~e3el,l jd6Tm-Or 30 Cctober 2002 CONDI TI ONAL MASKI NG FOR VI DEO ENCODER
Technical Field 5 The present invention relates to a nethod and appar at us
for encodi ng video sequences. In particular, the present invention relates
to a method aratus for quantization step size detengdabbeP20®s
corrpresw\mm\ g\mﬁo signals. Background Art 10 Methods for encodi ng novi ng
pi cture ad been devel oped for efficient transm ssion and
storage. A ©0®ent art of such encoding Srethods is found in MPER Test
Model 5, SO I1EC TTC 1/ SC29/ W&11/ NO400, April 1993, and the discl osure of

t hat docunent is hereby expressly incorporated herein by reference. In this
met hod, as input video GONDETIONAE MASRINGEEOR VIDEOENEGODERCE | ayer,
group-of pictures, pictures, slices, macroblocks, and finally block |ayer.
Each picture in a group-of pictures will be coded according to its

determ ned ?eﬁﬁrﬂ%a@f’&ﬂji ng type. The picture coding types used in the MPER
Test Model include 1 ntra-coded picture (I 20 picture), predictive-coded
picture (P-picture), and bi-directionally predictive-coded picture (B

picture). T | -pictures are used majnly fqor randem access .or scene upgate
The Pl chride RS vGileRr s Gre TRl ot Skod B0 AT SFCFE uto BREERAL
previously Sﬁﬁtﬁﬂlalr,-thepre&npimémroﬁ&elﬁmcdwmeﬂiddtamdapbarataﬂfbrtqhmtﬁatﬁﬂmitw&ﬁa use
bot h forward and, backward notj on_predictive/interpolative coding with
reference t GeBIRRENR °§°%HH%?§‘°P-°f§‘1d°¢§‘§? ures. A group of pictures (GOP)
is formed 25 in encoded order starting with an |I-picture and ending with
the picture before the next I-picture in the sequence. A picture is
partiti oned BagkgrousdhAiter and non- overl appi ng bl ocks of pixel data called
macr obl oc (MB) before encoding. Each MB froma P- or B-picture is
subjected to a notion estimation 30 process in which forward notion

vect ors) andMehodsifar encotibg aving picarras drodddoltad basrdevélopedBopeffitiet erabdrhissione

det erm ned usi,ng reference pictyres froma frame.buffer. Wt he

dot or m ned 20 Fosafic, ARt S50 OETORE PERDGT 5 ST FoMEBOho L MAdghs:
per formed WISOAECTTENSCRIMWG 1A¥0400! £prilNb93, Whe tHe dstidRhre @ tHAPERuent iNRerdly 1 S
first determ ned according to the accuracy of the notion vectors found,

fol | owed by eyBisestyincampratedcherpincysefanencep frnidisaucthpd)n ingutMideo seqigneetis orgapzeds

t hen subj e¢t; i SV G i i he
DCT coot  F i e B B e Bl o P e,
The quant i z&Ehch@ictursdh kignaupraf-picaires widl ieRoided adrording o-ifsaletprthined pistheeicadingh
vari abl e | erl_gt@ codes (VLC) and nultiplexed with additional information
such as sel €éXed notion vectors, MB codi ng nodes, quantization step-size,
and/ or picture and sequence information, to formthe output bitstream 10

Local decodi i.s perfornmed by |nver tizing.the quantized DCT
coef fici ent STl g pasing, Yposied & BeMPE DfﬁfﬁzMsﬂel CoRpetRsat#GRded Riguge (I-
decodi ng b§ gi@ire praaRtiveloded Hidfurd (PEpittBfes 20 GR diPdctibhkdl predictide-totiel PRAOFRB.ON
conpensation are_identical to those used by any external decoder ..
picture). The I-pictures are used mainly for random access or scene update, The P-pictures use
forward motion predictive coding with reference to previously coded I- or P-pictures (anchor
pictures), and the B-pictures use both forward and backward motion predictive/interpolative
coding with reference to previously coded I- or P-pictures. A group of pictures (GOP) is formed
25 in encoded order starting with an I-picture and ending with the picture before the next I-picture

in the sequence,

A picture is partitioned into smaller and non-overlapping blocks of pixel data called macroblocks
(MB) before encoding. Each MB from a P- or B-picture is subjected to a motion estimation
30 process in which forward motion vectors, and backward motion vectors for the case of a B-

picture MB, are determined using reference pictures from a frame buffer. With the determined
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15 The quantization step-size (@) used for quantizing the DCT coefficients
of each MB has direct inpact on the nunber of bits produced at the output
of run-length VLC encodi ng process, and therefore the average output bit
rate. It has also a direct inpact on the encoding qualitygowhdtsher BggEsent s
the output picture quality at the correspondi ng decoder. In general, |arger
S generates | ower output bit rate and | ower encoding quality. In order to
control output bit rate 20 and picturg quality so that the resulting
bitstream can satisfy channel bandwi dth or storage |limtation as well as
quality requirenents, rate control and quantization control algorithnms are
used. Some HR{RAQEFors MotloR tomBEENRbRIs pRrRHmEd Fkrk hdhd a&asmh{eabmaa@ pRiclieynd
in the above nentioned 25 G 2 Test Model 5. These nethods conprise
general | y ambde ofghe YBhisi fiset detesmined peeprding © the nequsicy i dhemeotion pertens foundpt i ve
quanti zati S - II process, a target nunber of
bits is asg}fl %ﬁﬁnghﬁh&tﬂ%@dﬁﬁ@p{o %%d@%ded according to a nunber of
previ ously determ' ned and pre-set paraneters. The rate control step then

cal cul at es a refer ant zat on,, st ep-sj ze f based on the
o oot bi T oThetpredan N ishubiETed RiRirEabing franfoet (IO TIARY AaBHaS 48 1 he
target bi tSDC"P c@éﬁ%&ﬂis%@se%ﬁ qﬁinﬂfﬂn&hﬁhml@és%d%ﬁtﬁnuﬂaﬂm{ J%@p ﬂfléipTHchﬁxaﬁk'i‘zféH'bczlat Ion

process, the calcul ated reference quantization step-size is scal ed

accor di ng teseffisicats ofcthe MB iie sheafrundrastipengeded witlh vaisblshlengthomdes EVEQ) anvder age
MB acti vity,g él@ie'&‘v@iﬂ{jacfdﬁtfbm‘%r:ﬁ P%ﬂ#h R sefdcidl B ?H%Lééoﬁoﬁﬂjg&d Mb&es, THi s
scal|ng|s'3 according to a lev mas |nge ects of codi ng noi se by
human per c epianhimatidrostepgvBzeyiandiohpigthrecand sennervetinfomaties, taifodm the autput bitstreamA

vi deo buwer verifier (VBV) may al so be enployed in such a way that
underfl ow and overfl ow of the decoder input buffer are prevented as

required 5 Mealtda&»dh@mesfoamebg@hvme qmum(@g thelq@frgiztd DCIT doaffRienss, fobwédbyned.
Codi ng effici entlé whi ch can be neasured in terns of bit-rate saving or

encoding piievaseDgleAnd mptionspmpetion, Lpgal aeq@éylgm@ﬁn%wa thap the\refgeegce
encoder oY SiciTRes ueed il R Bhpd dr3atfoR Gk erichil e kRt L%d‘ﬁzlahy E‘J&&‘?xalade TebHed®
i mpact in comunication or storage costs saving In g run. l'e
vari ous net hods for enhancing codi ng eff|C|ency may be developed it is
necessar COﬁSI r t n . Lon

when © ne 5y CrcatfSh bR (QRERIS: iy STBCr Akieig St olcf YA iHcEY
such net hodmpim bn eﬁmodbetgafahmpdodudedrat tha butpduafarun-feaghLC bndoldmg posaeke, emds

inter-operagin th decoders dhat are kno to date for Ie t he

VPEG v oo MEEOMISSVeragh gt bit Ao rdaf HobhFish CHEck & o g ‘Eﬁlﬂbt of
the presentrepfedaid ihebutgt Pichire GRaldy AEtHROGrREpoaiRg (deédder.f Ok gUﬁéi‘a.ll rger 235

vi deo encoder to enhance its coding efficiency, In accordance with the

pr esent i nvESRERGHIOWeERaytaus bit fgteppd awr 805pRing QUK oHeTderde cemEd grinyt Wkences
i mage c&gp}; Sulth es
|nto an Zcr)\co eolbtgtetn 1%{0?%%%% gtbuﬁl ng: 2fm‘ﬁ’dbelﬁt8%%'?’%§&§?g’g%r§§§’?&% or
encodi ng ealmntatmgewgﬂ asaq\@bquemmbgts [ate cpntia aidhguantizationg griral aigorithms are
plurality of gacrobl ocks, perform ng necessary notion conpensation and

estimation and an ort hogonal transform on each macrobl ock, and quanti zi ng
the transformcoefficients

