1 MJILTI MODE FI LTER FOR DE- BLOCKI NG AND DE- RING NG Fi el d of the Invention

[ 0001] The present invention generally relates to digital signal processing
technol ogi es, and nore particularly to a flexi-standard filter with a
multinode filter for high bit rate filtering applications, and a digital

si gnal encoder/decoder having the flexi- standard filter, and further to
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de-blocking filters try to remove the unwanted boundaries between adjacent blocks by low-

pass filtering applied to pixels on both sides of the block borders. However, this type of
filtering may introduce undesirable blurring effects when applied to pixels which belong to
real image edges. The decision between edge and non-edge block borders relies on the
assumption that real edges have higher amplitude than borders produced by the
quantization of DCT coefficients. One method used to remove the ringing noise along
object borders is to detect the edges in each frame, and apply a smoothing filter along these
edges.

[0003] De-blocking and de-ringing are important video processing techniques used
to remove coding artifacts and improve visual quality when rendering low bit rate coded
video. Overlap smoothing and in-loop de-blocking are inter-block filtering techniques
applied in video encoding standards to offset the effect of block encoding. Few video
filtering algorithms are able to run in real time without customized hardware or high speed
processor because they are computationally intensive.

[0004] FIG 13 is a schematic view of the architecture of a known deblocking filter.
The deblocking filter 1 comprises an External RAM 2, a System bus 3, a Ram1 4, a Ram0
5, a Ram2 6, a Deblocking Filter 7, a Control parameters 8, and a Controller 9. In



operation, the input pixel data of the deblocking filter come fromtwo
nodul es: the RanR 6 for unprocessed pixel data of the current MB fromthe
. prior nmodules in the pipeline (e.g., inverse transformation, notion
conpensation and intra prediction), andgthe RanD 5 for the adjacent pixel
data of the top and left MBs of the current MB. When needed, the RanD 5 s
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conpl exi fo008Pr  ar Pre@bWAmulti-DSP system has a main DSP operating concurrently with
an auxiliary DSP for implementing a filter algorithm. The DSPs have separate program
memories in which the main DSP downloads filter process instructions to auxiliary
program memory. They share the same data memory but priority is given to the main DSP.
[0007] Another known system implements de-blocking and de-ringing by splitting
the frame into rectangular slices which are processed by 4 processing elements
simultaneously, each of which has data level and instruction level parallelism. Data
transfer between the local processing element data memory and the external memory is
performed in the background by a powerful DMA engine. Both require additional high
speed processors to operate in parallel for a software solution. Depending on the
complexity of the filtering, a number of additional processors may be required. This
increases area for additional cores and programs memories and adds complexity for
arbitration.
[0008] One known filter accelerator, connected in parallel with a conventional

DSP, enhances the speed of filtering operations in DSP by calculating and maintaining



[ 0008] One known filter accelerator, connected in parallel with a
conventional DSP, enhances the speed of filtering operations in DSP by
calculating and nmaintaining 3 partial results based on selected prior data
sanples, freeing the DSP to performothgr operations. However, this wll
not nmeet real tinme requirenents for both sets of video post- filtering
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[0012] One of the factors is that different natures of de-blocking and de-ringing
algorithms that require different data handling for efficient filtering. De-blocking is
performed across block boundaries while de-ringing is block-based. The same data access
pattern for de-blocking may not be suitable for de-ringing. Conventional block boundary
filtering has typical arrangement of two 4X4 blocks beside the block boundary. For block-
based filtering that requires surrounding pixels, the arrangement brings about excessive
read and write operations.
[0013] In addition, the operation of de-blocking is two one-dimensional filtering,
one vertical and the other horizontal, one after the other. Whereas for de-ringing, the
operation is usually one-dimensional. Current digital signal processors have efficient data
interface and filtering in one-dimensional only. For two-dimensional filtering, data has to
be rearranged prior to input into the filter function and post-arranged for storage to
memory.
[0014] Finally, there is a trend in video consumer products towards supporting

multiple video standards for video encoding and decoding applications. Thus, in addition



interface and filtering in one-dinmensional only. For two-dinensional
filtering, data has to be rearranged prior to input into the filter
function and post-arranged for storage to nenory. [0014] Finally, there is
a trend in video consumer products towagds supporting multiple video
standards for video encodi ng and decodi ng applications. Thus, in addition 4
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according to the present invention wll now be described with reference to
the Figures, in which |like reference nunerals denote |like elenents. [0016]
FIG 1 shows a functional bl Bejr He@QiHB1LSf the DrGwingit andard filter in
accordance with one enbodi nent of the present I1nvehtion. [0017] FIG 2 shows
a functional block diagramof the mcro-architecture of the nmultinode

filter i or dan ith one enbodi nent..of the present invention. [0018]
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present invention.

[0019] FIG 4 is a graphic illustration of the minimum 2D configuration of the pixel
memory for intra-block de-ringing filtering in accordance with one embodiment of the
present invention.

[0020] FIG 5 is a graphic illustration of another 2D configuration of the pixel
memory for inter-/intra-block filtering in accordance with one embodiment of the present
invention.

[0021] FIG 6 illustrates exemplary working windows for concurrent MPEG-4 de-
blocking and de-ringing operations within a macroblock in accordance with one
embodiment of the present invention.

[0022] FIG 7 illustrates another exemplary operation sequence of VC-1 overlap
smoothing and de-blocking for luminance data in an intra-macroblock of an I-picture
within the same working window in accordance with one embodiment of the present
invention.

[0023] FIG 8 shows a functional block diagram of a decoder with the flexi-standard
filter in accordance with one embodiment of the present invention.

[0024] FIG 9 illustrates an exemplary data flow arrangement of de-blocking in an

8x8 block in accordance with one embodiment of the present invention.



wi thin the same working wi ndow i n accordance w th one enbodi nent of the
present invention. [0023] FIG 8 shows a functional block diagramof a
decoder with the flexi-standard filter in accordance with one enbodi nent
of the present invention. [0024] FIG 9 gllustrates an exenplary data fl ow
arrangenment of de-blocking in an 8x8 bI ock in accordance with one

enbodi r’rertb?i‘;,j t he WI@}S?GtﬂlhE&Y BL 13N xell gloﬁﬁlanh: 1}(?6:55' et-ﬂ;]ﬁ%ﬁi%gfai'ﬁ a
exenplary filtering process de bl'o I'na friter®in
accor danarultiirole ikter mraboﬂdam:etmdf ortdmntmdﬁaemtof ItliiBipIﬁianﬁwexﬁtQﬁQ 6] FIG 11

illustrates an exe ata flow arrang t of de-ring i.n .an, 8x8
bl ock inl §9,28f)lr dancg}i@a{%ﬂg‘ﬁgm@%’éﬁi‘%ﬂﬁryo atg E]@“b%ﬁmephﬂ’fé%ﬁl%ng [o827]
FI G 12 i 1ggHdcRtif Scddiarics S drleleRtholim rﬁﬁg?ﬂf@ﬁatr&e?ﬁhvémﬁﬁry in pipeline

control node in accordance wth one e the present invention.
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application, where publications are referenced, the disclosures of these
publications are hereby incorporated by reference, in their entireties,
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[0031] In one embodiment of the present invention, there is provided a multimode
filter for processing of digital video signals. In the embodiment, the multimode filter
comprises a pixel memory for storing input pixel data to be processed and output pixel data
that have been processed; a multimode filter pipeline electronically coupled to the pixel
memory; and a local multimode filter control electronically coupled to the multimode filter
pipeline, wherein the local multimode filter control receives task definitions from a source,
decodes the task definitions, and generates signals to control operations of the multimode
filter pipeline; whereby when the multimode filter pipeline receives the control signals
from the local multimode filter control, it selects the input pixel data from the pixel
memory, processes the selected pixel data according to the task definitions, and outputs the
processed pixel data to the pixel memory.

[0032] In another embodiment of the multimode filter, the processing of the
selected pixel data includes post-processing (de-blocking and de-ringing), in-loop
processing (de-blocking and de-ringing), and overlap smoothing. In a further embodiment

of the multimode filter, the de-blocking is performed on an n-pixel block edge, wherein n



menory, processes the selected pixel data according to the task
definitions, and outputs the processed pixel data to the pixel nenory.
[0032] In another enbodi nent of the nmultinode filter, the processing of the
sel ected pi xel data includes post-processing (de-bl ocking and de-ringing),

I n-1oop processing (de-blocking and de-ringing), and overlap snoothing. In

further; ' ' £ | ) 2p SHoL il d
on an n- i Sl Hoce. Logno RF S, RQciant b hlfalS%e B S G kgl o T
further eetfodhedent aoh xtohgixehblddkotierefr 4 tsean, inteper. de-ri nging is perfornmed on

an n X n _pi | bl ock, erei IS i nt eger 003 | n. anot her enbodi nent

of the mjﬁ:ﬁ)éﬁode f iﬁPIaIBE’A{,?‘ert b Igept %%Wﬁfg‘go‘fif t ] !i’l’@l DOmosyiSst %A%an!(

that has @ of 1b rdpiGeNbkUhalhe @ﬁﬁ@r@nﬁgﬁiabfee&'séﬁ%ofvﬂe i@te?sdﬁlftﬁ%ﬁ It%gsiﬂ%()g' ¢
| ns n a r

that selects required pixel data i'n on€ or two nsi : urt
enmbodi medegiothat s¢lectsrrdquirad gixel ddta &r onet dréwpi dimkensienso ly adortimriestedament bO

