re3de: r& 0""H#IREZXE&OBE&TEKX 9 SEQUENCE ADAPTI VE BI T ALLOCATI ON FOR PI CTURES
ENCODI NG Technical Field S The present invention relates to a nethod and
apparatus far encodi ng noving pictures sequences. |In parti cul W
present invention relates to a nethod and apparatus for bit m’/m a
video signal conpression system Background Art 10 Methods for epgg 1L ng
novi ng pictures or video had been devel oped for efficient transm ssion and
storage. A current art of such encoding nethods is found in Nmm

Model 5, SOOI EC JTC1/ SC29/ W511/ NO400, April 1993, and the di wmmmwmﬂ

t hat docunent is hereby expressly incorporated herein by ref er enCogod,N IS
met hod, an input video sequence is 15 pr gani zed i nto sequence | 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 pic ga qu; _,_tmf;ﬁe i [AT-PN %’ Hhihe MPEG3
Test Model 5 |§glb§ e qu?é-code pi%%?g%(’llqom p?(%tlgre;, SEQFIS ggi:lw?(;-coded
picture (P-picrlre), and bi-directionally predictive-coded picture
(B-pictur e),r 'I'.hgaC Qf ctures are used mainly for random access or scene
updat e. The—ﬁc—’&‘—é‘l—&z@s use forward notion predictive coding with reference
to previously coded |- or Ppictures (anchor pictures), and the B-pictures
use both forward and backward notion predictivelinterpolative coding with

r ef er ence St dPPPETTH HYFRHoJRaEs fo.2 'BF‘hTZ‘F Hidparas fog egFadifs DY iRg PIRUES Ur es
(GOP) i's fosdmpended) BIYzOEtQithr OhE Bresat BFEAHE Wakiodmbndd &ldWpBaraidl riigd Ng wi th
the picture before the next |-picture in the sequence. A picture is

partiti onediloraBomsie Vidao stgvdl qpompresen fysispi- ng bl ocks of pixel data call ed
macr obl ocks (MB) before encoding. Each MB froma P- or B-picture is
subjected to a 30 notion estimati on process in which forward notion
vectors, anBadkacdmdidt noti on vectors for the case of a B-picture MB are
determ n?g usi ng reference pictures froma franme buz~r. W~ ~ the

de~. ~."ri't:ed :notion vectors, notion corgensatien is perforned where the

i nua- OF i NivREro@s A ic@dRE efdviag pRftrd3 @E @ided hddlbeen develbgedifor dfici @€ tredstiissiod
according to rl ~e accurac g{ﬂlt he r;:ation vectors_f ur])d foi'.oqwed by
gone: ar ~i ng2Ah¥oA% g5 SHT! %"r E:l"teé‘ac’qﬁ‘}gdm%ﬁ‘?ﬁéﬁIﬁ?qd:%z'?ﬁ:é;-ﬁeé%ﬁ’fﬂﬁlén ercr. 5
The predi ct Bb/EG FEC1/SCIVWE 1588406, A6 | B30AHChELi&IRORI0h Gat dRuSERLY N ( DCT)
and quantizati otz of the DCT ceentients based or, gq~~~LL:3nOn mat:,Ces a :d
quazti zat i ORFTEETPEFsHencoTPRIEhBsIR eulersnte. clodhic mehpd 28 inpphddepNeqyescy iser
cur-lea=th eRaRERnWisédheNRNiyeDkRup-8RSicturss, HANRS sliceylmadobRLk, Eﬁd@iﬂaﬂfl e~ced
w; ti addi"enal i~for~ation such as selected noc:on vectors, MB | O1odine
nodes, quantlpgk ByeroRachtniqursiiny eeroumef-pigkrep ik hgrcadsrigcosding ritsedetepmisedrat i on,

to formt hepicture coding type. '

The picture coding types used in the MPEG2 Test Model 3 include intra-coded picture (I-
20 picture), predictive-coded picture (P-picture), and bi-directionally predictive-coded picture
(B-picture). The I-pictures are used mainly for random access or scene update. The P-
pictures use forward moticn predictive coding with reference to previousty coded I- or P-
pictures (anchor pictures), and the B-pictures use both forward and backward motion
predicuve/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-overlapping blocks of pixel data called
macroblocks (MB) before encoding. Each MB from a P- or B-picture is subjected to 2
30 motion estimation 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



out put bits~earn. Local decoding is pe:~orsed by inverse q',:aatizing ~' ~e
oua_ntized DCT coer= cleats, followed byiaverse DCT, and notion
conpensanen. Local decoding is performed such that the |~ reference
pictures used in the rsctian conpensation are identical to those used by
any e;cte:nal decoder. The quaatiz:tioa step-size (QS) used for quaatizzng
the DCT coe~cients of each M5 has a direct inpact on the nT,:raber of bits
produced at the output of the run-length VLC encoding 20 process, and
therefore ttve aver age output bit rate. it has also a direct inpact on the
encoding quality, waich represents the carpal Fim~re quality at the
correspondi ng decoder. In general, l|arger QS ~eaerates Lower eutp4dt bit
rate aid | ower eacadi~g cu:L~ty. la order to control output bit rate and
picrsre aualiry so t'nat tze resulting bi.tstream can satisfy channel
b2ndwi dt h orpgter &ge: thi @kt atihamasonvekicrasn@ios: dirigensacio e ijier fomesnt where atee
control and quantization 2~ control  alcocithps_are used., Sane net hods for
rate cont rolings- f lyer-Rigks PR aR Berftd ohe tahisgyst ‘%"Lﬁ"n'ﬂm?cﬂ 3{:??255%&/@5
mentioned Dr]).BEGZ,ri8Skodod +:0884 fornd, THRS®d By b4(HRine ORPRd:-88219 PRRIictdd MB @
bit allocation process, a rate control process, and as adaptive

