1 A METHOD AND SYSTEM FOR ADAPTI VE PRE- FI LTERI NG FOR DI G TAL VI DEO SI GNALS
Field of the Invention [0001] The invention relates generally to video
preprocessing techniques for inproving encoded video data quality. In
particular, the invention relates to adaptive pre-filtering of input video
data before video encodi ng using selecHive tuni ng paraneters for
controlling of filtering. Background of the Invention [0002] Video encoders

are now conmonly used in consuner end products like DVD reader/witers at

consuner af i pders i {haly
Found n eMIEFACT AR S¥5TEM %%3%‘5 V@(\%{ﬁmﬁﬁiﬁm‘&?ﬁ@@ﬂ
stream ng. However, these video PLGY do not performup to par as
conpared with professional encoders. The resulting poorly encoded vi deo
images often contain video artifacts such as bl ocking, corner outlier, and
ringing. [0003] Besides the effects of encoding technol ogy of the video
encoder S Fidd 9 thdInSentdsPCeSSI Ng and post-processing are also perforned to
inprove the quality of the encoded video. Video post-processing processes
t he decoded vitwel henmvé¢rgionbialaies ganeraly |te videe prenrecgssivgeisshmgues duesses

i nput video data prior t i.deo ,encodi.ng. [[0004] .Due, to coppetitiveness in
the ket of TP frdsdel 1, ¢S RGRRER; gbiRsrdugd B RIS kaSTRTTy o
vi deo decoder %dzﬁitﬁeﬁfr@-ffﬂtreﬁﬁé of ABpRUalco &R KRforki Vi@ &icedingl @Ges séledives an

i nportant method for reducing encoding conplexity and for inproving video
quality for vna@ag@aﬁ@m@réﬁiprqurgllmcéga@@nal ly so when the bitstreamis
decoded by third party video players. It is also desired that the pre-
processing solution can be built into existing encoder solutions or with

m ni mal Baskghvand offelik fiveatiown such that the systemcost is not
significantly increased. 2 [0005] Sone existing techniques for
pre-processing apply pre-filtering on the

[0002] Video encoders are now commonly used in consumer end products like

DVD reader/writers at consumer affordable prices. Video encoders have also been
increasingly found in server software applications for real time internet video
streaming. However, these video encoders often do not perform up to par as
compared with professional encoders. The resulting poorly encoded video images

often contain video artifacts such as blocking, corner outlier, and ringing.

[0003] Besides the effects of encoding technology of the video encoders, video pre-
processing and post-processing are also performed to improve the quality of the
encoded video. Video post-processing processes the decoded video from the
bitstream while video pre-processing processes input video data prior to video

encoding.

[0004] Due to competitiveness in the market of video encoders, low cost solutions
with inter-operability of video decoders are preferred. As such, use of video pre-
processing is an important method for reducing encoding complexity and for
improving video quality for video encoders. This is especially so when the
bitstream is decoded by third party video players. It is also desired that the pre-
processing solution can be built into existing encoder solutions or with minimal

hardware modification such that the system cost is not significantly increased.




residual image rather than the image itself. This may result in error
residual propagation in a group of pictures giving undesired defects in
especially lengthy groups. In addition, spatial filtering is difficult to
apply within the video encoder as it limts the filtering in pre-defined
bl ock sizes. [0006] Segall, C. A and Katsaggelos, A K, "Pre- and

Post - processing Algorithns for ConpreSsed Video Enhancenent”, provides a
good summary of the existing techniques related to pre-processing video
data for conpressed video enhancenent. The different techniques include

operating dir quvobly Sefhel istgd tathaRjuds Fbr ﬁfeic-jﬂoaédsingi BRAS psifii@rihglore¥rnpl e a
| ow pass filter, operating inside the encoder and using quantized DCT
coef ficients tesiduatdpage nathghitlianc tigt infagst itgetls Thih anayi eplddB Erigsrrsidpglvol ves

pre-filtering i dual t ed] o '

response of fPF@gg&g@ug’I %gr({@ %@Me;saﬁq %’%g%glggﬁ%da&négé °§]{%}é§5’§@w n@egffhly cC on
bl ocki ng art igfcagb.sImadditiorg eshtial AR&Tg ik difSulPat fply GABIAIBEVided/ettvder as
Pre-processi ng Met hod and Apparatus with Selective Filtering based on

Mot i on Det ect ftdinits thy feHpg incpre-defingfbbleck $ges. an  adapti ve | ow pass verti cal
filter (7 taps) selected frompredetermned filter coefficients using
pre-conpression data like bit-rate range, notion netric, frame w se notion
and bit-rate (ooogloSegadhrghAcand Bntsdggedod, IAKE., 1Bw-rand Post-prgecssing Ajgarithnmat i on,

sum of absol ut.e pgotion vector nunber .of bits per conpressed  frane.
[0008] In US Bt PHPESIsHioH co Eghangenient , jProxidss p goo iS}%mgg WESCRAFHIEm f or
Digital Mtio gﬁpﬂ e ggﬁgé]g,,- i i Shadqk al
filter usi ng%acmﬂlf gesbﬁ%%)c v?/isgtr p?gﬁtr 1%?0 ﬁg\%,&ﬁéﬁg&{ﬁ%d;&%@?ter b
dependency onThe [liffedent thichgiqoés imchlk oparatiagatirdcty dinsintapsityl dafa0ffo@fgihal US

Pat ent 5231484, "Nbtiop Vi deo1 Co&essitﬁ? Sc?lstagm Wi t.H Adaepti e Ei t.
Al l ocation andMe§FatRe K csAmPlech iy pass filier. gperafing dpsifle the £ngpdef gnd using; o 3
met hod that sgh&agized PRETREETTidicaRtS ré&thov’r indRn{fidahefettu®és. NPREdisEl6 QG & t O

the degree of quantization. ) ]
involves pre-filtering the residual between predicted and current frame with

response of filter coupled to quantization scale and distortion metric on blocking

artifacts minimized.

[0007] In US Patent 6037986, “Video Pre-processing Method and Apparatus with
'~ Selective Filtering based on Motion Detection”, by Zhang et al. describes an
adaptive low pass vertical filter (7 taps) selected from predetermined filter
coefficients using pre-compression data like bit-rate range, motion metric, frame
wise motion and bit-rate or post-compression data like moving average of
quantization, sum of absolute motion vectors, number of bits per compressed

frame.

[0008] In US Patent 6281942, “Spatial and Temporal Filtering Mechanism for
Digital Motion Video Signals”, by Wang, a technique operating a spatial filter
using a 4x4 block with control of heavy, light or no filter dependency on

thresholding of block variance is disclosed.

[0009] In US Patent 5231484, “Motion Video Compression System with Adaptive

Bit Allocation and Quantization”, Gonzales et al. describes a pre-processing




[ 0010] Ot her existing nethods nmay al so use notion estimation engines to
perform notion conpensated 3D spatial and tenporal filtering. Wien notion
estimation is incorrect, these notion conpensated techni ques

di sadvant ageously create undesired artifacts such as snearing regions.
However, additional notion estimators for correcting these artifacts wll
di sadvant ageously increase the cost s of?’ these pre- processing sol uti ons.

[0011] Pre-filterin al so res the oss of video,resol utj
gi vi ng reduct msio fﬂ%?ﬁﬁ%‘&@ﬂ% ?ﬁa@ &p fi itFrtSéar neps asgrdingfo s egree
pre-filters i gegeasiosiond ten the blurring of the imge is not conpensated

by the gain in éncoding efficiency. [0012] Furthernore, variabl e del ayed
response between filtering and feedback of post- corrpressi on paraneters are

often not co r |tuat s of .lon dela peci i al.

ar et ar s. WO Sher shisBog ahR e otrd B Pt ey BRSE P ins BN a R ons
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vi deo encoding. [0013] Therefore, a need exists for an inproved nethod for

i mprovi ng vi stprreefuthkse motaén mmlmms@sqb@chmguqﬁ disaduarftageously craattamdesitgdences
wth fast noti nd _l.ow hit .rate | {jcatio the Inve t|on
00141 “The " pr BSTAA SpsER: St kGiBE HETeue 2P efite oo el

adaptive precirddtiii thesedrtifarpivily dibedvahtderoliddy indretRe thcodds ag the[s@@il&]
Accordi ngly, in one as?ect t he present enbodi nent provides a nethod for

adaptive pre- PFW?@N@#@‘BPnﬁnput video data for video encoding using a
linear filter nodule, conprising the steps: receiving the input video
data; extracting at | east one 4 tuning paraneter according to type of video
encodi ng; progesyi Bg-fikaimtimhealsd rasnk in therlbssdf pédearedodition) giydriperedtictioat
| east one correspondi ng control parameter; ou ling the at |east one
control par ant gharppess rl@%@eﬁsnfg 1Kergstrgnetly o rﬂé% peﬁwgletersg@ﬁ@aﬁﬁsr (Yten the

plurality of Blu%ﬁﬁ H@frﬁé%ie' el?ﬂ&tscoﬁiﬁy%ﬁ%ggﬁbd}a!tﬁg g\?\{nﬁﬂ%%ﬁ%dﬂﬁ‘@fﬁcfeh{;} er

response; and ering t I nput Vi near filter nodul e
havi ng the applied

[0012] Furthermore, variable delayed response between filtering and feedback of
post-compression parameters are often not considered. In situations of long delay
especially when parameters, which are affected by pre-filtering, are used,
oscillations between extreme filtering states may occur, leading to instability in

video encoding.

[0013] Therefore, a need exists for an improved method for improving visual
quality of video especially in difficult video sequences with fast motion and low bit

rate applications

Summary of the Invention
[0014] The present invention seeks to provide a method and system for adaptive

pre-filtering of input video data for video encoding.

[0015] Accordingly, in one aspect, the present embodiment provides a method for
adaptive pre-filtering of input video data for video encoding using a linear filter

module, comprising the steps: receiving the input video data; extracting at least one




plurality of filter coefficients; wherein the at | east one tuning paraneter
may conprise one or nore of the follow ng: notion, quantization, variance
and mean square error prediction. [0016] In a second aspect, the present
enbodi ment provides, a video processing systemconprising: an adaptive
pre-filtering systemfor adaptive pre-filtering of input video data for

vi deo encodi ng conpr|5|ng a filter éUIe for receiving and filtering the

i nput videodtato uce flltered eo data, the filt dul e
responsi ve to ‘g H ge§ aB‘Forﬁﬁn@&%ttﬂ?erﬁ 8@9 prGodie; B@ﬁﬁﬁé‘@s&’eé‘ agfee

encoder for  eRfAthAamBRECOTBLESRIORt G éo'i'l%sédﬂd b &Yl ﬁaﬁﬁn&@f Qogdfgr di ng

to a encodi ng process; an extracti on nodul e extract g at | east “one
tuni ng par anether atflﬂaﬁnpnheontmimararmtddo adpredetameioedi filigr tesparise; gemertingg

; f h
one tuni ng_paPuieerof AT STt GRES aniRomecEmier T arroge 4

i ntegration npigkdtife fthé iMHACEESI BStat WRh ahe RSt fiRBEnfodiler RAvind MARRIIRK and
for selecting one of the plurality of filter responses; wherein the at

| east one tunph@alﬁargﬁwﬁltérr C‘P@fﬁcwoﬁpﬁﬁf@éelnrtbe@ﬁ least eneftuning AN Hgy
notion, quant |on varian a nean. sal are err.or.. predi.ction. Brief
Descr 1 pti an oPoBRESEPae M peRC e TOWTERG: RYPL"afhRkidl Selfiic A aitansn

wi I now be megeré edrdnpredisgdd. bed, by way of exanple, with reference to the
drawi ngs of which: [0018] FIG | il ustrates a block diagramof a systemin
accordance with a present enbodinent; 5 [0019] FIG 2 illustrates a bl ock

di agram of a n S r nt ;
[0020] FIG 311 '%ﬁé? ?%ﬁg“g‘g{da% ?éég{h%@fﬁ%%m %Hﬁﬁc{}ﬁlp%&ffde% 31?@&3 ﬁ‘%g‘cé)sg%‘ dance
with the pr esmmemb@disngnhn adat prEJf(Bterﬂagldykueﬁt f(ﬂtedSptl\dbelﬁﬂe filteemigesfcy
responses of the fg dule of F|.G 3; {,Qozg EI 8 illustrates %ct ual
frequency respBHs¥Legratmior ¥idepencoripr cemptisipga figer pagulgjforieerivie an
illustrates agieRESIRN Ut OeBldatd PPpOALESE Hite?d 0ides WS thRfler idGule
responsive to a plurality of predetermined filter responses; a video encoder for
encoding and compression of the filtered video data according to a encoding
process; an extraction module for extracting at least one tuning parameter from the
input video data according to the encoding process; a computation module for
receiving and processing the at least one tuning parameter into at least one control
parameter; and an integration module for processing the at least one control
parameter and for selecting one of the plurality of filter responses; wherein the at
least one tuning parameter may comprise one or more of the following: motion,

quantization, variance and mean square error prediction.