I nterface for.receiving,inpu | xel data fr a rki.,ng menpry and. sendi ng
processe Shepﬁn%g}m%‘%t t\é/}%etr’o he ﬁ@‘e@\ﬂ‘@moﬁb CRRBREIS) an ?{Q) Hééilf\?acle tfmgrﬁf)‘?‘ﬁ‘é‘g RS BH"ieﬁE nt

of the mdatad @A Wdrkingmerh$l§ ahaSéndief probddsQNSixbI k4 dehe %ﬁ(il%ﬁl@ﬁﬁ)b@n of

i nput / out put pi xel data and filter logic to be performed. [0035] I'n anot her
enmbodi med®034F  t he dnlanpthedembedimeniofithepddtimpde EttepithpetasindefindGonsrinelode N

embodi rrenupttherondiiiote BHep ks definggorpri
al 1 ow o BciRRon oBR S bER M BBl MRl VIS SRl el cata, ana

splittingooss] conpl dx anofief @hibodirhétitfNhs tragiéisndde! takiuiinbdofiithepipellhé1g
considerations of filter logics. In a further enbodinment of the nultinode
filter, &9ERTFSSN Elterine steegse Waeieths Nes anm integgrcwhgreiathe Nffiteriagstagps allavpp. | n
anot her fu [N aTelo . |4 i -1 gt 1] l{L$ er

pi peline e %etrufrai%2 ﬁgr com())r i ﬁgﬁ%aé%}gsr@ﬁ%é g%ﬁ?é%%%ln(ggt?”oégﬁsénﬁlhg{Bla}?ﬁ%ﬁdr#g}&% he

pi pel i ne oboratierirge N stagesifer satipfying the Xielingl admaidetaiionk bé fiherdeicsrea furtheher ei n
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ending the pipeline for outputting the filtered data back to the pixel memory, wherein the
ending addressing logic is disposed between the last filtering stage and the pixel memory.
[0036] In another embodiment of the multimode filter, the local multimode filter
control operates the multimode filter pipeline in a pipeline control mode whereby the pixel
memory has not been cleared after the last write of the filtered data back to the memory
controller. In a further embodiment of the multimode filter, during the pipeline control
mode, some pixel data from the last few load cycles for a current task definition are
shuffled to the position as the pixel data in the first few load cycles for a next task
definition, resulting in data continuity between the current and next task definitions.
[0037] Another embodiment of the present invention provides a flexi-standard filter
for processing digital video signals. The flexi-standard filter comprises a digital signal
processor; a memory controller; a line memory; and a multimode filter; wherein the digital
signal processor controls (DSP) the overall sequence of the flexi-standard filter, makes

filtering decisions, and programs the memory controller with filtering tasks; wherein the



controller. In a further enbodinment of the nultinode filter, during the
pi peline control node, sone pixel data fromthe |ast few | oad cycles for a
current task definition are shuffled to the position as the pixel data in
the first few load cycles for a next task definition, resulting in data
continuity between the current and next task definitions. [0037] Another
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enbodi nent of the | exi -standard filter, the DSP is a generic processor or
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[0040] In another embodiment of the flexi-standard filter, the multimode filter
operates in parallel with the DSP and is under the sole control of the memory controller. In
another embodiment of the flexi-standard filter, the multimode filter comprises a pixel
memory for storing input pixel data to be processed and output pixel data that have been
processed; a multimode filter pipeline electronically coupled to the pixel memory; and a
local multimode filter control electronically coupled to the multimode filter pipeline,
wherein the local multimode filter control receives task deﬁnitions from a source, decodes
the task definitions, and generates signals to control operations of the multimode filter
pipeline; whereby when the multimode filter pipeline receives the control signals from the
local multimode filter control, it selects the input pixel data from the pixel memory,
processes the selected pixel data according to the task definitions, and outputs the
processed pixel data to the pixel memory.
[0041] In another embodiment of the flexi-standard filter, the step of processing of

the selected pixel data includes post-processing (de-blocking and de-ringing), in-loop



anot her enbodi nent of the flexi-standard filter, the nultinode filter
conprises a pixel nmenory for storing input pixel data to be processed and
out put pi xel data that have been processed; a nultinode filter pipeline
el ectronically coupled to the pixel nergry; and a local nultinode filter
control electronically coupled to the nultinode filter pipeline wher ei n
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filteringoatpge COMPRhS®S: BmbBMinfent WiTRMlitfexRSeindarll filer! H@Pmultimode filter
pipeline further comprises a starting addressing logic for starting the pipeline for selecting -
the input pixel data from the pixel memory, wherein the starting addressing logic is
disposed between the pixel memory and the first filtering stage; and an ending addressing
logic for ending the pipeline for outputting the filtered data back to the pixel memory,
wherein the ending addressing logic is disposed between the last filtering stage and the
pixel memory.
[0045] In another embodiment of the flexi-standard filter, the local multimode filter
control operates the multimode filter pipeline in a pipeline control mode whereby the pixel
memory has not been cleared after the last write of the filtered data back to the memory
controller. In a further embodiment of the flexi-standard filter, during the pipeline control
mode, some pixel data from the last few load cycles for a current task definition are
shuffled to the position as the pixel data in the first few load cycles for a next task

definition, resulting in data continuity between the current and next task definitions.



[ 0044] In anot her enbodi nent of the flexi-standard filter, the multinode
filter pipeline further conprises a starting addressing logic for starting
the pipeline for selecting the input pixel data fromthe pixel nmenory,
wherein the starting addressing logic ig disposed between the pixel nmenory
and the first filtering stage; and an ending addressing |ogic for ending

t he pi pelg for o i i r a bhack to.the pixel .menory,
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9 [0046] Another enbodi nent of the present invention provides an
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writes the filtered data back to the memory controller; thereby the memory controller then
re-directs the filtered data to the line memory.
[0047] In another embodiment of the electronic device with a decoder, the
electronic device is a Set-Top-Box, Digital TV, DVD Player, DVD Recorder, PC,
notebook, PDA, or mobile phone.
[0048] Another embodiment of the present invention provides an electronic device
with an encoder for processing digital video signals. The electronic device comprises a
motion estimation circuitry for deriving reference motion vectors that represent the
temporal correlation between the current picture and reference picture; a transform
circuitry for converting the intra or inter pixel values to coefficients that are more efficient
in energy packing and de-correlation; a quantizer circuitry for quantizing the coefficients;
an entropy encoder circuitry for encoding video coefficients and video header parameters
to output encoded video bitstreams; an inverse quantizer circuitry for inversed quantizing

the coefficients.of the reference picture; an inverse transform circuitry for converting the



chrom nance data that are immedi ately above the current processed row and
that are required in the processing of the current row, and wherein the
mul timode filter performs the filtering task according to the programred
task definition in several iterations gpd wites the filtered data back to
the nenory controller; thereby the nenory controller then re-directs the
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flexi-standard filter, makes filtering decisions, and prograns the mnenory
control | ¥R P‘FOPV?]?"& ‘f}’r‘?bel%&'atgﬁét}em\ﬂ’%rcépﬁoﬁ?fethﬁ%ﬁ%@‘}e‘é%ﬁl"rfgmqr@ﬁi datadtaithes
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wher ei n 129491 i ne mémenygthet endwdiment bf thdrelecwonici deyivd mdthwan aandoday dlieal
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current hewbosH)®PDMI&F iobilk pBomaul tinmode filter performs the filtering task
accordi n?ootsg] the Another embodiment of the present invention provides a pr for digital
prese provi process for dig
signal processing. The process comprises receiving digital signal data and storing the
received digital signal data in a local memory; receiving processing parameters and code
instructions and storing the received processing parameters and code instructions in a
digital signal processor; forming task definitions from the processing parameters and code
instructions within the digital signal processor that outputs the task definitions to a memory
controller; transmitting the digital signal data by the memory control according to the task
definitions to a multimode filter; processing the digital signal data by the multimode filter
according to the task definitions; and outputting the processed digital signal data to the
local memory or an external memory.
[0051] In another embodiment of the process, the step of receiving digital signal
data comprises receiving the digital signal data after the digital signal data have gone

through motion compensation.



programmed task definition in several iterations and wites the filtered
data back to the nenory controller; thereby the nmenory controller then
re-directs the filtered data to the I|ine nenory. [0049] In another

enbodi ment of the electronic device w 4h an encoder, the electronic device
Is a Set-Top-Box, Digital TV, DVD Player, DVD Recorder, PC, notebook, PDA,
or nobi | ne. | [ys odi t of the present invention.
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processed digital signal data to the local nenory or an external nenory.
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definitions conprises in-loop pr si ng ringing),
post pr odeBsitings. (de- bl ocki ng and de-ringing), and

[0055] In another embodiment of the process, the step of outputting the processed
digital signal data to the local memory or an external memory comprises storing certain
information that can be used for next process into the memory of the multimode filter so
that the read/write cycle time can be saved.

[0056] While embodiments of the present invention will be described in reference
to the accompanying drawings, the specifics and details are provided for the sole purpose
of illustrating selected embodiments of the present invention. It is to be appreciated that
the present invention may be practiced without employing the specifics and details.
Furthermore, certain variations of the specifics and details in the practice are permissible
without deviation from the scope of the appended claims.

[0057] Disclosed embodiments of the present invention provide a flexi-standard
filter and method for processing digital signal data, especially pixel data of digital pictures.
To support different filtering algorithms with different complexity in encoding and
decoding video in real time, the flexi-standard filter has sufficient flexibility to
accommodate various filtering processes including in-loop filtering of various standards

and proprietary post-processing algorithms and yet is able to meet the real time



overlap snmoothing. In a further enbodi ment of the process, the step of
processing the digital signal data by the nultinode filter according to
the task definitions conprises using a fully configurable assenbly of 2D
regi ster bank to store the digital sigpal data so that the nultinode
filter can performin-|loop processing (de-blocking and de-ringing), post
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level control of the flexi-standard filter. The DSP 101 comprises a programmable core that

can at least execute logic and simple arithmetic instructions and can perform data transfer
operations via its bus interfaces, give instruction, and function as data memories. More
specifically, the DSP 101 receives via the FIFO control interface 114 the information
including pixel data of pictures, and slice and MB-level parameters for setting up the flexi-
standard filter for example the coded block flags from an entropy decoder. The DSP 101
also makes decisions at MB-level about which edge to be filtered and what strength to be
used, and defines the filter task commands to the memory controller 102. In one
embodiment, the DSP 101 may be any generic processor. It preferably includes a logic and
I/O efficient core 111, an optimum instruction memory cache IMEM 112, and a data
memory cache DMEM 113. The IMEM 112 is an internal instruction cache that stores the
code instructions for the DSP 101. The DMEM 113 is an internal data cache of the DSP
101, and used to store data used by the DSP computation. Both are accessible via the
control bus. In another embodiment, the DSP 101 may be a power processor sharing the

computation with other blocks for example the entropy decoder.