quan: i zat i orconpsdrgess predigtiohe™di t al | ocati on process, a target 30 nunber of
bits is assi~ed far a new picture to be coded according to a nunber of
previoustDdeternined and pre-sot paraneter s The rate cct:r< of step then
cal cul at es arHegft=icesddB is théh subjisant tzditd-an csiepraistenf(DCTe ashquazdARitased on
the target bjt or the picture and the number of bits alr easy used from
Lhe target £he BT ROSHEGH e Hi e PG Phas Bt e P T o

quant i zat i ORLREREEBET chbmcienl cithal s LRk et LREehdas =t wadhivenatsd Iefkts bddes i S
scal ed according to local activities of the MB, and an average 112B l

actizry detWi medeylRRIRiee fa cofirend infyrmation {eags slrsHsf RBPaYFIEtMBe. Thi s
scal i ng if) dgRBg A6EA! &iAgtioh Aod-avebnDbr Bak g seffe8&tisofharerdb B@ESE by
human perception’ for with high or low activities within a picture. A

vi deo buf f eouipst bigEPYLVE~~ may al so be enployed in such a way that unde~l ow
and overfl ow of the decoder input bui~'"er are prevented as required by the
MPEG standard to ensure a tareet bit rate is maintained. 10 It is assuned
in the bit &okddercition iyrecoasy by finverse ifeaicigg slie quatiiet PO ceiisirdudfopoetdir e

can be qual i),; [N S| e ber X - ] rmul a: v9
- Q() V\/nelFém%grf%\b!t:ﬁ-ﬂaé}dg;%r%ggg‘%ﬁe&gérﬁclﬁ'zgf fa\(gl%csq?é‘u%-lgﬁ %gog%g&/f'}t%g&ég ed pi cture
and K is & comst@pictgesised i tieantom optnpedsadepen dieatel 1o thosetuhed pianyur e codi ng

type. It is_als ) d that the | S visual qualities of all encoded
pi ctures, shS%Fﬁ‘%b@égoﬁ%gﬁt ained at a simlar level wwthin a GOP. Therefore,

for all pictures within a GOP, the bit allocation process naintains the

o1l oW 18 Oy plolS PR B Sl P W 8 S ol

and si m . | atiratt KopacdSn tBmmiber sfispeiduved 49 tie-deht ofthaeth-Boak VIYC dnasdigg S f or

- P 20 process, and therefors the average output bit rata. It has also a direct impact on the encoding
quality, which reprzsents the cutput picrure quality at the corresponding decoder. In gegeral,
larger QS generates lower cutput bit rats and lower ezcodizg quality. In order to control
output bit rate and picture quality so that the resulting bitstream can satisfy channel
bandwidth or storags limitation as well as quality requursments, rate control and quantization

25 control algorthms are used.

Some methods for rate conirol aad quantization control can be found in the above mentioned

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

coatrol process, and ag adaprive quantzation procass. La the bit allocation process, a target
30 number of bits 1s 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



20 , and B-pictures. Although this equality does not apply to an entire

pi ctures sequence, it should be considered valid wit~'"zin a GOP as well as
across consecutive GOP boundaries. Far sinplicity, K, ) of equation (2) is
normal i zed to the value of 1. Fromthe above assunptions) an equation for
determning target bit allocation for a picture 2~ to be coded can be
derived for each of the picture coding types. The equations are given -4
as follows for each of the I-, P- and B-picture coding type: T= R 1 + 11, ~
Xr~r) + N~ xrer~ P~ x~r,.| Xrre RP~ . + NXPgCxrkKd) RB ~ Xrgsl (5)
NB + N XdKp 5 where Xr r "SI SCh XP - 3 SP QP~ x8 ~ ~B Q4 and Sr, S-) S8
are nunber of bits used by preV|oust encoded -, P-, B-picture IO
respectively) Q, Q-, B are the average quantlzation step-si ze used by

previously g g,greg&‘m SIP%PL-&&L bdsES B flelt Xr%}@ts%tﬁ@@c“@eﬁ'&?het patgpber  of

P- and B—plqc S remal ni ng e current spect to the current
pi cture tobhea.lcadgds,edﬁfwnﬂbewgméxtsamcmln@iﬁurﬁi@mmmpzmms Imibsiadapeide t 0 t he

GOP according to.a ta and Tr 8 are. th acla ed
target bit q&?‘f%&ta% pdﬂc‘?o:me ca‘t% cF rrI‘IerF’m:" %’a%l e %ﬁe 57D S%age eaﬁéor %ectl vely.
-5 An opti ofl ackioiey ofl the'MB, by dveragpMB aﬂxﬂr@déthmﬁﬁtfﬁfrmhledrrérﬂbget bi t

al l ocation as, gi ven |n t he MPEGQ2 Test, Model Tf or TP or,. TB) Z
B't t RatlePraidelyRofcaiTyeE s B R SoB? FocRES P ’f‘ﬁb°‘§‘a?5§‘é§ it e,