Some methods for rate control and quantization control can be found in the above mentioned
25 MPEG-2 Test Model 5. These methods comprise generally a bit allocation process, a rate
control process, and an adaptive quantization process. In the bit allocation process, a target
number of bits is assigned for a new picture to be coded according to a number of previously
determined and pre-set parameters. The rate control step then calculates a reference quantization
step-size for each MB based on the target bits for the picture and the number of bits already used
30 from the target bits in encoding MBs from that picture. In the adaptive quantization process, the

calculated reference quantization step-size is scaled according to local activities of the MB, and



according to a quantization step-size for incorporation in the output
bitstream a conditional nmasking processor which is adapted to process
macr obl ocks of predictive 30 coding pictures to deternmine if each

macr obl ock belongs to a significant notion or scene updat &y@gicBer 203 he
correspondi ng i mage, and determ ne a conditional masking factor based on
t he 30 Cctober 2002 -4 determ nation; and a quantization step-size
processor coupled to receive the condity onal masking factor fromthe

condi tional nmasking processor and generate a quantization step-size val ue)
based on a reference quantization step-size and the conditional nmasking

factor, for L Rfhe { ofelel! : .
The present a#ﬁgeé%t!i%‘sai sgoa)%? oVl ggg&gﬁﬁe&?%gtdd r;& OD? %@gfy%%d%gtgf%ﬁ{hgﬁnﬁgﬁf or
encodi ng sedpdone exonlingitoa tped of maskingsffens oficbding modsd by fumparcparception fodt MB with
predictive-codin ictures.i.nto.an encode ut pu { rea i,ncl udi ng the
D eps of " 10 e RoltevtEe FitiBadictite o R3S e ViR i se e mplokBling g
macr obl ocks s@éh Piveplihat winderflotcint GverfiowlbTeife deoddeinphyBuffer irk pRAEited B re@ifedCk
bel ongs to a significant, notion or scene update region of the correspondi ng

i mage and d& &reVRER tandearg e e3syenafiarest Wbt € mBiaineaski ng fact or
generating a quantization step-size value based on a reference quanti zation
step-size and 15 the conditional masking factor, and encodi ng each i mage by

per f or ni ng ediag sficignaypwhichncan bemeasuesd iroternzsaf bigsate saringor eanctingpictmremiglittial

transform on_each crobl ock.. and gpantj zing the transformcoefficient
hcording. ¢ ST PRLCmEe e dt SR AR el bt SO Al e s

on i the
out put bi t Steffizhency will Hande thrgedmpsct i cdnfirfuridadse ot storayedtistsaavingina logerual a
condi tiong]l masking nmethod to take advantage of the fact that P-pictures
are nore ortant than B-pictures in ternms of notion and scene updates as

codi Ng noi seyhilk $dHols BREBHE For dnBankinl Rb¥in® Eﬁ?i@ﬂ.?txﬁﬂ' dVdeRelBpéd rieBecesshS to
maski ng can be applied conditionally to notion/scene update regions of a
pi cture sucleonsider theis irapagis g implementation cogtie partigwer Whee the wystemp predo fe brogdlyed

fromless pr 08\ E&befr t:hi; j ¢ 1, [ 4] c[m%k' h g
al so make usu gé%f %H?g ac?’ l’? ﬁs;td E@ﬁggga u%ﬁ%ﬁg&gﬁdgs tfraggitm Vi u%l:[&ﬂgﬂ? %n@?gﬁ&and
shoul d be cdmbeohpatibility preblemsintet-opdratoagsvith decoders that are known to date (for example the

15 MPEG video decoders).

Summary of the Invention

It is therefore an object of the present invention to provide a method or apparatus for usein a

20 wvideo encoder to enhance its coding efficiency.

In accordance with the present invention, there is provided a video encoder for encoding
sequences of images comprising intra-coding pictures and predictive-coding pictures into an
encoded output bitstream, including:

25 an encoding processor for encoding each image of a sequence by partitioning the image
into a plurality of macroblocks, performing necessary motion compensation and estimation and
an orthogonal transform on each macroblock, and quantizing the transform coefficients
according to a quantization step-size for incorporation in the output bitstream,

a conditional masking processor which is adapted to process macroblocks of predictive-

30 coding pictures to determine if each macroblock belongs to a significant motion or scene update

region of the corresponding image, and determine a conditional masking factor based on the



‘Bef or,e encodi ng each macrobl ock of a picture froman input video sequence,
a video encoder 30 with conditional masking according to an enbodi nent of
the present invention determnes if the macrobl ock type belongs to a
significant notion or scene update region. A conditional ppIKttE8er 2082

Oct ober 2002 -5 factor is then determ ned for the macrobl ock based on the
det erm ned nmacrobl ock type arid the picture coding type. The conditi onal
maski ng factor is conbined with a nmacrghl ock reference quantization
step-size 5 which may be cal cul ated using conventional methods based on bit
al l ocation and bit utilization, and an optional activity masking factor
based on acydiMindiNatibfVeld Of the nacrobl ock and/or its surrounding region to
formthe final quantization step-size for coding of the macroblock. The

vi deo encoder neyquantizationstepotizeprocesser cauplediinreasive theisorditipnahmaskinefacter femet e
cosine 10 t - Y = j Wt h variabl enagt h
codes as Vvi Qi’gtl}% E:‘%?%%?r’ag%sgﬁg £ g&c}%ﬁ?g%}éﬂsg&g{a& %B%gié%& "t% S%?%lﬁg b&%iw&ﬁé 15
The i nvent i mferescedpmatization step-size end the cdmdidorlal meskirignfaetbg\ior tige byetye ercodingnpl e
only, with reference to,a preferred enbodi mrent thereof and the acconpanying
dr awi ngs, SWHEFESR- 12 encRding °§°f} wactollockek di agramillustrating a video encoder
with conditional masking according to an enbodi nent of the present

invention; and Figure 2 is a block di agram illustrating a conditional
maski ng f acTes presgitduNeatiqnafo pravides o methed foriuse int vdegreacedigmior srepdingfsequgaces

i nvention. | #‘}gﬁ%rf t.Q; : gﬁ%"@ﬁ i |
illustrates an Jﬁg%g ne tuh%fdogﬂ%ﬁi e(;@g%féﬁié‘?ﬁémﬁt oﬁgfle?ﬁ?)én%f é:dr%gg{gf‘o#éaut
accordi ng t bitstdeemAbclpding thetstepnioint i on. An i nput vi deo sequence i s encoded
by vi deo .encoder_ |01 to .produce a,c ressed.out put bitstream which may be
transm ttlgd to a%mé%“é?grfglragﬁé%%&@}ur gogm%%m#ﬁ"cati on channel or recorded
on digital storagecesif matoblopisay prdictiodpdditapittons to daterintisd if ¥achimierobiodieo

encoder 101 utilizes notion estimation, nption _ conpensation, discrete
cosi ne t r anB¥8RghH ©ofliSHPECHN PUNR. Plofrshh UBHAS dPFioR &F thf GarFesaonding BRage o€ odes

as video 3044 ifS 2 tOeshSdHY D@ BonalmutiGieOnaBroder may be inplemented such
that the output bitstreamis conpliant to one of the |SQO | EC MPEG

standards) and cgsnersingreqroniizatidmsteptsie ¥due kasgrboni4 referencg quasizating stepedie and
MPEG vi delg %@%ggﬁ{i&al masking factor; and

encoding each image by performing necessary motion compensation and estimation and

an orthogonal transform on each macroblock, and quantizing the transform coefficients

according to the generated quantization step-size, for incorporation in the output bitstream.

20 Embodiments of the present invention make use of a conditional masking method to take
advantage of the fact that P-pictures are more important than B-pictures in terms of motion and

scene updates as coding noise in such updates are likely propagated by P-pictures.

The masking can be applied conditionally to motion/scene update regions of a picture such that
25 coding noise is reduced and therefore bits are saved from less propagation of this noise. The
conditional masking method can also make use of the fact that these updates attract visual

attention and should be coded with less distortions.