line menory 103, and a nultinode filter 104. Briefly, the digital signal
processor (DSP) 101 controls the overall sequence of the flexi-standard
filter, nakes filtering decisions, and progranms the nmenory controller 102
with filtering tasks. The nenory contrgll er 102 receives fromthe DSP 101
the filtering tasks, fetches the data directly fromthe line nenory 103,
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and to an external nmenory. |In one
“cross-like” structure 703 may preferably be used for vertical, then horizontal overlap
smoothing for block corners. Then, horizontal de-blockings 704, 705 are performed
followed by vertical de-blockings 706, 707.
[0062] The memory controller 102 provides the routing of all pixel data to and
from the line memory 103, and the multimode filter 104. It also receives input from
external resources such as a motion compensation block of a decoder, and outputs the
processed digital data to the video display block and/or extended external memory for
partially filtered data. It further receives from the DSP 101 the multiple task queues for
different operating functions including a dedicated task queue for the control of the
multimode filter 104 that stores task definitions from the DSP 101. Upon a non-empty
signal, a task definition is first read from the task queue and data are requested from the
line memory 103 or external memory. A command mode is subsequent issued to the

multimode filter together with the associated data, and filtered data are finally sent to the

line memory 103 or external memory for storing. The memory controller 102 executes the



enbodi ment, the [ine nenory 103 procures notion-conpensated data fromthe
noti on- conpensation block 804 (see FIG 8), stores the procured data for

| ater processing within the nmultinode filter 104, and feeds the processed
data to external nenory or display. Sygucturally, the |ine nmenory 103 may
be an enbedded rrermry within the same chip of the DSP 101 but is
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- pixel data according to the operation control signals, and outputs the processed pixel data
to the pixel memory 201; and the local multimode filter control 203 receives task
definitions from the memory controller 102 and generates operation control signals for the
multimode filter pipeline 202. While the line memory 103 could be embedded
static/dynamic RAM, the pixel memory 201 must be fully configurable, typically
assembled from registers. Data fetched from the line memory 103 are first stored in the
pixel memory 201, re-arranged and fed through the filter pipeline 202, and re-arranged
prior to output t the line memory 103.
[0065] The multimode filter 104 is so configured as to ensure continuity between
consecutive filtering processes. It is programmed indirectly by the DSP 101 with filtering
processes being generic and data rich in nature, and has all filtering decisions above pixel
level specific to video standard left to be performed by the DSP 101 with the logic and 1/0

efficient core 111. In addition, the multimode filter 104 does not use an internal cache;



the data source or sink are able to provide or accept data. [0063] The

mul tinode filter 104 operates in parallel with the DSP 101 under the sole
control of the menory controller 102. As a co-processor to the DSP 101, the
mul tinode filter 104 executes the operagi ons of de-bl ocking and/ or
de-ringing according to task definitions fromthe nmenory controller 102.
For exa I l. I8 v RE i f1 he H. 264
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In addition, the multinmode filter does not use an nt er na
with 3x3 input pixel window per filtered pixel. FIG 4 shows the minimum 2D

configuration for intra-block de-ringing filtering. The 4x4 block of interest requires the
block boundary of at least one pixel wider to form a 6x6 pixel block per atomic operation.
A minimum register bank size of 288 flip flops is required to accommodate both atomic
operations of intra and inter block filtering.

[0068] FIG 5 provides another embodiment for the configurable pixel memory.
The arrangement supports two atomic operations of 4 pixel edges in de-blocking for
decoders with higher data rates for example high definition video. On the other hand, the
pixel memory can be re-configured to support an atomic operation of 4x4 block in de-
ringing with the advantage of higher re-use of data across de-ringing operations in pipeline
control mode.

[0069] The multimode filter pipeline 202 comprises N filtering stages, where the N
is an integer. The N filtering stages with logic and buffer combine sequential arithmetic

calculations and split complicated filtering into simple operations. In one embodiment as



15 instead it accesses data and receives instructions efficiently via a
dedi cated direct nenory access controller, thus elimnating data transfer

| at ency. [0066] In one enbodi nent, the pixel nmenory 201 has an 8 to 10

pi xel wide interface used to receive ggta fromthe line nmenory 103 and
send filtered data to the line nenory 103. In addition the pi xel rrelrmry 4
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multlmode filter control 203 comprises three parts: interface (I/F), logic (control), and

buffer (reg). The logic (control) decodes the task definition and generates signals to
control operations of multimode filter pipeline. It is typically made up of finite state
machine (FSM). Additional registers may be present to store intermediate control results
computed during earlier filtering process and used in subsequent filtering process within
the same task definition or across 2 task definitions. The interface I/F handles the
communication protocol between the memory controller and the multimode filter.

[0071] A pipeline control mode links consecutive task definitions with data
shuffling that reduces data load and write from and to external memory: The local
multimode filter control 203 can operate the multimode filter pipeline 202 in the pipeline
control mode whereby the pixel memory 201 has not been cleared after the last write of the
filtered data back to the memory controller 202. During the pipeline control mode, some
pixel data from the last few load cycles for the current task definition are shuffled to the
position as the pixel data in the first few load cycles for the next task definition, resulting in

data continuity between the current and next task definitions. By so doing, it is to ensure



[0069] The nultinode filter pipeline 202 conprises N filtering stages,
where the N is an integer. The Nfiltering stages with | ogic and buffer
conbi ne sequential arithmetic calculations and split conplicated filtering
into sinple operations. In one enbodi mngpt as 16 shown in FIG 2, Nis 2.
The nultinode filter pipeline 202 with two filtering stages conprises two
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starts the pipeline for selecting input data fromthe pixel nenory 201, and
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programming the multimode filter 104, and the multimode filer 104 can be efficiently
utilized with the memory controller 102 as direct memory access.
[0074] In addition, the embedded core 111 enables the flexi-standard filter 100 to
be configured for different in-loop filtering and post processing. The localized line
memory 103 enables concurrent overlap smoothing and in-loop de-blocking instead of
separate entities, and concurrent de-blocking and de-ringing. The customized multimode
filter allows increased performance for data crunching operations compared to a generic
digital signal processor and yet the software interface and generic micro-architecture of the
multimode filter maintain the flexibility required for differing filtering operations
compared to a specialized de-blocking coprocessor.
[0075] An embodiment of the present invention may be applied to the in-loop
filtering processes like de-blocking in video encoders and decoders for H.263, H.264, and

VC-9 and post processing of decoded video for example MPEG-1, MPEG-2, and MPEG-4

to remove coding artifacts and improve visual quality of decoded video.



mul tinode filter control 203 can operate the nmultinode filter pipeline 202
in the pipeline control node whereby the pixel nenory 201 has not been
cleared after the last wite of the filtered data back to the nenory
controller 202. During the pipeline conigrol node, sonme pixel data fromthe
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overlap sogref hi ng M Efcdde@Rid& MPEELNGr 11968 M tshkams are decoded by the
: entropy decoder block 801 to extract video header parameters and video coefficients.

Reverse 3D Huffman coding or reversible variable length coding is performed in MPEG-4
while either reverse content-based adaptive binary arithmetic coding (CABAC) or 2D
universal variable length coding is performed in H.264.
[0079] The video coefficients are then inversed quantized by the inverse quantizer
block 802 and inverse transformed by the inverse transform bloek 803 to obtain intra or
inter pixel data. Inverse discrete cosine transform (IDCT) is performed in MPEG-4 while
either IDCT or inverse integer transform is performed in H.264.
[0080] The inter-pixel data are then motion compensated by the reference motion
vectors in motion compensation block 804, while the intra-pixel data remain. The pixel
data for I- and P-pictures in MPEG-4 or H.264 are stored as reference frames for
subsequent motion compensation of P- or B-pictures.
[0081] However, if in-loop filtering flag is turned on in H.264, prior to storage in

reference buffers, the pixel data for I- and P-pictures may be de-blocked in the flexi-



Separate entities, and concurrent de-blocking and de-ringing. The

custom zed nultinode filter allows increased performance for data
crunchi ng operations conpared to a generic digital signal processor and
yet the software interface and genericqgicro-architecture of the nultinode
filter maintain the erxibiIity required for differing filtering operations

conpar ed z C rocesso ) t of
t hrerp rese%?ld?rrﬁl\sl@ﬁ i or(l)| ngg (gl% %Bgl ﬁled[g P Forfﬁomp %nsfl{egp&a% chlj%lﬁgﬁeggf g—gg%g

li ke de bidoki mglobp ﬁ\lﬂedﬁ@nﬁ?dmjdﬁ Bloakddl aleicdechtngedfiarthd 18 JtandarbAlterand. VC' 9
and post processing of decoded video for exanple MPEG 1, MPEG 2, and MPEG 4
to renov ég)‘bg‘ﬂ ioHsT hend, theinglogp deblasked éat\?lf%mlalané Saifuge ‘éﬂ*a H@E@G@hﬁrd’éo 18

[ 0076] M?fng é}fFF@l@tfﬁeQ{ b¥nd B?ﬂ@lﬁ)b. . glg{dglu gfth%%fii §ta1? 1s S ntstBQHé)rt a

variety tering tec ni gues sui eo encoders
and decod'aies.dldpiaytdre:xtedmimﬁmgypr ocess, the multinode f| I ter| ng process is

applied t not ensati o nd before Vld o di spl and uses as a

referenciéoﬁ%gt ure g%rw ﬁﬁ‘?@’f’?@%’ﬁéﬁg@?? SFENNAhAPP é%%nscﬁf tﬁ‘h feyotiandard er i ng
on |- or fffePi6f 8 dnbodiMihd bl thelplesehEnédfRdi N process, it is applied after
noti on conpensation and picturé reconstruction for the |-, P- picture only,

in the 80881 d | oo®rerxelnplay eppldatign et Hexiestarslhet ﬁhctelq;(] axtcurdéng tr amot i on
estimtiqn. ng,.to.FL.G.8, .there.is.p ncti onal

b1 ock i SaPaHl ot e htheRl fiERiat iy o5 iFeidarRtion i NI o dHifsenent
of the pigsieny, DSPeli RBeivEe Fidhe RS RontrHiem@irtice MR baRendiBE end1fdihk Bk Rbe
MPEG 4 and H. 264 decodi ng unl ess otherwi se stated. It 1is obvious to those

skilled fligiteddoart that the sane pr ocedur es nay be used in in-loop

filterin VC- 9 r ost grithnms with
MPEG- 1, %BE@Z b| realgrrxge:hxggﬁﬁﬁlé)rnnok%ﬁekf éc—\ﬂlagm - @‘%B‘SF & ilter of the
enbodi nefqdossff t he stlesml inifetueioh GRe sl&ea@/%blmedal@ffs‘eom ,a1her S SdffsétaBI gngncoder
for perfornmng the_ inter-block and intra-_block filtering.

encoder / B988der caMassolagiedyel l“i‘fﬁ“ﬁﬁ‘}o% like élbﬂaéleeﬂ@biwlﬁﬁgﬁﬂ%}ﬂ@émtlon
|
ot ebook < Ra TRGROERRcHbE, mblithihl LR R WRCTRIon Hode\ e 4

or H. 264 ntiret/mtelr,d'mid;/ﬁanm) dmamdmdobpaﬂahmter anhdroliycldaddressr cdaed d)l@cB@Ihgi 0

extract yjdeo head aramete nd vi deo coefficients, Reverse 3D Huffman
codi ng ox°°g ersi bleii:‘ ‘@ {hé girtien dnf @osisiop of thy edgs With reseest4o the

macroblock, DSP 101 computes the boundary strength for each 4 pixel block boundary,
sets boundary strength as zero for non-existent block boundary, and determines the alpha
and beta values from the average quantization parameter and filter offsets. And then, DSP
101 determines the clipping filter value for the default filter using the boundary strength.