Pi exrcre Rab@ng SoifdbiiRma8 beRigtiod FeMB aelechi geér 1I5@GoRnGtesafithin a picture. A
video buffer verifier (VBV) may also be employed in such 2 way that undecflow and overflow
of the decoder input buffer are prevented as required by the MPEG standard to ensure a
target bit rate is maintained.
10
It is assumed in the bit allocation process that the visual quality of a coded picture can be

qualified with a singie number V,,, expressed by the formula:

. _ KX
PQ=°Q' (1)

where O is the average quantizarion step-size of the coded picture and X is a constant
qualicy factor which depends only on the picture cocﬁng type. 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:

0°0.70. @)

where Q,, Qp (p are the respective average quantization step-sizes of coded I-, P- ,and B-
picture, and similarly K, X,, 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 well as across consecutive GOP boundaries.

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

From the above assumptions, 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



5 K is a constant (eg. 8). A typical video encoder systemis designed to
code picture sequences with various characterisucs and conplexities. In
pa~-ticular, sequences with little notion updates or conpl ex notion scenes
creates different requirenents for coding pictures of difference 10 picture
codi ng types. Far exanple, a sequence with little notion updates may be
best coded with higher ratio of bits allocated to the anchor pictures
(I-pictures and P-pictures) for visual quality inprovenents. On tl:e other
hand, a sequence with conplex notion scenes nay be best 25 coded with
relatively even distribution of bits tp pictures of all picture coding
types far notion detail inprovenents, and hence higher ratio of bit
allocation to the B-pictures. Present systens based on fixed visual quality
rati os, o e Rk LadCGARALN. Ly eaak) 5lufZhhedO NOt adequately address
t hese c.'zd?:ges I n sequence characteristics. Ln ot her words, the
pre-determ ned and fined quality factors Kr, Kp and K$ have nore or |ess
determ ned the ratios of the average quanti zation step-sizes (ie. Q-, Q,
and B ratios) to be used forn,coding pictRres of different picture coding
types. This relationship Iini@s tpe aY vi Ly og\bit allocation tq3)

di fferent picture coding types of ailxéﬁé t" t+Hn craracteristics. 25
Furthernore) the adaptiviry of bit allocation should depend on the visual
quality itself. Wen higher visual quality is achieved for the anchor
pictures, a feature which re -6 distributes the bits to B-pic~sres is
desired such that bora'~ visual quality and notion details can be

bal arnced. Summary of the Invention 5 It is an object of the present
invention to provide a nethod or;agparatu@ far_ picture sequence conpression
whi ch better caters for changes if sggqgﬂgfi__d codi ng characteris(4jcs. In
particul ar, an object of the present fnvefiQxr/is to provide a nethod or
apparatus for inproving bit allocation. 10 Vfhile sophisticated nmethods of
determ ning notion characteristics by franme difference detection or notion
vector analysis may be etnployed) such nethods may have significant inpact
on i nplenentation cost. |nplenentation cost may be an inportant
consideration for systens to be broadl ~.gused. A further object of the
present invention is therefore t 65 FS T met hod or apparatus( or bit
allocation with [ ow i npl enentation cb@pﬁggﬁﬁ?. One way of solving the above
menti oned problens is to adaptively deterni'fé/new quality factors K-, K-,
and KB of equations (2)) (3), (4), and (5) according to characteristics or
paraneters obtai ned from past coded pictures froma sequence. This is in
effect chan h%g 20 the target ratios of the average quantization step-sizes

for 1-) P, B-pi ctures such that visual quality andlor notion details
can be inproved Xjep§@j ng on tHe=H@ents W XhiEns;tdye
4
and
S;, Sm Sp are number of bits used by previously encoded I-, P-, B-picture
10 respectively,
0, O Qp are the average quantization step-size used by previously encoded I-, P-
, B-picture respectively,
N, and Nj 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, Tp are the calculated target bit allocation for a new I-, P-, B-picture to be

coded respectively.



sequence. A further sinplified approach is to adaptively nodify only the
val ue of K8, therefore the 25 target ratios of the average quantization
step-size of B-pictures over that of |- or P pictures' ) as experinentally
determ ned that the inpact is not significant in ternms of solving above
menti oned problens when K, or Kp are also nodified adaptively. The quality
factors are nodified adaptively in the present invention according to the
30 average quanuzation step-sizes and bit usage of past coded I|-pictures,
P-pictures and B pictures. Encoding quality and coding conpleziry of a
picture may be neasured fromits aver age guanti zation step-size and bits
used. The ratios of coding conplexitiés of picnsres of different picture
codi ng types together with encoding qualities may be used to indicate
spatial and/or_ noti,on complexity eref or e 5 may be
det er ni ned “{5“ STl (M rlclilm.rrﬁ)/’&1 Ai%G 8P %ﬁg%ﬁln%%s@é‘?%%& %ﬁggggé&ag%{/%%gg@quence
of vari ous tpd MPER T=edMadeltsypesca(1-) P and B-pictures) wth sequence
adaptive bit allocation according to the present invention. Initial values
of necessary paraneters foifco 'n% 2§y be pEe-Retermned. Bits are
allocated 10 to each pictuke o' de & SkchedBakas he resul ting vi®ual
qualities defined as KIQ of all pictures within a group-of-pictures remains
at a simlar level. The quality factor Kis dependent on the picture coding
type; and f he. - - od ~§pag@pti vely nodified according to the average
guanti zat i c%i{eg“t gf)t-g?gésgmf %r’éattﬁl I't usages of 15 past coded pictures. Wth
bits allocat. . - dictige Raps stnumder of fieurss deded par yeaord, awsht rol l er is then used
to regul aste bi t foarcoc t(_ji '{'?eo()% each rracroblock within the picture. A video
encodi ng syste atcof h"ﬁl " the present invention may include conponents
that are simlar to those used in the MPEGR 20 Test Moddel 5. Brief
Description of the Drawi nPs The invention is described in greater detail