Before encoding each macroblock of a picture from an input video sequence, a video encoder
30 with conditional masking according to an embodiment of the present invention determines if the

macroblock type belongs to a significant motion or scene update region. A conditional masking



A rate controller 105 calculates a reference quantization step-size for
each macroblock in a picture fromthe input video based on a predeterm ned
target output bit-rate, and bit usage by 5 the video encoder 101. The
reference quanti zation step-size defines the |evel of quanp@abben20ge be
applied within the video encoder 10l such that the output nunber of bits
generated for coding the nmacrobl ocks can be controlled. The controlling of
bits in turn maintains the target outpug.bit-rate and prevents overfl ow
and/ or underfl ow of a correspondi ng decoder input buffer. 10 An enbodi nent
of the rate controller I OS may be found in the MPEG 2 Test Mdel 5. A
target nunbegcfis Bieh Setérfhined &sHtROImacrBbl6dkbaed &n the detbrntlddahdbr stk PSLMdRe
target output bit-rate, picture coding type, bit usage and average

quant i zat i orpigtuegrodingé¥peof past coded pictures. Wth the deternined target
nunber of bits, the reference quantization step-size is calculated for each
macr obl ock of the picture. VBV checking and correction may al so be applied
in the rate THe cooditional thasking faptoc srcombinedipthiaceaciablesk referenceauentzation oég-size 105

may producg fj.xed referenc antizatign stepsizes..Such t hads be
Laat U1 F or § CUHET Rt H et r g oS iy Flignd sth oo 368 B o Ao R
macr obl ock, @d @/CoptionhlyactivikmniningdakiibicbabelB ofl attbitiiidvelofathe Arabibloci@nd/ackor .
The A-masking factor is an_actjvity scaling factor for, the determ ned

ref erence quBHROMS%RS wwogf%&-@it%éq%q@ﬁ%@e s‘éﬂ'é’&ﬁf%@éf&%\ﬁe thy m3goakeclon human
perception. It is determ ned by the |ocal and/or surrounding activities of
the macrobl ock and an average activity fromthe current or a previously
coded pi ct urBhe mdee eaeasier magiysiizenmetionfestimation, mpotion smpensationd alissrdte gdsina
the MPEG 2,T. I Y Ny i s g ‘
maski ng 138 tl(?%{sgﬂ%glo%g% ’I?@ﬁ%ﬂ gcel%c%@k %ﬁ%&'{iﬁﬂﬁ lggéatﬂgg?ets iggu 3% ch o |1?Pent)
a Cnmaski ng ftchmdques.s det erm ned for each macrobl ock which is not

i nfra-coded) and dependent on the picture coding type (P-picture or
B-picture). The C-masking factor is determ ned such that 30 hi gher masking
i s gener at edpfighDderiptioh ol Privdingdel ongi ng to a significant notion or scene
update region. Furthernore, additional masking is given for such

macr obl ocks belonging to a 30 Cctober 2002 B-picture. Prediction
activity i Foak eRb-S ki I I to
et er m e 1 B o B et o
regi on. Suchtow prefeced embagiment theeaof anvctbe peromparstig drawings, whereiny om t he noti on

vector deci 3 on (AP CPBREROY APhBAESE ko YD cilisoy ks

pi xel of theawaciingtbeskmbodinent©btegreseqrioieedod; ind S the r' ~ pixel of a

predi ct ed nmacrobl ack is.the.total, nunber of .pixels j.n cr b}aock P~
P the pred: ot | onf g A v pockheted ey Soppiopsl Raskitg focll CelRUafiunil
St ep- Si ze 2DeiRbriinERb icad eiBstithént dthe aivBhticas t he det erm ned A-nmasking factor

and Cmasking factor to the reference quantization step-size to produce the
final quantization step-size. The quantization step-size is to be used by

the video engggggdé&kdﬁtgn%@gﬂtﬁr@@“;%.ﬁ%g_faiock. Motion conpensation and
di screte cosine transtorm nmay De pertorme or the macrobl ock before it is
gquanti zed. The quantized macrobl ock is run-length encoded with variabl e

| engt h codesg: nult:4 186 o W f i | r i o]
form the_out BED DErHAGR AT or iked BLoack FRF BRI RSP A RoREY ind

st ep- si ze 25s prsem inveption(f Ar-infut. video/sequence-Igencoddd"by. video-eneduder 0 o podtideca
guanti sation _step-size, O fis the reference quantisation step-siz A "~b, ~
i's the deter ﬁ?'ﬁ%’gssﬂ- i rPgtStl"?ft?{ WC?‘aﬁ’&y At ?Sg“ﬁe‘f? taﬁge’ﬁmﬂr%ﬁcﬁiﬁ via 2

C maski ng f agb@munibftioanEadheintre€drddd16n @itk tstRiR meBS !fbmgl_ameﬁ thplications.
calculation unit is illustrated in block diagramformin Figure 2. An
average of t Herigallyeiheryidne eneqdeyil Py utilizeg mation £stireptiog. Petiarecompepsaten. xiscrets or
a coded pi Ct YpenARdndihif £6EM, LaniSruRlEeRH ehlb VRN \Za)ngle TURIAYEIRIR video
prediction activities w || BSTI TUTE "SHEET 8 LE 26 30 "Cct ober 2002 g_
be det er mi3Pedomprassiohdechaiqpess tA Ydeteshc@iepimay e empierientadssuttothaathp astputchitdtream

- Di . Th : [ ' | bl ock I ch
are ot nf v & copHEae SenPofiheRRRRC R ER st RSN oxlltrohs By BB SRS BRI o1

conparator 203 is used to conpare the prediction activity of the current
macr obl ock and the average prediction activity of a past coded picture of
the sane picture coding type to decide whether or not the macrobl ock type
bel ongs to a significant notion or scene update region. It is not necessary
to conpare infra-coded nacrobl ocks (e.g. nacrobl ocks fromlpictures) as
they are naturally considered as scene update regions. Wth the deci ded
macr obl ock type, a masking generator 204 determ nes the conditional masking

o o - N o Y T




‘A sinplified inplementation of the condition conparator 203 and maski ng
generator 204 is represented by the foll owi ng pseudo code: |If (picture
coding type = P-picture) { If (P~ < Pa,~..~) CMsking = K, ; else
C-Masking = KZ ; If (picture coding type = B-picture) { IR y ™)
C-Masking = Ks ; else CGMsking = K, ; where P~ is the prbgdq)gt?P%rnfqatz:ztivity
of the current macroblock, P"""aq, is the average P' of a previously coded
P-picture) Ba""ag, is the average P'~-gaf a previously coded B-picture, and
SUBSTI TUTE SHEET (RUL. E 26) 30 Cctober 2002 g_ K~) K, KJ and K, are
constants (e.g K, > K, K, > K,) Conditional masking is incorporated into a
vi deo encodqyppl ¢laed Bedodelien encoding a video sequence using constant
bit-rate the overall encoding quality will be inproved. In variable bitrate
operation where constant encoding quality is nmaintained, a video encoder
with conditi i [ t nt..lnventiaon wll reduce the
actual bit- r“g? %L F g@ﬁ‘%ﬁr"' ggofgﬁ&éag%ga?ﬁe?}e&mgﬁu%ggstl?o@ uﬁt%ef’r'%{?ea}of gg%he'Pa ?R]f%cg(rmgf
bits will beidueretiomertie input ddeoshisetigorba priedéterntisedi targat Aepitditaate)arddibituidgge by
present inyention As W apparent to those of ordinar kill in.the art
D “E deo chabuidey enref 1o i ERRAGE Rianb i Febite 62t Bt bl FAsRgsBaR Png
the present peRpfid within GRVIdEE erdcHir SOEREE thai te SitpurQhmBer\6Tbit € fehefdted ¥BY SodfgCh
as enbodied in a conputer program operating on general purpose conputing
appar at us orthg macgotleeks sas broenkraked. ifheégma@lg@g ofi bits ip tury waintainssheterest QWPUL nt o
ot her el ect rgni I . at | f the
bt the aﬁ&’gﬁgzéﬁtyéverﬁo% %ﬁgﬂmh %‘g %ﬁ g%SEr%’sgh%@g)ée%BEé}ﬁxﬂ%m&F&

nmet hods of the pres I'nventi o escri rei Into K orns of
vi deo encoders is considered a natter of routine to those skilled in the

art, and | ot .descr.ihed furthe ein sp as. to i.d, ab rj he
princi pl e?d?"ﬁ?g | ﬁl\llteogtﬁ}etgﬁe ngﬁqggew %egéga%‘flﬁiﬂ?eewg?é%ﬁlf%wgﬁp %fl\f‘ﬂgm
present i nvainimbemofibits firewding aotutt édirkydevdaminedl baved BRltarg@rduyput 8it-date, Spidtore

i ntended to bg, considered limting to the invention which is defined in the
clai ms apperf@8a8 fER% P Usags 280, gYroiae QUARNZALpIL MER-siges ST RIstAoded Ristugssai Wish Hisi ch

fol I ow, unl egerhined ¢RBEREMbECHEYits She BRI Qfantidahibn WepHize GOSMulP& for 8
variations such as "conprises" and "conprising”, wll be understood to

i nply the i nmedcreblask off the pisture.e VB Vicheskingaind sogpction masoalse bé appiied drethe rate

st eps butlpc&tO t}&@r exclusion of any other integer or step or group of

i ntegers or sfleps.' SUBSTI TUTE SHEET (RULE 26~ 30 Cctober 2002 - 10 tai s
1. A video encoder for encodi ng sequences of images conprising intra-coding

pi ctures and predicti.ve-codi ng. pictures.into an encoded, out put bitstream

i ncl udi ng: g“é‘?ﬁ%@@hFﬁ’@nﬁg}Fc‘g&%Pﬁ%?%%ﬂP u ﬁ’f? i'FfERsacouaatization ¥eRce by
partiti oni Ngized)ESUcAR@EhddB i@y Be B¥efil Arichist@it iRy VG168 bitRak AdodinBY
necessary notion conpensation and estimati on and an orthogonal transform on
each nmacrobl ock, and quantizing the transform coefficients according to a
guanti zat 4 i i 0 Ok e t MiRAHs aRiAL )

conditi onﬁa?)wnggs%{aﬁﬂagxsggg%sagrq&aﬁht?ch I sé’gxgg%lfég?g% pr océ}gé\ %{:@%br}}%grksmgf
predictive mm%yt%i&mmysﬁmﬁaﬁomn&eidﬁtmhd referersh lquakizitsinateyssizeo a

signi ficant tmﬁlilaﬂge Qﬂcoaﬁg 'aﬁalft’fga%&?on human perception. It is determined by the local and/or

surrounding activities of the macroblock and an average activity from the current or a previously

coded picture. An example embodiment of activity masking is described in the MPEG-2 Test
25 Model 5 Adaptive Quantization method.