[0088] Finally, DSP 101 programs the task definitions in two 32-bit command

words for each 4 pixel edge atomic operation in multimode filter specifying:

[0089] Beta and alpha values, ¢, B

[0090] Boundary strength, Bs;

[0091] Clipping value; and

[0092] Modes of operation are distinguished by the indicator top field flag,

frame_flag, chroma flag, vertical edge flag
[0093] The pixel memory 201 is configured as inter-block filtering and the
filtering for the macroblock is completed in maximum 48 task definitions. The atomic

filtering operation is simple. The first filtering stage is preferably reserved for local



while either reverse content-based adaptive binary arithmetic coding
(CABAC) or 2D wuniversal variable length coding is perfornmed in H 264.

[ 0079] The video coefficients are then inversed quantized by the inverse
quanti zer block 802 and inverse transhbgrnmed by the inverse transform bl ock
803 to obtain intra or inter pixel data. Inverse discrete cosine transform

| DCT) i : / ' . Whiy i ther |. i i .
L anst or mrEg QPR bl Sl iol i B Sl i o Rg o o EBhvine
noti on ceqgpaive’(Bd-(By the reference notion vectors in notion conpensation

bl ock 804, while the intra-pixel data remain. The pixel data for |- and
P- pi ct ur 49%h MPEG 4 or H. 264 are stored as reference frames for

b t ti ' f \P- ' , 81] Ho , i f
T oap i1t ert - R e ddd cdEa @ AR BE S B b age 1 m D
reference buf ff@lfes+ﬂ@glﬁvlpi(b?e+pdaﬂ36&&4ﬂpo-|qnl<a(nd>>9~+ﬁi)lk‘lfsuﬂr &dgr bdegdep,bl qeked
in the flexi S rq, fi )g]éq%_ ; j,O onpensat ed
data for I\/PEG]@MBT}Z?-%]%4%Z\MJI°%§A’t I 9Igg[<)?(?|§>l?er ﬁsg;?gymg[grdg@g’r Redg@nd
de-ringed in tHerf e me1 afdartti& &iflerer laeQg, On the ot her hand, the i@ oop
de- bl ocked data for |- apd P-picture data may be further de- ringed in the
f1exi-stdP§akd il Eere géfer THéHuPlat isomn inkicatorelor ftering arixels i Pt 8rd ids» sent

to the .video display or. external menory, L008§] Now, t here are provi ded
three exelpfarki%pp ital inshicatessfor fileringpixed 1y n diien_ fag| 1% s ammdagator for

nmbodi .0f th [ tion. [.0083 | [ ' f
Che 11 oxGERRGAEE 9F FRE d7/¢% 00 “Becti RGOS e o TURHBEPRER Pohid Ho. BFSEent

i nvention, kR kis. LR ti iN.H.264 4 n-| itering.. .. .0l , DSP
101 1 ecoryis pyile pTPLRRRINE, nPlhe Bk 1€ i secBRPalorde e e Bl
limted tdefault@dSudngiltdringebakel/@l thie bbonduey sidehglth kel the dhgk ipithe fitsagtage.

Moaf f Fr aneFl ag; [0835% Slice-level [ .nformation |jke slice type, filter

_of fset M09} [t or - ofPQBEL gemplery apphigiomeidhe besktandeyd flFHAGSPFIRG han | ke

(di sabl e_depbamkdit9s tid fr8lent HrenfiBl 1O irﬂ;ﬁ&b@ﬁ%ﬁorﬂ?} MVORRE SIS G, L YRE:
macr obl ock codi ng node and type (partition node, i1ntra/inter,
field frdokdgwingudescripsionois paslghét eriativac obbho ckamsdrt ddBEGed dizdblokkinlg,

]; le?giét %%?%%inghgnqy 8up31;(cqg ptep S&gl iecigeoirngt%etlci of 18 r;])gxe?s(.)sﬁcgri i(r)nr%)leor}cler}tgt?onegig FO wth
input pixels per pixel edge, it is obvious to those skilled in the art that the pixel memory
could be modified to a configuration of 2 5x4 blocks.
[0097] In MPEG-4 de-blocking, there are no filter decisions to be made above
atomic level. DSP 101 receives the quantization parameter and programs the required task

definitions in a 32-bit command words for each 4 pixel edge atomic operation in the

multimode filter 104 specifying:

[0098] Quantization parameter; and
[0099] Two thresholds THR1 and THR2.
[0100] FIG 9 shows an example data processing flow to the multimode filter 104

for performing de-blocking filtering in a 8x8 block where the edges are H1, H2, V1, and
V2. The pixel memory is similarly configured as inter-block filtering for 2 8x8 blocks.
The filtering for the macroblock is completed in maximum 24 task definitions.

[0101] ~ The atomic operation consists of 2 functions per pixel edge. As the same
pixel data is used, the need to reload the data is saved. The first function computes the
filter type based on the threshold according to the following equations (4)- (8) and stores

the result to control registers used in the second function.



macr obl ock, DSP 101 conputes the boundary strength for each 4 pixel block
boundary, sets boundary strength as zero for non-existent bl ock boundary,
and determ nes the al pha and beta values fromthe average quanti zation
paraneter and filter offsets. And thenpqDSP 101 determi nes the clipping
filter value for the default filter using the boundary strength. [0088]
Finally, @%g 101 prograns the task definitions in two 32-bit command words
for each p‘ xel edge atom c operation in nmultinode filter specifying:
[0089] Beta ared_abiptidy val ke, —a )+ 00, 009B1p (Bownkiay —st Fabgth, J+B&;, -v[)0001]

Cl i ppi ng val ue; an %qg%gklwbdes of operation are distinguished by the

i ndi cat or t op ¢ e I ag frame-flag, chr@gym flag, vertical -edge-flag

[ 0093] The pi xel r’rM? H8Y is confi gured as inter-block filtering and the
filtering for the macropbockses &Pl ergrrin nmaxi num 48 task definitions.
The atomc fiflesrirade o erathon i s sinple The fi6st filtering stage is
preferably reserved fo | 6¢% 20eq—fc|nheri%1g within atom c operations based
on input pixelndat &ond%ﬂgVanmhe)folnomﬁng equations (1) -(3): [0094]
filter_ flag_ megommwbde) «e &( Ly ypol <Py&&~, -qo(<P) (I

flter _flag_p, =(p2-po ggf&é??%§§é6f52a>> ééifll Bs;d 4)&&filter _flag_pOgo
(2a) fille®s] _fl agwhgrel2e 9@ atp)phis) pathamdsiticas>definedd lin BSG4), &&f ths ©rihd | ag
_pogo (2b) filter-flag-M2= (Bs = 4) & & filter _ flag _ pogo (3) [0095]
where fi Inumber of |abgolutep iger-pixehdifferdneeasmallérothahi éit equahgo phreshsldpbHRAD qo |,

filter _4fla R, 4s an indicatqr. for filtering pixel . , filter . flag _
o i aniieEmodeds S pdl it dertheing Blretine SRR PRy if thegmaipyi pixgl

i ndi cat ovalue) minvli¢ @ieimigiin§itel REusNHoflie defaaftSliter hddE G sEQndFi@ion,
positions. At the sane tine, the second filtering stage handl es t he act ual

def aul t e Gust Blering stege is mecferablydised farrthe porupetatign ef the fguhensiic¢ompenditags i n

the firs . A r epplary application of the
flexi-st tgﬁcg)té@ggﬁ ‘ht%ggl?g‘lélgggg'}]%gonts?saﬂﬂ)'enbodi ment of the present invention
is its impgogentati on in MPEG 4 de-bl ocking. The follow ng description is

a slight variatiog of the s dard MPE de- bl ocki ng,
a3,o=r(2 =35 Se "5$Tv3 Vs Vs %)/8 (N
a3,1=(2 =5 5 =2 v, v, vJ)/s (10)
a,-0 -5 5 —2Ff, v v, v ] V8 an
[0105] where a,,, a;, and a,, are intermediate anti-symmetric values of 4-pixel

vectors. At the same time, the second filtering stage determines the filtered data according

to the following equations (12) — (16):

[0106]
v, =v,-d (12)
v'=v, —d (13)
d =clipBx(a,'-a,, V/8,0,6 x (v, v, )/2) (14
as,'= sign(a&o )XMIN{G&O Ia |a3,l |> las,z l) (15)
52 1 |a3,0| <QP
O la3,0|2QP (16)
[0107] where v,' and v,' are filtered pixel values of v, and v, , d is the pixel value

change of v, and v, are g, ' is the minimum absolute anti-symmetric value following



considering only 8 pixels per pixel edge instead of 10 pixels. For

i npl ementation of 10 input pixels per pixel edge, it is obvious to those
skilled in the art that the pixel nenory could be nodified to a
configuration of 2 5x4 blocks. [0097] pp MPEG 4 de- bl ocking, there are no
filter decisions to be made above atomc level. DSP 101 receives the

quanti z atﬂllé)g] PaE a,rreg&,; saad bq{%eﬂg rimatfog raﬁﬂ %#ﬁ]%,%trrica\%‘iue ,?1?;) lcss hmap@ and &

32-bit command worts eac oM ¢ Oper a

mul ti rmd parameter; and [0099]

Two thre Opﬁ;@%@%ﬁ%ﬁ%g&%ﬁ%ﬁ%ﬁ 8%}&1@ a&rgbtbaoncﬁexarrpl e data processi ng

flowto umshul ti mithe dtorhicespelftibn abquQerdéchu;nmg ij;es_ll_ﬁl'ﬂ@.ﬁkd nlge defhﬁleﬁntag ina
n V2 e pixe

bl k H1, H2, V1
gi(?n | a?fﬁn S@éﬁgé %s%lgﬂgég exgept fhat Ihetféwwg opaatlgn gae BBt 3?()
il i h bl ock efinj.tions.
TG e R

sane [ , . oad th data |s ave e first
functi gn%r‘?ﬁ&ilg‘%mﬁﬁ% apﬁ?tht&antyﬁﬁ@flﬁg%éd SSWStIWé tﬁ‘feélshb?‘ db‘d}p?@m% t he
fol | ow nﬂe&ﬁlﬁﬁ%@é@h@ﬂxﬂéé@e1§?¥Bc§§s@8%§DSPﬁ@lresu't to Control registers
used in the second function oi1o21r 1/ /[, I, I, I, ,IIl,,( eqg_cnt=Q V1
-V2) +l p( V109N3) +t (Ver thMI?@a(fmt fi \1151) modvsn thesjee@id/Binckid), Hyig aﬁtlvatéﬂ)ur(dél) 11

