WO 02/ 30126 PCT/ SG00/ 00175 SYSTEM AND METHOD OF BI T ALLOCATI ON I N SCENE
CHANGE SI TUATIONS FIELD OF THE | NVENTION 5 The present invention rel ates
to bit alWwec@isops and rate control in a video encodi ng sy$cam®Go00/00175
Particularly, the invention relates to a nethod of bit allocation follow ng
a scene change in a video data sequence. 10 BACKGROUND OF THE | NVENTI ON To
mnimse inplenmentation conplexity, the bit allocation schene in the MPEG 2
Test Model -5 (TM5) nakes use of a conplexity nmeasure of a present picture
of a certain type (I, P, or B) to estimate the target bit allocation of
the next picture of the sane type. After a 15 picture of a certain type (I,
P, or B) is encoded, the respective "global conplexity neasure" (X, Xp,

or Xb) is updated as: Xi = Si Q (1) XpSp QP (2) 20 Xb = Sb 3) where
Si, Sp, Sb ar¥YSREMUITRMBTHODR OKBREAIIQCIlT Mi&@ﬁi@ﬁ&i re and
Q, Q, and Qb are the average quagffﬁgﬁﬁggﬁparaneters conmput ed by
averagi ng the actual quantization “valués used during the encoding of al

t he macrobl ocks, including skipped macrobl ocks. 25 The target nunber of

bits (Ti, Tp, or_Th) f next picture in a group of pictures (GOP) s
conput ed IHsEPLHiOF’zT%@W%ENﬁ9i NpXp/ Xi Kp + NoXb/ Xi Kb), bit _rate / (8 *
picture-rate)) (4) 30 Tp =max {R/ (Np + NoKpXb/KbXp), bit-rate (8

picture_rate)) (5) Tb = max {R./ (Nb + NpKbXp/KpXb), bit-rate / (8 *
pi ct ur e_rEreedresent G)veniiy o plaer o irdipcgiyoamioreescontrol in 2 video encoding system.

Particularly, the invention relates to a method of bit allocation following a scene change in

a video data sequence.
10 BACKGROUND OF THE INVENTION

To minimise implementation complexity, the bit allocation scheme in the MPEG-2 Test
Model-5 (TM-5) makes use of a complexity measure of a present picture of a certain type
(1, P, or B) to estimate the target bit allocation of the next picture of the same type. Aftera

15 picture ofa certain type (I, P, or B) is encoded, the respective “global complexity measure”
(Xi, Xp, or Xb) is updated as:

Xi=SiQi 1
Xp=SpQp @
20 Xb=Sb Qb 3)

where Si, Sp, Sb are the number of bits generated by encoding this picture and Qi, Qp, and
Qb are the average quantization parameters computed by averaging the actual quantization

values used during the encoding of all the macroblocks, including skipped macroblocks.

25
The target number of bits (Ti, Tp, or Tb) for the next picture in a group of pictures (GOP)
is computed as:
Ti = max {R /(1 + NpXp/XiKp+ NbXb/XiKb), bit_rate/(8* picture rate)} @

30  Tp=max{R/(Np+ NbKpXb/KbXp),bit rate/(8* picture_rate)} (5)

Tb=max {R/(Nb+ NpKbXp/KpXb),bit rate /(8 * picture_rate)} (6)



-'2- where: Kp and Kb are "universal" constants dependent on the

quanti zation matrices; Nip and Nb are the nunber of P-pictures and
B-picturegyg@maizgi ng in the current GOP in the encodi ng gcd®coohofsi s the
remai ni ng nunber of bits assigned to the GOP; and R is updated after
encoding a picture, as follows: R=R - Si,p,b 10 where Si,p,b is the
nunber of bits generated in the picture just encoded (depending on whether
the picture is |, P, or B). Before encoding the first picture in a GOP (an

| -picture): R=G+R 15 G = bit rate * N,)/ picture rate N is the nunber of
pictures in the GOP At the start of thHe sequence R = 0. The TM5 bit