Brief Description of the Drawings

[0017] Embodiments of the present invention will now be more fully described, by

way of example, with reference to the drawings of which:

[0018] FIG. lillustrates a block diagram of a system in accordance with a present

embodiment;




notion search with respect to encoding process in accordance with the
present enbodinent; [0024] FIG 7 illustrates a flow chart of a nmethod in
accordance with the present enbodinent; [0025] FIG 8 illustrates a bl ock
di agram of a DVD reader/witer 800 in accordance wth the enbodi nent of
FIG 1, and [0026] FIG 9 illustrates a block diagramof a real tinme video
stream ng server 900 in accordance w ©h the embodinent of FIG 1 Detail ed

Description [0027 the foll ow ng description, details are provided to
descri be the bqoé?]]efkédz dhpttere At Blogk diggramydng iMREG-2 enpqding)&vsigiBar ent

to one skill ed, bRy Alik : at the enbodi nents may be practiced
W t hout such g‘é‘?aﬁs. %t(r) reoS?ﬁ)tt egtlaméet ails may not be described at |ength

so as not to obscure the preferred enbodinments. 6 [0028] Adaptive
pre-filtering_of video ta reduces video_datg, co xity b filtering and
Phus enabl s uihen’ BiC o liBifats bpomampaar don g Hbi e dstlancapigsie
artifacts |ikerRéRekivagindat ri nging which are pre-domnant in lowbit rate

applications may thus be reduced. Filtering of pre-encoded i nages to reduce
encodi ng conplexity is thus used to inprove the visual quality of video by

using smalle ant ik zatl on st ize. [0029] Ref.erring to, Fl , »t he

pr esent enbodh?gﬂt E}L‘!Ii‘s%lfélgtéastesaﬁﬁ’%]t%lﬁe@&e’?%rresr’g E torf @be tE)lFeg-I?qu“Ee(%Fﬁé' 3;
conprising the steps of 1 . extracting tuning paranmeters from vi deo

encodi ng process; 2. processing these tuning paraneters to generate control
parameters r &98sEHe at illpatrages aaheal Hieaprncy iresporsies phefilgemodule ! fiGckssed:;

3. coupling the control paranmeters to filter response; 4. generating filter
coefficients on selected filter response; and 5. filtering the video data
with the filt go2sj08idi 6iikiicitddef edpresehthéion @falisl B@rrelation of coarse and fine

motion search with respect to encoding process in accordance with the present

embodiment;

[0024] FIG. 7 illustrates a flow chart of a method in accordance with the present

embodiment;

[0025] FIG. 8 illustrates a block diagram of a DVD reader/writer 800 in accordance
with the embodiment of FIG. 1; and

[0026] FIG. 9 illustrates a block diagram of a real time video streaming server 900

in accordance with the embodiment of FIG. 1

Detailed Description

[0027] In the following description, details are provided to describe the preferred
embodiments of the invention. It shall be apparent to one skilled in the art,
however, that the embodiments may be practiced without such details. Some of
these details may not be described at length so as not to obscure the preferred

embodiments.




[ 0030] To reduce the inpact of loss in video resolution when pre-filtering
i nput video data before video conpression, a series of filters are
designed as |ow pass filters with gradual high freqguency attenuation

i nstead of steep cut-off frequency, such that high frequency conponents of
edges are retained partially and edges .are subjectively better. [0031] To
further resolve the variable inplenentation | atency between the pre-

filteri .h di. .. the i filt tivity i
decr oased by GUARY AHHRlTHG PESBRGHPE Lo THEhaar BRUFGY BAFR AP SRPERG Won®
filtering stag@@rin@asdPihillBEatl& dab€of &RteHIM U videb MfaYby NHET MRbderBeVeRoTRKI NG

the pre-filterin alh]g?rithm_ more robust to the systenms with different
| at enci es. [OQEQ'?C o blackinghgnéfringipgtwhich eare dpresdonginafiuin defiphiedateo at

| east one or £ uni n rameters of -the. i nput vide ata and the
encodi ng. pr ocagaigpblin et B35 WkiiGd” Fulfios bt Mudhd 30 skities
extracted areepcdigss@tplexityiscind udd tofaipadiRt the S/isudl qediapbf Vide®be-singt er i ng
of each frame of the video data. The filtering 7 decreases the conmplexity
of video enco&malersipantizaginnsiersi#cof hi gh frequency signals, effectively
decreasing the quantization step and reduci ng conpression artifacts. The
tuni ng paraneters conprise: notion, quantization, variance and nean square
error predict [ona9] RiefdreiagttooRKG.0f, tHeepreséntnémbodiateatreliiseywauhdtinrieéor t o be
utilized. [0033] The aﬁgpti ve pre-filtering is applied as a pre-processing
t echni que f or 3RI¥E PresHETg OMRESHIFINe 8°BY Ofhi ch are MPEG 1, MPEG 2,
MPEG 4, H. 263, H 2 -\Qg%lﬁﬁ%j i lexity with the
achi evenent of |t;le't ?étFaCtls bj ec P%(%%a%%ﬁcﬁg%gc%oﬁeggcgﬂﬁ% toe%g%)es. [ 0034] The
present enbodi neht pregsiirg ofhesatteningnpamanjeterst ioogenerate odhteol pammeters
processing functions to reducge, hardware mpl.exity for exanple video format
converters or Vi deBe@?fﬁPﬁaHYe%@5?8?@?“?68@@?"%@106 IMCBFEEI G 1, a
functional bl ocks deagimERd cohtrdY par@imbtblofer AdpRHsbve pre-filtering in
accordance with the present invention is shown. The system 100

4. generating filter coefficients on selected filter response; and

5. filtering the video data with the filter coefficients before video encoding.

[0030] To reduce the impact of loss in video resolution when pre-filtering input
video data before video compression, a series of filters are designed as low pass
filters with gradual high frequency attenuation instead of steep cut-off frequency,
such that high frequency components of edges are retained partially and edges are

subjectively better.

[0031] To further resolve the variable implementation latency between the pre-
filtering process and the encoding process, the linear filter reactivity is decreased
by introducing appropriate number of intermediate transition filtering stages
according to the length of latency interval, hence making the pre-filtering algorithm

more robust to the systems with different latencies.

[0032] The filtering of input video data is thus adapted to at least one or more
tuning parameters of the input video data and the encoding process of the video
encoder. These tuning parameters being extracted are processed into control

parameters for adaptive pre-filtering of each frame of the video data. The filtering




conprises an adaptive filter nmodul e 101 which receives and filters the

i nput video data 99 producing filtered video data 99a, and a vi deo encoder
106 for encoding and conpression of the input video data 99. [0036] The
system 100 further conprises a tuning paramnmeter extraction nodule 102 for
extracting tuning paraneters fron1re|e%gnt encodi ng sub-processes of the
video encoder 106, a conputation nodul’e 103 for receiving the tuning

paranmeters extracted and for progcessing theminto control paraneters.
[0037] An i nt dgfaRtes thensQupdexitysof ¥ideq aneding by, piienation %rms%3§qﬁaquhese

control para S : ! : I LL:abl |

response from g%f Sffgﬁl{e? g? Qﬂgrggg%?% %ﬂ%&%@??xﬁ%&eﬁi%@sﬁglﬁg@g&g{ ﬂrf%g)ré%] A
filter coeffi artdhttsgeher tndrg p&EGEACtet) Somnpriat:smopam,t quakhtizdteons watiamelHd and
functions to generate the plurality qf filter coeffjcients to be, programed
for the filtEHeafsaute cen bradiseny Atleast anegh G5 PRing PR SR ) Be
conmbi ned w t hi@bdgtilifedl tering functions to derive an overall filter

function such that additional filtering is renoved and the picture quality
does not suffer from excess ringing phenonenon. In the case of CIF picture

encodi ng from picture the filter may be designed .to, incorperate the
oot mat on balPh R GORYIva P SHAE s APl Beroveung WRaup AT idkes,
down- sanpl i ngncddee:d Rkampicrdfi WhichCarE INPES-1,aMPIECRE, MEEIG-AMIRA6R 8264.em
using MPEG 2 video encoding inplenenting the present enbodi nent i s shown.

The adaptive pPYMV and (eG9 e redpse enceding vemplaxdtynvitle tho achievemanh pf hetter
enbedded w t his%%&ﬁe'@%%flé\%&tb?@ {:egrrpri sing the video pre-processor and
S ns’ The ]

vi deo encoder Syst systaem may for exanple conprise: D1
interface 201 that decodes input serial digital video; Spatial Tenporal
Noi se Filter STNR 202 that repoves digital noise in video data through
spatial and t 8988 dhemreseat pmpodiment mapdiccnesrtedin oorgungiion yh ogiegpre-

measur ement f BlodRELRE ?r?rﬁ:it%ﬁé 84858 Rrdware complexity for example video format

converters or video spatial scalers.

[0035] Referring to FIG. 1, a functional block diagram of a system 100 for adaptive
pre-filtering in accordance with the present invention is shown. The system 100
comprises an adaptive filter module 101 which receives and filters the input video
data 99 producing filtered video data 99a, and a video encoder 106 for encoding

and compression of the input video data 99.

[0036] The system 100 further comprises a tuning parameter extraction module 102
for extracting tuning parameters from relevant encoding sub-processes of the video
encoder 106, a computation module 103 for receiving the tuning parameters

extracted and for processing them into control parameters.

[0037] An integration module 104 is further provided for processing these control
parameters and for computing and selecting a suitable filter response from a

plurality of predetermined filter responses.



detection, scene change detection and inverse 3-2 pulldown; Fornat
Converter FC 204 that enables video format and size conversion; Mot i on
estimator ME 205 that is designed to search for notion vectors wthin a
limted search window to predict the notion of video data and perform

notion conpensation; |n-Loop Encoder LLE 206 that perfornms video encoding
processes |ike discrete cosine transf§rn1 quanti zation and vari able | ength
encodi ng, inverse qguantizagfion and inverse discrete cosine transfor

Syst em pr oces 89881sp Blter copHiciend genargior €-EbAPT i also parbol bR sy ¥emaNg apdr i abl e
I engt h encodi Ctl[)ﬁ’soéf)l%/e gpa e e E[ﬁ’ﬁ%hf}y of ﬁﬁ%ﬁ&%fﬁ&éﬁt?% b& ggﬁgrélﬁﬁlea oY hkem
trol” an

processor 209 for Ing C processing cap Itires to the

vi deo pre- proﬁﬁ&&momdadothe vi deo encoder via the system bus 210 and the
menory 208. The conputation nodule 103, the integration nodule 104 and the
filter coefficient generator 105 may be inplenented via software by the

system proc esﬁﬁﬁg]ZQﬁe sdeded ﬁﬁé{zﬂesﬁiﬁ@e grlﬁ%hﬁﬂlem%ﬁ @théloﬁlt ResfR! y be

i npl emented by software, but may al so be inplenmented via hardware
dependi ng on tdﬁéerd@sangwetaﬂl ﬁlm fumajmn suelmdmdeddlthﬁibﬁkmﬂ'gls feinotved ambidal e 101

f dapti -filteri b t to t t
Conver tor 204BeRit St PRNL hubiriih Beels mieine BRHoBRAGR o G CIF
conver sions. pRargRAesdisg BOENDY qﬁ&tufe@, ﬂi‘e filee ey B@Hes(@fé\detbtlﬁéorpgﬁfje the
conprises of at |east one horizontal lter in'parallel and at | east one

vertical fil feqimatopfpadwidth consutma:tlorﬁa@ld <memterono\fld@méawmrmtomver ter
204 may be deE%E“%% by 1 or nore sets of filter coefficients sufficient
for pol yphase ring. The filter coefficients may be progranmed by the
external system processor 207 and nDdlfled during start of each field

i nterval. Each conponent of vi deo Y Cb are filtered to the desired
[0040] Referring to FIG. 2, a b’lock diagram of a system using MPEG-2 video

encoding implementing the present embodiment is shown. The adaptive pre-
filtering system of the present embodiment may be embedded within the MPEG-2
system comprising the video pre-processor and video encoder subsystems. The
system may for example comprise:

D1 interface 201 that decodes input serial digital video;
Spatial Temporal Noise Filter STNR 202 that removes digital noise in video
data through spatial and temporal filtering;

. Film Detector FD 203 that performs measurement for progressive-interlace
detection, scene change detection and inverse 3-2 pulldown;

Format Converter FC 204 that enables video format and size conversion;
Motion estimator ME 205 that is designed to search for motion vectors
within a limited search window to predict the motion of video data and
perform motion compensation;

. In-Loop Encoder ILE 206 that performs video encoding processes like
discrete cosine transform, quantization and variable length encoding,
inverse quantization and inverse discrete cosine transform;

. System processor SP 207 that does system control, rate control and variable
length encoding.