THRI Y O | HRI ffset erhyzTHR2 filter node = (
Y) ,i ~7 &%@E&?‘% 81V1P| <ir ’rﬁﬁz ‘ﬁ%@zﬁmeeﬂwrwz%ﬂwl% g8 [PPeel gdge. ("ﬂ)e mi v
= M N(V1 01 1Wnere vl to v8 are pixels
Wi th éosﬁﬁtdﬁéaﬂ(&’&fﬁowatqs t%fe ge}uegn g lﬁt[fh e, thepieponst iterption eqraputes
i nter-pi¥alr fﬂtefréﬁa‘?ﬁh%% %{59111 R lof tadioe rac&ﬁ&ﬁ%p? el fANIEWIN veq]usﬁﬁ]glﬁégéﬂﬂm

node is the node of - cking filtering e oyed, ma
pi xel [0110]

v,'= (10vl +2v, +2v; 4V, + Vs )//16

v,"= (6v, +4v, +2v; +2v, + v, +v, /16 (18)

v,'= (4vI +2v, +4v, +2v, + 2V + v + v, )//16 (19)

v,'= (2v1 +20, 42V +4v, + 2V, + 2V, 4+ v, + 1 )//16 (20)
v'= (v, +v, +2v, + 20, +4v, +2v, +2v, + 20, /16 (2D
Ve'= (v, +v, +2v, +2v, + 4y, +2v, +4v, /16 (22)

vy'= vy 40, 4205 + 20 +4v, +6v, /16 (23)

vg'= (v, +v, +2v, +2v, +10v, )//16 (24)

[0111] where V; to v, are input pixels with positions defined in FIG 3 and v,' to
vy' are the corresponding filtered pixels. The first filtering stage uses the first half of pixel

values while the second filtering stage uses the second half. FIG 10 illustrates the process
of filtering in the multimode filter 104 that exploits the symmetry of the filter. Assuming
we have an atomic operation of 4-pixel edges to be filter and 2 4x4 blocks with 32 pixels
PO-PF and QO-QF in the pixel memory. In the first cycle, 8 pixels from the first line P0-P7
are loaded to FFO and at the same time, PO-P3 are processed in FSO while P4-P7 are

bypassed. The logic process in FSO is described by a generic filter with 4 similar
k+3
functions S (v,) = 2 Wi +C;to generate IPO-IP3 simultaneously. For example for P0’,

4
IP0 = f(P0) = 2 Wo¥; +0 and w,, = {10,2,2,1} from equation 17. In the 2™ cycle, P4-P7



value, mnv is the mninmm pi xel value. For the default filter node in the
second function, the first filtering stage is preferably used for the
conput ati on of the frequency conponents according to the follow ng
equations (9)- (11): [01041 a3 0 =t2 98 5 -21[v, V4 V5 v6 J )/ 8 (9)

a3, 1=i2 -55 -2].[vl v2 v3 v4])/8 (10) a32=(2 -55 -2]'[v5 v6 v7 v8J)/8

11) [01 LNt di - tL
Vai s ortqeiiPefd ARy ibnda R 4 2 TR LA RSB B B0 G BE RS 4 e
det er m nese lohded fol RRdraad atkapracesedindfSigby équitdient ioohdrRWilng tegetdtORe’-p312) -
(16): [01061 v4' = v4 - v = v5 -d (13) d = clip(5 x

d (12) ,
3,0 -a3%0).. : VAG I 4) 0'= rd . R
g?gn( aso%ﬁ? ?ﬁ?‘é’@gg %{Pg&sf A 1%@?0;1)22‘&5 i Tﬁ’ai&fg‘@ sovgle=ngw ling B8 PE a5 16)
[01071 where v4'" and v5' are filtered pixel values of V4 and v5 , d is the
pi xel vallessled sh&§evith PSP Aasaleatsd farproa3sify by F SthandnPBrPUbypaised) UP4-1P7

ti- ' I || Qui 22 the sign a3 0 an ' .binary
it o oD Gl B B St B iR R
quant i zatouffut POr-RPAELRI 10kERICkol 1A, TRShLHP CRAL, MRGEANIARKT off B4 3L PHIEFALOM C
operation of VC-1 de-blocking is simlar to the default filter node In

MPEG 4 d@rdsleseerkiind’ SOxtogsneratealPB-HE while &P$-1RA apd PR-PBrars pmxcessed :iroﬁﬂi e 3rd
f i xel fj ¥ i lied if.a3, 0 | . 1la3 01 <
M Noaa, 1 g iefufy s pRL Mok GRE S Fuaren Fatatmle srosine et 4oy

set if tHg4Biatkset is not filtered. In addition, the filtering decision

for each 4 gi xel edge is processed in DSP 101. [0109] For the DC offset
filter nd#d2in the ‘8%@%@6# eiFfarnlem, applicationaef the dleatistardsed filtlenaetiordiogdo | max-

st ¢ ahar O ot ieShrblih SRUORTs SN B e faF s ST le e Long
i t erati oMBB@pUdesinging is performed in an 8x8 block in two steps. The first step is to
determine the threshold for segmentation. A 32-bit command word is issued to the
multimode filter 104 to determine the threshold and range for each 8x8 blocks according to
the following equations (25)-(26). The configuration of the pixel memory 201 is the same

as inter-block filtering.

[0113]
thr = (oma})%{jf Jr 02?,}27{":1 Jr 1) /2 (25)
range = (g’ﬁ% {Ui,j }_ 02327 {Ui,j B (26)
[0114)] where p, ; is the pixel with position (i,j) in 8x8 block, range is the range of

values that the pixels in 8x8 block covers, and thr is the mean value of the range and used
as a threshold for segmenting in second process. With the computed values, the
modification of the threshold for the luminance block is preferably done by DSP 101.

[0115] The second step includes both the index acquisition and the adaptive
filtering function as the input data are the same. Another 32-bit command word is issued,
providing the max_diff parameter and the threshold value, thr, from the first step. In this
case, the pixel memory 201 is configured to intra-block filtering and a 6x6 block is fetched.
This configuration is particularly useful as compared to two 4x4 blocks because it exploits

the symmetry of the 2D filter window.



four filtered values to the right of the edge according to the foll ow ng
equations (17)- (24). [0110] V1'= (lIOv1l +2V2 +2V3 +V4 +v5)// 16

V2' =(6v1+4V2+2V3+2v4+V5+V6)/ /16 (18) V3' = (4V1 + 2V2 + 4V3 + 2v4 + 2V5 +
V6 +v7)//16 (19) VA' =(2v1+2V2+2v3+4VA$3V5+2v6+V7+V8)// 16 (20)

V5' =(v1+v2+2v3+2V4+4\V5+2v6+2V, +2v8)/ /16 (21) v6' = (v2 + v3 + 2v4 + 2v5 +

2V v Otieby ) o SR gty A AOITON Fis e ot P tRinr s

Wi t h posipixed nsentte; ianedetemmihédadoaditlg vd thet fdllowdig a&ﬁtibﬁbe(quf—m?p Qnélifigr
filtered pixels. The fi{) t filtering stage uses the first halft of pixel

val ues wPPUUPHmay e Fyl kPecsé‘PrFﬁign Wfogeityeads.t he second hal f. FIG 10
illustrates the procesp Jé(%e)j)gll?ﬂering in the nultinode filter 104 that
exploits the gymwepyylof ‘the’filter. Assunm pg;, we have an atomi c operation
of 4-pixel edges to bg0fin(xren<did 2 4x4 bl ocks with 32 pixels PO PF and

QO QF in the pixel menmary. In the first cycl ) 8 pixels fromthe first line
PO P7 are | oadexdxtyo =F ﬁahid(i@t) the sane tine, PO P3 are processed in FSO
while P4-P7 are bypasSeth The |ogic process in FSOis described by a
generic filter with 4 simlar k+3,fMpchiqpsof (V1) _ ~= w.v;, + cj to
generate | PO Iﬂ%ers_iawklzmane@y)s%{. F(l)lr'(jé;/zrrgl Z jfor PO, 41PO=f (PO _w
ovl + 0 and wi 0 = {10, 2,2, 1} fn8mse#at)srf019). 1 n@Ne 2nd cycle, P4-P7 23

are processed in FSO to, gener at P4-1P7 and PO P3 are bypassed whjile
| PO- | P3 iﬁdﬂm- P7 “;Fée P‘%&ﬂéh‘sttge ;ﬂma‘iy uMiratgrof izl galieg abeyverthr or gigher it

equi val ento@Rel degmkhialiBh of hedfid riﬁﬂo? a18as; Brle abové th Encgéﬁegltiélgwftﬁ’t{ Flﬁg's PO
=f (PO = ~=wovi + PO In‘the 3rd cycle, new line - are oaded to
FFO wi t htiz8smn sfbarredaluss jor ackeSsimuddw cBRitediby piRePEt pysides gd,y)) Bdd | P7

o0, PO PT1gt b e | PR BLESERS LA ek ol €16 S 7
second hgégmétted H€a.| Thén, ABadiptidt Eiltering function, 3x3 windows are selected from pixel

memory and filtering is applied on pixels which have filtering condition enabled. The
filtering may be split into two filtering stages with the first stage accumulating sum a(x,y)
and the second stage computing the final filtered value p(x,y) and clipping the output to
p(x,y)+max_diff according to the following equations (30)-(33):
[0118]

a(x,y)=(p(x-Ly-D+2x p(x,y-D+p(x+1Ly-1)+2x p(x -1,y) + 4x p(x, y) (30)

b(x,y) =2xp(x+Ly)+ p(x-Ly+D)+2x p(x,y + D+ p(x+Ly+1) (31)

p'(x,») = (a(x,y) +b(x,y))//16 (32)

P"(x,y) = clip(p'(x, ), p(x, y) - max_diff, p(x, y) +max_diff ) (33)
[0119] where p(x,y) is the input pixel value at position (x,y) of the 8x8 block and
a(x,y) is the first partial product sum and b(x,y) is the second partial product sum with
reference to pixel p(x,y) and p’(x,y) is the filtered pixel value and p”(x,y) is final output
value that is clipped and max_diff is maximum allowable pixel change and is defined as
half the quantization parameter in MPEG4. FIG 11shows an example data flow to the
multimode filter for performing de-ringing filtering in 8x8 block. The blocks are processed
in sequence of Al, A2, A3, and A4 as shown in FIG 11. Since there is an overlap of pixel
values being selected, a pipeline control mode given in FIG 12. is activated to move the
last two columns of pixels (C5, C6) in 6x6 block to the first two columns (C1,C2),

resulting in the reduction for re-fetching the same pixel values. For the example pixel



processed in FSO to generate IPB-1PF while |IP8-1PA and PB-PF are processed
in FS1 to generate filtered output P8 -PA" . Another cycle is required to
conpl ete processing for the 2 4x4 blocks. [0112] Yet another exenplary
application of the flexi-standard filtgg according to an enbodi nent of the
present invention is its inpl errentati on in WPEG 4 de-ringing. MEG4

de-ri ngi i 8x8 k.in t st The first st [s to
determ ng&i“%"g‘ft g%rﬁ%g ég%és%éé%n a |8tnare,&w\§g?%e C@Br?ﬁﬁﬁaﬂ r&’fﬁ??ﬁ% ued
to the msaﬂvteiemfjeraﬁmhst Braddfbntto codRin@l dath.dt iS6bvidusas fiedsd skitidd iaagent Gat each

