;e3ewr &Wo" " #ERBZXE&BE&TEKX 9n~r' rr~~ nm~~~~a~ 22 Novenber 2002 SEQ.~E' .~i CE
AD ~FTI~'E BIT : 4LLOCATI O~i FOR PI CTLZtES E~i CODL' ~i G Technical Fi~ld 5 The
present in ~ ention relates to a nethod and apparatus for encodi nhg novi ng
pi cn:res sect uenwmﬂmlmm i cular, the present inventi 2D Noxeatbes 2002a

met hod and appar ‘amwii mmmf allocatiot! in a video signal conpression
system Background ,«g,s& 10 Methods for encodi ng noving pictures er v7deo
had been devel o mehbent transm ssion and storage. A cur. ent art of
such eacodir:g mﬂmmm,mmmﬁund in MPER Test Mdel ~, I1SO)FC
TTCllSC29/WEﬂ1~hD4OQf rir 1993, and the disclosure of that docunent is
her eby expressly incC orated he: einhy reference. In this method, an
i nput video sequence is 1~ organized it;to sequence |ayer, group-of
pictures, pictures, slices, macroblocks, and finally biock |layer. Each

picture in a QEEPLSLPTESE Wt |4 100 €2420NIV R PIETORES T ¢ QLS M ned
pictt:re coding type. TLe picture coding types used in the IVvVLDEG "' Test
Model ~ include infra-coded picture (120 picture), predictive-coded picture

(P—picr~re)rE:nQQQ£;Qirectionally predictive-coded picture (B-picture). The
l-pitta: esJ%ﬁg;useé~nainly far random access or scene update. The

Ppi crsres use forwar d notion pred,~ctive coding with : eference to

previ OUSL% coded |- or ,Pﬁi%ures (anchor. pict ’?str es), .and the B-pictures use
bot h f or var tPEREF BB IGRAP Y IO B FiidiaBe ARRATEE (87 FEPARE MOVEERIGTIH t h
reference tQqpiheMl QuslYicRE et Jrese inf2nRbE Feili®So athelcAUBd 28R4 Plof bir €S
(CrCP) is forned in encoded order sta.T-~ing with an |-picture and endi ng

with the pizlog#den et bideo sigpal GRpressionisgfeMe in the sequence. A picture is
partitioned into smaller and non-overl apping blocits of pixel data called
macr obl ocks (M3) before e:~coding. Each 1IN-B froma P- or B-picture is
subj ect ed tBzcher8Odrioti on estisat;an process in which forward notion
vectors,1 and backward notion vectors for the case of a B-pict'are hfB, are
det ermi ned usi ng reference pictures froma frane 22 Novenber 2002 -,
buz]:—c. -~gi mm&daeohrdammgrﬁuwmgqﬂcnﬁraa&ﬂmo\he@bahsgyerdpecs'mm eﬁgnmffmaﬁhik@drs]hi s
perforne re the inu a- or inter-pictyre predicti e of the h~is
first detetangﬁ‘ic’ﬁ‘éa %G%T‘Efdﬁﬁff%nf’5°fl‘gg 5‘6@165%1‘6?”81[ ‘%bﬁ:gg%n&?%ﬁ’(%ki’ors f ound,
f ol Ll_ovve_d bYSQﬂBeU'BQ"I'_i/BCth_Hm%-ﬁﬁféﬁzﬁﬁyﬁlgkﬁﬂih@d%doiﬁr&md idgd::d’nieﬁt tshe
predic:ion_er;or. e. predict , is tl.en sshj~c:ed to djiscrete cosine
t ransf or m EEXETY SRS LYBSPPRELE GG THHEPPCIt LECrehodeth BPY X180 SEHeRG ANt i

azi on aa3~olE@SeRRG APt BT PRoupl FRictirde piclh®, fivd. AkdraRstidGhd gaanycie. M. t's
cf the 1Z3 is tier._ run-lens h encoded with variable |engt." ~ codés (VLC
and taul ti BloskégerwEeth BERTSR 8 REHPIORPIERHAMIbPE dehecagrdglteét édemineion

VECLOrs,  picture coding type.

The picture coding types used in the MPEG?2 Test Model 5 include intra-coded picture (I-
20 picture), predictive-coded picture (P-picture), and bi-directionally predictive-coded picture
(B-picture). The [-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
25 of pictures (GOP) is formed 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-cverlapping blocks of pixel data called
macroblocks (MB) before encoding. Each MB from a P- or B-picture is subjected to a
30 motion estumation process in which forward motion vectors, and backward motion vectors

for the case of a B-picture MB, are determuned using reference pictures from a frame



10 codi ng wades, quant,.-.3tien step-sire; and.~or picture and sequence
bnformation, to formthe outpet bits eam Local decoding is performed by

i nverse quaztizing the quanu:.sd DCT coerucients, followed by inverse DCT,
and noti on conpeasa~on. Local decoding is performed sucpp Neeenibee 2062
re.ferenca pictures used in t~~ rsotien conpensation are identical to those
used by any e;cte:nal decoder. The quanti zatioa step-size (QS) used for
guanti ~ng the DCT coeincients of each MB has a direct inpact on the
nt:ritbe; of bets produced at the output of the run-length VLC encodi ng 20
process, and therefore tlve average output bit rate. it has also a direct

i npact on the encoding quality) wbi.chhrepresents the ott~ut Fi T~re
g,iality at the ca~~espoadi ng decoder. In general, |arger & generates

| ower eutpct bit rate and | ower eacodi~g au pity. In order to control
output bit gafe &ngh Bk BikERnduabdonvesR s, Rdioh e mbessulisd 18 @etfbrmied thepe-thecan
sans"ry channel bandw dth or storage lirritation as well as c~~.:ali~~
requi r ementiBfrarot@ecRAl eI sEFPR qf 2k Mahis Firsicdstrmagied aFofdng AR are
used. Socre tneth . T ¥ol ' u berirn @ pFoal 2R o be
found in tHE™A vcgqgrfe%‘? {I%W%EEE-’I @G[EJGC@ estﬂl\g%téradg? ¢ écrgg'égﬁg%ﬁggé&?otﬁpri se
general | y aobtainirgl thopatiicdon pracess, a rate control process, and as adaptive
e~uantiyation process. LZ the bit allocation process, a target 30 numnber of
bits is assi~ed for a ne~.v picnlre to be coded according to a nunber of
previ ousl y 19RLeLkA0WB JHnxE=&6d toPAicrat 66 she kAR sfoath EDCTPMddYuabiz@ibdidien