her ei naf t es VBiFAEGEOFOCREER SYHER Brfleyisnssi tP FOEP P SFRITEEFS "B 24T er r ed

enbodi ment cfhenaabeand oRPlARROMRRPMHIATardERANRESY VIR hdbon Thdhesbri S @

bl ock diagramillustrating a video encoding systemw th sequence adaptive
bit al | ocarPopler&EEOPHsEHHes Veuss Gty rR@ntements foreoging pistires oividffarensa; and
Fig. 2ig %icHrQ%&%%&Ele an enbodi ment of a Quality Factor Estinmator of
present uzvenuon.

For example, a sequence with little motion updates may be best coded with higher ratio of
bits allocated to the anchor pictures (I-pictures and P-pictures) for visual quality
improvements. On the other hand, a sequence with 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}, X, and X, have more or
less determined the ratios of the average quantization step-sizes (ie. @, Qp and J, ratios)
to be used for coding pictures of different picture coding types. This relationship limits
the adapdvity of bit allocation to diffarent 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-



_g_ Detailed Description of the Preferred Enbodiment Figure 1 illustrates a
vi deo encodi ng system 100 with sequence adaptive bit allocation according
to an enbodi nent of the present invention. An input video picture sequence
is 5 encoded by a video encoder 10l to produce a conpressed out put
bitstream which may be transmtted to an ettetnal decoder via a

communi cati on channel or recorded on digital storage nedia far playback
applications. Each picture fromthe input video sequence is coded accordi ng
to its assigned picture coding type (I-, P-, or B-picture). A group-of
pictures (GOP) is fornmed s~a..-ting with an I-picture, and foll owed by
possi bly sets of P10 pictures and B-pl ®tures. Typically, the video encoder
01 utilizes notion estinmation, notion conpensation, discrete cosine
transform (DCT) coding, and.run-lepgth/differenti.al encoding wi.th, variable
| engt h code$iStRpuEsy “é?sb(%‘\?i‘%lgbm?f&"rf)fse%g‘f" U AT Og Wl ﬂ”@i‘fﬂé"@g '@?\‘éoc?d%elm{sray be
15 i npl emeng gohesSpiedncddnat the out put bits~eamis conpliant to one of the

| SO LEC MPEG st andards, and can be decoded by the correspondi ng MPEG vi deo
decoders. A bit allocation processor 103 is coupled to or fornms part of the
vi deo encodgf, qppofi . P Oigded to determine a target nunber of bits (F) to
be used for ure from20 the input video according to its

pi cture c8ding type and target bit-rate. The target bit-rate and picture
coding type are prow ided as i.nput. to the bit allocation processor 103.
Bits are al I'0t&t E‘HC%S% gﬁrﬁr'sf?fénre@%m PirRyY A %ﬁ‘ﬁ%oéﬂ%ﬁpﬁa@? e tHEd as K/ Q of
all | pi ct ]chr e&q\d&:dchigﬁ’mﬁregﬁmmﬁfﬁ] bﬂieﬁ'&uére&rrcﬁmwd eB safueBesiddidoding | evel . TheOI
quality factor K depepds qn the pictu coding type (eg. Kr, KP, K8) and Q
is the aver%{&éa%a‘ﬁ@i iy %‘bg@i’fi@%‘%@&s%g‘w& nrfé“’zgmt”ﬂaﬁ A fe type.
Ezanpl e net hpdeanaffobidpradihosbii@aidmy be found in MPEG Test Mdel 5, as

gi ven by equations (3), (43, (5 with an optional lower Iimt given by (6).
A set of1fnitial values may be assumed for K,, KP) KB, X, XP and XB. After
determnin d . Di T IL . . ; ~adaptive
quant i zat i'gﬁ%gg sp%%g%'sag}rng%%s %{rdgteus eg ’tng&%glcgé&%{rghtt ﬁge} g%ﬁ%tall@lgzég?’zbn

st ep- si zes degctiondr mgtiof vesrianalysiOmapbr ahploek, fuchiBhodm niaphéaye sigrufieant The
quantization step-sizes are ussgc}ﬂt%ﬁé ieonﬁl l%o together. wi th quantijzation
matrices to gaant] TPY Re M ST WP ERAE S 08y ShEbiP ™ YIS RE YR s may
be subj ect efdr pstammd th da besidlnaed. Q0 furthed dtgdtt 6DMP e resAit irvanticariel iidtedsreab e cosi ne
transformprior, to guantization rape f el d adaptive nethods nentioned in
VPEG> Tl TEORB S BH ) Br St Bl ocaton Tith K G SR s PEoP R Run | ongt h
encoded with variable I ength codes and nultiplexed with all necessary side