8x8 bl oc@fs accordin o the foll ow n? equations (25)-(26). The
conf i gur 815 BRelgE ‘N‘i‘g meeé? max RSy 4ppiied 19 ensuprecapsingity gk othgt BHersng processes

filterin %e]&]t s7 1 GCsi,js7 1 (25
range = gike E&, ecrtlgfl and s ﬂ@ﬁn{l@d}t(z E{g;e&axéple]%s]érﬂéo}l%évé \ '[0114] where pi
j ist he[(prz&]el Wi t I’Wl;ndaes ﬂns @itafled] JescriptioBhin setkforthasogee embblindnange tinf

val ues that the pixel 8x8 bl qck covers, and thr |s the ne al ue of
the rang8 SRy HEEEong eéppmcggﬁ&lﬂlsfaé‘? S‘éfrg‘ﬁﬁ’ﬁﬁi’ SHRported 4 c8rd a@ﬁ Ve t h
the conpyiRd edBbdigents! dtehe PRE&tifAkiOR vifict & I‘ﬁ%ﬁls‘ﬁl@ élgsérﬂfedteﬂﬁ)oh nce
bl ock is preferably done by DSP 101. [0115] T e second step incl u oth

t he i nderceeding $¢ Namusanddlﬁhalcmslaipd|1merovfenientsrappgreﬁu1rmdhomslaﬂaed imethe anut

dat a arethe sane th {1 di.blt 03) nﬂ word is i.ssued, élprglvi i,ng the
max di 1 PR SN By e A HO0¥ FEE fa beiprlayed frencedipgarviestdty dp adgen. |
this casge mblfithode X@ler PRSP dorhPriseQiiffb@Hf §ifbring stdpb§.a- bl ock filtering and
a 6x6 block is fetched. This configuration is particularly useful as
conpared to two 4x4 bl ocks because it exploits the symetry of the 2D
filter wndow 24 [0116] In index acquisition operation, filter conditions
for the centre 4x4 pixels in pixel menory are determ ned according to the
follow ng equations (27) -(29). The filter <condition may preferably be
stored in tw 8-bit words.



11 p(x, y)>- thr bin(x, y) = (27) 0 p(x, y) <thr sumx, y) _ bin(i, j)
(28) J=-11=-1 filter - condition(x, y) =1 sumx, y) (0 19) 0 sum(x, y) ~
(019 (29) [0117] where bin(x,y) is the binary indicator of pixel values
above thr or rather it provides a segmgntation of the pixel into 2 areas,
one above the and one below thr, sumis the sumof binary values in a 3x3
w ndow centred by pixel at position %&M\?and filter condition is a flag
i ndi cator of filtering when the 3x3 bel ongs to the sane segnented
area. Then, in adaptive filtering function, 3x3 wi ndows are selected from
pi xel nmeppry and filtering is applied on plxels whi ch have filtering
condi ti onVB#dbFiginedise filtering may be split into two filtering stages
with the first stage accunul ating suma(x,y) and the second stage
conputing the final filtered value p(x,y) and clipping the output to
p(x,y)+mex_di fA nadtimodt filtertfor prioeeskimiglod\digigl eduatighals, ob&@)rs{n@?:) [0118]

1,y-1)+2 +l 1) + l,y)+
DY) b B VR i o R st ble e sad ot et et ca o,
y) + b(X,that)h)avé{)eela%r&@e% " (x, y) =clip(p' (x, y), p(x, y) - max-diff,
p(x, y) +max- dif (33) [0119] where p(x,y) is the input pixel value at

position (x,y) mﬁltmeg'ﬂ@r bipelite eectronidakly\cpupled tdihe bixebmeparyt;iaatl pr oduct
sum and b(Xx, y) he.sec artial oduct um wi.t reference t i xel
oy “and eIt PEIGRESY fuBEanty Reptosicul MupE o 5 Mdlrors e pu
val ue t hajipdline SvhdtBRtthe i almltihdde filfer TBXtr S4B ds WRRIBin ok € FrofhA8@8cand i s
defined as half the quanti zation paranmeter in MPE&A. FIG 11 shows an

exanpl e digeedes thstasl defieitiony land oersates sigaalsfte copiealfoperatings otheimglfimgde
filteri n%- {e l%éﬁngl ock. The bl ocks are processed in sequence of A, A2,
A3, and A a8 OWn in FIG 11. Since there is an overlap of pixel vaI ues

bei ng sel ect edvhegelyi whén U Molinicde A igdlRTetdivds!the EntrdlSigfald ftainale t O
nove the last two colums of pixels (C5,  C6) in 6x6 block to the first two
col urms (lqgal @Qu}ltlmode filter control it selects the input pixel data from the pixel memory,
processes the selected pixel data according to the task definitions, and outputs the

processed pixel data to the pixel memory.

2. The multimode filter of claim 1, wherein the processing of the selected pixel data
comprises post-processing including de-blocking and de-ringing, in-loop processing

including de-blocking and de-ringing, and overlap smoothing.

3. The multimode filter of claim 2, wherein the de-blocking is performed on an n-

pixel block edge, wherein n is an integer.

4. The multimode filter of claim 2, wherein the de-ringing is performed on ann x n

pixel block, wherein n is an integer.

5. The multimode filter of claim 1, wherein the pixel memory is a RAM or a 2D
register bank that has a fully configurable assembly of registers with addressing logic that

selects required pixel data in one or two dimensions.



resulting in the reduction for re-fetching the sane pixel values. For the
exanpl e pixel 25 nenory arrangenent in FIG5, row data that are overl apped
can be simlarly re-shuffled between operations in addition to colum
data. It is obvious to those skilled ipythe art that the pipeline control
node may be applied to ensure continuity of other filtering processes |ike
edge detectio t O t anppl ripti o)} 1201
Wi e this der i aa i kbt SRuh s R SR BN EREEY <BReEREy & i
present iimesfadd fon re¢dieingipputdsigelcdatd fonas evakinii me@oH ¥nd syt gdcéstedover
and will coyer other enbodi nents of the present invention which differ
fromthe P&’@lg?t%‘éﬁleé’}‘ﬁf WYY according to various nodifications and
i nprovenents apparent to those skilled in the art. For exanple, the
mul ti mode filter may be enployed in encoding processes. In addition, the
rrul t [ rmdé7 f i | {Ihe npilpslodadiltenyf claiprli sdedtid fhertasit ddfiditi@rsiingudd tgeslec@én

is clai.ned is: A multinode filter for processing of digital
Vi deo si § g}pgt/o tBW?qéi%&m@%Hf?é?glmgﬁr@We toring input pixel data to
be processed and output pixel data that have been processed; a nultinode
filter pipeline electronically coupled to the pixel nenory; and a |ocal
mul ti modd. fi | {lde nediimode fidkeef ¢laini bawhqreiucbhmmhimmﬂetfﬁmrmipeﬂihcrmztapn‘isielsﬁ\ér

pi.peline.cwherein th It| defl ter reC|vesta

G ni ¢+ GHERRE Slatst SEpr 85N Nt B rvbrE BERY lering tiesh ang e morerioh
si gnal s tcombiatioRbf @p&éﬁéﬂs%}ﬁth@fsaﬁqb%iﬂll ldbiaMReEsplitiing 6f cdthplex bp&atihmieby
when the nmultinode filter pipeline receives the control signals fromthe

| ocal nulM stAgrsdor satislyingcthe timbng considseations of filier Ipgipsit pi xel data fromthe

pi xel menory, processes the selected pixel data according to the task
definitions, and outputs the processed pixel data to the pixel nmenory. 2.
The mul t 9node Thilheltinafdecfilesrnoflclainh 8) ehsreiheaddr fitesisd BEggOtombessed kfied

pi xel data .o post - processi ng i ncludi ng de-bl ocking and de-ringing,
in-1oop [SHE¥E %§H> Rl udi ng de- blocklng and de-ringing, and overlap
snoot hi ng.

10.  The multimode filter of claim 8, wherein the multimode filter pipeline further
comprises a starting addressing logic for starting the pipeline for selecting the input pixel
data from the pixel memory, wherein the starting addressing logic is disposed between the
pixel memory and the first filtering stage; and an ending addressing logic for ending the
pipeline for outputting the filtered data back to the pixel memory, wherein the ending

addressing logic is disposed between the last filtering stage and the pixel memory.

11.  The multimode filter of claim 1, wherein the local multimode filter control operates
the multimode filter pipeline in a pipeline control mode whereby the pixel memory has not

been cleared after the last write of the filtered data back to the memory controller.

12. The multimode filter of claim 11, wherein during the pipeline control mode, some
pixel data from the last few load cycles for a current task definition are shuffled to the
position as the pixel data in the first few load cycles for a next task definition, resulting in

data continuity between the current and next task definitions.

13. A flexi-standard filter for processing digital video signals, comprising:



3. The multinode filter of claim2, wherein the de-blocking is perforned on
an n- pixel block edge, wherein nis an integer. 4. The nmultinode filter of
claim2, wherein the de-ringing is performed on an n x n pixel block,
wherein n is an integer. 5. The nultinpge filter of claim1, wherein the

pi xel memory is a RAMor a 2D register bank that has a fully configurable

assenbl y of dr essing logic that selects required pixel
data in one og%[%&?&%nﬂr?rg%%s 27 6. The multinode filter of claim 5,

wherei n the piamdmegrdnyoltdprises an 1/O interface for receiving input
pi xel data froq] a working nenory and sendi ng processed pixel data to the
wor ki ng menor ¥, ing meppIYdNidt i node filter of claim1, wherein the task
definitions i | ection of input/output pixel data and filter

| ogic to be pg%lggﬁn%gg@ﬁg&eﬁe multinode filter of claim1l, wherein the

mul ti node fi | drergn pled d@tatsrgpa] peseNor Contr@s |(D§P$tl£egeﬁcral\l\heq&nbélef khé s an
i conbi nat | on of

i nt eger; wher.ei stages allow a ser
oper gt i O%Xbﬁa‘fcﬁ’éé gg‘ﬁ% nb‘?k)?é&rlﬁél 8 de‘é‘g‘d’%-rﬂq thP%F@méftL% BISBICEY COPERLRTIVEH i nt o
N st ages f f'ﬁ@ﬁn% Qésk§f\¥hé}91ntﬂl§ nﬁén%r?%oﬁﬁ@ﬁé%?é%soﬂémo&e DdP e filRdin ‘gstask% The

multinode filter of claim8, whefein each Itering stage conprisSes a logic
circuit éﬁdm the dasa firegsly fi@m tHéhlmermbmoryodmd $ands dre dafa a:ddaash &finierteitie t he

mul ti node f ellne ur.t her ris art ad ressin iC
For st ar ErmbRABRD Sefin fnsind ShesnGgeren oty B Hrkiad Hado s s ee

pi xel nemaey of\t\ﬁ@l@hlﬁiaﬁ&eaﬁd @hfoniga®@dd 48 Thatark qginf;edu&er}l SRITeHe RetREN he
pi xel menmory and the first filtering stage; and an ending addressing |ogic

for endi Repeesred rpwsadithas arorequired in thermgocessing of theraerentcay; ad kvherein fiee pi xel

menory, i | ogi C di spose e he | ast
(1 vert nitibde SR pRhe R e SRl o bORBRER S FRERE R i v 1
wher ei n Eél&rdlﬁteazitldmslahd rmﬁiES fhe| ﬂil@d‘re@ datarick @p ictinemoryt Béntrollet; the@By fihd t er
pipeline in a plpel ne contr ol wher eby t he pixel menory has not been
cl ear ed Hiemary eopirqligs theppe-daeess therfétemq ‘ﬂ%@é&hﬁaﬂ%mﬁ@KVto the menory
controller. 12. The nultinode filter of claim 11, wherein during the

pi peline control node, sone pixel data fromthe |ast few | oad cycles for a
current tésk d&éiflekitstanlast Bltatuficidid 3t whedetn the DSP comprises:

a programmable core for executing logic and simple arithmetic instructions and
performing data transfer operations;

an optimum instruction memory cache (IMEM) for storing instructions to be given
to the memory controller; and

a data memory cache (DMEM) for storing input data to be transferred to the

memory controller.

