image data output buffer (26), and an address

buffer (34). The address buffer stores addresses, each
of which identifies an initial address of a block of
addresses within an image memory (22). Each block of
addresses in the image memdry stores a block of decom-
pressed image data. A local controller (18) is respon-
sive to the writing of an address inte the address
buffer to initiate the operation of the CODEC to execute
a Discrete Cosine Transformation Process and a Discrete

Cosine Transformation Quantization Process. i

Fig. 2
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coupl ed one to
"anot her for passing i mage data bl ocks therebetween CEMBWS I d
processi ng stages being coupled to a data processi y r3nuEti ng
conpressed image data fromand for outputting conpfessed inmage datp fo the
data processing system wherein said first on¢ of G&6iJUNTEessing
stages is coupled to a second one of said processifpgjstages through k
plurality of buffer neans, including a&/3nmage data i{nput buffer neans, an

i mage data out put buffer neans, and an adﬁ%ﬁiﬁ ffer neans —said..address
buf fer means storing s each of whi deatifies an initial address
of a block of addres gn | mge nenory neans, each bl ock of
addresses storing a e

3npressed i mage data. 7. An i mage

processing systemas set ¥orth in claim6 wherei n sig@NFROREd one of said
processi ng stages is furtfher coupled to a third pradcesRE®GJ age, paid
second and third prlpg each incl gdi ang 1or perfofmng a
deconpr essi on Pr ocesle—of—= ock of imge dat]a; ereifibsai d procpssing
nmeans of said first profesging stage stoges a4 | eabo -oeontrRoksof 22
conpressed inage data wthin sgid i uf feq neans—anyl_an ; ‘
INPUT FIFO COMPRESSED| CODEC - I\;lhélll\-\A%%Y
26\ DATA ~24 -
CUTPUT FIFOI*COoMPRESSED | |
34 DATA EOB
Y . READY| | ADDR
ADDR FIFO :
18
EMPTY Y1/ STORE
READ |LSM| READ

INPUT FiFO CONTENTS: DECODE "_i
(o $ |[FoB|pATAlDATA |1 |EOB|DATA |DATA|DATA [HI—2

' [
b N
H=BLOCK HEADER DATA A=ADDRESS
EOB=END OF BLOCK DATA=BLOCK DATA

INPUT FIFO CONTENTS: ENCODE

b  [H|HIH[H|HIH[H[HIHIH|H[H|H|HIBH B | H}—
[} : 4414

FIG 3.« An - AAA R
ADDRESS FIFO CONTENTS: DECODE
c g ' _ AilAol—=

ADDRESS FIFO CONTENTS : ENCODE
d ¢ [Pn AalAolA

1jAol—

QUTPUT FIFO.CONTENTS:ENCODE

. < DatA B opata |E| Data
\ BLOCK |g| BLOCK |g| BLOCK

oom
®




. L e

‘address within said address buffer means, the address identifying the

“initial block of addresses within said imge nenr#1 he
deconpressed inage data is to be stored at the cq

deconpression Process. 8. An i mage processing $y in
claim?7 and further conprising neans, responsivejtp t{g ﬁhpﬁﬁg ff the
address within said address buffer neans, for ini.iptlng priogessi ng
means of said second and said third processing stfages t Be
deconpressi on Process on the bl ock of inmage data1&LQL§Q_!i%;ﬂ4;;;ﬂﬁ i nput
buffer neans. 9. An i mage processing sybt®em as set forthi im8
wherei n said processing sty of said first processing stage al so stores

information in said inp ofFer neans. for sHMAGEYDATR deconpressi on
Process control information to said processing megns of said -second and

said third processing stages, and mher QﬁﬂFT |at|E IﬂgUﬁTéN@fhgé

i ncl udes neans for reading out the inf ﬁ?; (S|
information to said processing means g salgﬂgec d and sai d ir CISION)

proceSS|ng stages. 10. An inmmge proceSS|ng system as set forth inclaim6
wherein said second one of said FORWARD| gx g -
DCT '

64 ENTRIES. | TABLE ———"QUANTIZE

TABLE CODING

& 4—] _—COMPRESSED

- T IMAGE DATA
TABLE DECODING

,- . 64 ENTRIES: | TABLE éﬁXﬁ??z% 8X8

INVERSE
DCT N

LEVEL SHIFT ADD 128
IMAGE DATA “~L— '8BIT PRECISION.