cal cul ates a reference 22 Novenber 2002 _; quanti zrtion step-size for
each N H bakBCHsotHhdetBhegRso HFUaRIizaeeD BHECH 28 IBRLErPLSHE-#anBBe of bits

al r eady U?@qaicfz%&ﬁ%oéﬁaaﬁ;cﬂ%ém' iDRR oo E@FQ&%M RRVEDBLe 190 dbdgs | N

t he adapti ve quantization pr ocess, the calculated reference quanti: anonj
st ep- si ze (YLEYaddantldpewd dithgddivedabiobormaitdn suih pesicofed mogonBcrand@n aver age
MB acti vyt e N | e.cu t.or . =i L Lcture.
Thi o scefd §a e S5 BNt S L el Bl B BB O B 1
noi se by houmnt fiesresption for MB with hid. or low activities within a
picture. A video buffer verifier (VET may al so be enployed in such a way

t hat underfl ow and overfl ow of the decoder input buffer are prevented as
required byctddedyBnSissi=AoaRd Gy iny-S8 gutnbziag thequh@d8€ DO doeffiaiests, fSllowed

mai ntai ned, 10 It (L: assuned in the bi]L al l ocati on process that the visual
qual ity of PAI¥EHRA ﬁi TORG R SFHES TR R dspord g ispesiospsisiugt tatiber vQ
ezgressqd Bfadeit® plclroitlsad inkf2 morQn compnsWief Be (dehical RQhAYAERATS aplant i zat i on
step-size of the coded picture and Kis a constant quality factor which
depends onP¥eda defRdehi cture coding type. It is also assuned that the 15
visual gualifies of all encoded pictures should be maintained at a simlar
| evel within a GOP.. Therefore) for all pictures within a GOP, the bit

al | ocati onTpe glerauzetipg FipR-8irn& Sy yeed for quantizing the DCT coefficients of each MB has a

direct impact on the number of bits produced at the output of the run-length VLC encoding

20 process, and therefore the average output bit rates. It has also a direct impact on the encoding C
qualicy, which reprasents the output picrure qualiry at the corresponding decoder, In general,
larger QS generatss lower cutput bit rate and lower encadizg quality. In order to control
output bit rate and picturz qualicy so that the resulting bitstream can satisfy channel
bandwidth or storage imitation as well as quality raquirements, rate control and quantization

25 control algorthms ars used.

Some methods for rate control and quantization contro} can be found in the above mentioned

MPEG-2 Test Model 5. These methods comprise generally a bit allocation process, 2 rate

coatrol process, and an adaptive quantization process. In the bit allocation process, 2 target
30 number of bits is assigned for a new picture to be coded accordiag to a number of previously

determined and pre-set parameters The rate control step then calculates a reference



following equality: Ki KP KB ~| » ~P~ O (2) where Q, QP, B are the
respective average quanfization step-sizes of coded |-, P- ,and B picture,
and simlarly K, , K-, Kg are respective pre-determned quality factors for
-, P20 ,and B-pictures. Although this equality does npp Nawehber2082
entire pictures sequence, it should be considered valid within a GOP as
wel | as across consecutive GOP boundaries. For sinplicity, K' of equation
(2) is normalized to the value of 1. Fromthe above assunptions) an
equation for determning target bit allocation for a picture 25 to be coded
can be derived for each of the pi cture codi ng types. The equations are

gi ven 22 Novenber 2002 as follows for each of the I-, P- and B-pi cture
coding type: T= R 1 + N Xr~r + Nxrrr RxskKr Np + Ns~ x~d R x~a~ (5) x~rp

lm? gl \tAQequg %Vtxon ste sng r each MB e&e%néﬁ lﬂggisbltg??fqp‘gp‘%)e gd’the%? reOfnunber

pre OUS Yy encod ure respec
Q-) B ar aitk aleeaayefeagmqmam:nmm mrhnsﬁcﬁ:[glsﬂBZérou&ed pigturer hvuheu&dpyiveencoded

|-, PB-picture respective and NB are the nu an plctures
remai ni ng ‘ﬁ”ﬁ“‘tzﬁréo P?‘éhtth% %CFHEIF%EW?‘&B%E‘%WT‘éﬁ?zjeﬂla&?%ﬁh@gf

coded, 15Ra srilides mH@m BeH MTRAE. MB Mihty 8&sGaddnothk Ber&PB: @ccordl ng
to a target bit rate, and T,) T-, 8arethe calculated target bit

al | ocat i ‘omrevigusly cadsdl picturepThispcaling isfoae pesoptingigdderet elspuskiog ¢&scis of

coding noise by human perception for MB with high or low activities within a picture. A
video buffer verifier (VBV) may also be employed in such a way that underflow and overflow
of the decoder input buffer are prevented as required by the MPEG standard to ensure a
target bit rate is maintaiped.

10
It is assumed in the bit allocation process that the visual quality of a coded picture can be

qualified with a si.ngie.nurnber V,. expressed by the formula:

Vg = 0 _ (1)

where @ is the average quantization step-size of the coded picture and X is a constant
quality factor which depends only on the picture cod'mg Eype. It is also assumed that the

15 visual qualides of all encoded pictures should be maintained at a similar level within a
GOP. Therefore, for all pictures within a GOP, the bit allocation process maintains the
following equality:

— T e B

kK o
0, 0, o )

where Q,, @, (Qjare the respective average quantization step-sizes of coded I-, P- ,and B-

picture, and similarly X, K, K, are respective pre-determined quality factors for I-, P-
20 ,and B-pictures. Although this equality does not apply to an entire pictures sequence, it

should be considered valid within a GOP as wel! as across consecutive GOP boundaries.

For simplicity, X, of equation (2) is normalized to the value of 1.