[0041] The MPEG-2 system may further comprise a system processor 209 for
providing control and processing capabilities to the video pre-processor and the
video encoder via the system bus 210 and the memory 208. The computation
module 103, the integration module 104 and the filter coefficient generator 105

may be implemented via software by the system processor 209.




size and chroma sanmpling format by interpolation and deci mati on. [0045]

I nstead of using separate filters in series for adaptive pre-filtering, the
size conversion filters are designed with pre-filtering in mnd. An
exanple of an architecture of the filter nodule 101 for adaptive
pre-filtering is shown in FIG 3. The description of the present

enbodi nent will often refer to the exa@ple of CIF picture encoding from D1
video input. The filter nodule 101 conprises of a series of |ow pass
filters with different cut off frequenci es. Those skilled in the art would
be aware that c e of
difrerent vi oA JheiaRR AbabEes B o OR AR RINARSAR b SptfRherb
experi ment aI mcyealmﬂaleqr@léxhattedisfwt herdcmte déperddirgquenby dedign fof | the Wideo
decreases, there is a rapidly decreasing Peak Signal to Noise Ratio (PSNR)
in pre-encode8Ad§ko while an increase in coding efficiency is represented
by a gradual drop in PSNR for encoded video. 10 [0047] This coding

ef ficiency however is not |arge enough to conpensate for the drop in

pi cture shar pioogs). ’I‘hlbiFiétet heodule oHd fi adaptbe prephilteng enay (juecfemsk;e tien
shar pness or tesol ut| %PI ock| and 5{)42%1”9 artlfact ﬁ Sf poor
encodi ng are“%cé?ﬂlﬂf%t& “i*ﬁ’et ré‘"ra‘tt Veriels HeUPPYEs fidﬂﬂr& Be of i deo

sequences has iitlarOhd sizé SOHRAGHRS Fhogendt didhilectite or ilePoRA Ut ier

[0048] In view of the above findings, 1.5 radians filter is chosen as the
basi c deci maR0énomptisesroftad lqehemah@@n@tﬁlt@f i paltaklelsandu atheasi phevertiral
frequency resp nses 1gi)rrpared to a nornmal |ow pass filter design that has
a rectangul ar Slf'nlﬁpaffﬂ filter design has a plurality of rectangul ar bands
that result in a staircase-like function wth steps at different
frequencies, as shown in an exanple in FIG 4. [0049] In the present

exanpl e, the fmgﬂ Faeteflten of thoFomat £oavertat 204 mpy heedogeréhed by, loon mog. sgts
cor r espondi ng ? glltelr go%‘f‘ﬁ%é?(ts RS ?(? aQeC’ﬁR%t % e?hélf ﬁexI (‘ioegfcﬁgrgs e I ans.

The frequency sponse pbe nor ma accor i an

bandwi dt h resut pidpgarhfhed ?Qhéfaktbﬂﬁﬂsyfsﬁiﬁgprdééssbﬁﬁﬂ‘ﬁ@rm thoQifled drih@ dtartlote
stronger filter has the first step at an equal or | ower frequency and has
an equal or | &dyfield interval. Each component of video Y, Cr, Cb are filtered to the desired

size and chroma sampling format by interpolation and decimation.

[0045] Instead of using separate filters in series for adaptive pre-filtering, the size
conversion filters are designed with pre-filtering in mind. An example of an
architecture of the filter module 101 for adaptive pre-filtering is shown in FIG. 3.
The description of the present embodiment will often refer to the example of CIF
picture encoding from D1 video input. The filter module 101 comprises of a series
of low pass filters with different cut off frequencies. Those skilled in the art would
be aware that that the scope of the invention encompasses the variety of different

video format input and output.

[0046] It is known from experimental observations that as the cut off frequency of
filtering decreases, there is a rapidly decreasing Peak Signal to Noise Ratio (PSNR)
in pre-encoded video while an increase in coding efficiency is represented by a

gradual drop in PSNR for encoded video.




magni tude at the last step wth the basic cut-off frequency. This design
provi des higher attenuation at higher frequencies but retains part of the
hi gh frequency conponents. [0050] Using rectangular wi ndowi ng technique
known for its characteristic smooth transition in cut-off frequency region
as an advantage, the series of six filters have been designed with
frequency responses in FIG 4. Referriﬂb to FIG 5, the desired actual
frequency resFonses of the filters are shown having snooth tran5|t|ons

bet ween t he diG0#8r dhis cpding efficieney b@wevqros)sqq langgeengugh ¢heempensgtg for the

coefficients ent s
are predeter mﬁ%o dfn;%g{ ar e @Mfyw ec ecfﬁ g?/gdoélgtus%e?)f%dl e%ﬁé?ﬁg&jgégte th
Fil ter Stat es shaphesaberdsblation, thelobking ah eingihg iifdets fchllls“eérbb'rjﬂomﬂcbdﬂagbel ng

the Ilowest filteri n and g the highest filtering. A sel ected ilter
response Wil | aretlﬁ%ce Jh@@@@h@at Bpsdhebest Perfrmaneg @er@Oa%eagenca 35iqut- e%

St at es123456 lﬁl &l glo'géﬁ%’aﬁf‘ﬂ’l AL Coef ficients0.25 rads0. 50
rads0. 75 radsleg% rlagésl 25 rads 50 ?bggs 80926828896110129 Cl=

C 1626165717986 C2 = C_225232220156 Q3 = C 383- 3-11-21-28 Table 1 [0052]

Prefllterlng Vi de data ththe ter 101, renmoyes codjn
artifacts |i K24l ﬁb‘"ﬁg" ahHhentRovg; Ht_f)i“@/ﬁst 5 11 éﬁerc‘t%&mﬁﬁene‘l‘sﬁh@g‘@ﬁlé’y t han

non-filtered Gié‘élﬁmth riﬁtef &5 glﬁ,ﬁér% & s&UsH ﬁﬂé@|v€r1¥}b’difff‘eré}ltsfi?ecfﬁ%ﬁé}efesﬁ&%ﬁr ed to
the normal |ow pass filtere data as parts of the high frequency

conponent s ar €omparedi tbtaetoemahlmypas[s G‘ﬂ@B]deﬂ‘glethat basemtectangniat barot, thenlaltdri | t er
soccer

dul e 101 d decimat ClF
Gare bl ay sequenBbuags phtpg of i Srlabalh mhat ststly oy RS 208 Tpliodr o
a flower gar deyithsepsat diffehenbfrodudnBiet, Ws 8hékeh 8l drSexafiply i@ FIG. 4.

[0049] In the present example, the magnitudes are normalized and range between
1.0 to 0.3, corresponding to frequency responses ranging between 1.5 to 0.25
radians. The frequency response may be normalized according to the 1.5 radian
bandwidth resulting in a normalized range of between 1.0 to 0.167. The stronger
filter has the first step at an equal or lower frequency and has an equal or lower
magnitude at the last step with the basic cut-off frequency. This design provides
higher attenuation at higher frequencies but retains part of the high frequency

components.

[0050] Using rectangular windowing technique known for its characteristic smooth
transition in cut-off frequency region as an advantage, the series of six filters have
been designed with frequency responses in FIG. 4. Referring to FIG. 5, the desired
actual frequency responses of the filters are shown having smooth transitions
between the different sets of filters.

[0051] The designed filter coefficients are tabulated and shown in Table 1. The
filter coefficients are predetermined and are easily selected by one skilled in the art.
The Filter States indicate the strength of the adaptive filtering with 1 being the
lowest filtering and 6 being the highest filtering. A selected filter response will

thus correspond to one of the Filter States.




bei ng encoded in MPEG 4. [0054] Wth the strongest filter, the flower
garden scene achieved a maximumbit rate reduction of up to 36. 9% when
encoded with a fixed quantizer having an average bit-rate of 800 kbps and
a maxi num quanti zer drop of 13.7 when encoded at a constant bit rate at
800 kbps, indicating the potential of Er e-filtering video data. [0055] The
present enbodi ment includes a dynanic $&lection of an appropriate filter
response f or i.I'rpri ng ach frame of the input video data_ _The pprnpri te
filter responsBlteeStatgssel ected froma pfededern| neddset|of Filters thavihg

pr edet er m ned tcffibicﬁa to—controt—t Ffiitc S eSponse: Referring—t
Table 1, an i fpl e of [the predeterni NG Frequenicy 3 0BG is shown wherg

the Filter StaCeftididnisnd0O8L84S 6.500hdLEPIRGLAT| fildotreds [ @2BQAEE] 230 rhdie
plurality of corresponding filter coefficients|to be applied 0056] The

tuning paranefers (wsed {o théne {he83el ecti &8 of | thd6fil|erbllmy bel3% on

t he encodi ng process—orfromother—ptre-—processtng inGr.uti"n.
adds several p#éfh?és el tojthe filiering W1i|glthe I 7per
conpl exi ty or|[Tsc,degenfienipson [inmpged | nfopmat| on jpronj ot her
pre-processing functions. The tuning paraneters are: nption, quantizatyon,
vari ance and (edsks sGuare er8or predicti pn -and pre-Flurt her-2escri bedd i n| t he
fol | ow ng par agraphs—However—the—tuntng—parafneters—extracted—are
dependent on the type of video encoder used as well as the video encoding
sub- processesTyhfe 1l east one of the four tuning paranmeters may be
considered for extraction depending on the video encoder in use and the

vi deo encodi ng sub-processes. Ot her pre-processing information may be for

exanple cons ive field differences,f rogressi;ve interl.ace tection
or percent age?oglgsl :éﬁ?ihhﬁmﬂﬁ Yidre ﬁﬁfﬂrwlﬁbthﬁqg@gﬁlé’%ﬁﬁaﬁder.emf’ﬁf)%cﬂdmlg_n“gga«g at i on,
the nmet hod i nlige ¢RigtangRl Motking REthPR L& BB dffEBACY Man ndfldterdtedata.
pre-filtering of mapt vi deo data for video encoding starts with the step

of recei vi ng ThRgesuling vigual qualitnisalse bettrs comppsd toadhpmameblovapass dileredi deo
encoder 106. dgtggs'p&%&f%éﬂ&% 1F8Endy dofpoHAHELARE ikl 8khy o Of the tuning

paraneters by

T £ A
T - UT T1

;
eit ﬁgr adds
6

[0053] The present example of the filter module 101 was applied as decimation
from D1 to CIF conversion on soccer game play sequences with fast motion as well
as a typical test pattern of a flower garden scene with high texture details before

being encoded in MPEG-4.

[0054] With the strongest filter, the flower garden scene achieved a maximum bit
rate reduction of up to 36.9% when encoded with a fixed quantizer having an
average bit-rate of 800 kbps and a maximum quantizer drop of 13.7 when encoded

at a constant bit rate at 800 kbps, indicating the potential of pre-filtering video data.

[0055] The present embodiment includes a dynamic selection of an appropriate
filter response for filtering each frame of the input video data. The appropriate
filter response being selected from a predetermined set of filters having
predetermined coefficients to control the filters response. Referring to Table 1, an

example of the predetermined filter response is shown where the Filter States




extraction nodul e 102. [0058] Next, the step of processing at |east one of
these tuning paraneters to generate at | east one correspondi ng control
parameter representative of the input video data received, is perforned by
t he conputation nodule 103. [0059] Foll ow ng which, the step of the control
paranmeters generated are coupled to a predetermned filter response by the
integration nodule 104 is perforned. | this step, a filter response is
selected froma predetermned plurality of filter responses. An exanple of
which is showindieptertiis correspandineafibierarsnonse md the|pleplitySlsposessprndmgpiiléer 1
correspond to filter response. 13 [0060] Next, the step of
generating the&?ﬁ%@ﬁ@&@ﬁ@%@ﬁ%pents based on the sel ected fllter response
is perforned by the Filter Coefficient Generator (FCG 105. The required
values the filter coefficients are retrieved fromthe selected filter

response and [Qj’éﬁeFrB? Sening PaTRECteesIsed 4o tunedhe pslegtionigfdhg filters maydhgfremio1.
0061] Next, ol dul
[101 u]si ngX t he gedﬁggiggggb%gf)?g?oﬁl 8@#@ ﬁ?%s%béfﬁ‘%. ngtp(}% 'fﬁe fdtfﬁgﬁﬁ d\glodgoe

data 99a whi cheviesaltpietores slehiy tbahd fittenmglahile igoleer diter adds somiglexignendi ng
and conpressi 0062].. When. perform_ng the step of cessing_the tuning
paraneters i ngﬁpeé‘g p&llmﬁgflggfgp@ﬁlgn ﬁi‘)%éo Ewrﬁ@r%%?ﬁ%iﬁ%? fong e }éeatélﬂmg
processed aCC?é&kﬂ%@er& re: dtlon] Gl MBon, SHARAGE &1d ﬁfeh&% udré %ﬁ%ﬁ gféa%tifoﬂn' ng

paraneters into control paraneéters |0063] Mitlon can used maski ng
human vi si on and ar¢ dutindérqdesckibodwinathe foHywing pamgedphenhh)mnerﬂle tgoimgng

filters are sel ected for tion sc s wth rapi.d noti,on where ils
cannot b di SBUAREIET ﬂ%rasfﬁﬁr? FireBet in e SERHER Reap YR AORER G P veak
filters are se¢{®Retkathdi ?x‘@ééssé@t AP RaSICHRET (MO &R tﬁiﬁh@bbﬁn@ﬁ&s nﬁ?rb%
ea5|ly di scerni bl e. hi erachi cal or recursive notion search

al gorit hms, ngonsmdﬁrgcgarrmtmyomdep@pimg on the videe epoederanaisd ahdribe g&dgoch
stages. Coar sg, oM COTRY BROPRAL e Mo dbssifls SIS PSS be Yo LRMRARY ™Y

be perforned Fhve P
consecutive field differences for progressive interlace detection or percentage of

moving pixels during a scene change.