IMAGE DATA



proce55|ng stages is further coupled to a third processing stage. said—

"second and third processing stages each including nean
conpressi on Process on a block of inage data; wherein g
means of said first processing stage stores information
buffer means for specifying conpression Process control

sai d processi ng neans of said second and said third prockesgi

1 ACEMENT-SHEEA
NS .

iin saj d

iinf &6l

sai d processing neans of said first stage further storing an address mnthln
sai d address buffer neans, the address/isdentifying an ihit+at—eatdress o a
bl ock of addresses, within said inmge nenory nmeans, wherein is stored a
deconpressed bl ock of inage %ata hat : Tpressed 11. An inmage
processing systemas set forggh i claﬁﬂg her conpri sing neans,
responsive to the storage oﬁ”t add‘ ~q\address buf f er neans,
for initiating said. proceséé : etohdg-and said third
processi ng stages to perfor conpresajon P oce§§ on the block of imge
data stored within saidina fer S
[t =8
C’ A
o u: ul —
x g (&3 § iy
[T # (o) & cmm
Q
-
O , T N
= Mo
@ 3 @ S o_
W _| gl %9
Ont | _J
Eup~ | X
$o06¢ o
#>'< 8 y
OOb—.;
= N | =B 3
i ] 0% 8 F
' N oS 8 v—
(o) &
] o \ Q. .
o =z ? 1 e
L 58 . (¢ ors A N
oo {-‘_J S | ELL.._ .o
& 0l » S o
wa <
Ll | S5y -
awdo > o
ldg§< E =
<<Om = A w
'&E w 0
og a £
o L
0 O . O
5 il =
N a
Qs {
o 2
Ola mm o
F2 {
K- £ |- -8
B3 2 \, &
‘ X
x o e
E 2 T ] 3 _;.ﬁ -;_i 1 ..-'-_,- B
<1 o K et HF Y g
L %
o S _(/




12. An image processing systemas set forth in cIa%EEIﬂL\C [oref SHEET ;
processi ng neans of said second processing stage $tpres the conpresked
bl ock of imge data into said output buffer neans incqurﬁﬁl%'lw saj d '
processi ng neans of said first processing stage is| fesponsive to fh
storage of conpressed inmage data w thin said-optpuy buffer neans to read
out said conpressed inmage data. 13. An image proce
forth in claim6 wheretransspy %ief@onﬂh#nésefﬂsealll‘}ag%)ﬂéé%s@%’@sﬁ-’&g@é’s%’n
further coupled to a tdistdbpr&isies $bNEraieagetheadagdh@aca et a rate Shiad_third

processi ng stage exeugz%%eﬂtpé%ggeo&%bﬂe J{aae%&ram&ﬁmwm&@ﬁeon a
bl ock of inage data to egﬁte a plurali I ci ent.s sai d
e‘:gg:)?

second processing stagk T 18 ﬁ‘s%‘r 8% 'Eggf'r;blfrﬁhs“faolrﬁﬁ {55igts

Quanti zation Process ofhe® Bheclmage datigdsddisplagedt wherein said first.
processing stage executes a Process to reduce an entropy of the quantized
Di screte Cosine Transfgy m&am ancesiin{am spscsessnlgl peéaohﬁ%a PESERSSI Ng

t
system conprising: oggsssllnﬁ)ellne atrc%i %&u{l}gr f?le g%”eel%ep&é)&a |°Qd| ng

systemto a Host data B neans 1 Nc
menory buffer neans fcﬁh%ltlérﬁ’?lg‘aééﬁﬁf?gséﬂ fyldpge R?&Pémt%afmﬁ”%"er%céﬁ%d
from and that is out mdcoimes diffikiobt diat to plateetiwnflisgtstaghpns that

typically occur during the operatioQ of such systems.