Conditional masking 102 is also applied to each macroblock. In a particular embodiment, a C-
masking factor is determined for each macroblock which is not intra-coded, and dependent on
the picture coding type (P-picture or B-picture). The C-masking factor is determined such that
30 higher masking is generated for macroblocks not belonging to a significant motion or scene

update region. Furthermore, additional masking is given for such macroblocks belonging to a



region of the corresponding i mage, and determ ne a conditional masking
factor based on the determ nation; and a quantization step-size processor
coupled to receive the conditional masking factor fromthe conditiona
maski ng processor and generate a quantization step-size vahysetoh on a
15 reference quanti zation step-size and the conditional masking tactor, for
use by the encodi ng processor in encoding each macrobl ock. 2. A video
encoder as clainmed in claim1, wherein the determ nation of whether a

macr obl ock bel ongs to a significant “fotion or scene update region of the
correspondi ng i mage 20 i s based upon a conparison of a prediction activity
of the macrobl ock and an average prediction activity for a previously coded
pi ct ur e.B-pictukev Pridirtion actitdty iashecfoan € chacrobidcki predistiom emred variahee maynbl gsednal
maski ng processor .includes,a, qrediction activity.averagin rocessorg f or
det er m HOrFtaIRg & e AETapeck helARes i 1 sisificatt PEfomOh e Badas reginr g

i mage. %e@icﬁgﬂe&rﬁpmﬁfceaﬁ @uﬁﬂ)’rﬁgtaidédchﬁh% nY¥IRIn vBetbN@ecision (motion

predi cti've-codi ng pictures of the inmage sequence I nclude nono-directional

pr edi ct i compensitiop) pracess. ésis @epbyt ures) and bi directional predictive
coding pictures (B-pictures), and wherein the prediction activity averagi ng
30 processor determ nes an avef prediction activity for each type of
predictive coding picture =30 DxEBogmd@02 MB, G Wi deo encoder as
claimed in claim3, wherein i f"a*heasured prediction activity value for a
macrobl ock is |l ess than the average prediction activity then the

condi tional nmagkin act g{..i t. fi rw se the
condi ti onal r’rﬁ@ﬁﬁeng@"aﬂﬂﬁi 1sit§e ?2‘{“‘# §f%es%%i¢1bd8§§6ﬁ%§ g@}gﬁ\ vi deo encoder as
clainmed in claim 4ME}¢1§,§,§{'1)ris ther™ pixeleafragirkdicted fmiquroloélk,pi cture) a val ue for
the conditional masking factor is selected by said conditional nmasking
processor from bet s the total mumher of pikshdnaamarsablaelsor ding to a conparison
bet ween t he macroblpoc Y 8y iMsty and the P-picture average
prediction acti vi t)I/Jf‘)" ar%%ggg{;[g%%’aéﬂgacr obl ock froma Bpicture, a val ue
for the conditionak isaskhsignti(egt bor2s sel ected by said conditional masking
processor from between third and fourth val ues according to a conparison
bet ween the macrobl ock prediction activity and the B-picture average
predicti L \4: j ' ] LAl , j p.said
Pl rst varud Seb it Deterlialivf RJERARATDANS BeHethimind! A @ik RUPLAR €
sel ect edmaskingfectontr the referknqerqaatitizationrstepesizeto pyoduse thesfnal heantizitéonRtép-pzet ur e
average prediction activi té. % A Vi deo encoder | ai med, i s, clai 7,
tg/58

a 6 ,or
wher o n Lhe quanizaien, stepraize Is tq b yscd by, B8 yiden ecodsa LOf, 10 NgRtize Zhemaspblogh,  ;
val ue i SwﬁﬁbﬂGBﬁHedsﬁﬁ%nfﬁd!&E{e&lﬂoﬁﬁé(u%ﬁgh%AAy%% e%hﬁéd for b2 rb&scf'olé&%zfcsree

B-picture average prediction activity. 9. vi deo encoder as clained in any
one of cltds quamtized. FThequantiged maceobbockds cun-tengthcenceded withvariable lengthl codes,i s
determ ned,accordi ng.to: ., l, ~'" l.pact. - mr~ —waongrrral ~|).

Londnct o ELdSR BBt T it secessgry; s Hormaliof o FRBHAL RBRL bisEeBL AR e
coded) 1ation Tér detérenihil® the quabiiafibn Sfepaidelie giveh B¢k macr obl ock, mis the
total nunber of pixels per macroblock) P'~t I's the prediction activity, and
a is and integer constant.

Q.r = Qrcf X Ama.rbng X Cma.tkmg

where (J, is the quantisation step-size,
Q,.ris the reference quantisation step-size,
A piasiong 18 the determined A-masking factor, and

C masiong 15 the determined C-masking factor.

An embodiment of the Conditional masking factor calculation unit is illustrated in block diagram
form in Figure 2. An average of the prediction activity is calculated by frame average 20! for

a coded picture and the result is stored in memory 202. Two average prediction activities will

SUBSTITUTE SHEET (RULE 26)



SUBST! | UTE SHEET ( RULE 26) 30 Cctober 2002 -12 10. A video encoder as
claimed in any one of clains 1 to 9, further including an activity masking
processor coupled to the quantization step-size processor, for generating
an activity masking factor based on human perceptional |Ii 'Qg&bpgpé(ﬁpd
wherein the quantizati on step-size val ue generated by sai d quan |za9|on
step-si ze processor is also based on the activity masking factor. 11. A

vi deo encoder as clained in claim 10, wherein the quantization step-size
val ue generated by the quantization_gt.ep-size processor is determ ned
according to: O =Q.f x A ~~,b,n$ x C,~r~~ where O is the quantisation
step-size, Qf is the reference quantisation step-size, A'",~"~ is the
activit j f a6t i Tl b ] i N s 12,
A et hos e arerpiid, R\ pAf o Prichr ind B €GPl (AR - BB, " At Aing
conpri siprgcessttakescinth accopnc dnly emaceobibgis evhich are moc drdrarepdet cis indisatediby the
encoded outpgt Qit%treanl i ncluding the steps of partitioning inages into a
pl ur al | tR2GEPLIOEE COBREERE: processi ng macrobl ocks of predictive-codi ng
pictures to determne if each macrobl ock belongs to a significant notion or
scene update region of the corresponding i mage and determning a

cor r es pohdomdjtioroeranparasor03riswssed tycdmpatathe predictiornactivity of the antrextaniapeblock
step-si ze val ue based on. a ref.erence qu i zation step-size and.the

cond &1 i B dSsaRg Breaiion oS s S eL R AR B RE SiR TRE s sar y
NDt i ON CRRERANSALthONoAREk B8 Ihd¥RSHIUR P baBngY foNPUSMAtant nIRhUricm: Gafate
macr obl ock, and quanti zing the tranSform coefficrents according to the
gener at gggipwaniti i3 a1t oacessasy 1& compark dntri-pededpoacaoblocksi(e.g macmblqpks from I-
bitstream, |3, A.,rethod as.clained.in claiml?2 wherein the determ nation
of whet HAPREES) a4 1R ik Rardui eotisleted g seene utpte redlols| 0 Y el “o000 - 13

bel ongs to a significant notion or scene update region of the correspondi ng
i mage i s_based upon a comparison of a prediction activity of the macrobl ock

and an aVithshgdesided macroblock &ipe\A masking genergpelPbiaserninesdbeicnditiapabmasking

(C-masking) factor. As mentioned earlier, the C-masking factor is determined such that higher
masking is generated for macroblocks not belonging to a significant motion or scene update
region; and furthermore, additional masking is given for such macroblocks belonging to a B-
picture.