[0057] In operation, the method in accordance with the present embodiment for
adaptive pre-filtering of input video data for video encoding starts with the step of
receiving the input video data to the filter module 101 and the video encoder 106.
The input video data first undergoes extraction of the tuning parameters by the

extraction module 102.

[0058] Next, the step of processing at least one of these tuning parameters to
generate at least one corresponding control parameter representative of the input

video data received, is performed by the computation module 103.

[0059] Following which, the step of the control parameters generated are coupled
to a predetermined filter response by the integration module 104 is performed. In
this step, a filter response is selected from a predetermined plurality of filter
responses. An example of which is shown in Table 1, where each of the Filter

States of Table 1 correspond to a predetermined filter response.



Despite the | ower accuracy of coarse search, it may be an advantage to use
coarse notion vectors if it is available for all picture and nmacrobl ock
types including Ipicture, intra encoded and ski pped macrobl ocks. [0065]

| -picture are intra coded picture or pictures that uses only information
from a current frame for encodi ng purposes. Intra encoded macrobl ocks are
macr obl ocks encoded with original pixe 3val ues wi thin the macrobl ock as
opposed 14 to inter-pixel values which use pixel values fromoutside the

macr obl ock. SKkI9§pledNexirdls Hen ofcgencuting thechiltss icoefidsientsdasesran th@seléq’ce}bﬁlé@ but
i ndi cated in 6 t ock
level . each Sg‘%%oge 1§g5r?@rme%soly tﬂg ié ?ggg&f}gﬁlg )tg{@HerQ or EIQ?@ 105A T}{yargé dI ock
coarse notion vﬁh@ﬂﬁhﬂlﬁﬁeﬂd&éﬁ’ﬁcﬁﬁd z&ecruﬁwved €bnt mdomameﬁltapﬁespmhsateed
macr obl ock coarse nontion [0067] The accunul at ed

macr obl ock co&?%f‘éatﬁép}’élﬁE@éﬂﬁ@%@’ﬂ%ﬁ‘ﬁﬁ@@éﬁ%@éﬂp d by: S- CW[err] =
Cwnb j ; =0 where, CWnb, i (CWnb i,xI + ICWnb,i,Y CWnb,i,xl is the
hori zontal coarse notion vector, | CWnb,i,Yl is the vertical coarse

noti on vect or [aed] Nex§ thehiﬂpuuviﬁecr dath 90ds tdehlfiiteks] betha dilleanodhiet16d. us{x@OGB]

At picture level, the cunul gt ed macrohl o arse, I 0 ni t.u
CWhbar e sunméf seae@.t%ﬁgtc LT COBRTISIOERroduGing ﬁ@ﬁt@&fm éfﬁa gawgﬂ&&e‘aq}e& g| ve

the average C@%%@t}i@%&é&%ﬁ@&?'lb@@'@r v1de% e\é@od. b &onﬁpress%\‘l‘/p' ¢,
where N,,,b CWpic,k = Cw1

[0062] When performing the step of processing the tuning parameters into control
parameters, the tuning parameters are each processed according to their relative

characteristics.

Processing tuning parameters into control parameters

[0063] Motion can be used for masking human vision in a technique known as
psycho-visual enhancement. Strong filters are selected for motion scenes with
rapid motion where details cannot be discerned and blurring of images is a natural
phenomenon. Weak filters are selected for slower motion scenes where details are

more easily discernible.

[0064] In hierachical or recursive motion search algorithms, motion search may be
split into the coarse and fine search stages. Coarse search may be operated on a
decimated pixel window and may be performed between consecutive pictures.
Despite the lower accuracy of coarse search, it may be an advantage to use coarse
motion vectors if it is available for all picture and macroblock types including

Ipicture, intra encoded and skipped macroblocks.

[0065] I-picture are intra coded picture or pictures that uses only information from
a current frame for encoding purposes. Intra encoded macroblocks are

macroblocks encoded with original pixel values within the macroblock as opposed




] =0 where Nnb, k is the nunber of nacrobl ocks with non-zero coarse notion
magni tudes or a fraction of the nunber of nacrobl ocks defined in the k[err]
pi cture, whichever is larger. [0069] An exanple fraction nmay be 2/3. This
i s done such that macrobl ocks that cannot be predicted during fast notion
may be omtted in the average calculation and at the sane tinme, the inpact
of regional notion or wongly predicte#4 nacroblocks in a relatively static
pi cture may be reduced. 15 [0070] In order to maintain stability and

m ni mi ze osci It9 dterepixeliviatues wdvielyesequsel yeluesoimentside Hiet makzoblock. CRppedki s

aver aged over _a predeterm ned, period of N nost cently. enco i ctures,
o examl o of TTRLTGS SHERATEbBERLRat e pborwatte B Skl SR DRttty

aver age coar s@aig beéh daygpedt ude, MA-CW and may be represented by: k-N+l
MA CWpiCk = EAVG CW 1 jJ1 N. =k [0071] Alternatively, notion may be
measured with fine notion vectors or the final notion vectors used for
encodi ng. The fJi I r hefor P pj I f wth
ot erence 1o (e IR IR RGN Bt B GL YT i ouPRledd B 'y o
encoded W th inifc@sHIBER @BafseORMOHbE VindsitddePCAM! eandracCumikitdd €6 prifidee t he
fine notion forward and backward search for B pictures that is

bi - di r ect i onalhccupiigsted hdradbl stk woese aivtiofl @thgnithde Snfcymati on from previ ous
and next P or | pictures, 1is perforned with reference to previous and next
P or | pictures. [0072] Accuracy is one advantage of fine notion vectors as
t hey should represent real tion. wever, fine notjion . vectors are only
avai | abl e for [9968nd b ageumylpted magroplaek cqnsie petion, BREBBIE i NisdERsHIdks
coded as intrg or skipped in MPEG 4 and No-MC (No notion conpensation) in
MPEG 2, depen th on encoder architecture. [0073] At macrobl ock | evel, the

fine notion V%§t8ﬁﬁy°f=fggﬂﬂﬂaCT°blOCk are
- .

mb i mb,j

where,
C’M-Vmb,i = |CMVmb,i,x + ICMVmb,i,yl;
|CM V,.».:.| 18 the horizontal coarse motion vector, |CM Vmb,i,yl is the vertical coarse

motion vector and i is the number of marcoblocks being calculated.

[0068] At picture level, the accumulated macroblock coarse motion magnitude

S _CMV,, are summed to give picture coarse motion, CMV,, and averaged to give

the average coarse motion magnitude:

AVG_CMV,,,, =CMV, /N,
where
Nop
CMV,o =S _CMV,,y = ZCMVj :
J=0

where N .. is the number of macroblocks with non-zero coarse motion

magnitudes or a fraction of the number of macroblocks defined in the k™ picture,
whichever is larger.

[0069] An example fraction may be 2/3. This is done such that macroblocks that
cannot be predicted during fast motion may be omitted in the average calculation
and at the same time, the impact of regional motion or wrongly predicted

macroblocks in a relatively static picture may be reduced.



extracted and sunmmed and then nornalized according to the di stance between
the current and referenced frames to give fine notion magni tude FMb .
[0074] For P pictures, the absolute of both the horizontal and verti cal
conponents for the frane forward notion vectors are summed and scaled to a
scale factor WMat -1) for precision, where MIIS, is the distance between
consecutive |/P pictures. The flnernﬂ5on nagnltude at macrobl ock | evel

for P pictures may be represented by: 16 FWnb, | {1 Wnb,i,fivd, x (+
FWnb,i, fwd,Y II Mst -1) [0075] If the encoder architecture provides

only the m .”' e'f'n ?cfer Elglpl sta\ﬁ?l tor §r{g1iirr1?c{z g)ls?ol kt?udl ng %q\(%o%s t' On

vector or V\At CI’O ern are

MPEG- 2 but i nidodiot GH&thitiEde wﬂm}omvare aveiped 496k a ferminsd IE’erﬁidCdﬂJNeS,
all forward, backward and bi -di rect’i’'onal notion nodes are consi dered.

Agai n intra catstrenatiyadncodddpictues cacdxadmpic of[x@lﬁi@l?}s]?ﬁecttdgnmmtdthmbhtmi node,
FWnb,i FWnb,i,fwd {1MWnb,i,fivd, x + (FMvnb,i,fwd, Y | (i_dist %vdi st
)> Mli st [00781‘ra‘Fr?éefs BOVENG J¥ITREC GRITEC HRYHAR MmAgRitydse Mbr Hﬁtm%h%\‘?ect or

according to the ai}ance fromthe forward reference frarre and the current
B frane. fp; c“’rpé?SSP ¢ the franme number with 0 indi cating the first |

pi cture. [0079] For backwaid noti on node, FMnb,i - FWnb,i, bwd -

{ FMVnbi bwiXI MWWM%&M@%%hp/Omr st) X Mlist; [0080] Simlarly,
the scale factor here norvmalizes the backward notion vector according to
the distance fromthe backward reference frame and the current B frane.

[0071] Alternatively, motion may be measured with fine motion vectors or the final
motion vectors used for encoding. The fine motion forward search for P pictures is
performed with reference to previous I/P picture, where P pictures are predicted
pictures encoded with information from previous I pictures or P pictures. While the
fine motion forward and backward search for B pictures that is bi-directional
predicted pictures encoded with information from previous and next P or I pictures,

is performed with reference to previous and next P or I pictures.

[0072] Accuracy is one advantage of fine motion vectors as they should represent
real motion. However, fine motion vectors are only available for P and B pictures
and may not be available in macroblocks coded as intra or skipped in MPEG-4 and

No-MC (No motion compensation) in MPEG-2, depending on encoder architecture.

[0073] At macroblock level, the fine motion vectors of each macroblock are
extracted and summed and then normalized according to the distance between the

current and referenced frames to give fine motion magnitude FMV,,

[0074] For P pictures, the absolute of both the horizontal and vertical components
for the frame forward motion vectors are summed and scaled to a scale factor

(a4,

ist

~1) for precision, where M, is the distance between consecutive I/P

ist
pictures. The fine motion magnitude at macroblock level for P pictures may be

represented by:




[ 0081] For bi-directional pictures, ~/ FWnb,i = (FMWnb i, fwd +
FWnb,i,bwd / 2 [0082] The fine notion nagnitude FMVnb may be accunul at ed
at macrobl ock level to produce accunul ated fine notion nagnitude S - FWnb
and may be represented by: 17 i S FWnbi =2, FMWnbj . =0 [0083] At
picture level, the macroblock fine notion nmagnitude are sumred to give
picture fine notion, FMpic , and averH@ed to give the average nacrobl ock
fine notion magnitude AVG - FMP, C , represented by: AVG - FMpic,k =
FMWpic k / NTFEMY,, Mmb,pﬂd,ﬁwmbgﬁfyi (MEMWAT). Nn b,k = FM/nb, j j-0 and
Nmb is the nunber of respective macrobl ocks di scussed above. [0084] In
order to maintain stability and mnimze oscillation, the fine notion

magni tude is avera over a predeterm ned period of nost recently P/B
encoded pi ct (A28 Hhthexengeder schifpstere provides only thenayvinimal caerding mpsiodnet er

novi ng avera n , VAR €

VA FWpi o, k. AV PirlctRs FRANfokaR mfil Mbjor SERUETARE Mo pattrlirt
guanti zer, i sceomsidared aafuding do-Miemede dd MREG-®i bifti intrh tydaf mhdreblekiarce f or
that particular resolution and target bit-rate, nmaking it a good criterion
for selectinge§ﬂ5$ riate filters. If the quantizer step-size is |arge,

the section is difficult to encode and pre-filtering video data either

reduces the
[0076] For B pictures, all forward, backward and bi-directional motion modes are

considered. Again intra coded macroblocks are excluded.

[0077] For forward motion mode,

FMY, mbi — FMY, mb i fwd — {FMV mbi,fwd x| T IF My, mb,i,fwd,y I} (Mdisz - (fpic %M ))x M 4

[0078] The scale factor here normalizes the forward motion vector according to the
distance from the forward reference frame and the current B frame. fy;c refers to the

frame number with 0 indicating the first I picture.