From the above assumptons, an equation for determining target bit allocation for a picture

25 to be coded can be derived for each of the picture coding types. The equations are given



22 Novenber 2002 -5 An optional lower limt may be applied to the

d=term ned target bit allocation as given in the MPE&R Test Mddel ~) hence:
(T~ or TPor TB) Z L'Tt _Rate K~ x Pictr~re Rate where Bit Rate is the
target bitrate) Picture Rete is nunber of pictures codeg?nNgvesssw2@pD2and 5
K, is a constrant (eg. 8). A typical video encoder systemis designed to
code picture sequences wWith various characteristics and conplexities. In
particul ar, sequences with little notion updates or conplex notion scenes
creates different requirenents for codin; pictures of difference 10 picture
codi ng types. Far exanple, a sequence,with little notion updates tray be
best coded with higher ratio of bits allocated to the anchor pictures
(I-pictures and P-pictures) for visual quality inprovenents. On the other
hand) a sequence with conple~¢ nmoiion scenes may be best Z 5 coded with

rel ativel y“e(?gﬂwﬂf%tef“’rho‘lf%%ﬁoP' Br?‘{é'PfCS‘rﬁlcﬁqﬁﬂgr 8’§¥'of all picture coding types
for notion detail inprovenents, and hence higher ratio of bit allocation to
the B-pictures. Present systens based on f xed visual quality ratios, for
e,;anpl e according to equation (2)) do npt adequately address these charges

in sequence characteristics.720 ! Yy ne pre-determ nedsand
fined quality factors K' K~ and kBMé\ﬁ—}rmé’ o;;l ess determ ned the ratios
of the average quantization step-sixes'{ie. ¢,"Q-, and @B ratios) to be

used for coding pictures of different picture coding types. This
relationship limts the adaptivity of bit allocation to different picture
coding types of different notion characteristics. 25 Furthernore, the
adaptiviry of bit allocation should depend on the visual quality itself.
When higher visual quality is achieved fpr the anchor pictures, a feature
which re 22 November 2002 -6 Jbﬁmrg@ ~YNe bits to B-picrires i
desired such that bot~'t visual quafMptyM; r;LDaon details can be 6éfanced.
. . . 3] . .
Summary of the Invention It is an object of tThe present invention to
provi de a nethod or apparatus for picture sequence conpression which better
caters for changes in sequence and coding characteristics. Ln particul ar,

an object of the present invention is to provide a nethod or apparatus for
i mproving bit allocation.

T — R
=

N, + N,,( ""’) ()

XpKp
5 where
X =50, Xe =5 On Xp = S50
(
and

S, S Sp are number of bits used by previously encoded I-, P-, B-picture

10 respectively,
0, O Oy are the average quantization step-size used by previously encoded I-, P-
, B-picture respectively,
N, and N, are the number of P- and B-pictures remaining in the current GOP with
respect to the current picture to be coded,

15 R is the remaining number of bits assigned to the GOP according to a target bit-
rare, and
T, T, Ty are the calculated target bit allocation for a new I-, P-, B-picture to be

coded respectively.



.10 Whi | e. sophi sticated nmethods of determi ning notion characteristics by
frame difference detection or notion vector analysis nmay be enpl oyed, such
nmet hods may have signifcant inpact on inplenmentation cost. |nplenentation
cost naay be an inportant consideration for systens to p2Noveaber 2062d. A
further object of the present invention is therefore to 1S provide a nmethod
or apparatus for bit allocation with | ow inplenentation cotnplezity. One
way of solving the above nentioned problens is to adaptively determ ne new
quality factors K~, K~, and KB of equations (2), (3), (4), and (5)
according to characteristics or paraneters obtained from past coded
pictures froma sequence. This is im¥ffect changing 20 the target ratios
of the average quantization step-sizes for I-) P-, and B-pictures such that
visual quality andlor notion details can be inproved depending on the

cont ent s whe kp¥prehlewse imifew. bempplied Rahe daterpripeditagsthiin!igersnn pseiven in

adapti vel ymg%ng o0 Yiddbes ughie of K8, therefore the 25 target ratios of
t.he average quanti zation st'ep-size of B-pictures over that of |- or P

pictures’ ) as expennental |y determ ned that, ghe inpact is not significant
in terms of solving above (fieert Noneds)pr = , or Kp are al $¢)
nodi fi ed adaptively. The quality factors ardeHEd df ed adaptively in the
present invention according to the 30 average quanti zation step-sizes and
bit usage of past _coded |-pictures, P-pictures and B 22 Novenber 2002

pi ctures. EfEpdinGugintE tFse M Esdi ng conplet,ity of a picture may be

measured from ifs, 8VekagtnuAiRPbf FithiedRofliRr Scéfl, @l bits used. The ratios
of coding conplexitfes of pictures of different picture coding types

toget herswi t h &;hcoeinsganyied-i8hi es may be used to indicate spatial and/or
motion conplexity, and therefore) the quality factors may be determ ned 5
accordingly. A video encoding system encodes a vi deo sequence of various
pi cture caodiypiral vip&serdcbder shtands dsigh€d t1c080 piddute seGeatrath adapt i ve bit

al l ocati on_accordjn o the present invention. Initial values of necessary
par anet er SOREFEREES %‘?j}‘ﬁ’&ipl%&ﬁr zﬂaﬁ‘@#ﬁ Reyengs vith Bitls metiogerdasks {0 to each

pi cture tQoRPlekRstREn SLaRs Edabs difereh@Bkliteldds\thsddding Futdl s desirdeidned as K Q
of all PI ctures within a group-of-pictures renains at a simlar level. The

qual i t y!& #dqere cRdipg t@ependent on the picture coding type; and furthernore,
K, is adaptively nodified according to the averse quantization step-sizes
(Q and bit usages of 15 past coded pictures. Wth bits allocated to a

pi cture tdFobexzumsd scquenat with difterrodtiogrupilses hsnbetssitotled wily hilghdreraths 65 f ar

accor di ng {8 AR BB AT IR T ok RS TEIF GO e BN GTRat ar o oi il ar
to those umprbvemedtheOMei@héthal€sd selybreled whth complex motion scenes may be best
15 coded with relatively even distribution of bits to pictures of all picture coding types for
motion detail improvements, and hence higher ratio of bit allocation to the B-pictures.
Present systems based on fixed visual quality ratios, for example according to equation

(2), do not adequately address these changes in sequence characteristics.