A simplified implementation of the condition comparator 203 and masking generator 204 is

represented by the following pseudo code:

If (picture_coding_type == P-picture) {
If (P ot < Pverage) C-Masking = K, ;
else C-Masking = X ;

}

If (picture_coding_type = B-picture) {
If (P < Byerage) C-Masking = K, ;
else C-Masking =KX, ;

}

where P, is the prediction activity of the current macroblock,
P raqe 15 the average P, of a previously coded P-picture,

B tverage 18 the average P

act

of a previously coded B-picture, and
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5 14..A nethod as claimed in claim13, including maintaining a record of
average prediction activities for previously encoded i mages. 15. A nethod
as claimed in claim 14, wherein the predictive-coding pictures of the inage
sequence i nclude nono-directional predictive coding pictur i es)
and bi-directional 10 predictive coding pictures (B—pictuﬁ%g??ﬁgﬁhgag%rein
a record is maintained of the average prediction activity for each type of
predictive coding picture. 16. A nethod as clained in claim 14, wherein if
a nmeasured prediction activity valuegror a macrobl ock is |l ess than the
average prediction activity then the conditional masking factor is set I S
to a first value, otherwise the conditional nmasking factor is set to a
second val ue. 17. t AR, Gled ' iy 1% swgrein for a macrobl ock
froma P-picture, g”\rg’l’ %%oﬁ‘t ﬁeogg%glg?'f'gnél méékﬂi ngﬁf actor is selected
from between first and second val ues according to a conparison between the
macr obl ock prediction activity and the P-picture ayerage,prediction 20

Roti vi t yCORHEORHOMEIRE 1 nCPrpRfata iRk YIeED FAEPUSE Sith WAbWhER FBIOding bYdER e

condi ti Ogﬁhem%hmggmtosn-}&e ﬁ@lo%extaﬁ@néaaggo&%wm B impodadtd Pitfabia bvtaljues

according to a coffparison between the macroblock prediction activity an
t he B- pi taoperatipemhgee ¢anstantencoding quality is/mainguned, arwidrno énender vith ceuditionat| ai m
17, wherein.said fi rﬁt val ue i.s great n sai d }ﬁcond . val ue d said

t.ha 25 n
frstvampkacoringth ety el e Rl SRR reiro ot Sl 22,
the P pi Gipartecufhy of leger Rin®@f 61bito WvilBé keguirkd forencAtinEBLehuAs if b 3kdiRdAcd Witk | ai m
17 or 18, wherein said third value is greater than said fourth value, and
sai d t hi the presepkinventionl ected i f the macrobl ock prediction activity is |ess
than the 30 B-picture average prediction activity. 30 Cct ober 2002 -14
20. A nmethod as clainmed is any one of clains 13 to 19, wherein the

predi cti AR willhd afipaent 1 thaseBTOrAIRArQ Gkill i tikPAre6fRiAR erke 8RB B Préseit invehtibh Poct
- - ~ ~MBongrnal~l) ~ ~~prtrdlicta~l)~ mr~t, where MBa"~",al(i) is the i'~
pi xel of andrademencorets dncorpPrating the pepsenypvention car be implemensed m-any of @ Varfty g

precict ey GGt QBlORKendids £E ok PHIRGE oBbruRle Bh 3B SBSRAARKRE

the predrction activi a1s an ger*con

cl ai med appazays wrdn af custom desigradtintegfited cirduitefor intetpotativh it beher @fectronic

generatl Qgparatus, for example. The actual implementation of the methods of the present invention
described hereinabove into known forms of video encoders is considered a matter of routine to
those skilled in the art, and is not described further herein so as to avoid obscuring the principles

of the invention.

The foregoing detailed description of the present invention has been presented by way of
example only, and is not intended to be considered limiting to the invention which is defined in

the claims appended hereto.

Throughout this specification and the claims which follow, uniess the context requires otherwise,
the word "comprise”, and variations such as "comprises” and "comprising", will be understood
to imply the inclusion of a stated integer or step or group of integers or steps but not the

exclusion of any other integer or step or group of integers or steps.
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ran activity masking factor based on human perceptional limtations, wherein
the generated quantization step-size value is also based on the activity
maski ng factor. 22. A nethod as clainmed in claim21l, wherein the

quanti zation step-size value is generated according to: gddidberoob2d”.

x C ~~x">g where (¥ is the quantisation step-size, Q-, f Is the reference

quanti sation step-size) A "~"~"~is the activity masking factor, and

C ~a,,~ ~ is the conditional nasking_figctor. SUBSTI TUTE SHEET (RULE 26)

30 Cctober 2002 112 ~AACROBI OCK ' ° I'NPUT vl OEO aj REFERENCE A- 4l ASi (I NG
QUANTI ZATI ON ACTI VI TY FACTOR STEP- SI ZE MASKI NG a2 Q STEP- SI ZE BI T- RATE
DETERM NATI ROLLER CONDI TI ONAL -- ~~ 104 1 a5 MASKING ~ ~K~NG =~
FACTOR PRE ON PI CTURE / QUANTI ZATION . BI T ACTIVITY MACROBLOCK ' f A~
STEP- SI ZE USAGE | ~ COO NG TYPE ~ ~ ---VIDEO ENCODER 101 BI TS T REAM FI G

1 30 Cctoper 2002 2/2 DI CTI ON ACTMI'Y c NASKI NG FACTOR °
CONDI TI ON MASKI M% é‘?%&&"% Wqﬂr@mﬁ'ﬁsﬂd

MACROSBLOCK £e¥ktiVe-chifing plchuzes idto an encoded output bitstream, including;

5 an encoding processor for encoding each image of a sequence by partitioning the image
into a plurality of macroblocks, performing necessary motion compensation and estimation and
an orthogonal transform on each macroblock, and quantizing the transform coefficients
according to a quantization step-size for incorporation in the output bitstream,;

a conditional masking processor which is adapted to process macroblocks of predictive-

10 coding pictures to determine if each macroblock belongs to a significant motion or scene update

region of the corresponding image, and determine a conditional masking factor based on the
determination; and

a quantization step-size processor coupled to receive the conditional masking factor from

the conditional masking processor and generate a quantization step-size value, based on a

15 reference quantization step-size and the conditional masking factor, for use by the encoding

processor in encoding each macroblock.

2. A video encoder as claimed in claim 1, wherein the determination of whether a
macroblock belongs to a significant motion or scene update region of the corresponding image
20 is based upon a comparison of a prediction activity of the macroblock and an average prediction

activity for a previously coded picture.

3. A video encoder as claimed in claim 2, wherein the conditional masking processor
includes a prediction activity averaging processor for determining an average prediction activity

25 for a previously encoded image.

4, A video encoder as claimed in claim 3, wherein the predictive-coding pictures of the
image sequence include mono-directional predictive coding pictures (P-pictures) and bi-
directional predictive coding pictures (B-pictures), and wherein the prediction activity averaging

30 processor determines an average prediction activity for each type of predictive coding picture.



SGS5159957 30, Cc~o~er , 2002 , , , " 0, e s
rrm ., _J an average MB activity determned fromthe current or
previ ously coded picture. This scaling is done according to a | evel of
maski ng effects of codi ng noi se by human perception for . i r | ow
activities wwthin a picture. A video buffer verifier (VB%%%QgFggB%%

enpl oyed in such a way that underfow and overfl ow of the decoder input
buffer are prevented as required by the MPEG standard to ensure a target

bit rate is maintained. Coding efficiency, which can be neasured in terns
of bit-rate saving or encoding picture 1 quality inprovenent, is a key

desi gn issue for video encoder systens. An inprovenent in 10 codi ng
efficiengy W lol viB@y 8ncddbedsISaimb® A€ ai 3, GORSTHA ISRk ANréd pretiofify fora§ Vilue
saving in a long run. Wile various nethods for enhancing coding efficiency
may be déralmaseablockis less thantbe svarsget predioticn aivity thenth¢ aprditienabmasking factor

i npl ementaton gost _,in rticul ar en the, s ne. are, to be 15 broadly
used | Fu LR AEE v iR ol Rel i RE G s Ef e gt ehon o not
i ntroduce inconpatibility problens inter-operating with decoders that are
known to date (for exanple the MPEG vi deo decoders). Surnmary of the

| nventioft. i 2@ Yidep gngader a3 elaimed in glajra & whereim@r greasseklockhfrom: 3 Brpiature, 2
provi de . i V] e edt

Codi ng- o 1oL i BhafiBRa Rt bfort? fdche by bR R e b YRENES: e
provi dedbaweébrifiet @idcectnid vabies enoedlhgith & Eorpdizon baiveeAtigemacrobpek pred@tion

i ntra-coding pictures and predictive-codin) pictures into an an encoded
out put bRetsiyaashthe Prpictere syeragspredicteon AeHivify otndswharein dor amasigblegk &9em2 Brage
of a Squf‘c‘i‘&%, R¥aRR" ol 996:{&1&9.?::1'&% féc%rgxsase@&% Yyl LV Qélndﬁ&{ai)ph&&h 1
perform Ag netessary notion conpensation and estrmatron and an orthogonal
t r ansf or prevessaciomeletwbdrodlicd andfopahntvdlaésngecbiding taaaséamparisor beivaier rths
according to ? ﬂuan Jization step-size for i ncorpo!{éati on in the out put

bi t st r eafACERPICE ASPHFHQRAFHVIChARAIPA B-PIFOER A GRS RIFEFIqs2C8 bt ed to process
macr obl ocks of predictive coding pictures to determne if each macro bl ock
belongs to a significant notion ~4MENOED SHEET t 5 "' ' , ~ ' " ' 30.