[0079] For backward motion mode,

FMY,y, = FMVy g = {FMV 1

mb,i m

+ IFMVmb,i,bwd,yl} X (f;zic %Ma'ist) X Mdist;

[0080] Similarly, the scale factor here normalizes the backward motion vector
according to the distance from the backward reference frame and the current B

frame.

[0081] For bi-directional pictures,
FMY,,, = (FMV,,, g+ FMV,, 000 V2

mb i
[0082] The fine motion magnitude FMV , may be accumulated at macroblock
level to produce accumulated fine motion magnitude S_FMV , and may be

represented by:




nunber of bits to encode or decreases the quantization step size to reduce
ringing and blocking artifacts. On the other hand, if the quantizer
step-size is snmall, the section is easier to encode and thus little or no
filtering is needed. [0086] The tuning paraneter Quantization may be
measured by the quantizer_scal e_code and quantizer_scale_type in MPEG 2 or
sinply the quantizer step-size and qubhtization node (H. 263/ MPEG 2) in
MPEG 4 together with the quantization matrix. Although quantizer val ues
are available¥§;¥%ﬁul X ;%qﬁ types, but I-Picture has purely intra-coded
macr obl ocks, P-Pi tm@épggs t#e intra-coded than inter-coded macrobl ocks
while B-Picture has maihly inter-coded nmacrobl ocks. 18 As the intra and

inter quantization are different, the quantizer values nust be norpmalized
to ensure thelPo8sle Aéatﬁwaﬂ%fﬁi tﬂ%ma%r@glwg e mien magpipde;aresymed QLRG| i n

MPEG 2 shows - en co ; d r '

overal | quant Pl}g@?ofﬁ%%gégﬁtgwﬂc ’Q{ﬂ?& &&g%ég t&véi?eh ﬂ?engvlglf%gﬁdﬁ E%B{bglt(hdrhgs such
that the sane_ pi.: i i hi Y .relationship may be
represent ed b?ghééﬂ%@ﬁﬂ%giA&¥kk kﬂ”fﬁ%géfwﬁgsk; is set to 1, typica

val ues of kp apgzkbygre L gpg 1.6; This is an alternative nornalization
according to picture tpe to f”‘H‘t/r dPt ht er - codi ng node. [0089] At namcrobl ock
level, the magp@hl ock quantizer, Qrb , is extracted and accumulated to
accunul ated macrobl ock quantizer ,S Q. [0090] In MPEG 2, the accunul ated
macr obl ock quamyjzer= §s mgpr eseatPgahy guan _ scale _ code x 2 quan _

Y pic % b N, b,
scale _ type = lifiear Qmb, i"="horZ_|ihéar _quan _ scale [quan -scale

- code] quan —aﬁcﬁv e is-ﬂfe%ﬁﬁlb%r Mspec{i{l@ﬁ%fobfo?ﬁszéi%cug&%g{%.4’ the

accunul at ed macr oBf ock quantizer 1s represented by = quan _ scale

-codex 2 where S-Qnb,i Qm,j = . L o )
[0084] In order to maintain stability and minimize oscillation, the fine motion

magnitude is averaged over a predetermined period of most recently P/B encoded
pictures an example of which is N=4 to generate control parameter, moving

average fine motion magnitude, MA FMV , represented by:

k=N+1

MA_FMV,,= Y AVG_FMV,, /N .
J=k

[0085] The encoding parameter, quantizer, is an indication of the encoding
difficulty of the sequence for that particular resolution and target bit-rate, making it
a good criterion for selecting appropriate filters. If the quantizer step-size is large,
the section is difficult to encode and pre-filtering video data either reduces the
number of bits to encode or decreases the quantization step size to reduce ringing
and blocking artifacts. On the other hand, if the quantizer step-size is small, the

section is easier to encode and thus little or no filtering is needed.

[0086] The tuning parameter Quantization may be measured by the
quantizer scale code and quantizer scale type in MPEG-2 or simply the quantizer
step-size and quantization mode (H.263/MPEG-2) in MPEG-4 together with the
quantization matrix. Although quantizer values are available for all picture types,
but I-Picture has purely intra-coded macroblocks, P-Picture has more intra-coded

than inter-coded macroblocks while B-Picture has mainly inter-coded macroblocks.




] =0 [0092] At picture level, the average macrobl ock quantizer of the
picture is normalized by the respective k;, kp and kb set in the paraneter
file and Nnb is the nunber of macroblocks in the picture. The average
macr obl ock quantizer may be represented by: AVG - NQPIc,k = NQPIc,k / Nmb
where 19 NQpic,k = N-1j | Nb | kp P - Picture . ,j | Nrb | kb B-Picture
N ,n-11Qr, jI| Nbl k; I - Pictur#8 j-o!j Qb j=0 N-1 tQw j=0
[0093] In order to maintain stability and mnimze oscillation, the

normal i zed quenthezeirajandanter ayedtizagon are pliffarsntrthe medntprst ivetiies fmpst rhgst
recently encoded | ctures n exanple of which js N=4 to generate the
control paran@?g?e,‘lpzﬁﬁ/(f?f&uteats r%rag%glﬁ{nirfgrre,serﬁé._ NQ where k-N+1 MA NQP;
ck =Y AVG NQpic JIN. j=k [0094] The tuning paraneter variance is an

alternative expression of the ampunt of AC energy in_the input video
signal . It gi V987ladypicgl wig panradin PG shoswthies eaperimenial spnstanisddi kag

efficiency. ThEs Rl 90&fingd BR SRIIPOEH ARSI ¥araiBferd . CQ HR'G,CRIEP and B

pictures such that the same picture quality is achieved. The relationship may be

represented by:
2.9 0.
k. k, Kk

[0088] If k; is set to 1, typical values of kp and ky, are 1 and 1.6. This is an

alternative normalization according to picture type to intra/inter-coding mode.

[0089] At macroblock level, the macroblock quantizer, Q,,, is extracted and

accumulated to accumulated macroblock quantizer S _Q,.

[0090] In MPEG-2, the accumulated macroblock quantizer is represented by

0 quan_scale _codex2 quan_scale _type = linear
bi = , , t
" \non_linear quan_scale [guan _scale _ coa’e] quan_scale _type =non_linear

[0091] In MPEG-4, the accumulated macroblock quantizer is represented by

O =quan _scale _codex2 ;

where

S_me,i = Zme,j .

Jj=0

[0092] At picture level, the average macroblock quantizer of the picture is
normalized by the respective ki, k, and ks set in the parameter file and Ny, is the
number of macroblocks in the picture. The average macroblock quantizer may be
represented by:

AVG _NQ ..., =NQ,.., /N>

where




the details and texture in the picture. A higher coding bit-rate is thus
required to achieve a simlar PSNR when conpared to ot her sequences.
Pre-filtering achieves bit-rate reduction for the sane quantizer encodi ng
val ues at the expense of attenuating the high frequency conponents [ 0095]
Vari ance of each Mx Mblock is defined by 7 7 7 7 2 Var pixx2 y [/ 64 -
pixx y | M. y=0x=0 y=0x=0 [0096] Wenl®onsidering for exarrpl e MPEG 2
encodi ng, M=8 and 8 x 8 blocks are considerred. [0097] At macrobl ock

| evel , the block variance at macrobl ock |evel, Varnb , is conmputed and
accunul ated to accu Ia}ed bl ock varlance S Varnb where 20 1 1 Varnb i= E E

Vari x Y/ 4 ; and y%gﬂa/![]\éﬂﬁﬁl OYar e = E Varmb j . j=0 [0098] At

picture level, the a ck varlance of the picture is averaged
anong the nunber of er obl ocks, Nnb in the picture, and nmay be represented
by: AVG - VaiN@ (., k Q;;,,,gl/wmg/k NRb- Ribiere. N , b Varpk,k = S _ Varnb,N., = 2
Varmb j / Nmb 1—0[ 9] In order to nmntaln stability and mi ninize
oscillation, the blo i anc era ed over a predeterm ned period of
N nost recently enco J§E¢Z@ §n le of which is N=4 to generate

control paraneter, \’/=|°ng aver age bl ock

[0093] In order to maintain stability and minimize oscillation, the normalized
quantizer is averaged over a predetermined period of N most recently encoded
pictures, an example of which is N=4 to generate the control parameter, moving

average quantizer, M4 _NQ , where

k=N+1

MA_NQ,,, = ZAVG NQ,. ;!N

[0094] The tuning parameter variance is an alternative expression of the amount of
AC energy in the input video signal. It gives an indication of spatial redundancy
and intra coding efficiency. The higher the variance energy, the more complicated
the details and texture in the picture. A higher coding bit-rate is thus required to
achieve a similar PSNR when compared to other sequences. Pre-filtering achieves
bit-rate reduction for the same quantizer encoding values at the expense of

attenuating the high frequency components.

[0095] Variance of each M x M block is defined by
7 7 7 7 2
Var = ZZpixiy /64 - Zzpixx,y I M*.
y=0x=0 y=0x=0

[0096] When considering for example MPEG-2 encoding, M=8 and 8 x 8 blocks

are considerred.

[0097] At macroblock level, the block variance at macroblock level, Var,, , is

computed and accumulated to accumulated block variance S _Var,, where




vari ance, MA VAR may be represented by: k-N+1 MA Varpic,k = EAVG Varp, c |
/'N. j=k [0100] The tuning paraneter Mean Square Error Prediction (MSE) is a
measur enent of variation of error prediction, nanely the difference between
predi cted and original video data. It indicates tenporal redundancy and
inter coding efficiency. H gh MSE associates with | ow tenporal redundancy
and high difficulty of encoding whi chi2lray be caused by fast notion or high
texture. Pre- filtering attenuates the picture high frequency details and

i ncreases the _possi t of a hetter match predicted bl ock and | ower
prediction er n@%;f&&ﬁ%ﬁ“ﬁ%efi ned for each macrobl ock by 15 15
MSEmb,i = E E Wix, X7 - pred,,x,y Y=0j=0 [0102] At nmcrobl ock |evel,
the MSE is acqumul at e_di(eﬁzrgi ve S MBEnb where: 21 S _ MSEnb,i _ j MSEnb, |

j =0 [0103] At p+c‘f’t1h"e_ =evet/ "t he average mean square error prediction of
the picture is averaged ampng the number of nacrobl ocks, Nrb, with
non-zero MSE in the pictyre_ i,e. the ma¢robl ocks with infer-codin de
and non-zero waﬁ’]nétlﬁ’%@ﬁlie‘f?étqléﬁﬁ‘?m%ﬂ%tfeg bf?&kﬁ@&l?%@ thgREEfe is FVCN?&‘?KE ;
and j=0 AVG_ o = N K [ are
G eront | n-po H’Glé{m%%tgﬁ?%s&bllo RN hHOAEAS abd ol BE rlfedEREA Dy
differently atdifircVar g, =duwel /N9 jmaintain stability and mnim ze
oscillation, the nmoving MSE of P- and B-Pictures are averaged over a

where
N, th

Var,,, =S _Vary, =S Var, /N, .
=0

[0099] In order to maintain stability and minimize oscillation, the block variance is
averaged over a predetermined period of N most recently encoded pictures, an
example of which is N=4 to generate control parameter, moving average block

variance, MA VAR may be represented by:

k—=N+1

ex= X AVG_Var, /N

pic,j :

MA_Var

p
j=k

[0100] The tuning parameter Mean Square Error Prediction (MSE) is a
measurement of variation of error prediction, namely the difference between
predicted and original video data. It indicates temporal redundancy and inter
coding efficiency. High MSE associates with low temporal redundancy and high
difficulty of encoding which may be caused by fast motion or high texture. Pre-
filtering attenuates the picture high frequency details and increases the possibility

of a better match predicted block and lower prediction error.

[0101] MSE is defined for each macroblock by

15 15

MSE,,, = 2 2 (Pixi,x,y - predi,x,y) .

y=0 j=0

[0102] At macroblock level, the MSE is accumulated to give S_ MSE,, where:




predeterm ned period of N nost recently encoded pictures P-Pictures and M
nost recently encoded B-Pictures, an exanple of which is N=l and M2 to
generate control parameters, noving average MSE, MA PMSE and MA BMSE |,
where k-N+1 MA PVSEplc | MA BMSEp, c, k = YAVG MSEPIC-IN. j=k In the best
case scenario, the format converter 204 may be | ast pre-processing
function before the coarse search in t&t notion estimtor 205. FIG 6
illustrates an exanple enbodi ment of the picture delay of the tuning
paranmeters to th re-_iyé%ri ng function. The coarse notion informtion of
picture n-2 f alniSes ety - 501 is available only in the pre-filtering
of picture n. The fine fibtion search 502 nay not be operated in
pre-processing order but in encoding order. As a result the fine notion

i nfoormati on nE}03InAdpigtuss lavrl the vsergge mepe sqyase erey predictipn gf theppictyreisur es
respecti vel y. . The, of Bhnd Y RERAY AFRIEhIoAQ! RS 266 QURADLIZRIsE Bl ARk
variance and fean-squarecerror prediction, extratt ed ddr ng the 1n-loop
encodi ng progRswe I3 the mRb&BIbARY wittd Biter-¢oting mode Rind alontzeen asding ibleek
pictures latency for P/l and B pictures respectively. Coupling control

par anet er s t oPffqrRa¥heig@sponse 22 [0105] The step of coupling the at |east
one control paraneterygenerated to a predetermned filter response further
conpri ses sel ag¢x ng :ongmg/wm%e}lahay of predetermned filter responses.
The val ue of the ‘cont f@l paraneter generated is conpared with a plurality
of predeterm t hoL | uggy whi ch corresponds to the plurality of
predet.erm ned Ti rg}{%@’épg‘r{g@:k?‘%é" sel ection of one of the predeterm ned
filter response is by way of matching the control paraneter to a

pr edet er mi ned[¥1B#leysdheimpsion anedes ere dbfereat pohdand B- pisaures, theelMSEcaffbaSe.