allocation nethod is described fully in "International Oganisation for 20
St andardi sation | SO 1 EC/ JTClI/ SC29/ W511: Coded Representation of Picture and
Audi o | mfheraxati on, Test Model 5". In the TM5 bit allocation nethod, using

the current piel it 6ol ey gati BBIE NG, eXbaPl Sl Saideal | 0cat i on

gives rise to Fhaccur aci e Scene “ch ange occurs i n the next

pi cture. The g aﬂdlll\&ﬁﬁ*eltbﬂnmﬁbhod Brpitiures afd/Ebpicarcatemaizing i e t:anrget
nunber of bits &gr t he ne icture is based on the gl obal conplexity
measure (Xi, A EepTo ‘F"‘P & current picture, which can result in an

i naccuy ate pr qﬁhﬂﬁ@f@:n&ﬁmhhmﬁ@eg& bidahedmeaftoht GOPemB RSGenRiaBd ghange
occurs. Referring to Fi gure 2, when a:scene change occurs, the conplexity
measure, XP1, @Fo@méa@%emsﬁJP@Q‘We (Pl) after the scene change wil |
normal Iy be hi gher. WD 02/ 30126 PCT/ SG0/ 00175

R=R-Sip,b

10 where Si,p,b is the number of bits generated in the picture just encoded (depending
on whether the picture is I, P, or B).

Before encoding the first picture in a GOP (an I-picture):
R=G+R
15 G =bit_rate * N/ picture_rate
N is the number of pictures in the GOP
At the start of the sequence R = 0.

The TM-5 bit allocation method is described fully in "International Organisation for

20 Standardisation ISO-IEC/JTCI/SC29/WG11: Coded Representation of Picture and Audio
Information, Test Model 5".

In the TM-5 bit allocation method, using the current picture complexity to estimate the

next picture bit allocation gives rise to inaccuracies when a scene change occurs in the next
25 picture.

The bit allocation method used in TM-3 to calculate the target number of bits for the next
picture is based on the global complexity measure (Xi, Xp, and Xb) of the current picture,
which can result in an inaccurate prediction of the target number of bits when a scene
30 change occurs. Referring to Figure 2, when a scene change occurs, the complexity

measure, X;;, of the next P-picture (P1) after the scene change will normally be higher.



-j But since the target nunber of bits for the P-picture after the scene
change is based on the conplexity neasure of the P-picture before the
scene chaw@m/soie target bits for P1 may be inaccuratel y pamgstiosloeds

Li kew se for the P-picture followng P1, the target will be inaccurately
predi cted as being nuch higher due to the high conplexity neasure of P1 5
being used. The effect of this is that a degradation of picture quality in
the several pictures after the scene change will propagate fromthe
encoding error in the frrst P-picture. To address the problens associ ated
with the scene change situation, an intYa-encoding node' can be used to
encode a picture which includes a new scene, such as described in US
patent no. 5,532,746. \When a scene change is detected in a P-picture, the
pi cture Bt klhcaltheoreged dumbehobiitssor theFepigomne Rty the seane chaRgeals GasRSPIEt ur e

and the picture is coded.insan. intra- S ! , the
Srart of “AEBTY RGeS T HC By GACaT | g o MANRSCang P Grddi LA o
i ntra-frapecenedy thediord. scstayisT es ehdk Prdstunf fotbtwingsP Hotimotargrveill &ef i xed

mber of pi ct i GOP dlur | di f a. ._and
GUT t abl o ingeuy o iaiad én G mRos PERPWRTGHP MEqHiE AOTH Tt RadFIDRF Cbf
pictures ﬂeﬂloaus@:)’l'hg-éff?&r@ 1Bt NAdS,) &Leidiph 6f picRrsdganagat iRneldat heureene