Also, overall supervision of pipeline control can repre- - -
sent a costly overhead factor to a host system or a
dedicated supervisory co-processor.

u.s. Patent No. .5,046,080, issued September 3, 1991,
entitled "Video CODEC Including Pipelined Processing
Elements" (J.é.'Lee et al.) describes a videophone
system that provides videophone service within a narrow
band digital'network. A host CPU 20 is coupled through
a bus 21 and a common memory 24 to an image bus 28. The
CODEC 25 is comprised of a plurality of processing
elements'(PEs) connected as a pipeline. Each PE in-
cludes a digital signal processor (DSP) and performs a
part of the function of image coding. FIFO memory
modules 64 are compriséd of a flag circuit and FIFO
memory. The flag circuit controls data flow between
processing elements. The common memory is employed to
store messages and performs synchronization between
processing elements. No methodology is deécribed for
optimizing a pipeline architecture so as to efficiently
operate with blocks of data.
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I nput buffer neans, an | mage ata out put er nmeans,

buf fer neange ﬂ@ghﬂ address buffer neans storlng addresses each of which
i dentifies an |n|t|al addr ess of 31 a block of addresses

within said i mafecordingroy oneasspectesicthebpreshit diventioidtiese 46 disslosed Adsequéttatk
of deconpressed image data. 15. An inmage processing system as set forth in

cl ai m 14 whmoedss-pipslide f for sesepim@edatar processing system, comprising: a plurality of

processing stages each of which executes a Process on data organized as data blocks, said
plurality of processing stages being serially coupled one to another for passing data
blocks therebetween, a first one of said processing stages being coupled, at a data
processing system resource interception boundary, to the data processing system for
inputting data from and for outputting data to the data processing system at a first data
rate, a last one of said processing stages being coupled to a data source and/or a data
sink operating at a second data rate that differs from the first data rate; each of said
processing stages including data buffer means interposed between the processing stage
and an adjacent processing stage, said first processing stage further including interface
data buffer means interposed_ between the data proeessing system resource interception
boundary and the first processing stage; and wherein a SIZE of each of said data buffer
means that are interposed between adjacent processing stages is determined in accordance
with the relationship: SIZE OF BUFFER,;=(RP;-RP; ., {)xPmax, where, for a processing
stage that executes a Process;, where i is Process sequence number associated with the
processing stage in the process-pipeline, Pmax is a maximum  time required to "
completely proeess a data block with the Process;, .RPi is a data rate produced by the
Process;, and RP; { is a data rate from a next following Process; . ;.

According to another aspect of the present invention there is provided an image
processing system, comprising: a sequential process-pipeline comprised of a plurality of
processing stages each of which includes means for executing a Process on image data
organized as image data blocks, said plurality of processing stages being serially coupled
one to another for passing image data blocks thereﬁetween, a first one of said processing

stages being coupled to a data processing system for inputting compressed image data



means stores at |east one block of conpressed i mage d tRaEPL NLS E?T
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said first processor neans also stores information in said input buffer
nmeans for gapdfiapyidag, odtpit bifferbineais, ahd anratigressiduffer deansypsait addrasscbwfferol

i nformation to said CODEC neans. 18. An inmage processing system as set
forth in clmans §toring dddresses eachoafrmphicts idegtifiescansinitial eddressait adlock ofrrddsassasage
of the address within said address buffer means, for initiating said CODEC
neans to dedithiprassimage blegwky omeansageachatbiock: of caddipsses rftaringd & egk of
buffer means, and wherein_said initiating neans further includes neans for
r eadi ng oudegampressed imags datd-and f or applying the information to said CODEC

means prior to the  operatjon qf said C neans.in dec ressi na .t he
b1 ock bf conpr Aseaighi, 3l hoter 28bécs o1 e grennn ineafint e o ok n
forth in Clin%ﬁgrpa %)?oc%s%ge 's?stéx%! %oﬁllpfﬁi&'xgpr Afene For interfacing said image processing

system to a Host data processing system, said interface means including a memory buffer