20 In other words, the pre-determined and fixed quality factors X}, K, and K, have more or
less determined the ratios of the average quantization step-sizes (ie. 0, @, and Q, ratios)
to be used for coding pictures of different picture coding types. This relationship limits
the adaptivity of bit allocation to different picture coding types of different motion
characteristics.

25
Furthermore, the adaptivity of bit allocation should depend on the visual quality itself.

When higher visual quality is achieved for the anchor pictures, a feature which re-



Brief Description of the Drawi ngs The invention is described in greater
detail hereinafter, by way of exanple only, with 25 reference to a
preferred enbodi nent thereof and the acconpanyi ng drawi ngs, wherein: Fig. 1
is a block diagramillustrating a video encodi ng syst empiNdvehassIer0D2
adaptive bit allocation according to an enbodi nent of the present
invention; and Fig. 2 is a flow chart of an enbodi nent of a Quality Factor
Estimat or of present invention. 30 22 Novenber 2002 8 Detailed
Description of the Preferred Enbodinent Figure 1 illustrates a video
encodi ng system 100 with sequence adaptive bit allocation accoraing to an
enbodi nent of' che present invention.-#n input video picture sequence is 5
encoded by a video encoder 101 to produce a conpressed output bitstream
which may be transmtted to an eternal decoder via a communication channel
or recor dedisatbukisghd kits tstBepiagees nedisamed wrh glanybharisud gphlite atd mnsen &aails
picture fromth inE) t video sequence is coded according to its assigned
pi cture co&i“’hbegy ‘tjl P-, or B-picture). A group-of pictures (GOP) is
formed starting with an I-picture, and foll owed by possibly sets of P10

pi ctures and B- pi cft ures. Typically, the video encoder 101 utilizes notion

estimati onsy ion, discrete cosine transfom (DCT) coding, and
rua-fengthl differential encoding with variable | ength codes (VLC) as video
conpression techniques. A video encoder may be 1 ~ inplenented such that

t he out put Ik s bbjectrof itte presept inwention & poddot methed bS@HaEQsNPEgcsteandar ds, and
can be decoded by the corr %g$9$grn%§WEGhViodeo decoders. A bit allocation
processor RS 85’3{)’%%??’“ or rsrg%{rct A e tVRaed eicdder, and is
provi ded t ehgedteistitsIn partiekigebn obishet tefprdsedidnvediion i@ p@vids @adndtldd eodi ng of
a gicture from20_the i n_puﬁ), \éi_ldeq according to its picture coding type and
target bit2BRHYUS FPRADRIQYIGROUAHICH ¢ and picture coding type are provided
as inputjgto the bit allocation processor 103. Bits are allocated so that
the resulting visual qualities defined as KIQ of al|l pictures within a

gr oup- of pWeiilgrsephistisatad metheds of detamnining meas charmierisgaa by fryme didfeomnck depends
on the pic . i . a i

guanti zat i %én%s o%%?él?’ ggﬁﬁgcg%&ﬁgl? 515813?' %etﬁé@fﬁagﬂ Bi%étﬂzordté%g;%ég%ggﬁ%ﬁme

met hods of inpdct et ngietdantaiongyst benpf amenditiom cdyPmRER bel &rs impdoelstl cobsideastiopi ven by

equations (3) 4 ith an i onal | r lim.t given b 6). A set of
initial vaf%égﬁgrﬁ%/mbbé@é%%\%h’és& T%%%Qef" %t °§ e presgnt %gﬁcﬁ‘dls %.}/ef&icttgr

det er mi nsngroviiR d DéEaE otipbSrafud Yor bk dbdanb@ tw@h (ENinkbheftaib@4opdxign adaptive
guanti zati on 30 processor 105 are used to cal culate the quantizarion
step-sizes for coding of each 22 Novenber 2002 -9 nacroblock (MB) in the
picture. TogedHgREsARhE @R HhRPMEIHRS FbSedS R0 %bh@??hé&‘rrﬂiﬁ’é)@éuhg&alw th
quantization matrices fo quantize the NfBs within the video encéder 10l .
The his nafackss Surettdells etequasiond?) @l i(taand ) arrordies tocbafseladdics oh, and

R T A e T R L s o

guant i ~2pif tHesamgeteratiesrof itengtetrge qead edionster sieasr foab) B-, laed Btdicteesd ashalud

mul tiplexed with all pnecessary.side in.omation t.o prqvide the, conpressed
out put b ¢ ST AR P RS ARl ehe rOHP L PPt B0 B Rfiept i Be

quanti zat i ggquescep- si ze for each N B based on 10 the target bits (T) for the
pi ctures and the nunber of bits consunmed fromthe target bits in encoding
MHs fromthat picture. For adaptive quancization 10~, the cal cul ated
reference at@Pmsd dRniifRdSHRlcedth RTELRPER mbdiry! RAGAhe 38hE ¥t &1 @rgb e W and
an average MB activity detetnined fromthe Ccurént or a previously coded

pi ct ur e 25 Margasdetiosof hgtazeragnquantizationistepdugst df\Pepicueen overabitof 1ol al so be
found in MPEGR2 Test - Ly, t. ti or . 102 s used to
estimte E/Elé:%%ﬁ U%scx%%q%né% c?F 5@6%@“&%“%?@?35%%2%&{%&9: IPflcﬁxgls girrld bi t
usages ( S) sal¥ingabdveanahednqgal mrobleras whenklor &J asesalsommdi fiddr @aptively. vi deo encoder)
and the average quanti zation step-sizes (~ which are supplied fromthe
adaptive quanti zation processor 105. Together with the average quantizativn
st ep-si ze fﬁherqhﬂi@@c@bbaéremdr@ata@ifmi%n i Bk PlebRBink &Rioviasdérdinglieahi t y of an
encoded picture. A set of values for rnay be determ ned for each picture
codi ng ﬁgpéver%wann ep-sizasdnk it pege pleparaped hrirgireg el -8ichireseand B-
Fu~-rhernore, the set of values for K may be updated at for each picture or
for every plurality of pictures, according to conputation and vi sual
quality adaptivity needs. The estinmated values of K are used by bit

al I ocation processor 103 to ZS deternmine the target nunber of bits to be
used for coding of each picture.