Oct ober 72002 A videg engcoder'as ¢laimed in claim:6, wherein shid first value is, greater than sald 68049957

or scene update, region of the corr.espondi ng i,Jmge, hased.upon,a conpari,son
of & prodRBE; Al S FioF velus is SelEtedet HRUPeReROIFRIPRAICHOR ASGB deis Einghe P-
activity picdlireaveragy bfaditi¥n & _picture, and determ ne a conditional

maski ng factor based on the deferm nation, the conditional nasking

processor including a prediction activity averagi ng processor for

determ nighg a redicti.on actvity r.a_previ I n d_iLmge;
and a quasht i zglf?%%{ égb[gg%ggg glgnbep& 8@"5&? °5(L)’u‘f)v}l§r§mtsgﬁrt§gg%% e?‘é"%‘%ﬂ%ﬁ %Jo{%al
maski ng ff@@thosalue) and said third value is selected if the macroblock prediction activity is less than the

a

B-picture average prediction activity.

9. A video encoder as claimed in any one of claims 2 to 8, wherein the prediction activity

for a macroblock is determined according to:

1 ¥ . .
Pacr = - Z [A/[B ongmal(l) - MB prcdlcud(l)]a

1=

where MB,,,,,...Af) is the i pixel of the macroblock to be coded,
MB,, i) is the i* pixel of a predicted macroblock,
m is the total number of pixels per macroblock,
P, is the prediction activity, and

¢ is and integer constant.
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‘fromthe conditional masking processor and generate a quantization
step-si ze val ue, based on a reference quantization step-size and the

condi tional masking factor, for use by the encodi ng processor in encoding
each macrobl ock; 10 1~ wherein the predictive-coding pictgyesctsberdtd2

pi ctures of the inmage sequence include nono-directional predictive coding
pi ctures (P-pictures) and bi-directional predictive coding pictures
(B-pictures), and wherein the prediction activity averagi ng processor
determ nes an average prediction acti2dty for each type of predictive
codi ng picture and wherein for a macroblock froma P-picture, a value for
the conditional masking factor is selected by said conditional masking
processor from between first and second val ues according to a conpari son
bet ween t he maor obl ock .prediction activity and the_ Ppicture average . .
predictil® achi ‘t%/?“cﬁﬁg' AHFAUBER 1T 37 %P%ﬁ‘)c/‘?l%)ﬁqsdcq@ ?’rfgﬁ'ﬁﬁ lsglﬁﬁwgmnea,ct%%al ue
for the ¢ .t i :1,.5: ct: i 4 I :SKing
pr ocess SF R BB bl o W A R R A a3 0h tof BRIk ool
bet ween rhiskingdacteritasedlon2iman peliceptional Bmitations yardndhdréie the quantiasttorostey-sige
prediction activity. The present invention alsp prqvides met hod far. use
in vi ded’a@ﬁcﬁ?&F"ﬁﬁe‘%B’rs%B t‘ﬁ@“%”eﬁ?ﬁa‘ﬂé%&’%F“Pﬁﬁg’i@%ﬁ?@?‘? g}erﬁft‘m PaskIRgi ng
pi ctures,apd predictive-coding pictures into an encoded output bitstream
including the steps of: 2~ partitioning imges into a plurality of
macr obl ocks; processi ng macrobl ocks of predictive-coding pictures to
determ i f each macropl ock, bel ongs, to si.gni.ficant notj.on or scen

Updat 6 gt orfofiOe GIETHEF B SRTAFR A Fisaell. DUt S5 AuatEalipn, sepaaeo e
predi cti geedfdd! b4/ th¥ Qintiifor REg-aPd Bﬁ:’ées"&@?‘is%@te@ifxﬁfeé&@cd}ﬁﬁg'tsi lon activity
for a previously coged pi cture and determ ning a correspondi ng 30
condi ti onal masking factor: AVMENDED SHEET r r SGS/ 59957 " ., " " " " ., ,
s o oy - "o, -4A 30 x~ctober, 2002 ,,,,, ,", generating a

guanti zati on step-size val ue stE 'ﬁﬁA%“#eﬁé%eﬁce guanti zati on stepsize and
t he conditional masking factor; and encoding each inmage-by performng

necessary notion conpensation and estinmation and an orthogonal transform on
each macr obl owherea@disdbamanantisatgnstep-s13eansf orm 5 coefficients according to

t he generated quanki zat, -S| for, 1 rporation in the output
bi t stream wherein Hég%)ﬂrece}gﬁegetk?gg?%ﬂé ?thoél %?pc%érees of the inmge sequence

i ncl ude nonodi rectﬂgm%l is fHecdtivity meskisifaotproindt ures (P-pictles) and

bi -directional predictive coding pictures (B-pictures), and wherein a
record is maintai nEeaf s thecoaditiony anaskingifagtobn activity 10 for each type of
predictive coding picture and wherein for a macroblock froma P-picture, a
val ue for the conditional nmasking factor is selected frombetween first and
second vm.ugsAmmh dongsetirovideccencpding ﬁngnb&dimgaqu&ﬁtxes ofiniage gl ocmt;]apmiegﬁnfmi- on
activity apd the P-picture aver.age, predjction agtjvity,, .an erein r a
macr obl 0 RS‘FH’%’SB%P&LAW@?":% 8 PisBrPBiate HheacoRed PHBHLPISTHERRy wgﬁlf’alst fis
sel ect edgf44p between third and fourth values according to a 15 conparison
bet ween the macrobl ock prediction activity and the B-picture average

predi cti on acpartitioging images into a plurality of macroblocks;

processing macroblocks of predictive-coding pictures to determine if each macroblock
belongs to a significant motion or scene update region of the corresponding image and
determining a corresponding conditional masking factor;

generating a quantization step-size value based on a reference quantization step-size and
the conditional masking factor; and

encoding each image by performing necessary motion compensation and estimation and
an orthogonal transform on each macroblock, and quantizing the transform coefficients

according to the generated quantization step-size, for incorporation in the output bitstream.

13. A method as claimed in claim |2, wherein the determination of whether a macroblock
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| Enbodi nents of the present invention nmake use of a conditional nmasking
nmet hod to take advantage of the fact that P-pictures are nore inportant
than B-pictures in terms of notion 20 and scene updates as codi hg noise in
such updates are likely propagated by P-pictures. The maskpmictssér 2002
applied conditionally to notion/scene update regions of a picture such that
coding noise is reduced and therefore bits are saved from |l ess propagation
of this noise. The conditional maskinggethod can al so make use of the fact
that these updates 2~ attract visual attention and should be coded with
| ess distortions. Before encoding each macrobl ock of a picture from an
I nput video b%ﬁ)ﬂ%ﬁﬁ‘i%xgnﬁcé{'k H8forfi SQE lipdatelrebiciPotdhd ¢R8pondig ihidids nng
to an enbodi nent of the present |nvent|on determnes 1f the macro Ioc type
bel ongs to am@ansqurﬂtprn@ctiomcwtys:fehﬂen@wmcg and g average@reviation dtivity fiaxl-
maski ng AVE 9957 . * * . . " ' ' 30~ bctober 2002 ,.,, , ~
, M%Pv'md%???ns 1. A video encoder for encodi ng sequences
of |nages conpr|5|ng intra-coding pictures and predictive-coding pictures
into an en oded outp bitstr J ncl udj 5. an .encodi ng processoy, for
encodi ng ead thod 35 SaiRE R Eli, {3, iR E SIS & FECRRSRS B e Byediction
plurality Ofac{[ﬁﬁég-’@{- F@I@uslpgﬁct,@gﬁhagesnecessary noti on conpensation and
estimati on and an orthogonal transform on each nacrobl ock, and quanti zi ng
the transform coefficients according to a quantization step-size for
i ncor por at | in t t. Lt _m?
which is adglgt ed‘%?‘%@&%?&“‘%&é?%ﬁ& %ml][gkg}reg&m&l ve cﬁ%u%éggﬁgﬁgl gs to
determne i fsequmlloe mhxdobﬂmmidubeﬂqnaigsedxcnva codigg piciuresn(P-picthreshanar bisiirestional

ot cai ct ofd AeReity i HERRLPRTUER. S AR /L Pagd T RBFRION E FI%y

for a previ gedistichededtyfortdth eype aNpredietivr ooing pRugendi ti onal masking factor
based on the determination, the conditional masking processor including a
prediction activity averaging processor for 15 determining an average
prediction ag i Vif ihefhdl a8 cRinfM iiPbiRY1 £ MhedRdr 4 Hi@&ﬁred%?éﬁuﬁm%&ﬂﬁt}v%ﬁhéﬁﬂa
step-si ze processor coupled to recei vé the conditional maskin actor from
t he condi t i anesroblagh kilesy thap theauesege poadirtige Aativity then thyiranditional meﬁmafe@sonsxs 3%
val ue, Dapedoqtd b GRHGReMARNARL BRGNS i€ er Y sdddfs Gt {1 Ol
maski ng factor or uUse by the encoding processor 1 n encodi ng each
macrobl ock; 20 wherein the predictive-coding pictures of the pictures of
E*F‘,_ep: Ny eg) g inl @5{1 ”dc‘j%#“’d%ux%cw Q08 bor BRoB oLy BoBAB PRl G HuERor
the conditional masking factor is selected from between first and second values according to a

comparison between the macroblock prediction activity and the P-picture average prediction
20 activity, and wherein for a macroblock from a B-picture, a value for the conditional masking
factor is selected from between third and fourth values according to a comparison between the

macroblock prediction activity and the B-picture average prediction activity.