means for storing comi)ressed image data that is received from, and that is ouiput to, the
Host data processing system; first processor means coupled to said memory buffer means
for composing into blocks of compressed ﬁnage data the compressed image data that is
received from the Host data processing system; image ‘buffer means for storing
uncompressed image data;_ and means for compressing and decompressing (CODEC)
blocks of image data, said CODEC means being interposed between said image buffer
means and said first processor means, said CODEC means being coupled to said first
processor means through processor buffer means, said processor buffer means including
an image data input buffer means, an image data output buffer means, and an address
buffer means, said address buffer means storing addresses each of which identifies an
initial addre§s of a block of addresses’ within said image memory means, each block of
addresses storing a block of decompressed image data. |

According to still another aspect of the present invention there is provided a
method of defining a sequential process-pipeline for use in a data processing system,
comprising the steps of: defining a pluralify of data processing stages each of which
executes a Process on data organized as data blocks, each data block being comprised of
a plurality of data elements that are operated on as a group, each of said stages being

defined so as to segregate data-dependent Processes from data-independent Processes;
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According to yet another aspect of the present invention there is provided a method
of defining a sequential process-pipeline for use in a data processing systein, comprising -
the steps of: defining a plurality of data processing stages each of which executes a
Process on data organized as data blocks, each of said stages being defined s0 as to
segregate data-dependent Processes from data-independent Processes; serially coupling
the plurality of defined data processing stages one to another in an order selected for
accomplishing a desired Processing function; providing, at an interface between adjacent
ones of the serially coupled data processing stages, data block Buffer means and a local
control means for controlling the transfer of data blocks across the interface; coupling
one of the data processing stages, at a data processing system resource interception
boundary, to the data processing system for inputting data from and for outputting data
to the data processing system at a first data rate; and coupling a second one of the data
processing stages to a data source and/or a data sink operating at a second data rate that
differs from the first data rate.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The above set forth and other features of the invention are made more apparent in
the ensuing Detailed Description of -the Invention when read in conjunction with the
attached drawings, wherein:

Fig. 1 is simplified circuit block diagram showing a portion of an image

processing system and, in' particular, showing a multi-stage sequential
process-pipeline that is constructed and operated in accordance with the

invention;

i's
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interface. 23. A nethod of defining a sequential process-pipeline for use
in a data processing system conprising the steps of: defining a
plurality of data processing stages each of which executes a Process on
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at a data processing system resource interception boundary, to the data processing system

for inputting data from and for outputting data to the data ﬁrocessing system at a first
data rate, a last one of said processing stages being coupled to a data source and/or a
data sink operating at a second data rate that differs from the first data rate;

each of said processing stages including data buffer means interposed between the
processing stage and an adjacent processing stage, said first processing stége further
including interface data buffer means interposed between the data processing system
resource interception boundary and the first processing stage; and wherein

a SIZE of each of said data buffer means that are interposed between adjacent
processing stages is determined in accordance with the relationship:

SIZE OF BUFFER; =(RP;-RP; ,-1)xPmax,

where, for a processing stage that executes a Process;, where i is Process sequence
number associated with the processing stage in the process-pipeline,

Pmax is a maximum time required to compietely process a data block with the
Process;,

RP; is a data rate produced by the Process;, and

RP;, 1 is a data rate from a next following Process; , 1.
2. A sequential process-pipeline as set forth in claim 1 wherein, for the first
processing stage, a SIZE;; SRIB of said interface data buffer means at the system
resource interception boundary (SRIB) is determined in accordance with the relationship:

SIZE_. SRIB=(RP;-RP; ;. {)xTmax,

where,

Tmax is a maximum time required to accomplish a non-computational event.
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4. A sequential process-pipeline as set forth in claim 1 wherein said data blocks are
comprised of image data.