Figure 2 illustrates a flow chart 2L0O of operational steps of the quality
factor estinmator according to an enbodi nent of the present invention.
Starting with step 20l, coding information such as the picture coding
types, the average quantization step-sizes and bit 30 uxabesewmbecddez
picrsres are obtained. For step Z02, encoding qualities are deterntined

22 Novenber 2002 - | o using the average quantization step-sizes. The
encoding qualities for past coded pictures of different picture coding
types are determ ned for the purpose of re-distributing hits to B-pictures
when good encoding quality for P-pictures is achieved. Simlarly, bits are
redistributed to I-pictures when goad encoding qualities for P-pictures and
B-pictures are 5 achieved. For ezanple) it is possible to set a ma""irnum

d | f Ko | t dj ng_t
fei ng. averRgweG P DR Bl alp eiipeae seabral At e kel e Bne e

met hod. | ny@agd thﬁmnazeszawhmledxsmslrmabfmamohmngﬂmmas pfcairdmws
KBMN-COKE ~ = and 5 KB _~Y S 10vvhere(§ are
const ant s of ééfC'T‘@‘C“Ge 39‘““3)‘}’335 tagesher 5vith epeasiigqualivas 7ay Repist mt‘ﬁé‘“%f%er age
reference sp Edd?é’:t hQ&brﬁJoﬁBl&!r}eaanmc?efmsEheQﬁQﬁF fRedRd il bE deBRfindlr, - ~ and

~-MN are't maxi . Thum and m ni mequa ity factor K for B-pictures.

Simlarly asddrc;hygly, ,~ KrM-" KP.,",,z) and Kp_,"~N for |-pictures and
P-pictures may be 15 determ ned. In fact, for sinplicity K~_,~, Kr.,"1N,
KP-~c,. T, and Kr.,,uN may al so be normalized to the constant value of | .O.
At 203, tb’evﬂmﬂ'e'rmgdmgrs]zﬂmiedcbes a(vidép seqbegeeXf vaddus pasire codieg nipec(lyrds are
cal cul at ed. , The codi n ex i ndicates spaf.i aI nd/ or notion

compl ext t 54 FRGHeRGY i SEHRES et BRFEEar R 1 B BSOS ge. 10 i s

given as: 1lialSaKks Precessf p&a@te?@fcﬁco%ﬁxg’&ni‘ﬁbé’ﬁ%@te%une@FB&@%@:EIR&CE@@ nunber

of bits generated by encoding a past |-picture, P-picture 22 Novenber

2002 - 110 amercRDIINEE (e be pasepsuchitha thyyresyliae visualualits dafieedtasd/@wné el ge
quantl zatl dg{fmlazu% @Fﬂaxéﬁﬂ%s Eg_%ﬂlgl ggfk?ilﬂhr grobl ocks of the I-picture,

P-picture Pan pi ct Ur e respective e determ ned encodi ng
qualities and codi ng conplexities, the quality factors (Kr) Kp, and KB) are

esti mat ed t t f codi n exity.of different
picture c Q‘?{/P“%’r"zg@s%%é%“é g\‘elphcé“?ﬁ% P& PPod g%&ﬁa 1%y factor s
such that afifpeivély moificdcatdrding py he efsage Yuartiakinisthizeo B d@rtdseresspat i al
andl or notion npl exities of different picture coding types. Furt her nor e,

t he rat]i5o§‘a%1°°‘f"aé’lﬁ'tﬁréf| ty factors are also 10 linmited according to the
deterni ned encodi ng qual ities so as to matim ze visual quality and notion

details. For sinplicity;, the quali tz’ factors can be normalized according
to the fowwlﬁgﬂle%%mea pwrm bescoded, 2 ratecgntredlge isghan yeed to pepptedir|l | ~ (7)

" Kp = 1. @ dofbhg 9 emnGackon iRk Widhh in@Piuiela ko entodtEy SysKR a¥oldd; B
the present invention may include components that are sirilar to those used in the MPEG2
20 Test Model 5.

Brief Description of the Drawings

The invention is described in greater detail hereinafter, by way of example only, with
25 reference to a preferred embodiment thereof and the accompanying drawings, wherein:
Fig. 1 is a block diagram illustrating a video encoding system with sequence
adaptive bit allocation according to an embodiment of the present invention; and
Fig. 2 is a flow chart of an embodiment of a Quality Factor Estimator of present
invention.
30



where Cf to Ce are constants. 15 The values of CJ to Ca may be
experinentally determned. It is also possible to fiuther sinplify the

nmet hod by setting Cs to Ca to values of 0, 1, 1, O respectively. The bit

al | ocation process attenpts to maintain simlar visual eaNbiempéd 2002 S
based on the average quantization step-sizes and the quality factors (Kr,
K~, and Ke) whil e encodi ng 22 Novenber 2002 -13 pictures or groups of
pictures froman i nput video sequence. By adaptively nodifying the quality
factors according to picture coding types, and eacoding qualities and

codi ng conplexities determ ned by the average quantization step-sizes and
bit usaQes of coded pictures, a video encoder according to an enbodi nent of
the present invention can efficiently allocate bits froma target bit-rate
to encode ggnh. PHELHERS oMl bdrtdf EHibiBmheapguence. The quality factors are
adapted in ed for notion detail

i nprovenents when there are corapl e~ notion scenes wthin the picture
sequence; and on,l O the.pther hand re hits are allacated.to.inprove