[ 0106] The congr ol [a I8, al I i gQLid: I on

their degree a%‘i %l "HE g?aﬁg% %}fe\;\% ﬂﬁ ;}Q gcl{&i%ﬁf \éér]i ﬁr;é\l?%a?l?%ﬁlgﬁ%&ﬁ% aq'lm)lols\?/l|Hﬁllgrgﬁ]zgver age

coarse and fi psciltetionn theagns tibg eMS® ofioPMaintdzBdPictures are averaged over a
predetermined period of N most recently encoded pictures P-Pictures and M most
recently encoded B-Pictures, an example of which is N=1 and M=2 to generate

control parameters, moving average MSE, M4 PMSE and MA BMSE , where

k=N+1

| MA_BMSE,,, = > AVG_MSE, /N

pi pic.j .

MA_PMSE,,, >
£

In the best case scenario, the format converter 204 may be last pre-processing
function before the coarse search in the motion estimator 205. FIG. 6 illustrates an
example embodiment of the picture delay of the tuning parameters to the pre-
filtering function. The coarse motion information of picture n-2 from coarse search
501 is available only in the pre-filtering of picture n. The fine motion search 502
may not be operated in pre-processing order but in encoding order. As a result the
fine motion information may incur two and five pictures latency for P and B
pictures respectively. The other tuning parameters, normalized quantizer, block
variance and mean square error prediction, extracted during the in-loop encoding
process 503 in encoding order, incurs similar two and five pictures latency for P/I
and B pictures respectively.

Coupling control parameters to filter response



gquanti zer; and 2. noving average bl ock variance and nean square error
prediction. [0107] The first group of control paraneters changes with the
strength of filtering and controls adaptive pre-filtering by conparing
their absol ute magni tude against a set of pre-determined thresholds to
generate a recomended filter state, FSree. An exanple set of
predet erm ned t hreshol ds val ues, exponzhtial for notion and |inear for
normal i zed, are shown below. FSrec =1 MA CW <_ 8 2 4<MA CW<8 3 8<MA
CW<_16 4 16{5]CVke step2of bogRigAtheMi<desit oné ddAtrGMpatdndt@lg8ieraféd 0 exanpl e
set of predeterm ned, thresholds for_fjne notion nitude i.s uned f.or
Ml st = 3. FSP et_ﬁ’m}mﬁa Jegponsy fwl&mcqukS_eMgﬁg“%&@m qfl\ﬂvnffﬁglty Plag<nn
FM/< 96 5 96 T i
TONE NQ<. 18 P4 To MReRO s 3o g P e P URCacnrbl habldtr enerbted i
compared with a plurality of predetermined threshold values which corresponds to

the plurality of predetermined filter responses. The selection of one of the
predetermined filter response is by way of matching the control parameter to a

predetermined threshold value which corresponds to the filter response.

[0106] The control parameters are grouped in two categories depending on their
degree of interaction with the filtering strength:

1. moving average coarse and fine motion magnitude and normalized
quantizer; and
2. moving average block variance and mean square error prediction.

[0107] The first group of control parameters changes with the strength of filtering
and controls adaptive pre-filtering by comparing their absolute magnitude against a
set of pre-determined thresholds to generate a recommended filter state, FSrc. An
example set of predetermined thresholds values, exponential for motion and linear

for normalized, are shown below.

1 MA_CMV <8

2 4<MA_CMV <8
S _|3 8<M4_CMV <16
14 16<MA_CMV <32
5 32<MA_CMV <64

6  MA_CMV >64

[0108] This example set of predetermined thresholds for fine motion magnitude is
tuned for Mgist = 3.
( MA_FMV £12
12<MA_FMV <24
24<MA_FMV <48
48<MA_FMV <96
96 <MA_FMV <192
MA_FMV >192

ES,,. =1

rec

AN W N




5 34<MA NQ<_42 6 MA NQ@>42 [0109] As such, if considering the control
paraneter noving average quantization, if the calculated value is between
18 and 26, the filter response to e selected would correspond to Filter
State 3. Referring to Table 1, the coefficients of the filter response to
be adopted would then correspond to the colum under Filter State 3. [0110]
| f however the FSreC is higher than th&3current filter state, FScur, then
the output FSrec is clipped to one step increnent away from FScur and vice
versa. This is dor{é toMd4oN@<1dpid fluctuation in filter state and
elimnate tenporal giQ% I5&§QZ§ FScur -1 FSrec < FScr FSrec = FS cur +
1 FSrec > FS.. ; ., FSréec =FS., [0111] Wth the step change, FSrec is
appl i ed to thenext|3DI8siMALNE$e¢ CIF conversion. [0112] The second group
of control pararfet q4s.26romdngv@eesage bl ock variance MA VarPic and nean
square error predigti : changes nore dynamcally with the
strength of filteri%ggqfﬁgég§ggég%d group of control paraneters are thus
used to adaptive prlé-fi MerN8g 4y conparing their relative nmagnitude

agai nst a set of pre-determ ned target magni tudes. [0113] Target control

vari ance TARGRhogVa[sRiueh 3P Eonsilctifk 5Lt 8&f§ﬁefe?hd?ri%:&{re§xg9iq%ﬁﬁz%ﬁoiARGET
d I xanpl e of I ch may be

o |

_ MBEP,c are set at predeterm ned val ues,
respectively e calo@a@doahreds be&nee 18 and 26 sthe €iltet wshonse tae scledted @8ukdbps.

Nor mal i zed quanti zer .al ter iyely .contr, filtering in the sage way.
24 [0114]  The cOPRORSIR AL et ibeh HRErrie gor Akt x BF hEGRITIEE MR Ehe

val ues of theredh8RRAE bl Yo tREY &%&fdnd%%e‘?@hﬁﬁh ahed Fileer BEaslyce Error
control magnitudes where Error control Variance is represented by: Err _

Vary,,,; = MA _ Varp;,,; - TARGET _ Varp,, ; and
[0110] If however the FS, is higher than the current filter state, FScyr, then the

output FS is clipped to one step increment away from FS,,; and vice versa. This is
done to avoid rapid fluctuation in filter state and eliminate temporal visual flicker.
ES,.—-1 FS, . <FS,,

FSrec = FSCMI‘ +1 FSVEL‘ > FSL‘ur ;
FS, FS,=FS,

cur

[0111] With the step change, FS,. is applied to the next D1 picture for CIF

conversion.

[0112] The second group of control parameters, moving average block variance

MA _Var

pic,i

and mean square error prediction MA_MSE, . changes more

pic,i
dynamically with the strength of filtering. These second group of control
parameters are thus used to adaptive pre-filtering by comparing their relative

magnitude against a set of pre-determined target magnitudes.

[0113] Target control variance TARGET _Var,, and Target control MSE for P and

B pictures TARGET _ MSE,, are set at predetermined values, example of which
may be respectively 750, 100,000 and 40,000 for a specific bit-rate of 768 kbps.

Normalized quantizer may alternatively control filtering in the same way.



Error control MSE is represented by: Err_MSEP, C, =MA MSEP, C,

- TARGET_MSEP, c. [0115] The error control magnitudes are fed back to adjust
the filter response and thus affect the selection of the filter response
and the Filter States. Higher filter state requires higher differences to
initiate change while lower filter state requires |ower differences to
initiate change. The rise and fall of Z@e-filtering towards the stronger
and weaker extrenes are controlled by the small increasing deviations to

manage the | ajpangy ThetifReencks bétdiebmtheandef @adbb@kgsifudes Bhd e paluasef thes.
[0116] A recommended filter state, FSrec corresponding to one of the

pr edet er nmi nedespeAivE]| qoﬂVObParﬁjnP’EGé @re ealpeaied Jo ipsoduse éfl;ffﬁrn‘éﬂltrﬁil magRUdes ng
Err_Varp, c Orﬁ’vﬁg{er}%&@%&‘ﬁmﬁ?ﬁﬁéé isarefr%]éen%fgc re-determ ned threshol ds

dependi ng on curren er state r which corresponds to a

current fil terErfeV@,oinls:em OﬂerJi—Tﬁﬁ{(@Eﬁge’hﬁLMd t hreshol ds are a set of
devi ati on val ues, (6bev, nDev). An exanpl ¢ of which are present ed bel ow

with (pDev, nBav} chftiolyISH MTepresedddd byt 40, 120) FScur =1 (60, 100) FScur = 2
(pDev _ Var, nbevcpvar) yzs (8Rz80)_ FEeapT= sk 100, 60) FScur = 4 (120, 40)
FScur = 50r6 (1000, p’300(])\§4'FSCUIp'C"= 1 (1500, 2500) FScur = 2 (pDev _pMSE,
nDev _ pMSE) _ (2000, 2000) FScur = 3 (2500,1500) FScur = 4 (3000, 1000)
FScur = 5o0r6 25 (500, 1500) FScur 1 750, 1250) FScur 2 (pDev _ bMSE, nDev _
bMSE) = (1000[0105]0 hé&Suar cent®] nfagpBades 250 fedrwek to adjast the filter response and

thus affect the selection of the filter response and the Filter States. Higher filter
state requires higher differences to initiate change while lower filter state requires
lower differences to initiate change. The rise and fall of pre-filtering towards the
stronger and weaker extremes are controlled by the small increasing deviations to

manage the latency between filtering and feedback of tuning parameters.

[0116] A recommended filter state, FS,e corresponding to one of the predetermined

plurality of filter responses is determined by comparing Err_Var,, or
Err _MSE,, against a set of pre-determined thresholds depending on the current

filter state, FS¢, which corresponds to a current filter response.

[0117] The predetermined thresholds are a set of deviation values, (pDev, nDev)_
An example of which are presented below with (pDev, nDev) being symmetrical.

(40,120) FS, =1
(60,100) FS, =2
(pDev_Var,nDev_Var)=1 (80,80)  FS_, =3
(100,60)  FS, =4
(120,40) FS,,, =50r6

(1000,3000)  FS,, =1
(1500,2500)  FS,, =2
(pDev_ pMSE,nDev_ pMSE) = 1(2000,2000)  FS,, =3
(2500,1500)  FS,, =4

(3000,1000)  FS,,, = 50r6




(1500, 500) FScur = 50r6 [0118] Positive difference results in increasing
the filtering strength and negative difference results in decreasing the
filtering strength. The final filtering strength is clipped to 5 because
the strongest filter design has a large attenuation in the high frequency
conponents and results in picture blurring and may not be justifiable for
only spatial and tenporal redundancy @faracteristics and intra and inter
coding efficiency. FScur + 1 Err > pDev FSrec = FScur -1 Err <- -(nDev)
/2 FScur - (nDev) / 2 < Err < pDgy50051368)eC P§ 5=ASYeC = 1 FSreC < 1

FSYeC 1 <- FSreC >- 5 [0119] At le (pgg ontxol araneter or nore may be
Ez;e-’ i Pferliig‘ he preferred integration
S

conbined to adapt the strength of
of the above (ﬂB@@r_thi\é«EiEWQﬁ?n%W SExr ate0@1e00)s thS.s&Pect the naxi num
0t7|3g H}tjg VEd,uaI control paraneters

recomrended filter state, FSrec, a
i ke nmotion MV (either coarse or fIZﬁ¥@E% f de) guanti zati on NQ
bl ock variance Var and nean square b ecF @‘tl I\/BE because each
parameter has its distinct properties. The final or next filter state,
FSnex, is restricted to be incremented or decrenented by one step for one

consecutive piaatsyr Podifive aiffpédce try¥sudddn fidrédsaia the fiiRFihg Glrendt¥adnegat FSreC
(MV, NQ Var, MSE) FSnex = j FScur + 1 FSYeC > FSCUr _FScur -1 FSrec, <

FScur [ FSCUr difforense zesulip in deweasingatha filtegng strength. dderlinad fillpsing shengt isct ed
flver " esPongfoded 8 Y bdchudel §@bnddEHitd: RN o (MR attefSRioR"if R RERSSOT

and the video
frequency components and results in picture blurring and may not be justifiable for

only spatial and temporal redundancy characteristics and intra and inter coding

efficiency.
(FS,, +1 Err 2 pDev
ES,,. =4FS, -1 Err < —(nDev)/2
| FS,, —(nDev)/2< Err < pDev
[ 5 FS, >5
FS,.=4 1 FS,. <1
FS,, 15FS, 25

[0119] At least one control parameter or more may be combined to adapt the
strength of pre-filtering. The preferred integration of the above described tuning
parameters is to select the maximum recommended filter state, FS..c, among the
individual control parameters like motion MV (either coarse or fine motion
magnitude), quantization NQ, block variance Var and mean square error prediction
MSE because each parameter has its distinct properties. The final or next filter
state, FSpex, 1S restricted to be incremented or decremented by one step for one
consecutive picture for stability and flickering control.