5. A sequential process-pipeline as set forth in claim 4 wherein one of said processing
stages executes a Discrete Cosine Transformation Process, one of said processing stages
executes a Discrete Cosine Transformation Quantization Process, and wherein one of
said processing stages executes a Process to reduce an entropy of quantized 'Discrete
Cosine Transformation coefficients. |

6.  An image processing system, comprising:

a sequential process-pipeline comprised of a plurality of processing stages each of
which includes means for executing a Process on image data organized as image data
blocks, said plurality of processing stages being serially coupled one to another for
péssing image data blocks therebetween, a first one of said processing stages being
coupled to a data processing system for inputting compressed image data from and for
outputting CO£npressed in_l_age data to the data processing system; wherein

said first one of said processing stages is coupled to a second one of said
processing stages through a plurality of buffer means, including an image data input
buffer means, an image_ data output buffer means, .and an address buffer means, said
address buffer means storing addresses each of which identifies an initial address of a
block of addresses within an image memory means, each block of addresses storing a
block of decompressed image data.

7.  An image processing system as set forth in claim 6 wherein said second one of said
processing stages is further coupled to a ﬂﬂrd processing stage, said second and third
processing stages each including means for performing a decompression Process of a
block of image data; wherein said processing means of saici first processing stage stores

at least one block of compressed ifnage data within said iﬁput buffer means and an
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plurality of coefficients; third processing neans for executing a
Di screte said ﬁmesrsmngamf of saﬂlsecbn@malt said tthied pRsceSsiiRs stafesato perféiind ¢he Of
| mage data; and wherein said first processing neans executes a

Process t alecompressmn Process on the block of image data stored within said input buffer means.
9.  An image processing system as set forth in claim 8 wherein said processing means
of said first processing stage also stores information in said input buffer means for
specifying decompression Process control information to said processing means of said
second and said third processing stages, and wherein said initiating meéns further
includes means for reading out the information and for applying the information to said
processing means of said second and said third processing stages.
10. An image processing system as set forth in claim 6 wherein said second one of said
processing stages is further coupled to a third processing stage, said second and third
processing stages each including means for performing a compression Process on a block
of image data; wherein said processing means of said first processing stage stores
information in said input buffer means for specifying compression Process control
information to said processing means of said second and said third processing stages,
said processing means of said first stage further storing an address within said address "
buffer means, the address identifying an initial address of a block of addresses, within
said image memory means, wherein is stored a decbmpressed block of image data that is
to Be compressed.
11. An image processing system as set forth in claim 10 and further comprising means,
responsive to the storage of the address within said address buffer means, for initiating
said processing means of said second and said third processing sfages to perform the

compression Process on the block of image data stored within said image buffer means.
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responsive to the storage of compressed image data within said output buffer means to
read out said compressed image data.
13. An image processing system as set forth in claim 6 wherein said second one of said
processing stages is further coupled to a third processing stage, and wherein:
said third processing stage executes a Discrete Cosine Transformation Process on a
block of image data to generate a plurality of coefficients;
said second processing stage executes a Discrete Cosine Transformation
Quantization Process on a block of image data; and wherein said first proceésing stage
executes a Process to reduce an entropy of the quantized Discrete Cosine Transformation
coefficients.
14. An image processing system, comprising:
means for interfacing said image processing system to a Host data processing
system, said interface means including a memory buffer means for storing compressed
image data that is received from, and that is output to, the Host data processing system;
first processor means coupled to said memory buffer means for composing into
blocks of compressed image data the compressed image data that is received from the
Host data processing system;
image buffer means for storing uncompressed imége data; and
means for compressing and deqompressing (CODEC) bloéks of image data, said
CODEC means being interposed between said image lbuffer means and said first
processor means, said CODEC means being 'coupled to said first processor means
through processor buffer means, said processor buffer means including an image data
input buffer means, an image data output buffer means, and an address buffgr means,

| said address buffer means storing addresses each of which identifies an initial address of
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060 and an address within said address buffer means, the address identifying the initial block

of addresses within said image memory means wherein the decompressed image data is
to be stored at the coinpletion of the operation of said CODEC means in decompressing
the at least one block of compressed image data.

16. An image processing system as set forth in claim 15 and further comprising means,
responsive to the storage of the address within said address buffer means, for initiating
said CODEC means to decompress the block of image data stored within' said input -
buffer means. |

17. An image processing system as set forth in claim 15 wherein said first processor
means also stores information in said input buffer means for specifying, for the block of
image data, decompression control information to said CODEC means.