T aual  sp Bt b s dyideh SRl et 1o o eatrpe Rtssh U RERI SR n Uit ¢ e
not i on updadcesiing than BinbodihtM G theQRedett hieniiBel AhRpledday diduk ReqRACOd Ng
qualities achieved so that the both notion details and visual duality can
be opti nPzewodd Wihddroeneqisr dltodirpdusppeempiassedediiut Bityiean i Mabvdencoder .
|S 22 Noygherd 2092 esidrda Gecddet via aRoRYinN iRk EAHES or rERFREGH didfal €Ncodi ng
pictures in a noving pictures sequence according to an overall Target
bit-rate, sewge pedi fargldvhackmgplinatienssikpak dicpiretitpmethe dufiunyidey grgueretihe novi ng

pi ctures encoder including: a quality.factor estimtor for determning a
ual 1y f o seldBad s b BB SRS e & LBy fy p P Finber o
bits used peturepaSOPrRdethepisaitinzesitnin I-fiafurd, \yipd folisdd df paysilagRs guRNt i zat i on
step size for post_coded pictures; ' a bit allocation processor for

det er ni Hpnb‘c%lreﬁé‘?‘{g%?‘%ﬁsoer of bits for coding a picture 10 according to
the overall target bit-rate, the assigned picture coding type and the

eor r espondt ng cluality Factor; a bit-rate controller for determning a

ref erence TGupawly zthe videe enceqder 407 atilizes enption estimation, motion compensation,

discrete cosine transform (DCT) coding, and run-length/differential encoding with variable

length codes (VLC) as video compression techniques. A video encoder may be

implemented such that the ourtput bitstream is compliant to one of the ISO/IEC MPEG
standards, and can be decoded by the corresponding MPEG video decoders.

A bit allocation processor 103 is coupled to or forms part of the video encoder, and is
provided to determine a target number of bits (7) to be used for coding of a picture from (
20 the input video according to its picture coding type and target bit-rate. The target bit-rate
and picture coding type are provided as input to the bit allocation processor 103. Bits are
allocated so that the resulting visual qualities defined as X/Q of all pictures within a
group-of-pictures remains at a similar level. The quality factor X depends on the picture
coding type (eg. K, K, Kp) and Q is the average quantization step-size used for coding
25 that picture type. Example methods of bit allocation may be found in MPEG2 Test Model
5, as given by equations (3), (4), (5) with an optional lower limit given by (6). A set of
initial values may be assumed for X, K, K, X, X and &,

After determining the target bits (T), a bit rate controller 104 and an adaptive quantization

30 processor 105 are used to calculate the quantization step-sizes for coding of each



target ztunber of bits and the nunber of bits used for the picture; and an
adaptive quanti zation processor for determ ning a codi ng quantization
step-size 15 based on the reference quantization step-size and picture
activities for the picture, and for deternvning said ave? NgvembanlD@2t i on
step-size for past coded pictures. 2. A noving pictures encoder as clained
in claiml) wherein a corresponding quality factor is determ ned by the
quality factor estimator for each picture type. 20 3. A noving pictures
encoder as clainmed in claim?2, wherein a value for the quality factor is
determ ned for coding of each picture of the corresponding picture type. 4.
A moving pictures encoder as claimeddn claim2) wherein a value for the
quality 2S faet~r is determ ned for coding of each plurality of pictures of
the correspondi ng picture type. 5. A noving pictures encoder as ciairned in
claim 2, 3mesrodlockyMBYzinainpisiu. A GRELFHAR SEPrsiFFd AU optienallyfogeder t he
Y ot of B bl BRI Rh A GudkBese 165 Ouicin Dl BEOML AL 161 P A8 P O LT O3
in a nmoving pilctuies sequence ‘according to an overa arget bit-rate) each
pi cture hamhipge subjeracditg madopecimation,cock angcompeesadom cnd disngretdosinst eps of :

22 Novenber 2002 -14 determning a quali factor accordi t ssi gned
pi cture co‘dFﬁg’r‘F‘)Pﬁléf L AYFRHTFEP 0 m’ﬁrfetq[éeefﬁé‘é%’ny%fm%ﬂgﬁ mE‘?ﬁ?QG‘P%i%P F{}?zgﬁof '? hat
type) and gRdavsehaoasdibadppligat m?@hmdatmeaﬁeaﬁgmgm BO6tRE WihGhLHIES ;

detertraiz~iz~g a target nunber of bits for pgdlng a picture according to
t he over al lengtheodes apd ppitipjexed With g ngeesfagh eide Briemanen BRIPYEE ¥pe and the

cor zespondi uad die baglQL, determining a reference quantization
st ep-si ze Jbog“g)er% on the target nunber of bits and the nunber of bits used

for the picture; determ ning a coding quantization step-size based on the

ref'erence gquanti zati,on t size and picture. activitiges for e picture,
o for et B e 8 SRS R iR B it B R bl Ul Lo
pi ctureso @aeiredd6Rd|T)Jobthpipiiiréscind QRO@Hhieg of Bitd JvastRidefidth RrRdareaditheh

guanti zation step size. 7. A nmethod as clained in claiml, wWlerezrt a
cor r espondBReeR MBS TP Bat BiFures FREREFAHYAHAYIBRICBIOR. B cllgylaed {rfmences 8. A

metliod asgg] al-edaldd LLrhimy 4 10¥19ES iBesforMAd VB dnllantb& gl 4 )yifactor is
determ ned for coding of each picture of the corresponding picture type. 9.
A net hod atetesmifiedE@n e 6p@enhop 2 Pihonely sodedpittue. iMethedseof guarontp! tndct or i s

determ nedadg_&‘jf%(n@gn%%g%%t SR o%&%xaﬂdbﬁl}ﬁgfcst%?&%"s?s of the correspondi ng

pi cture type: as clarned i1n claim or 4, wherein mninmm
and maxisumlimts are

A quality factor estimator 102 is used to esumare the values of X according to the picture
coding type and bit usages (S) of past coded pictures supplied as input from the video
encoder, and the average quantization step-sizes (Q) which are supplied from the adaptive
quantization praocessor 105. Together with the average quantization step-size Q, the

20 quality factor X determines the visual quality of an encoded picture. A set of values for X
may be determined for each picture coding type. Hence, X, K, and K may be
adaptively determined. Furthermore, the set of values for X may be updated at for each
picture or for every plurality of pictures, according to computation and visual quality
adaptivity needs. The estimated values of X are used by bit allocation processor 103 to

25 determine the target number of bits to be used for coding of each picture.