informati'on_to provide the conpressed output bitstream T'ne rate

control | er PRAvanPLipiaRede 300ermengaRed RERPAGTES 15 4R pAptivaliefriaroine eyt Quilich hLB
based on 1GatQes R;akg%d@rat@eg&oﬁm).t@?@t 95&*(5?%c9%§48%h§!’d&%c95r bits
consuned fromthe target "bits in encoding MBs tromthat picture. For

adapti ve uREsTRetensiobRingd srom prst eodpdpiktutes dromed sedeaned Biejsis effest thangingl ed
accordi ngyt I VI 1L . ves a . Y

det er ni n%% [Ptr: (lgﬁng%%ﬁaé&gh; wgnitvg%‘ﬁgé‘%?%\‘}%ﬁ@%%g° ea’e%i’ gﬁd g&éﬁrk}e%é&mof rate
cont r ol andvisushgtalineamgiahetmatdetils Canbe impyeddepbmiimgdon the bRiEGRs Fahin thbdel 5.
15 Aquality factor estimator 102 is used to estu-nate the values of K
according t q't‘?‘?ée'pi cture coding type and bit usages (S) of past coded

pi ctures supplied as input fromthe video encoder, and the aver age

quanti zation step-sizes (~ which are supplied fromthe adaptive

QUaNt | 7at | o MO ST0R 24 GErrh R N F FaE o2l e ot (iR ribe

st ep- Si Zgs QurdehfaridPoH@ ki dricel @ahiRhrdh EBLBf BERcdides Byet 848 1-Qpal.i ty of an
encoded picture. A set of values for K nay be determ ned for each picture
codi ng typeRictHEasoas exgenmentaliy dejemnadethat ighe 1mpags i Ros signifeans imievasiof Fur

t hernore, the.: : A.ar pi cture or for
every plur a#ﬁ@f%@%ﬁé%@gg#@i%ﬁé%é@ ? %HE%@nptagggf& Pbé\e%a%%%gplg'ual quality
adaptiviry needs. The estimated val ues of K are used by bit allocation
processor 3 10,25 determ ne_the target nunmber of hits to.be us,.-d for
odi ng_of en By e S BT g S Sesp e bR Staneh arcpugoodRe

oper at i oy@l avetRpuainziten seppaidet ynd BCtsade TPaittBlaa-RatRE, R -PiPuta 228 B-

enbodi ment of the present invention. Starting with step 2QL, coding

i nformation such as the picture coding types, the average quantization
step-sizes and bit 30 usages of coded picrares are obtained. For sop 202,
encodi ng qualities are determ ned -10 using the average quantization
step-sizes. The encoding qualities for past coded pictures of different

pi cture coding types are determ ned for the purpose of re-distributing bits
to B-pictures when good encoding quality for P-pictures is achieved.



5 achieved. For eianple) it is possible to set a maxirrum and m ni murn
limt for t< ~e value of K of a particular picn:re coding type using
average quantization step-sizes for past coded pictures as one such nethod.
In particular, a sinplified enbodi mrent nay be given as follows: Ka _n~rrv -
CaKB ~=C x OP+ C-, and C3 s KB,~u.x 5 ¢4 10 where Co to C~- are
constants {eg. 1.4) 0.3, -0.4, 1.4, 2.0 respectively), QP is the average
ref erence quanti zati on step-size of a past coded P-picture, and K~,,s,,"
and K~MH are the maxi mum and m ni num quality factor K for B-pictures.

Simlarly, Kr_,,,,,,~ K,un" KP_, ~ 4> and Kp_,~~N far |-pictures and
P-pictures may be 15 d~tennined. In fact, for sinplicity K, _,,s,,,X,
Kr ,HN, Kp_,~,, T, and KP_.MN may al so be nornalized to the constant val ue

of 1.0. Atlpg 3a cd‘? h@?’ﬁg h&%k%rﬁ x.tj"cm erH@:EEre s

pictures a Ing co es spatl a and/ or
nmot i on corrp{/ﬁxgetquanmzamonistagsxpa axtduhite ueefd. a"hézcnnpanttaodm a:oxrpilmcusef pwodiresy t ype.
It is given P Xx. Xg..= SB. x 7CB .whe S ). SB are
the nuniber SHRIBTTSPEEREFRBMEY Sarlniih cahre gy e e > 1)
and B- pi ct yifial efipechddcalcpmpRRigy, fahd thefdforeBthaqealinh chyeinag e detediihedt i on

st ep-si ze used for encodi ng all macrobl ocks of the I-picture, P-picture and
B- pi cturé P“é@f)‘@%&?’*\/el y. 5 V-%irb the determ ned encoding qualities and
codi ng conmplexities) the quality factors (K~) K~) and Ka) are estinmated at
the neat step 204. The ratios of coding conplexity of different picture
codi ng typé Yifes epseding ysthat engedes ﬁeﬂd‘atsmsncefofweouq@mr@yoqhazmﬁs g-S’rch t hat
the bit al r ;53115;% or
notion co L"&égltp c?%sgov? di g?%gée]and |c3t1{1grugcag1§§ @iép{ggtﬂe g&?ﬁ]grlrv%gxgbg! t he
rati os of lrhaalqzuhbs bglnebmarwpsrameersa‘bsmdm rhavntietmel-dacemndi Rjtstace dllveated