FS,,, =maxFS, (MV,NQ,Var,MSE)

rec

FS, +1 FS, >FS,,
FS, ={FS_-1 FS,_<FS,,
FS,  FS,=FS,,

cur




subsystens operate independently and are |inked only by the capacity of
picture buffers in the nenory system The dynam c |atency of the feedback
| oop fromthe video encoder subsystemto the video pre-processor for the
adaptive pre-filtering poses a technical challenge. [0121] In the present
enbodi ment, the dynam c |atency between the subsystens is handl ed by the
adaptive pre-filtering system assum ng2& fi xed system | atency. This fixed
| atency is the maxi mum picture | atency between the video encoder and the
vi deo pr e- pr oGeasadtinpUfilsetsdoefficier(td 42 ¢leckbe fikdapéspunsepr e-f i | t eri ng wor ks
usi ng feedback nmechani sns between the video encoder and the video
pre-processor. There may be vari abl e del ayed responses between filtering

and f eedback. ghhiys LRGN IRLG DU RichAl BRGHddoSre GHRUAR: SRS Wil EFeridatier  of

frame buffers av ein menory a e operations of the encoding
system [ 0123kubsystesyiperatd aidependentlynnsd atecebnked enlyldly dhie dapasip of pectivst ween
the change in i deo characteristic_and correl ated ﬁ%}jo‘ﬁ{ﬂflth fi{ter.
For the tuni nBu%'ngSéMeetpgmogu%/ﬁtegg YORUUG eGR Af fdlpe GoR et tes” an n

del ay where nyifoldABodtSUBEPsHA! &Y thelVRledPb@RREG Yol R eﬁﬁgﬁ@&pﬂefﬁl‘@rﬂfgo
characteristic fromits occurrence to its ‘detection by the encoder and

subsequent f epdizaekedhnidahehatlangege of the filter. [0124] However for bl ock
vari ance or nean square error prediction, there is closer interaction
bet ween the val ue of the tuning paraneter and the strength filtering. The

bl ock variancgqei] MeafR Feseat EmBodiflent) HRAdyGah O |GG DaEREnaBe SubRydtérhs Br
strength increases. This problemis further conplicated when the system

latency is i hendietlibethesslapties prasdilieuing fsy stemrassinpiag giikkedaystern latergyhd@iseven
before the first . i.ncre. infilter r ] C i i result
"n over shoot s T e G by BierBlcBRALY ob el MECL G, ol W tnef €21
subsequent o0sgidebpkd-progedsor subdydsahgrents. 27 k The total delay for the

correct filtering strength to be reached is kn + 1 m where in j=1
[0122] The adaptive pre-filtering works using feedback mechanisms between the
video encoder and the video pre-processor. There may be variable delayed
responses between filtering and feedback. This maximum picture latency is
guaranteed by the number of frame buffers available in memory and the operations

of the encoding system.

[0123] The system latency translates to a delayed response between the change in
video characteristic and correlated action of the filter. For the tuning parameters
such as motion and quantizer, the impact is an n delay where n is the system delay
for propagating the change in video characteristic from its occurrence to its

detection by the encoder and subsequent feedback to the change of the filter.

[0124] However for block variance or mean square error prediction, there is closer
interaction between the value of the tuning parameter and the strength filtering. The
block variance or mean square error prediction decreases as the filter strength
increases. This problem is further complicated when the system latency is
introduced as the maximum filter strength may be reached even before the first
increase in filter strength is effected. This will result in overshoots and undershoots

of the desired filtering strength level and subsequent oscillations for adjustments.



is the steps needed in the change of the filter and k is the nunber of
oscillations. [0125] The present enbodi nent resol ves the problem by
conpensating for the .latency by increasing the tinme response of the filter
in the digital domain. This is achieved through increasing the nunber of
steps between one filter strength to another either by adjusting the
strength mnutely or delaying the trardtion between the different
filters. The nunber of transitions inserted between the predefined filters
according to the programred system.|atency, lat, is_defipeddas (lat-2)/2.
For a best cgé%t%ﬂégk@b’if%t,hetcﬂ@ecéﬁ@@ﬂég S%W}é%heéﬁ%cthés ‘dgmpr“’é‘-e{?r%cessor
by 2 pictures, giving 1 step transition. For a system | atefity of 10, there
are 4 transiti i h QD hvd L ‘Astfchange in
et ined 111t ol BE sebPRBNLLE LMY B kAR ik & bt RlISLL AR
internediate filter strengths are derived by adaptation of pre-determ ned
filter response us%rgg t he Iingaﬁﬁ. wei %ht d dj sta@ﬁe averafc);e of. t?e WO

nei ghbori ng pFA28efhf@gesent pmpodigisnt Fesolves fae preblen by Femprisating ifelign,

For an exanpl %téﬂc?@ih%ﬁﬂsi%%k@iﬁ@ r&%@ﬁ@er oft e FlRr PR diiER ddBlabd) athid 4! t er
has a higher wei ght than the upper pre-defined filter. [0127] The
filtering statdseadethroughciasedsiag dhe dimbey obstepsbetovee loae -filjer Ztrgngthtthe

trol t led tpo fi fil ... The. bhasj
appl | cat on  ARURGEAPEY Panamadts uronem mimsl of SRRTRE B wrifiod Bhieen
assi gned or tgRNgifefht \flRrs. STHEPhEnbdr$¥atrarsitiodk ARdcdiet BetWéer thegsb@TRd
bet ween key pre-determned filter stg(?es. [ 0128] The present discl osed

embodi ment -~ f ofiltetsecentdingito shepprogranmed systeiniatengpuet, isdefsddallat-B¥2 dies vi deo
o oncog oo o GRS o R Pt TR, L ep S OERSRIRANS, 2206

of encodi ng of y Vi S. er nor eo artifacts

l'i ke bl ocki ngpiAgded, ighGhd0 swPiteisitios. Furer syerimiarhcy of 1 @whdit trd Atrénsitions
applications are advantageously reduced. Adaptive e-filtering of input

| p r
video data t ispreseving kinlod S dsnpitions pey chings 1@6¢£‘?‘?&r@¥ﬁé§es9f’%ﬁﬁal qual ity
of video by using smaller quantization step size. 28 [0129] The present
i nvention has potential applications in a wide diversity of products.
Virtual | y any[oeele@opnakeahs imgsidysd @noahereiftérpredizte filterdercingths lasey dergved

by adaptation of pre-determined filter response using the linear weighted distance
average of the two neighboring pre-defined filter responses instead of a filter re-
design. For an example transition which is nearer to the lower pre-defined filter has

a higher weight than the upper pre-defined filter.

[0127] The filtering states are increased accordingly by factor (lat-2)/2 and the
control parameters are coupled to finer filter responses. The basic application
methodology remains but intermediate filter stages are assigned or transited via

simple linear interpolation of thresholds between key pre-determined filter stages.

[0128] The present disclosed embodiment for the adaptive pre-filtering of input
video data before video encoding advantageously reduces video data complexity,
thus enabling ease of encoding of video data by video encoders. Furthermore,
video artifacts like blocking and ringing which are pre-dominant in low bit rate
applications are advantageously reduced. Adaptive pre-filtering of input video data
to reduce encoding complexity also to improves visual quality of video by using

smaller quantization step size.




vi deo encoder may use the present invention for adaptive pre-filtering.
Some exanples may be DVD reader/witers and server applications for real
time video streaming. [0130] Referring to FIG 8, a video processing
system an exanple of which nay be a DVD reader/witer 800 is shown. The
DVD reader/witer 800 accesses a DVD disc 801 using a Reader/Witer unit
805 which is coupled to the video prep2®cessor 810. The video preprocessor
810 utilizes the adaptive pre-filtering system 100 to pre-filter the input
data according to the encoder being used. The preprocessed and

pre-filtered data is then processed by the videQ processing, controller 820
which is couf@®l ddetmesens ppvengon dias notgndial appligsions ap Wil HyexsyY fot her

comruni cati on [ i dBel.enniing at 0
Fra 5, Canor nErodiEl, SRSy AP vRCP BIRANMe SRR bEEuipflstir SRCEREIRG o
st ream ng ser vateo9@Rodery magcese vihe \prekeot dateatibn dor adaptdeoprsdiltermgdGomeThe

vi deo preprocessor, 905 utilizes the adaptive pre-filteri system 100 to
brectilter °t Runplae g b YEErtr T ter ik el mplioasnh 4ok RUERSTHALRS
pr eprocessed @ngmhg; filtered data is then processed by the video

r

processi ng controll 910 which is coupled to a network 950 such as the
internet allowing users to access the video data in real tinme. [0132] It

will be furth ppr eci.at t alihough the epbodi nents have. been
descrtbed | n T8 Reftipt el dun Pioaprainedina ot Fumits SPYERRBE sce. by
a person ski LIWDi Raddiavratet 800 shButmdeRRIHVDOrchdvritee 86 aessel atigD
present invention. 29 Clains 1. A nethod for adaptive pre-filtering of

i nput vi deo ddisa 80dusingadieaderd Waitergmitsf0agvizich isiaeupled to theatidgeaueprecessor

conprising th t o [ VI A Vi t er el i nput
vi deo data i n?ll@'dgglgavt“?q)oepargﬁr%ceosrslelg%lttg)rr]u&hﬁgzggggreaarrg g‘?e g’% @ﬁeémgrsgg%ﬂlc%dggosti ng
of notion, quard-fikétthehpuy aith ab@eding@ fstheRacodes Geiag @s@l. 'ife emdeastédoand b)
extracting the at_ | east one tuning paraneter according to tlype of .video
pre-filtered data is then processed by the video processing controller 820 which 1s
coupled to the input/output interface 825 for sending to another communications

device such as a personal computer.

[0131] Referring to FIG. 9, another video processing system such as a real time
video streaming server 900 may receive video data from a video source 901. The
video preprocessor 905 utilizes the adaptive pre-filtering system 100 to pre-filter
the video data according to the encoder being used. The preprocessed and pre-
filtered data is then processed by the video processing controller 910 which is
coupled to a network 950 such as the internet allowing users to access the video

data in real time.

[0132] It will be further appreciated that although the embodiments have been
described in detail, various modifications and improvements can be made by a

person skilled in the art without departing from the scope of the present invention.



encodi ng; c) processing the at | east one tuning paraneter to generate at

| east one corresponding control paraneter; d) coupling the at | east one
control paraneter to a predetermned filter response; e) generating a
plurality of filter coefficients based on the predetermned filter
response; and f) filtering the input video data with the linear filter
nodul e having the applied plurality od9filter coefficients. 2. The nethod
according to claim1l, wherein step c) further conprises: cl) extracting a
plurality of coarse notion vectors at macrobl ock | evel to produce a
plurality of macrobl ock coarse notion magnitudes; c2) accunul ating the

pl ural i t ¥l®msnacrobl ock coarse notion magnitude to produce a plurality of
accurrul at ed nmacrobl ock coarse notion magnitudes; ¢3) sunmm ng and averagi ng
the plurality of accunul at ed macrobl ock coarse notion nagnitude at picture
| evel to1producethod e APt COpresiltdridigi cirinpuraiddotdactefor #djeoanesdiag nging he
average coarse notion nmagnitude over a predeterm ned period of npst

recent | yligeas ddenmerele qasaprisingfhe 86BE t he control parameter: noving average
coarse nmoti on, yagnidide:o @0 it Vo el RfleREGAE gvfdgo Ah@ifrddes WWRAG! N
step c) further conprises: c extracting, sunmm ng and nornmalizing a

pl ural i t ynefuningyearamétenof the groupscatsistingof olotionkquastizdtionpvariandejcad anean
plurality of nacro%*ock fine notion nmagnitudes; c2) accunul ating the

pl ural i t Y1 FREIASHIEN f i ne notion magnitudes to produce a plurality of
accunul at ed nger oblLgek i Ne MWUERPN oRBIHMIhY FHFamES) addorlThB o aPsk BF 9IR\I NY
the plurality of accumul ated nacrobl ock fine notion nagnhitude at picture
| evel to produce aenadargage fine notion

c) processing the at least one tuning parameter to genecrate at least one

corresponding control parameter;

d) coupling the at least one control parameter to a predetermined filter
response;
e) generating a plurality of filter coefficients based on the predetermined filter

response; and
f) filtering the input video data with the linear filter module having the applied
plurality of filter coefficients.