Figure 2 illustrates a flow chart 200 of operational steps of the quality factor estimator
according to an embodiment of the present invention. Starting with step 201, coding
information such as the picture coding types, the average quantization step-sizes and bit

30 usages of coded pictures are obtained. For step 202, encoding qualities are determined



set for the quality factor of each picture type. 22 Novenber 2002 _15_
2. A noving pictttres encoder (100) for encoding pictures in a noving

pi ctures sequence according to aiZ overall target bit-rate, each picture
havi ng an assigned picture coding type, conprising: a qpaiNdvenfbzs2002
estimator (102) including neans (203) For determning a picture 5
conplexity (X) for the assigned picture coding type on the basis of the
nunber of bits used (S) and an averabe quanti zation step Size ('or past
codc; d pictures of that type (Q; a bit allocation processor (103) for
determ ning a target nunber of bits (T) for coding a picture according to
the overall target bit-rate, the ass+yhed picture coding type and a quality
factor (K) for the assigned picture coding type, defined as the product of
a 10 visual duality aiid the average quantization step size for pictures
ol'that typmeipgahdxiveragatjeantionioncldpesize§.1THy edcoding guabitied foopgst eoded penmece
quanti zatio ep-size based on the tar.gef.nunmber of bits (T) a t he
nunber of B?F@%@%a“ﬁﬁ? q ‘@%P%%ﬂ?g?‘e%gc aﬁrgﬁa{’ﬁmo@eeoﬁ'ﬁgﬁfr‘(bﬁ‘gﬁ g‘ﬂs Brocessor
(105} for gepienfszReg gdodaitbdigy qUARY Fardt-pRir&ticfhRvar ANt Uis hitere-
reference quanti zation step-size and picture activities for the picture 15
and for deCBruRdtg lPiaiirentyBsrgrodfusaine aialites fot Brpicaressand Broigumss a€oded

pi ctures s( QpieRBAREbRIAAL Y isPobdtt i@t d nfilfhint Ynd BRiAIm fisli5Ehe Farkid0?)
further conprises neans (204) For detezmning a quality factor for the
assi gned pptKinfe ppofuhg picgsecadingtybé using kienagefquantigation tsiep-sigés fohpaspi ct ur e
conplexities, af .different_npi I odi Lypes. .deternm.ned for, past coded
pi ctures. ﬁ?)de%zpfc esn%‘{/?dr%gm%{l %%%&P(g's?ne&acrg‘g’elarr’ gg%nc?}lg? n%nl%ogmé néWP s ®her ci n
sai d neansaf fyllolet erm ning a quality factor {204) coi~iprises neans for
determining the ratio of said picture conplexities of different picture
coding types. 25 13. A noving pictures encoder as clainmed in claiml 1 or
12, wherein a value for the qu..~lily factor is determ ned for coding of
each picture of the correspondi(ngmpfcﬁwre type. 14. ?~ noving pictures .
encoder as clainmed in claim11l or 12, wherein a value for the .quality
factor is determ ned for codi n@aw gdon® ;QPU‘F&I:JW of pictures of the
correspondi ng 30 picture type. éZ venber_ 2002 -16 15. A noving pictures
encoder as clainmed in any one of i 1% o 14, wherein mni mum and
maximumlimts are set for the quality !'actor of each picture type.

10 where C, to C, are constants (eg. 1.4, 0.3, -0.4, 1.4, 2.0 respectively),
O, is the average reference quantization step-size of a past coded P-picture, and

Kpsax and K,y are the maximum and minimum quality factor X for B-pictures.

Similarly, Kpyuv Kesw Kopar a0d K,y for I-pictures and P-pictures may be : (
15 determined. In fact, for simplicity K ,.v K Kpaww 30d Ky may also be

normalized to the constant value of 1.0.

At 203, the coding complexities (X, X5 X;) of past coded pictures are calculated. The
coding complexity indicates spatial and/or motion complexity in coding picture of a

20 particular picture coding type. It is given as:

X =8 x0,
Xp = 8p X Op
Xy =55 % O

where S, S, Sy are the number of bits generated by encoding a past I-picture, P-picture



16, A method for encoding pictures in a noving pictures sequence accordi ng
to an 5 overall tarsct bit-rate, each piettire having an assisned picture
codi ng type, conprising the steps of: determining a picture conplexity (X
for the assigned picture coding type on the basis of thE NewBsbeoR002t s
used (S) and an average quanti zation step size (Q for past coded pictures
of that type; 10 delennining a target nunber ol~ bits (T) !'or encoding a
pi cture according to the overai 1 target bi t-rate, the assigned picture
coding type and a quali |y Factor (K) for the assi5-ed picture coding type,
de~z~ed as the product of a visual quality and the average duanli~alion
step size for pictures of that type;-Hetennining a reference duantiiation
step-sire based tin the target number pf bits IS (T) and the nunber oFbits
used fvr the picture; and detennining a coding quantization step-size based
on the ref er enc@bBRANYTE A2PeHIVEYefdsi ze and picture activities for the

pi cture and det?_fé%.pi d,quéa]ieqv &S aﬂ%ﬂ&éﬁ:@é B ﬁ)ér%ﬂio%irﬁ%.u(r@c}g%lo&%sf[

coded pictures, terr-red Dy the step o termniing the quality
factor for the afthedpacurp) Bipionge emtBpirttry pesparsivalyf unction of the ratio of.
the picture conplexities of different picture coding types, deteiznined for
past coded pictures. 17. Arnethod as clainmed irt claim 16) wherein said
step of detwjnringide@rhined sntaliing udiBed A6t @Hint @bPpleLiass, ARt Nty TadigrsiRp ratio
of said picrtire complexities of different pict~~rc coding types. 30 22
Noverber 2@p227Ks) aEgestimated ahibe ners sep 20fredbe rriies of seding complexiey Af sai d t ar get
nunber ol ' sH : : ] i j ions: R
1N ey SRy b BEALFE B ORISR0 of BE il PG ER

the bit allocation process can take into consideration spatial and/or motion complexities of

different picture coding types. Furthermore, the ratios of the quality factors are also
10 limnited according to the determined encoding qualities so as to maximize visual quality
and motion details. For simplicity, the quality factors can be normalized according to the

following example:

X

K = C % :t-l:' * Cop andset Ky o s K5 Ky ™

K, = 10, (8)
XP

By=Cpx 2 +Cp  andset Ky s Ky s Ky ey )
B

where Cs to C, are constants.