determ ned_encodi n ual it as to eimze visu al i ng notion
det ai | SQ% ? Fﬁ%g‘lﬁc"df‘ﬁ%mﬁﬁ’éffs"?y’esf‘gﬂ?&s& @Bﬂl%égﬁﬁ%lsi@é(ﬁ cordi ng
to the fol ppwragviEAARrRp-ofpidirestefadinkave simlr ledNd set K ;~. s K~ s Kr ~
(7) I Kp = 1.0, fg) KB=C-x ~P + C8, and set KH~ s KB s Kg_~Y (9) a
where Cf to CB are constants. 15 The values of CJ to C8 may be

experi nent @hd yu et BERk REE dedehdenorfdhs 91c99§ &@Avetiﬁé) ah@ RirbRFmSde! rzrplsl fy the
nmet hod by setting G to C8'to val ues 0 respectively. The bit
al | ocat i onadspBraby Frodificd pprosdingrorths ﬁ’leéﬁuﬁ qganﬁf-anan sigp-sizes (Qfmmbuty-sm oh is
based o antization step-sizes and the quality factors (K,
Kp and [}e B%b@r?@&gnco%j -12 pictures or groups of pictures from an

i nput Vi deo sequence. By adapti vel y nodi fyi n' the quality factors according
to picture n and encodi ualitie COdI X|t|es
determ nedwt:)%q:f gllé%l/ag'?% §b§ p(ﬁcﬁuargﬁ bzea D:;igdn%s tgp‘):o%tlr %er B3 @%@5@‘5 of coded
pi ctures, ﬁ:rvtbdiﬂpoémhckmucamr)mﬂhmgh& gicare. (Anﬁcbﬂl dﬁ%ﬂing)&ystehﬁaqabmnb

i nvention ﬁggr%ﬁ]ﬁﬁ%%'{sﬁﬂt I yH‘ébl ggq%%ﬂbl t%xfar:gg&n a}t%r oeste u?é - rtge I%IPLEOG encode

each pictu
20 Test Model §.

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



The quality factors are adapted in such a way that nor a bits are used for
notion derail inprovenents when there are cornple:c notion scenes within

t he picture sequence; and on 10 the other hand) nore bits are allocated to
i nprove visual (spatial) quality when scenes within picture sequence
contain Little notion updates. The bit allocation is further checked with
the encoding qualities achieved so that the both notion de~ails and vi sual
quality can be optim zed to enhance the overall objective results of the
video encoder. IS Substitute sheet - 22 Novenmber 2002 -13 .lai 1. A
novi ng pi etu~res ' encoder for encodi.gg pictures in a noving pictures
sequence according to an overall target bit-rate, each picture having an
assigned picture coding type, 5 the noving pictures encoder including: a
qual ity fachehiRShdsPBidh of e MetatdERbR@nRndual ity factor according to the
assi gned piTture coding type, a nunber of bits used for past coded pictures
of that type, azzd an average quanti zation step size for post coded

pi ctures; ' it { f t i ] er of

B ts for colins o BeRe 2 BE leRER TRt 180 iE! L) Ppfvd B BRABUTYS Pl
assi gned pi ztarding coatt etbbddyment af thetphesertdnveasipmn dinuiagut cpidebiptigrurk aequenge ia
bit-rate controller for determ.nin ref erence quantjzation step-sjze
based on ¢ hEPEREe EaARREF 11 BiRrles A CORErREAREE b PEREEE NSO { ne

pi cture; angangfinddapid serfldedddétiik @RoRHAERIEE cHaafel @€ r&ordediondigrnt odi ng
guanti zati on step-size 15 based on the reference quantizativn step-size and
pi cture act§</AEs By oF Plaweackppalifrions 5 F3ch Bichye MR iRy YaPUseREade

quant i zat i 0fgst £Parde 26 ith i gRASHicOANRinRi GALITESP-, 8r BAIIHRY NG R S
encoder as clainmed in claim1l, wherein a corresponding quality factor is
det er mi ned mgurehEGORIHE farped settioe Wt sarfepietref, gnd éxllofep by passidly seseof B0 3. A
novi ng pigt ) s clained in claim2, wherein a value for the

qual ity %gé#%?éfg%gg gﬁﬁ%ﬁed for coding of each picture of the
correspondi ng picture type. 4. A noving pictures encoder as clainmed in
claim2) rein a value fo uality 2S factor is determ ned for coding
of “each pl uiaiely Y grteies 10F ol ool eneRtiehy BTt (HETTREY 5 A

MoVi NG Pi Ctdikcese RGO ARksiars @ GNBding Narkll r@hRndth/diffefenttal HOEIIQ WithivEiABM and
rnaximum~ limts are set for the quality factor of each picture type. 30 6.
A zt ~et hod g eieodiirig 25 ivideR FRBPTEHIOR PRI HES- pActidhossicadsq e ®e according tv

an ovezahi itafaRhedklchtah te RAROLRHGIHEHNI AT 10%he 38 HIRBABR KipREE ceding
type, including the steps of:
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
S, 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 Xj.