18. A method as claimed in claim 17, wherein said first value is greater than said second
25 walue, and said first value is selected if the macroblock prediction activity is less than the P-

picture average prediction activity.

19. A method as claimed in claim 17 or 18, wherein said third value is greater than said
fourth value, and said third value is selected if the macroblock prediction activity is less than the

30 B-picture average prediction activity.



"predictive coding pictures (B-pictures), and wherein the prediction
activity averagi ng processor determ nes an average prediction activity for
each type of predictive coding picture and wherein for a macrobl ock froma
P-picture, a value for the conditional nmasking 5 factor iggerkssdredoky said
condi ti onal masking processor from between first and second val ues
according to a conparison between the nacrobl ock prediction activity and
the P picture average prediction activity, and wherein for a macrobl ock
froma B-picture, a value for the colitional masking factor is selected by
sai d conditional masking processor from between third and fourth val ues
according to a conparison between the nmacrobl ock 30 prediction activity and
t he B- p|20r. ur eAanethoed)as \pimentdcm mmomf oldimy 13 AWENDEEHSHEEEEpred&ﬁsnEa@%W for" |

. 30'.. bct ober 2002 . , , ,

S a;m?°{°bl°df‘§detem“°d accmdf’ﬁt 2. A video encoder as claimed in claim
1 wherein if a neasured predlctlon adt|V|ty val ue for a macr obl ock is | ess
t han the average predi ct| n acltl Btherz) ondmtg) masking factor is
set to a first val ue, eﬁfws,e o ti gfactor is set to a
second value. 3. A vi deo encoder as cl ai rred inclaiml, wherein said first
value is Greater than said second value, and said fi rst value is selected
i f the macr obperk MBedl ngﬂxeampb&l 68thé EnakRRock1aBe tbged- pi Cture avera?e
prediction activit .. A video encoder as clail'ned in claim1l or 3,
wherein said thir .mu(rosstgﬁéam@o{n@ne@tammmwmkual ue, and said third
val ue is sel ected jf. ivity is less than the
B-pi cture average }Er egﬁ%{%ﬁlﬁg%r E{ngs%gl-ﬁ:talx%lo% o encoder as clainmed in
any one of clains 2 tmthfbpmﬁemmammhﬁapdedl ction 15 activity for a

macrobl ock is determ ned according to: 1 mPact - ~~~orrgmal (1)

“| ~predrct ed(| ~~C ¢ IS#integes£astant; nal (1) is the i h pixel of the

macr obl ock to be coded, MBpredicted~i~ is the i h pixel of a predicted
macrobl ock, mis the total nunber of pihels per nmacrobl ock, Pa~ is the

prediction activity, and a is an integer constant. 2~ 6. A video. encoder as
clainmed jnh an e of further udi an activ maski ng
processofl: u% Fﬁ@ﬂ{gﬁw‘iﬂ&t 8%@&?:92@“&?‘0‘8@89’83 asﬁ?ﬂ%&#}é‘?‘&% ng
an acti Vd:f‘Xct%?K‘h&ﬁm AGERF bhadcsh Bim Qﬁ@ds

wherein the quantization step-size vglygg&g@?enrggmc} Sal eté]%g%\étjl gnaetriﬁﬁ

st ep- si zquaptizatiogstap-size valueds blag éabedmnttheamwwasmgﬁmomg fact or. AVMENDED
SHEET SGS/ 59957 30~ Cct ober 2002 """ "' ..ttt =17

22. A method as claimed in claim 21, wherein the quantization step-size value is generated

according to:

Qs = qu' X Amnthng X Cmuhng

where Q, is the quantisation step-size,
Q,,ris the reference quantisation step-size,
A pasiang 1S the activity masking factor, and

C masiang 1S the conditional masking factor.

SUBSTITUTE SHEET (RULE 26)



7. Awideo encoder as clainmed in claim®6, wherein the quantization
step-si ze val ue generated by the quantization step-size processor is
determ ned according to: G - Oef X Arasking X C acekfng 5 where O is

u' ~e quantisation step-size, Oef 1S the reference quantigaQ%aBbé} flze

A nay~j~ng 1S the activity masking factor, and Cmaslnng 1 con 1 onal
masking factor. 10 8. A nethod for use in video encoding for encodlng
sequences of inages conprisir_j infra-tRding pictures and predictive-codi ng
pictures into an encoded output bitstream including the steps of:
partitioning images into a plurality of macrobl ocks; processing nmacrobl ocks
of predicti ve-coding pictures to determne if each 1 ~ macrobl ock bel ongs
to a significant notion or scene update region of the correspondi ng i nage
based upon a conparison of a prediction activity of th'e macrobl ock and an
average prediction activity for a previously coded picture, and determ ning
a correspondi ng condi tional masking factor; generating a quantization
step-si ze val ue based on a reference quanti zati on step20 size and the

condi tional masking factor; and encodi ng each i nage by perform ng necessary
notion conpensation and estimati on and an orthogonal transform on each
rnacr obl ock, and quanti zing the transform coefficients according to the
generated quantization step-size, for incorporation in the output bitstream
25 wherein the predictive-coding pictures of the i mage sequence i ncl ude
nonodi recti onal predictive coding pict'ares (P-pictures) and bi-directional
predi ctive coding pictures (B-pictures), and wherein a record is maintained
of the average prediction actil@Jty for each type of REERENGECt i ve codi ng

pi cture and wherein for—at@troblock fTWMNG P- pi ct QANTIZABCN/al ue for the
condi ti onal nmasking fanx% mance! gt ed CfRom bet weeHEBiHEt and second val ues
30 ~ according to g @ betfretmt he ngerobtoTkT =d|ct|on activity
and the P-picture ever.ge %ﬁ@ 9

ct|o- o) a6 of, a nacrobl ock
froma B— picture, g val " BIT-RATE 'SGY 59957 "" , .
. " . . , . | , I - 00 G)
C oy ? o> - Bﬁ@?ﬁ%ﬁgg ac:orCONTngkgﬁ s ton1betmeen

third and fourth value @@WNHONAQ 0 a onparbs- ' e~acr obl ock
prediction activity gnt mmgqﬁcplct ressiver age br@dlctlon act|Uﬁty 59. A
met hod as clained in cligi sbodei n G-MASKING gasur ed_pred| ction activity
val ue for a Il og s H&CTa] er4 9§ Bﬁl bﬁt" @ctivity then
the conditi ong) (m\cki TReE éc,(ttraflryg r&% se the -
condi ti onal & f ) pg second’va 10 0. met hod as
clainmed in clalm 8 A E=F stvalueY¥.s gres han—5ai d second

val ue, and said flirst value is sel egy golf the nacroblock predgction
activity is |'sP]than the P—plcturem@ﬁ prediction activitfg™%.Ll. A -
met hod as’ g fﬂEv in claim8 or said third value if gé Arer
than said yped our U varue, —ano 0 val Ue ™% Sel ected th@TS’QEAM
macr obl ock prediction act|V|ty i's Iess t han the Bﬂdlcture aver age
prediction actiylty 12. A nmethod as clainmed in any one of clains 8 to 11,
wherein the prediction activity for a macrobloclc is determ ned according

to20l m_ _ ['~ ~ ,a Pact - ~~~~nrigrna! (t) - |~Bprcrllcted (Z2)J m
wher e IuI~or|g|naI (1) is the i ~ plXil of .the macrobl ock to be coded 2~
luBpredtcfed~l ~ is the i h pi.~cel of lﬁ}ealcted macrobl ock, mis the

total nunber of pixels per macrobl ock,



'PQ~, *is the prediction activity, and a is an integer constant. ANENDED
SHEET o .. a>SGS/59957. , .- » , ~0 Qtob~r 2002 . , , "
>,,.-I4I3Anethodas
clainmed in any one of claims 8 to 12, further includi ng a3ei@dob&f2002
jenerating an activity masking factor based on htunan perceptional
limtations, wherein the generated quantization step-size value is also
based on the activity masking factor, 14 HA et hod as clained in claim 13,
wherein the quanti zati on step-size value™i's generated according to: G =

O cf X Amayknmg X Cmaaki ng where OS is the quantisation step-size, 10 Qrefis
the reference quantisation step-size, Amas~;"$1S the activity masking
factor, and Cmasking is the conditional masking factor. APJI ENDED SHEET
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While various methods for enhancing coding- efficiency may be developed, it is necessary
to consider their impacts on implementation cost in particular when the systems are to be

15 broadly used. Furthermore, it is desired that such methods for encoding should not
introduce incompatibility problems inter-operating with decoders that are known to date
(for example the MPEG video decoders).