2. The method according to claim 1, wherein step c) further comprises:

cl)  extracting a plurality of coarse motion vectors at macroblock level to
produce a plurality of macroblock coarse motion magnitudes;

c2) accumulating the plurality of macroblock coarse motion magnitude to
produce a plurality of accumulated macroblock coarse motion magnitudes;

¢3) summing and averaging the plurality of accumulated macroblock coarse
motion magnitude at picture level to produce a average coarse motion
magnitude;

c4)  averaging the average coarse motion magnitude over a predetermined
period of most recently encoded pictures to produce the control parameter:

moving average coarse motion magnitude.



magni t ude; c4) averaging the average fine notion nagnitude over a
predeterm ned period of nost recently encoded pictures to produce the
control paraneter: noving average fine notion nagnitude. 4. The net hod
according to claim1, wherein step c) further conprises: c¢ |) extracting a
plurality of macrobl ock quantizers; c2) accumulating the plurality of

macr obl ock quanti zers to produce a pluw@lity of accumul ated macrobl ock
guanti zers; c3) averaging and normalizing the plurality of accumul ated
macrobl ock quantizers at picture |level to produce an average macrobl ock
guanti zer; c4) averagi ng the average nacrobl ock quantizer over a

predeterm ned period of nost recently encoded pictures to produce the
control para : Vi . r q | hod according to
claim1l, E\Ahe?g‘lhgﬁls? ep a@?&filﬁ%ﬁg@ggéhg’fﬁ?@es&ép 9?‘3“‘%%%{35@?%% a plurality of
bl ock variances) at ex@atiap) aekming\ield, noe@hliziag unpllatityngf filkemplion akttoys aif

bl ock variances to produce a plurality of accunmul ated hlock vari ances; c3)
averagi ng the pl ur Blaciaplegk Jeveliin| prodichaoplurglaty; ahsascrologk dingr BatgPel to
produce an average hlock  variance; 31 c4) averaging the average bl ock

vari ance over a predétermned period of nbst recently encoded pictures to
produce the colit r ohcqaidagigithe phuahty af enageblobk dode watioanmegnifudesHe

met hod according to claim 1, wherein step, c) further conprises. cl
conputing a pl ural Piogugga %Péﬁ%ﬁ%‘&%ﬁ?@"%& EB‘? mﬁﬂg‘ﬂfr@gp@fﬁ’é’%
macr obl ock | eygy ; E&)lnﬁ&g:'zlﬂﬁ”a‘%fa[%ﬂlgtﬁﬁa gwm&' 1Y aRunBAEO BARESbIBBR Finsquar e

error prediction to produce a plrurality of accunul ated nmacrobl ock nean
square error predimtioanmagnitude at picture level to produce an average fine motion

magnitude;
c4)  averaging the average fine motion magnitude over a predetermined period
of most recently encoded pictures to produce the control parameter: moving

average fine motion magnitude.

4. The method according to claim 1, wherein step ¢) further comprises:

cl)  extracting a plurality of macroblock quantizers;

c2)  accumulating the plurality of macroblock quantizers to produce a plurality
of accumulated macroblock quantizers;

c3)  averaging and normalizing the plurality of accumulated macroblock
quantizers at picture level to produce an average macroblock quantizer;

c4)  averaging the average macroblock quantizer over a predetermined period of
most recently encoded pictures to produce the control parameter: moving

average quantizer.

5. The method according to claim 1, wherein step c) further comprises:
cl)  computing a plurality of block variances at macroblock level;
c2)  accumulating the plurality of block variances to produce a plurality of
accumulated block variances;
c3)  averaging the plurality of accumulated block variances at picture level to

produce an average block variance;




c3) averaging the plurality of accunul ated nmacrobl ock nean square error
prediction at picture |level to produce an average nmean square error

predi ction; c4) averaging the average bl ock variance over a predeterm ned
period of nost recently encoded pictures to produce the control paraneter:
novi ng average nean square error prediction. 7. The nmethod according to
claim1, wherein step d) further conpr3ses: dl) selecting one of a
plurality of predetermined filter responses corresponding to one of a

plurality of ppedeh@iigingthd MepsRmlock wris@ses oviel greletuighiued périddhef mbstl east
one control paranmeter matches the one of the plurality of predeterm ned

threshol d val ues. Scentheenpededpicteesde drorice hecqonita] mArampler: RQYIRERY ALt er

response nmay only i ntally changed by one step froma current
filter response. 98%3%@%%d according to claim1l, wherein step d)

further @onprThesictid)accalditigtaiclaivg 1awhereimstecorfurtbér dvagnisésude by t he

di fference between the control paraneter ﬁgzg a target control H:rrg,l%:;)ni t ude;
d2) deternini AY a FeEprtRHdeblurality £f magioh Byl SHPALI HEOTaREIFEPEHng t he
error control magnifude wth.a plurality of thresholds depending on a
current filter response; and d3) selecting the filter response within a
range of avai kzipl eaédunidatingethp piwakity G2mudrebleck ndae sfiidreerror @sglicipa to

selected may only be jncrenentally changed by one,st fromthe current
filter response. 19?0‘{1‘1‘?8 ?rgRﬁHl@Eit%c‘bng‘%‘i"\%‘Bﬂ?@ch’é‘Fm ?ﬁaﬁéeraé‘i AU 19 Y her
conprises: dl) detgrdaidiopd a recommended filter response for each of the at
| east one control "paraneter; and d2) selecting a highest of the
reconmended ficB) er aversgingsthe fliraliThef rasttodlatesc oradiabdoakomebmisgrare et her
comprising step: f}mediction at picture level to produce an average mean square error
prediction;
c4)  averaging the average block variance over a predetermined period of most
recently encoded pictures to produce the control parameter: moving average

mean square error prediction.

7. The method according to claim 1, wherein step d) further comprises:
dl)  selecting one of a plurality of predetermined filter responses corresponding
to one of a plurality of predetermined threshold values;
wherein value of the at least one control parameter matches the one of the plurality

of predetermined threshold values.

8. The method according to claim 7, wherein the filter response may only be

incrementally changed by one step from a current filter response.

9. The method according to claim 1, wherein step d) further comprises:
dl)  calculating an error control magnitude by the difference between the control
parameter and a target control magnitude;
d2)  determining a recommended filter response by comparing and matching the
error control magnitude with a plurality of thresholds depending on a
current filter response; and

d3)  selecting the filter response within a range of available filter responses;



conpensating for dynamc | atency between filtered input video data and

vi deo encodi ng process. 12. The nethod according to claim 11, wherein step
f) further conprises: fl) determ ning a maxi num picture |atency; f2)
increasing tinme response of the filter nodule in digital domain by
inserting a plurality of transitions into the filter nodule; S)
determning a plurality of internedi atg2filter responses corresponding to
the plurality of transitions by using |inear weighted distance average of
two nei ghboring fiyWHeRdin (RSHERTEPoREe QidRedhay BelyHelihakehietalli chaigedydi at e
filter response. 13. The nethod according to claim11, wherein the |inear
filter modul e i s adapstep iborthe gigentdilteeraspensen at hi gh frequencies while
retaining portions of the high frequency conponents. 14. The net hod
according to claim 13, wherein the linear filter nodule conprises a
pluralityoof Mawnptissl dcbdiditieSto bRiring whefeandefutthersdoafprises: - of f  f r equenci es
and a range of _nornalized magni tudes. 15. The metfhod ccording to claim
14, wherein tH® r adgermming ageeqmmepded ilier,esponse foF gagie obdialelsasidifal i zed
bandw dt h val ues of t bout 0.167. 33 16. The nethod accordi ng
to claim15, wher eic?\ﬁF(ﬂ&E?a%Iﬁ:geé’ %*danor mal i zed magni tudes range from about
1.0 to about @2B. 36lectihgw ldgleespoithe siongnesyled Gheespyonssi ng: an adapti ve
pre-filtering systemfor adaptive pre-filtering of input video data for
vi deo 'encodi ng, the adaptive pre-filtering systemconprising: a filter
modul e gy re%bg;xe%daaaeoﬁidg{tsrclm It RGtHePRothpdifEQesiat a to produce a
filtered video data, the filter nodule responsive to a plurality of

pr edet er m nedff i | t eompersstnn $esdynaimge datendyheetivagu filteiedeopatarided detaands at
| east one tuning pa%@mst er,.of the group consisting of notion,

quant i zation, vari A8 SNAHNGRIRFCSquare error prediction:

12.  The method according to claim 11, wherein step f) further comprises:
f1) determining a maximum picture latency;
2) increasing time response of the filter module in digital domain by inserting
a plurality of transitions into the filter module;
f3)  determining a plurality of intermediate filter responses corresponding to the
plurality of transitions by using linear weighted distance average of two
neighboring filter responses of each of the plurality of intermediate filter

response.

13.  The method according to claim 1, wherein the linear filter module is adapted for
high attenuation at high frequencies while retaining portions of the high frequency

components.

14.  The method according to claim 13, wherein the linear filter module comprises a
plurality of low pass filters having a range of step cut-off frequencies and a range of

normalized magnitudes.

15.  The method according to claim 14, wherein the range of step cut-off frequencies

range between normalized bandwidth values of about 1.0 to about 0.167.



a video encoder for encoding and conpression of the filtered video data
according to a encoding process; an extraction nodule for extracting the
at | east one tuning paraneter fromthe input video data according to the
encodi ng process; a conputation nodule for receiving and processing the at
| east one tuning paraneter into at |east one control paraneter; and an
integration nodule for processing the 38 | east one control paranmeter and
for selecting one of the plurality of filter responses; wherein the at

| east oneg6t uniDhg npahedreécerdiag P ciafm sl SoMdetEin i @ngé of hernfalizedwiaggitudesot i on,
guanti zation, variance and nmean square error prediction. 18. The video
processi F28Joeahost ¢ Hrtaidhouttld-cl ai m 17, wherein the adaptive pre-
filtering systemfurther conprises a filter coefficient generator for
generating filter <coefficients according to the filter response. 19. The
vi deo pr @ZessiAngidsy piloeessmgcystammgntpaisimgai m 17, wherein the filter nodule is
adapted for high attenuatjion at high. frequencies. while_etainjng,pottions
of the high fREGaRIREPIET Hf?&ﬁ\gr?ﬁ@t?%sﬁ?ff ‘%’“ﬂffepr% HitsBng of dd vy 03‘1?5% i%
according to I . N et rises a plurality of
| ow pass fil tglrc%b%%?%’rl\n ‘a r%r?gté‘t,o esﬁlig%ﬁgaﬁgg?&ﬁpggg%nci es and a range of
normal i zed nagHiltendeslule2for rebhying aeldilpringgbs inpyt video datade praduiag filtored ai m

20, wherein the, range of ep cyt- off frequencies,.range between .notmalized
bandwi dt h val _eﬂéifoo‘?aq%b‘g’ﬁtﬁl&@o‘“f’@”&&&ﬁﬁ"“ﬁ?%@ﬁ pyalidy e e ESr’Bf’}?&?e@é‘frng
system accord ké’&?oﬁé&s,c\tvﬁérginzﬂie ixgﬁﬁ eded daiLinchiigs aPleastdtetahing @eraia@et dfudes
range fromabout 1.0 to about 0.3. 23. The video processing system

accordi ng to theagrup7congistingioh moféony iquentizationeatiznge, 89d MagN SANPICi Y& a DVD
reader. 24. The vitde,o processi ng system according to claim 17, wherein the
vi deo pr ocesspﬁeéhc lé)?St emconprises a DVD witer.

a video encoder for encoding and compression of the filtered video data according

to a encoding process;

an extraction module for extracting the at least one tuning parameter from the input
video data according to the encoding process;

a computation module for receiving and processing the at least one tuning
parameter into at least one control parameter; and

an integration module for processing the at least one control parameter and for
selecting one of the plurality of filter responses;

wherein the at least one tuning parameter comprises one or more of the following:

motion, quantization, variance and mean square error prediction.

18.  The video processing system according to claim 17, wherein the adaptive pre-
filtering system further comprises a filter coefficient generator for generating filter

coefficients according to the filter response.

19.  The video processing system according to claim 17, wherein the filter module is
adapted for high attenuation at high frequencies while retaining portions of the high

frequency components.



25. The video processing systemaccording to claim17, wherein the video
processing system conprises a server for real tine video stream ng.

34

20.  The video processing system according to claim 19, wherein the filter module
comprises a plurality of low pass filters having a range of step cut-off frequencies

and a range of normalized magnitudes.

21.  The video processing system according to claim 20, wherein the range of step cut-
off frequencies range between normalized bandwidth values of about 1.0 to about

0.167.

22.  The video processing system according to claim 20, wherein the range of

normalized magnitudes range from about 1.0 to about 0.3.

23.  The video processing system according to claim 17, wherein the video processing

system comprises a DVD reader.

24.  The video processing system according to claim 17, wherein the video processing

system comprises a DVD writer.

25.  The video processing system according to claim 17, wherein the video processing

system comprises a server for real time video streaming.