After determining the target bits (7), a bit rate controller 104 and an adaptive quantization

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



Substitute sheet - 22 Novenber 2002 - 14 determning a quality factor
according to the assigned picture coding type) a nunber of bits used for
past coded pictures of that type, and as average quantization step size for
post coded pictures; determning a target nunber of bits for coding a

pi cture according to the overall target 5 bit-rate) the assigned picture
coding type and the corresponding quality factor; detcrmni.ag a reference
guanti zati on step-size based 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 reference quantization s tep size and picture activities for
the picture, and for determning said’average quantization step 10 size for
past coded pictures; and encoding a picture accordiztg to the determ ned

codi ng quanti zat i ep size 7...A nmethod as clained in clai e qMlerein a
cor respondirﬁifr%ﬂ%ﬁ?‘ir}@)flgéqcoorm??‘ deE SHaTadeT %?p 'g‘écéharb}lsf? ar lé@%é"@% 8. A
netliod as wiipguiBGzation elatidss B quatieeaha MBswalHIS ik Giddbacaial 0L yTHeadBor is

determ ned for coding of each picture of the corresponding picture type. 9
_ A net hod B % 2Pise8d FHmEReR RN SFUICR CAMPHISERPTh GRd HEEEEAIRY y factor i s

det er mi ned 2Qbah pROCioNEaza88¢C NERIERI iché.Fﬁ’x_fe REBEAY B Rhed RMBEET spONdi ng
picture type. 10. A nethod as clainmed in claim2, 3 or 4) wherein mninmm
and maxi nurvipdehd teeyaalse beeppiizsk Theequanrivied tWBY e rurlepgth ¢aedded with yamadiey pe.
Substi tut e shaelodes 22 HOUENRE! o 200PneckBal ligAnARAL A0, B GLHESS, encoder (100)
for encodi ng pléiures I'n novi ng pI ctureés sequence accor Ing to ui overall
target bit-combessedacipupbictragre. havi ng an assi gned picture codi ng type,
conprising: a quality Factor estimator (102) including nmeans (203) For
determning a picture 5 conplexity (X) for the assigned picture coding type
on the basiThe Qe toRroleTRY calfuldistaSefdfetibe (Bn)izA08 sRP-sB¥ e6o@eh MartkddZat | on
step size for past coded pictures of that type (Q; a bit allocation
processol? (aBizet B <aré{<§rt§$ RicHErs 304 %eg’é‘fnc’ﬁﬁﬁg@ﬁ cghsuFied Sromribe iyget Hitng a

pi cture accifiRMBOrbRanARERk! FB@E&?EvPh&ahﬁ%u‘%n 1bhenassh anesreR Gl ©
coding type and a quality factor (K) for the a55|3ned pi cture coding type,
defi ned as steheizpingaled agsording to local actvites of the MB an

determined from the current or a previously coded picture. Methods of rate control and

an average MB activity

adaptive quantization may also be found in MPEG2 Test Model 5.

15
A quality factor estimator 102 is used to estimare 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 processor 105. Together with the average quantization step-size Q, the

20 quality factor K determines the visual quality of an encoded picture. A set of values for K
may be deternuned for each picture coding type. Hence, K, X, and X 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 usaed 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



10 visual duality and the average quantization step size for pict~rres ol"
that type; a bit-rate controller (104) for detenniiung a reference

guanti zati on step-size based on the target nunber of bits (T) and the
nunber of bits used for the picture; and an adaptive quantization processor
(105) for detennilung a coding quantization step-size based on the
reFerenca quanti zation step-size and picture activities for the picture 15
and for determ ning said average quanti zati on step-size for past coded
pictures (Q, characterized in that said duality factor estimtor (102)
further conprises neans (204) For determning a quality factor for the
assigned picture eo~ling type as a funttion of the ratio of the pi ctuz~e
conpl exi ties of di fferent pictuz~e coding types, determned for past coded
pi ctures. 20 12. novi ng BI ctures enco%er ac rd| n,g to claim1l, wherein
sai d nmeans BPS éﬁ-f?taé{FWP‘Flﬁ‘r‘?& ZUgh alePSiFEt a P“f)?n‘:(’ sualt ?prr%i" BH5Cqied RSB

det er mi ni ngom&fnfea& bRl e ChyPpdsCdrél 12 AR RX urelpaaogefofqbfdfsmbafma BitChur e
coding types. 25 13. A noving pictures encoder as claimed in claimll or
12, wher ei nBapictresevhen goedwncediang qrakinFias tfopiciuges deachieyadn edmflesty, dirdiarégeof each
pi cture of i t coder as
clainmed in E{lexb% tﬁ%&%’gkwvﬁer%n}og gcot/da ua&%rs f@lﬂgxwd‘glagég#%%%%%%

det er m ned ﬁmievccddﬁngcn&nmsmhspbmta¢ tot sgt mfnaplnummsnmﬁnwmbmcdmrrbspaindl ng 30
picture type Substitu S ~ TnOVi ng

Dl GLur o5 eneriar Seepla hEatt Froing B ey SRR alehtaion SBurtBiaiar 19 1 un
and maxi nuntddedipicturas & @Rtsudtofiethb® Uligdrtiduyarf aeiplifiadf enttadhinapt &by be ziveRe. 16.
A method for encoding pictures in a noving pictures sequence accor di ng to
an 5 overal B 8PYEEt bit-rate, each picture having an assigned picture
coding type, conprising the steps of: determining a picture conplexity (X
for the assigned picture coding type on the basis of the nunber of bits
used (S) and an average quantizgtion.step size (Q for past coded pictures
of that type; 10 deternining a tatfet unber of bits (T) for encoding a

pi cture according to the overalk target D -1 at e;ngt he assigned picture '
coding type and a quality factor '{‘K) fér fhe adsi gned picture coding type,
del xz~ed as the product of a vi sued' QQ@|M Ve @nd t he average quanli zalion
Step size for pictures of khat type dErERi ni ng a reference tluantiration
step-site based tin the target nunber of bits 15 (T) and the nunber of bits
used for _the &ure and detereni nin a codi n4g 2at)uantl zation step-size based

on the r&f VB Ee q@aﬁ?i&?qsﬁﬁ“ eg. 1.4,0.3,-0.4,1 respectively),

Qp is the average reference quantization step-size of a past coded P-picturs, and

Kpmax and Ky, are the maximum and minimum quality factor X for B-pictures.