Summary of the Invention

20 Ttis therefore an object of the present invention to provide a method or apparatus for use in

a video encoder to enhance its coding efficiency.

In accordance with the present invention, there is provided a video encoder for encoding

sequences of images comprising intra-coding pictures and predictive-coding pictures into
25 an encoded output bitstream, including:

an encoding processor for encoding each image of a sequence by partitioning the

image into a plurality of macroblocks, performing necessary motion compensation and

estimation and an orthogonal transform on each macroblock, and quantizing the transform

coefficients according to a quantization step-size for incorporation in the output bitstream;
30 a conditional masking processor which is adapted to process macroblocks of

predictive coding pictures to determine if each macroblock belongs to a significant motion
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conditional masking processor including a prediction activity averaging processor for
5 determining an average prediction activity for a previously encoded image; and
a quantization step-size processor coupled to receive the conditional masking factor
from the conditional masking processor and generate a quantization step-size value, based
on a reference quantization step-size and the conditional masking factor, for use by the
encoding processor in encoding each macroblock;
10 wherein the predictive-coding pictures of the pictures of the image sequence
include mono-directional predictive coding pictures (P-pictures) and bi-directional
predictive coding pictures (B-pictures), and wherein the predi-ction activity averaging
processor determines an averzge prediction activity for each type of predictive coding
picture and wherein for a macroblock from a P-picture, a value for the conditional masking
factor is selected by said conditional masking processor from between first and second
values according to a comparison between the macroblock prediction activity and the P-
picture average prediction activity, and wherein for a macroblock from a B-picture, a value
for the conditional masking factor is selected by said conditional masking processor from
between third and fourth values according to a comparison between the macroblock

20 prediction activity and the B-picture average prediction activity.

The present invention also provides a method for use in video encoding for encoding
sequences of images comprising intra-coding pictures and predictive-coding pictures into

an encoded output bitstream, including the steps of:

[\
(W)

partitioning images into a plurality of macroblocks;

processing macroblocks of predictive-coding pictures to determine if each
macroblock belongs to a significant motion or scene update region of the corresponding
image, based upon a comparison of a prediction activity of the macroblock and an average
prediction activity for a previously coded picture and determining a corresponding

30 conditional masking factor;
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5 coefficients according to the generated quantization step-size, for incorporation in the
output bitstream
wherein the predictive-coding pictures of the image sequence include mono-

directional predictive coding pictures (P-pictures) and bi-directional predictive coding
pictures (B-pictures), and wherein a record is maintained of the average prediction activity

10  for each type of predictive coding picture and wherein for a macroblock from a P-picture, a
value for the conditional masking factor is selected from between first and second values
according to a comparison between the macroblock prediction activity and the P-picture
average prediction activity, and wherein for a macroblock from a B-picture, a value for the
conditional masking factor is selected from between third and fourth values according to a

15 comparison between the macroblock prediction activity and the B-picture average

prediction activity.

Embodiments of the present invention make use of a conditional masking method to take
advantage of the fact that P-pictures are more important than B-pictures in terms of motion

;20 and scene updates as coding noise in such updates are likely propagated by P-pictures.

The masking can be applied conditionally to motion/scene update regions of a picture
such that coding noise is reduced and therefore bits are saved from less propagation of this

noise. The conditional masking method can also make use of the fact that these updates

™)
W

attract visual attention and should be coded with less distortions.

Before encoding each macroblock of a picture from an input video sequence, a video
encoder with conditional masking according to an embodiment of the present invention
determines if the macroblock type belongs to a significant motion or scene update region.

30 A conditional masking
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1. A video encoder for encoding sequences of images comprising intra-coding
pictures and predictive-coding pictures into an encoded output bitstrearn, including:

5 an encoding processor for encoding each image of a sequence by partitioning the
image into a plurality of macroblocks, performing necessary motion compensation and
estimation and an orthogonal transform on each macroblock, and quantizing the transform
coefficients according to a quantization step-size for incorporation in the output bitstream;

a conditional masking processor which is adapted to process macroblocks of
10 predictive coding pictures to determine if each macroblock belongs to a significant motion
or scene update region of the corresponding image based upon a comparison of a
prediction activity of the macroblock and an average prediction activity for a previously
coded picture, and determine a conditional masking factor based on the determination, the
conditional masking processor including a prediction activity averaging processor for
15 determining an average prediction activity for a previously encoded image; and
a quantization step-size processor coupled to receive the conditional masking factor
from the conditional masking processor and generate a quantization step-size value, based
on a reference quantization step-size and the conditional masking factor, for use by the
encoding processor in encoding each macroblock;
l20 wherein the predictive-coding pictures of the pictures of the image sequence
include mono-directional predictive coding pictures (P-pictures) and bi-directional
predictive coding pictures (B-pictures), and wherein the prediction activity averaging
processor determines an average prediction activity for each type of predictive coding
picture and wherein for a macroblock from a P-picture, a value for the conditional masking
25 factor is selected by said cénditional masking processor from between first and second
values according to a comparison between the macroblock prediction activity and the P-
picture average prediction activity, and wherein for a macroblock from a B-picture, a value
for the conditional masking factor is selected by said conditional masking processor from
between third and fourth values according to a comparison between the macroblock

30 prediction activity and the B-picture average prediction activity.
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5
3. A video encoder as claimed in claim 1, wherein said first value is greater than said
second value, and said first value is selected if the macroblock prediction activity is less

than the P-picture average prediction activity.

10 4. A video encoder as claimed in claim 1 or 3, wherein said third value is greater than
said fourth value, and said third value is selected if the macroblock prediction activity is

less than the B-picture average prediction activity.

5. A video encoder as claimed in any one of claims 1 to 4, wherein the prediction

15 activity for a macroblock is determined according to:

1< , 12
- Z original (Z) ~MB precicred (Z) ]
m al

where MBonginas (i) is the i pixel of the macroblock to be coded,
20 MBoprediciea(?) s the i pixel of a predicted macroblock,
m is the total number of pixels per macroblock,
Poe is the prediction activity, and

o is an integer constant.

[R]
h

6. A video encoder as claimed in any one of claims 1 to 5, further including an
activity masking processor coupled to the quantization step-size processor, for generating
an activity masking factor based on human perceptional limitations, and wherein the
quantization step-size value generated by said quantization step-size processor is also

based on the activity masking factor.
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generated by the quantization step-size processor is determined according to:

0, = Ory X Ayosimg X C

masking < masking
5 where O, is the quantisation step-size,
Oreris the reference quantisation step-size,
A masking 18 the activity masking factor, and

Crmasing 1S the conditional masking factor.

10 8. A method for use in video encoding for encoding sequences of images comprising
intra-coding pictures and predictive-coding pictures into an encoded output bitstream,
including the steps of:

partitioning images into a plurality of macroblocks;
processing macroblocks of predictive-coding pictures to determine if each

15 macroblock belongs to a significant mot tion or scene update region of the corresponding
image based upon a comparison of a prediction activity of the macroblock and an average
prediction activity for a previously coded picture, and determining a corresponding
conditional masking factor; ’

generating a quantization step-size value based on a reference quantization step-

20 size and the conditional masking factor; and

encoding each image by performing necessary motion compensation and estimation
and an orthogonal transform on each macroblock, and quantizing the transform
coefficients according to the generated quantization step-size, for incorporation in the
output bitstream

25 wherein the predictive-coding pictures of the image sequence include mono-
directional predictive coding pictures (P-pictures) and bi-directional predictive coding
pictures (B-pictures), and wherein a record is maintained of the average prediction activity
for each type of predictive coding picture and wherein for a macroblock from a P-picture, a
value for the conditional masking factor is selected from between first and second values

30 - according to a comparison between the macroblock prediction activity and the P-picture

average prediction activity, and wherein for a macroblock from a B-picture, a value for the
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value,

10 10. A method as claimed in claim 8, wherein said first value is greater than said second
value, and said first value is selected if the macroblock prediction activity is less than the

P-picture average prediction activity.

11. A method as claimed in claim 8 or 10, wherein said third value is greater than said
15 fourth value, and said third value is selected if the macroblock prediction activity is less

than the B-picture average prediction activity.

12. A method as claimed in any one of claims 8 to 11, wherein the prediction activity

for a macroblock is determined according to :

720
1 & . e
= —77: Z nngma[ (1) - JMBprcdlcwa’ (Z>]
1=l
where MBoriginai (7) is the i pixel of the macroblock to be coded,
23 MBpredicied(i) is the it pixel of a predicted macroblock,

m is the total number of pixels per macroblock,
P is the prediction activity, and

o 1S an integer constant.
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10 Oreris the reference quantisation step-size,

A masking 1S the activity masking factor, and

Chrasking 15 the conditional masking factor.
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