15 The values of C; to C, may be e%perimentally determined. It is also possible to further
simplify the method by setiing C; to C, to values of 0, 1, 1, O respectively.

The bit allocation process attempts to maintain similar visual quality which is based on the

average quantization step-sizes and the quality factors (X, K and Xj) while encoding



I5T=R~YYYR . Ne + NIX~r 20 19. A nethod as clained in claim 16,
wherein a value for the quality factor is dctcrrnincd for coding of each
pi cture of the correspondi ztg pi cture type. 20. A nethod as clainmed in
claim 16, wherein a value for the quality factor is 25 detRQpiemBEr 2002
codi ng of each plurality of pictures of tile corresponding picture type.
21. A method as claimad in any one of clains 16 to 20, wherein m ni nrum and
maximumlimts are set for the qualify factor of each picture type. 30
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a quality factor estimator for determining a quality factor according to the assigned
picture coding type, a number of bits used for past coded pictures of that type, and an average
quantization step size for post coded pictures; '

a bit allocation processor for determining a target number of bits for coding a picture

10 according to the overall target bit-rate, the assigned picture coding type and the corresponding
quality factor; .

a bit-rate controller for determining a reference quantization step-size based on the
target oumber of bits and the number of bits used for the picture; and

an adaptive quantization processor for determining a coding quantization step-size

15 based on the reference quantization step-size and picture activities for the picture, and for

determining said average quantization step-size for past coded pictures.

2. A moving pictures encoder as claimed in claim 1, wherein a corresponding quality

factor is determined by the quality factor estimator for each picture type.

20
3. A moviog pictures encoder as claimed in claim 2, wherein a value for the quality

factor is determined for coding of each picture of the corresponding picture type.

4. A moving pictures encoder as claimed in claim 2, wherein a value for the quality

25 factor is determined for coding of each plurality of pictures of the corresponding picture type.

3. A moving pictures encoder as claimed in claim 2, 3 or 4, wherein minimum and

maximum limits are set for the quality factor of each picture type.

30 6. A method for encoding pictures in a moving pictures sequence according to an overall

target bit-rate, each picture having an assigned picture coding type, including the steps of:
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size and picture activities for the picture, and for determining said average quantization step-
10 size for past coded pictures; and

encoding a picture according to the determined coding quantization step size.

7. A method as claimed in claim 1, wherein a corresponding quality factor is determined
for each picture type.

IS
8. A method as claimed in claim 2, wherein a value for the quality factor is determined

for coding of each picture of the corresponding picture type.

9. A method as claimed in claim 2, wherein a value for the quality factor is determined

20 for coding of each plurality of pictures of the corresponding picture type.

10. A method as claimed in claim 2, 3 or 4, wherein minimum and maximum limits are

set for the quality factor of each picture type.
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sequence acc.mdmg 10 an owr targct g-ratc éach picture ‘n?ng an assigned picture
coding type, comprising:
a qualily [actor estimator (102) including means (203) for determining a picture
5 complexity (X) for the assigned picturc coding type on the basis of the number of bits uscd
(8) and an average quantization step size for past coded pictures of that type (Q);
a bit allocation processor (103) for determining a target aumber of bits (T) for
coding a picture according to the overall target bit-rate, the assigned picturc coding type
and a quality factor (K) for the assigned picture coding lype, defined as the product of a
10 visual quality and the average quantization step size for pictures of that type;
a bit-ratc controller (104) for determining a reference quantization stcp-size based
on the target number of bits (T) and the number of bits used for the picture; and
an adaplive quantization proccssor (105) for determining a coding quantization
step-size based on the relerence quantization step-size and picture activities for the piclure
15 and for determining said average quantization stcp-size for past coded pictures (Q),
characterized in that
said quality factor cstimator (102) further comprises means (204) for determining a
quality factor for the assigned picture coding type as a function of the ratio of the picture
complexities of different picture coding types, determined for past coded pictures.

20

12 A moving pictures encoder according to claim 11, wherein said means for

-

determining a quality factor (204) comprises means for determining the ratio of said

picture complexities of different picture coding types.

25 13. A moving pictures encoder as claimed in claim 11 or 12, wherein a value for the

quality factor is detcrmined for coding of each picture of the corresponding picture typc.

14, A moving pictures encoder as claimed in claim 11 or 12, wherein a value for the
quality factor is determined for coding of each plurality of pictures of the corresponding

30 picture type.
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15. A moving piclures encoder as claimed in any one of claims 11 to 14, wherein

minimum and maximum limits are set for the quality {actor of each picture type.

16. A mcthod for encoding pictures in a moving pictures sequence according to an
ovcrall target bit-rate, each picture having an assigned picture coding type, comprising the
stcps of:

determining a picture complexity (X) for the assigned picture coding type on the
basis of the number of bits used (S) and an average quantization step size (Q) for past
coded picturcs of that type;

determining a target number of bits (T) for encoding a picture according to the
overall target bit-rate, the assigned picture coding type and a quality factor (K) for the
assigned picture coding type, defined as the product of a visual quality and the average
quantization step size for pictures of that type;

determining a reflerence quantization step-size based on the target number of bits
(T) and the number of bits used for the picture; and

determining a coding quantization step-size based on the reference quantization
step-size and picture activities for the picture and determining said average quantization
step-size (Q) of past coded pictures,

characterized by the step of:

determining the quality factor for the assigned picture coding type as a function of

the ratio of the picture complexities of different picture coding types, determined for past

coded pictures.

17. A mecthod as claimed in claim 16, wherein said step of determining the quality

factor compriscs determining the ratio of said picture complexities of different picturce

coding types.

10l

10l
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19. A method as claimed in claim 16, wherein a value for the quality factor is

determined for coding of each picture of the corresponding picture type.

20. A mcthod as claimed in claim 16, wherein a value for the quality faclor is

25  dctermined for coding of each plurality of pictures of the corresponding picture type.

21, A method as claimed in any one of claims 16 to 20, wherein minimum and

maximum limits are set for the quality factor of each picture type.
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