Similarly, Ko Kevmo Kpagar and Xi ,, for I-pictures and P-pictures may be (
15 determined. In fact, for simplicity X, ,.v Kraw Kpaer and Kp,,y may also be

normalized to the constant value of 1.0.

At 203, the coding complexities (X, X, 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 =5 xQ,
Xo = Sp X O
Xy =S5 %Oy

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



step-size and picture activities for the picture and deterinining said
average quantization step-size ((~) of past coded pictures, characterized
by the step of: 20 determning the quality factor for the assigned picture
coding type as a function of the ratio of. the picture conplexities of
different picture coding types, determ ned for past coded pictures. 17. A
nethod as clainmed in claimI16, wherein said step of determning the quality
25 factor conprises determning the ratio of said picture conplexities of
different pictL~rc coding types. 30 Substitute sheet - 22 Novenber 2002
17 18. A nethod as clained in claiml6,, wherein said target nunber ol' bits
(T) arc determ ned according to the f'o]I I'owi i ~g equations: R1 + | f | X-r~
+ 1V ~ Xa XpUa B . Yrfis I[UT NN+ N~a'~r~ P Il xr'e Jn 15 T = R xI~-R N~
* N~ X~r) ~0 19. A hod as_clainmed in claim16, wherein a value for the
quality factor ignddg't%krmrrﬁirerfg%f%f'%?’ ?%di ng of each picture of the

correspondi ng pi G;t@e A \apethe 20eragh quatihadorfgerctize uvedl far rnaddaignallihacrobieclsi n a
value for the quill i ty Factor is determ ned for coding of each
plurality of pi cf’ﬁ?’éi‘pﬁ%{rﬁzﬁ@&?ﬂ’% @IS BB EY t ype. 21. A nmethod as
claimed in any one of clains 16 to 20, whcrci.n mininmumand maxinumlimts
are set for the quality lector of each picttue type. 30 .ALa&e. As{3

. A% ALNY. A( Virote detagpinedrancadingauditiphang codingspmplexities, Aiyquality fxaers(E»\W of (m
g .79< m o mcti ary 9 - o :

{vakf [ V] ca]r%'aadcx érélj]SE:UQ [8% tctg oy &% 6g1 'cgf%é Ca fccé) Léléi]ccc‘ja I(f::"é]]t}f:gi ca]calca]c
a] ca] ca] ca] diffgrera prafe ajdifsaiypaie RaddctRalefime the ratios of the quality factors such that

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 limited 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, = Cy % -f:- +Cq andset X, o< K s K, N

K, = 1.0, ®
X5

K, =C,x ra +C andsetKy,n s K, s K, . (9
B

where Cs to C, are constants.

15 The values of C, 1o C; may be experimentally determined. It is also possible to further
simplify the method by setting C; to C, to values of 0, 1, 1, 0 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 Kj) while encoding
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109%6&' () -f. hcbodibgd g In aﬁﬂﬁ%&rge)t bit> 410 9/&a%h (pjctiré having an assigned picture coding type,
5 the moving pictures encoder including:

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 number 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 moving 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 picturc type.

5. 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 scquence according to an overall
larget bit-rate, each picture having an assigned picture coding type, including the steps of:
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the number of bits used for the picture;
determining a coding quantization step-size based on the reference quantization step-
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.

15
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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1098 ()-- 1098, () -A #2O%BS (pjotures cncoder (100) for encoding piclures in a moving pictures

sequence according 1o an overall target bit-rate, each picture having an assigned picture
coding type, comprising:
a quality [(actor estimator (102) including means (203) for delermining a picture
5 complexity (X) for the assigned picturc coding type on the basis of the number of bits used
(S) and an average quantization step size {or past coded picturcs of that type (Q);
a bit allocation processor (103) for determining a target number 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 cantroller (104) for determining a reference quantization step-size based
on the target number of bits (T) and the number of bits used for the picture; and
an adaplive quantization processor (105) for determining a coding quantization
step-size based on the relerence quantization step-size and picture activities for the picture
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 delermining a
quality factor for the assigned picture coding type as a function of the ratio of the picture
complexities of different picture coding {ypes, determined for past coded pictures.
20
12. A moving pictures encoder according to claim 11, whercin said means for
determining a quality factor (204) comprises means [or 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, whercin a value for the

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

14, A moving pictures encoder ay 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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16. A method for encoding pictures in a moving pictures sequence according to an
5 overall target bit-rate, each picture having an assigned picture coding type, comprising the
steps 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;

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

determining a reference quantization step-size based on the target number of bits
15 (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:

20 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 method as claimed in claim 16, wherein said step of determining the quality
25 factor compriscs determining the ratio of said picture complexities of different picturc

coding types.

30
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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 factor is

25 dectermined 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, whercin minimum and

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