18. An image processing system as set forth in claim 17 and further comprising means,
responsive to the storage of the address within said address buffer means, for initiating
said CODEC means to decompress the block of image data stored within said input
buffer means, and wherein said initiating means further includes means for reading out
the information and for applying the information to said CODEC 'meaﬁs prior to the
operation of said CODEC means in decompressing the block of compresséd image data.
19. An image processing system as set forth in claim 14 wherein said first processor
means stores information in said input buffer means for specifying compression control
information to said CODEC means and also stores an address withiﬁ said address buffer
means,' the address identifying an initial address of a block of addresses within said
image memory means, the block of addresses storing an uncompressed block of image

data that is to be compressed.
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responsive to the storage of the address within said addréss buffer means, for initiating
said CODEC means to compress the uncompressed block of image data stored within
said image buffer means.
21. An image processing system as set forth in claim 14 wherein said CODEC means
includes:

a second processor means for executing a Discrete Cosine Transformation Process
on a block of image data to generate a plurality of coefficients;

a third processor means for executing a Discrete Cosine Transformation
Quantization Process on a block of image data; and wherein

said first processor means executes a Process to reduce an entropy of the quantizied
Discrete Cosine Transformation coefficients.
22. A method of defining a sequential process-pipeline for use in a data processing
system, comprising the steps of: ‘

defining a plurality of data processing stages each of which executes a Process on

data organized as data blocks, each data block being comprised of a plurality of data

- elements that are operated on as,a group, each of said stages being defined so as to

segregate data-dependent Processes from data-independent Processes;

serially coupling the plurality of defined data processing stages one to another in an
order selected for accomplishing a desired Processing function; and

providing, at an interface between adjacent ones of the serially coupled data
processing stages, data block Buffer means and a local control means for controlling the
transfer of data blocks across the interface. |
23. A method of defining a sequential process—pipeline for use in a data processing
system, comprising the steps of: |

defining a plurality of data processing stages each of which executes a Process on
data organized as data blocks, each of said stages being defined so as to segregate data-

dependent Processes from data-independent Processes;
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serially coupling the plurality of defined data processiJ
order selected for accomplishing a desired Processing function;

providing, at an interface between adjacent ones of the serially coupled data
processing étages, data block Buffer means and a local control means for controlling the
transfer of data blocks across the interface;

coupling one of the data processing stages, at a data processing system resource
interception boundary, to the data processing system for inputting data from and for
outputting data to the data processing system at a first data rate; and

coupling a second one of the data processing stages to a data source and/or a data
sink operating at a second data rate that differs from the first data rate.
24. A method as set forth in claim 23 and further including the step of 6perating a
stage; of the sequential process-pipeline in accordance with the criteria:

IF Asys is greater than Pmax AND IF a Buffer; ; is NOT EMPTY

Tmax =Asys;

start a PROCESS,; for every Tmax cycle;

ELSE IF Asys is not greater than Pmax AND IF the Buffer; ; is NOT EMPTY

start the PROCESS; for every Pmax cycle; END IF; wherein

Asys is a maximum time required to perform a data processing system resource
arbitration,

Tmax is a maximum time required to accommodate a non-computational data ’

processing event, and

Pmax is a maximum time required for processing the PROCESS;.
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A PROCESS-PIPELINE ARCHITECTURE FOR

IMAGE/VIDEO PROCESSING

ABSTRACT

A sequential process-pipeline (12) has a first process-
ing stage (30) coupled to a CODEC (24) through-a plural-
ity of bufférs, including an image data input buffer
(28), an image data output buffer (26), and an address
buffer (34). The address buffer stores addresses, each
of which identifies an initial address of a block of
addresses within an image memory (22). Each block of
addresses in the image memory stores a block of ded:c?:‘;ﬁ—
pressed image data. A local controller (18) is respon-
sive to the writing of an address into the address
buffer to initiate the operation of the CODEC to execute
a Diécrete_ Cosine Transformation Précess and a Discrete

Cosine Transformation Quantization Process.

Fig. 2