15.  The flexi-standard filter of claim 13, wherein the DSP is a generic processor or a

pOWer processor.

16.  The flexi-standard filter of claim 13, wherein the line memory is a memory chip

that is totally separated from the DSP.

17.  The flexi-standard filter of claim 13, wherein the line memory is an embedded

memory within the DSP but is controlled by the memory controller.



position as the pixel data in the first few load cycles for a next task
definition, resulting in data continuity between the current and next task
definitions. 13. A flexi-standard filter for processing digital video
signals, conprising: 28 a digital sigpgl processor; a nenory controller;
aline menory; and a nultinode filter; wherein the digital signa
processor g ontiiy i Refkiatd A18Y F BlalimSPAUERGEinOthe! BBlinlode X! AIAES i
filter, nakes frltering 3eC|S|ons, and prograns the nenory con ol tefwith

filteringataiskwith edDSP and Bsadente yole eoitisll df @lie memerv@atrbll@m t he DSP t he
filtering tasks, fetches the data directly fromthe |line nmenory, and sends
the data and task definition to the nultinode filter; wherein the |ine

menory stor es ThegRk] YiaAded ggéﬂ;&f{&%ﬁﬁ f(}?%ere?ﬁ' e%’ﬁl.\{lﬁ{l/’l%h% ﬁltg%znéﬂfseg: he

| um nance and chrom nance e Imedi ate above t current
processed rowagngeltrherhor for seqng risphiti pixdl Wataptodxemetergedind detpotpixelndata ow;
and wherein thel? multinode filter perforns the filtering task according to
t he prog?l?ftlrf?@éia LREPIYEPHi tion in several iterations and wites the

filtered dataahaglinode Giter FRORIeY1&PdhIcAl €6ﬁpl&i‘%rtﬁ@¥ixEﬂ’ﬁemHﬁ’;TQﬁd/ control | er
then re-directs the filtered data to the Iine nmenory. 14. The

fl exi - st andar & forglt multohodd &iter ¢Gntralhadedionitdlly BsPlabtptlicsesitimode filter

progra qre. f.or, executing l.ogic an inmple arjthpetic Lnstructions
P oo Plicfing et o e by hoa S ARl kB Bk PRElOG PR R it
cache (| Wedddes tie tatloaéMgtibnds bid!génepatSs §iOndlS tILMRId] opSratibi®s SYRA® MMltimode

controller; and. _a data nenory cache ( M for storing input data to be

tr ansf er fi&gr pigelinge  nenory controller. 15. The flexi-standard filter of

claim 13, whergi i i £ Qr. a [ e r. 16.
The fl exi-stan 5%)3’1[\?? {Rgrﬁ o ul@@??ﬁ]}{i?p e@%%?%%‘ﬁ% t}llei %%&ﬁoeﬁnﬁngf Siqgonﬁt%lgg nory
chip théical sntlitmalit filse pahabEdt keleosstthe ilHR. pitdl. dathdrom eld phlchmetanstyf i | t er
of claim 13, vvheE‘lei n.the I jne nenory i s an enbedded . . .

processes the selected pixel data according to the task definitions, and outputs the

processed pixel data to the pixel memory.

20.  The flexi-standard filter of claim 19, wherein the processing of the selected pixel
data includes post-processing (de-blocking and de-ringing), in-loop processing (de-

blocking and de-ringing), and overlap smoothing.

21.  The flexi-standard filter of claim 20, wherein the de-blocking is performed on an n-

pixel block edge, wherein n is an integer.

22.  The flexi-standard filter of claim 20, wherein the de-ringing is performed on an n x

n pixel block, wherein n is an integer.

23.  The flexi-standard filter of claim 19, wherein the pixel memory is a RAM or a 2D
register bank that has a fully configurable assembly of registers with addressing logic that

selects required pixel data in one or two dimensions.



menory within the DSP but is controlled by the nenory controller. 29 18.
The flexi-standard filter of claim13, wherein the nmultinode filter
operates in parallel with the DSP and is under the sole control of the
menory controller. 19. The flexi-standgpd filter of claim 13, wherein the
mul timode filter conprises: a pixel nmenory for storing input pixel data to

be procesged d Hut put ,pi dat a. at ,have._.been .processed; a nultjpode
(i1 ber pegel i nae Rk Risbad fter OFbfim o™ bt ol R Re PhERGR S e R LT
mul t i nodeéntithdeefor GodHivial ighR Gixdtaealrown &kiag hémbdiyearniuidntfpdsrotdskéer
pi peline, wherein the Jocal nultinode filter control receives task
defi ni ti GOHS! data fe theyyukipg menga¥odes the task definitions, and generates
signals to control operations of the nmultinode filter pipeline; whereby
when the nmultinode filter pipeline receives the control signals fromthe
| ocal nmui6i nodéeffldxiatandarnt filiks of clad@l EXtwhérbi thepiatk @eRaitionatiaclhdothd he
pi xel rrem)ré/, pr,oc%sses t he (fel ected pixel data _according to the task
defi ni ti SFSCHONRY IRRHY SRSt Pel dgta Kerdogir s@ebe paafoamed. ¢ he pi xel nermory. 20.
The flexi-standard filter of claim19, wherein the processing of the
. sel ected pixel data includes post-processing (de-blocking and de-ringing),
i n-1 oop RbHoceddienfexictandatdditengplfacidimel?,i wherein) theanthlidmedt djtexnpiptlimeng.
- 21. The fl exi.-st[ﬁ?ﬂar.d filter. of clai.m 20, wherein theIH - bl ocki nga#Qs

per f or me§OBRUSG N [iEingftagnsowhers ficN 15 psgsrsvhesen the Nddigane siages afioyy
flexi-stangdaimd cobmblifiol ofCdFraiA, otViIRS Sifle tpieel dRid, | QI §itliSe RErdof] on
an n x n pixel block, wherein nis an intedger. 23. The flexi-standard
filter oPpeltemiMON sijges &irsatiHpingithetimingnaongiderstionsRANilsr lagi@D regi st er
bank that has a fully configurable assenbly of registers with addressing
|l ogic that selects required pixel data in one or two dinensions. 30 24.

The fl exn7st amtiamdxi-sthicid GiteCddl a6, wiledigichcH filerHgXfAgeRMrike£ORiId S€S
an 1/O interface for receiving input pixel data froma working nmenory and

sendi ng gredbaalinflopel data to the working nemory.

28.  The flexi-standard filter of claim 26, wherein the multimode filter pipeline further
comprises a starting addressing logic for starting the pipeline for selecting the input pixel
data from the pixel memory, wherein the starting addressing logic is disposed between the
pixel memory and the first filtering stage; and an ending addressing logic for ending the
pipeline for outputting the filtered data back to the pixel memory, wherein the ending

addressing logic is disposed between the last filtering stage and the pixel memory.

29. The flexi-standard filter of claim 19, wherein the local multimode filter control
operates the multimode filter pipeline in a pipeline control mode whereby the pixel
memory has not been cleared after the last write of the filtered data back to the memory

controller.

30.  The flexi-standard filter of claim 29, wherein during the pipeline control mode,
some pixel data from the last few load cycles for a current task definition are shuffled to
the position as the pixel data in the first few load cycles for a next task definition, resulting

in data continuity between the current and next task definitions.



25. The flexi-standard filter of claim19, wherein the task definitions
include the selection of input/output pixel data and filter logic to be
performed. 26. The flexi-standard filter of claim 19, wherein the nultinode
filter pipeline conprises Nfilteringagtages, where the Nis an integer;
wherein the Nfiltering stages allow a serial conbination of operations on
t he sanme Wi xel 2] ittj-ng_of ¢ l.ex _operation.into,N stages for
sati sfyi n%' t heA rg?e?n&rtlrgoq%%rgze ?%Feer g‘{n{ﬁo%s&%cpgg? I'Pe PP oeﬁi“@g. 8]§7t.ap 'f’ﬁ%eo Slgngﬁs’

fl exi - st aodpridingi | ter of claim 26, wherein each filtering stage conprises a
logic circuit and a flip flop. 28. The flexi-standard filter of claim 26,
wher ei n t he miRtFeRE desqde pirghipe fomdecpding parinpwtfsnpedes viden bistieprs to

addr essi koo f ' i ' r selecting the input pixel
data fr orhr&gl%r éé@%?%g&%c#cé#%{a%é?%%&gpﬁb?ﬁéééffsi@gfrn& ng addressing logic is

di sposed bet weerinvdree trphsfeim ity fondohtatihg tisd vided tceeffieients /o pixsls an
endi ng addressing logic for ending the pipeline for outputting the
filtered V&LW’% back to the pixel nenory, wherein the ending addressing

| ogi ¢ is: di speaeslPRtyasHzd RECHRS For ihldrsdd fonBLA %&%@f di&n i xel nenory.
29. The flexi -standarqgﬁf il%tercol?}?c(l)ali m 19,(!11&l erlegn t he 1?0%%1 > mul ti node
filter controla mopen aoemenbasiomutir¢uroydof imdtam pomppdrisagng mntar-pixek ldatacby

cont rol r;ofgreenmherogb% t%e pzinﬁgl menory has not been cleared after the | ast
wite of ‘The t7 PEPRE* 49 a™ack to the nenory controller. 30. The

fl exi-standard fiéditsemdafd flie mra&lodw?fo@mirdy(dquoém Rh@ el ifON oA
node, sone pixel data fromthe | ast fTew | oad cycles %Or a current task

def i ni t i PHOEPENE Hde-blecking and Hie-poging), andagvarke pheethingatwhdreint the fléxist few

| oad cycl I .task definition, resulting in data continuity
bet ween tsﬁgdgcrgrﬁrlgﬁ?&g%%&g’ext task definitions. 31 31. An electronic device

wi th a decoden digital pigaslassta’gprgli gi t al video signals, conprising: an
entropy decoder circuitry for decoding an input of encoded video bitstreans
to extract vPRIRONELABIONAT aneters and video coefficients; an inverse
transform ci rgangrnyenfl&z. genverting the video coefficients to the pixels

val ues; an inverse quahtizer circuitry for inversed quantizing the

coef fi ci ent s; amultimode filter;

wherein the digital signal processor controls (DSP) the overall sequence of the flexi-
standard filter, makes filtering decisions, and programs the memory controller with
filtering tasks; wherein the memory controller receives from the DSP the filtering tasks,
fetches the data directly from the line memory, and sends the data and task definition to the
multimode filter; wherein the line memory stores locally the working window, and several
lines of the luminance and chrominance data that are immediately above the current
processed row and that are required in the processing of the current row; and wherein the
multimode filter performs the filtering task according to the programmed task definition in
several iterations and writes the filtered data back to the memory controller; thereby the

memory controller then re-directs the filtered data to the line memory.

32.  The electronic device of claim 31, wherein the electronic device is a Set-Top-Box,

Digital TV, DVD Player, DVD Recorder, PC, notebook, PDA, or mobile phone.

33.  An electronic device with an encoder for processing digital video signals,

comprising:



a notion conpensation circuitry for notion conpensating inter-pixel data by
reference notion vectors; and a flexi-standard filter for in-1loop
processi ng (de-bl ocki ng and de-ringing), post- processing (de-blocking and
de-ringing), and overlap snoothing, whgpein the flexi- standard filter
conprises: a digital signal processor; a nenory controller; a |line nenory;
and a multi i - her el he, di gi t signal. processor controls
(D) “the. overarrdsfiraudh el e e ere e o R VB S ohcea 11 1 ter i ng
deci si ons, and tpns@raciching vEMsforaomd piabl wiludsitd Boeffitieiites i ng t asks;
wherein the nmenory confrqller receives fromthe DSP the filtering tasks,
fetches the dat¥alfizeEeeyity fofAuapizing fe ceabisigpts;and sends the data and task
definition to | 1 e..fikter el LRe.: r cally
the working wdouoBY, feBBe ity tor MRS IR cocBEIRERNY TS Fndkbl
dat a t hatpammetdrsiveditpitehyodedovdeottintreamy;ent processed row and that are
required in the processing of the current row, and wherein the nultjnode
filter perfor@B @N@Sﬁq%ﬁmgﬂf%w afe&dwﬁr?ﬁgi flBanting, thsg Faghtistenis ok the
definiti Qffelelice pigMpE;al iterations and wites the filtered data back to the
menory controller; thereby the nenory controller then re-directs the
filteredadaneriedransforin aieuitenior ynvesRd trihsfoshimgtvideo weffiintseofithe cdfarentS 1,
wherein the electronic device is a Set-Top-Box, Digital TV, DVD Pl ayer,
DVD RecoP&‘F?“b@?eﬁoﬁgﬁﬁok, PDA, or nobile phone. 33. An el ectronic device

W th an encodarfleékPitaiid28 Ei¥e} fof itll plpRbedddife fofSlcHOApiSturesqAEBIJcRIngGnd A2- @
noti on esju [TB.'[I on cCircul t{(é f or 'der| Vi ng r.ef erence notl on \(ect ors; a
t r ansf or mngMEyre-Pyocessing (deridocking anyl da-moginghland gvertapcweiothing,emhesein ghe

guanti ze j i 0 nt.izing the coefficients; an entropy encoder
circuitrgk%%éggﬁ%%gr%ék9ﬁ%§gicoefficients and vi deo header paraneters to

out put encoded digithksighaltisbdessrs; an i nverse quantizer circuitry for
i nversed quanti zing the coefficients of the
a memory controller;
a line memory; and
a multimode filter;
wherein the digital signal processor controls (DSP) the overall sequence of the flexi-
standard filter, makes filtering decisions, and programs the memory controller with
filtering tasks; wherein the memory controller receives from the DSP the filtering tasks,
fetches the data directly from the line memory, and sends the data and task definition to the
multimode filter; wherein the line memory stores locally the working window, and several
lines of the luminance and chrominance data that are immediately above the current
processed row and that are required in the processing of the current row; and wherein the
multimode filter performs the filtering task according to the programmed task definition in

several iterations and writes the filtered data back to the memory controller; thereby the

memory controller then re-directs the filtered data to the line memory.

34, The electronic device of claim 33, wherein the electronic device is a Set-Top-Box,

Digital TV, DVD Player, DVD Recorder, PC, notebook, PDA, or mobile phone.

35. A process for digital signal processing, said process comprising:



reference picture; an inverse transformcircuitry for inversed transformng
video coefficients of the reference picture to pixels values; a
flexi-standard filter for in-1oop processing reference pictures

(de-Dbl ocking and de- ringing), pre-proggssing (de-blocking and de-ringing),
and overl ap snoot hing, wherein the flexi-standard filter conprises: a

digital si | DF = ler;.a.li. : d
mti mode 11080 i sifal BTGk SRR Ay Bt B il SRR Bpra Bl

overal | segmewce of the flexi- standard filter, nakes filtering decisions,
and prograns the nmenory controller wwth filtering tasks; wherein the
menory cont r olfFEHVIRG JEPSASEINE RmImeiersoasy eorde msirpdiqng pndasieung theatespingd t he
dat a diregdde¥sifid QB daEodE, ; i d task definition
to the §§§ti%ﬁ%g ?%ﬁtgr; mﬁgggﬁﬁﬁfﬁ%ﬁﬁP%gﬂ%%h%g%ﬂg?%%§§91ocalIy t he

wor ki ng wi ndovprnging tggv defihitiohs fesn dhe pheceksing paradestas cindheodlel insthgtiodat a

that are 1. &l ely above the cHrrent rocessed row and that are required
in the prvggg’g _e%glfﬂ_g SigRal FRrSsaNtt FANPUsH e gtdé’gﬂ‘t‘?ﬂ%to WF’F‘P%%_”PFI ter
performs the fidnb@rting thadlgi@r sighsll da b9 tﬁ@%e%&g;cgg{ftgga(%cﬁgdﬁﬁg% ki fakn 1N

several iterations and wites the filtefed data mory
cont r ol | glefinitions waymuliienodediitsry controller then re-directs the filtered

data to the line nmenory. .34. . The el.ectropic devic f claim.33 erein the
el ectronic deWl T&°788 éyesgfgltﬂ)ﬁl-%SEfiata[ﬁygﬁ‘tearPu ,°‘%\)%t‘?5l afrardn %nge%‘ der,
PC, not ellefikitiol)Andor nobil e phone. 35. A process for digital signal
processing, said process conprising: 33 receiving digital signal data and
storing the rouBUEE Hegprogessed gligifal signal 'dntaatonbegpcal TREDPTY; Off At eXteinay
processipg parameters and code instructions and storing the received
processi ng paraneters and code instructions in a digital signal processor;
formng task definitions fromthe processing paraneters and code

Id gfs ;[ :“uf ;[ Ié 2 St a)%tphwl f tgte q-}%h}g#%%gfhe%irgl rtll(;jlel steF:)pr (())fc reé‘gesieirngtdri]gigal 2ilé£1gluc}a%a éor;r?prgs%ss K

receiving the digital signal data after the digital signal data have gone through motion

compensation.

37.  The process of claim 35, wherein the step of receiving processing parameters and
code instructions comprises receiving the processing parameters from a FIFO control

interface and the code instructions from a control bus.

38.  The process of claim 35, wherein the step of storing the received processing
parameters and code instructions in a digital signal processor comprises storing the
received processing parameters and code instructions into different memory locations

within the digital signal processor.

39.  The process of claim 35, wherein the sfep of processing the digital signal data by
the multimode filter according to the task definitions comprises in-loop processing (de-
blocking and de-ringing), post processing (de-blocking and de-ringing), and overlap

smoothing.



transmtting the digital signal data by the nmenory control according to the
task definitions to a nultinode filter; processing the digital signal data
by the nultinode filter according to the task definitions; and outputting
the processed digital signal data to tBga |ocal nmenory or an external

menory. 36. The process of claim 35, wherein the step of receiving digital

si gnal dajya conpr. : | (AT I ta .aft . gital
i onal dath hovEPhaRSs of GAR . Whelkcthuld i prat IRt E MRl sBhnal B
cl ai m 35 thevmattenedet fileer sceqrdig toaletask defigitiotessnprisep asiagatiels caifiburabdee
instructions,.co ises receiving the processing paranetfers froma FlIFO

contr ol alssr?f@%f gﬁ%b é?ﬁil“?ﬁ?f“%&ﬁ é‘%i“h@‘f’ rdfﬁﬁaf %‘ﬁgalfg@rﬁoéﬁ%td%? F’g‘)‘ltl%‘t@.fﬁ% cahe
process QkrfbhAinoop prodestifg (ﬂéﬁ@clﬁﬁg Qnd)ae-ﬁhgﬁgﬂ Dokt oée%ﬁﬁ%!&%l%lﬁﬁ ard NY
paranmeters and code instructions in"a digit sign processor conprises
stori ng tdeginginggindeyepapsescthing agcordimgtte tte taskddefmiteonsnst r uct i ons i nto
different nenory locations wthin the digital signal processor. 39. The
process of claim35, wherein the step of processing the digital signal data
by the mmlti myderddebs OFclAGLYY, WHtkih thelsh drdntpudiald hetgrOR SRS Ehal
in-1oop processing (de- blocking and de-ringing), post processing

( de- bl ocldatago dhrlloge-memefiyray)an exfeanad yeeniorp compriststitaring @taingi@forfatompthet ess

of claim rel ) of, processi t he. di git.al signal data t he
mul 1 moadas Py JEY 6 Bl oG B Ing o aRS Rrt tshe of G BB i 1
confi gur abtle tinesaamblsyvedf 2D regi ster bank to store the digital signal data
so that the nultinode filter can performin-loop processing (de-blocking
and de-ringing), post processing (de-blocking and de-ringing), and overlap
snoot hing according to the task definitions. 41. The process of claim 35,
wherein the step of outputting the processed digital signal data to the

| ocal nmenory or an external nmenory conprises storing certain information
that can be used for next process into the nmenory of the multinode filter
so that the read/wite cycle tinme can be saved.