change situation by allocating nore its to encodé the new scene picture.
I n US patafiet tosceds 2Bagze3nill phopagade Soshtecinapges cvee if dhe Bxt Papipis dpe
al located t.o enco .G - bit 5,196ReHES e Ahael)
t he di st aarﬁlc%esgghet ﬁrg’b%pfgﬁ %!tsﬁgrlke{&?% I é%g@%ﬁﬁh@{i‘%@%@ua@é eéd&?qrom the %.nd Sroup
of pi ct ures; b2psedOtot dreode mbEictuef whidhpigeludes r alstvosdese,i suchhas @spiibgduinel/S3)

ease of coding the_l- e crobl ocks in.the P-pi.cture:. an t. nunber
of bits &%@Eﬂ%y’?%@‘f VBTGB GO PRAPE v RE BB ‘Pmﬁ’ﬁgt‘ﬁﬁ)&splneehlc?d,
t he sijhuajjiRBeIWAES BitdTtdtdspbRlisE &N e GhangaRkdqiaure ldose pidtages kededninyn
require a significant nunber of extra bits,m%nd gs the extrag nupber. of bits
is only infwreete bip YROEE 8t -89 2641 ha/Bert ol dePPF ot d5tecmined Ryede$Hng Gul d

i ncrease {he Ghang e 2 PhuRdings BEenLNLPHAE . Théte RAMHsGTIRAR R Afve ONl Y
the m ni num anount of data required to nmaintain the mtegrlty of the

bi t st r ean ifisxed namber aftrdetureatn 8 QR gwritd eanding of a sequence, an
use for an encoder system which requires a fixed number of pictures in a GOP.
15

are not suitable to

Some methods avoid picture degradation in the scene change situation by allocating more

bits to encode the new scene picture. In US patent no. 5,7318,35, when a scene change
occurs, extra bits are allocated to encode the picture, where the number of bits depends. on

15 the distance of the P-picture that is about to be coded from the end group of pictures; 2)

20 the number of I-mode macroblocks in the P-picture; 3) ease of coding the I-mode
" macroblocks in the P-picture; and 4) the number of bits presently in:the video buffer
verifier (VBV). In this method, the situations where multiple scene changes occur close
together may require a significant number of extra bits, and as the extra number of bits is

only limited by the potential of a VBV underflow occurrence, it could increase the chance

25 of panic-mode encoding. In panic-mode encoding, only the minimum amount of data
required to maintain the integrity of the bitstream is transmitted, which significantly

degrades the picture encoding quality.

In US patent no. 5,617,150, SUBGOPs are defined as sets of 2-4 frames in a GOP, and if 2
30 scene change is found in a subsequent SUBGOP, bit allocation adjustment is made to save

bits in the current SUBGOP, and when a scene change is found in the current SUBGOP,



degrades the picture encoding quality. In US patent no. 5,617,150, SUBGOPs
are defined as sets of 2-4 franes in a GOP, and if a 30 scene change is
found i n woeplseguent SUBGOP, bit all ocation adjustnent i dmdRoiofi7save
bits in the current SUBGOP, and when a scene change is found in the current
SUBGOP, WD 02/30126 PCT/ SG00/ 00175 -4 extra bits are assigned to the
current SUBGOP. As this nethod requires detection of a scene change in a
subsequent SUBGOP before bits assignnent, there is an undesirable encoding
| atency. Also, as bits are saved in the, current SUBGOP so as to be used in
next SUBGOP, it is only suitable for thhstant bit-rate applications, as
using bits saved from 5 previous pictures is not necessary in variable
bit-rate applications. Wen a scene change occurs, the first P-picture
after thexgedis wnasgenss 1o thgeneerl FYBEOT. dpsfthisunethed reqsacletsioniof 12 need

more bi t S DECEaHah 4 AbsbdlhASTRIRE ARG e Ulibatlenindl 6f U GRJAIEHRO!

affected as nu ue to t usu irectional "notion estimation thereof.
10 | n addincbding lixenausslst v Bisraoy savad ihtheRupiest SUBGAR ko ps typlsayated,in next s

i mport ant i se . th egradatjon.in quality.of the first P-pigcture
after a s%tiﬁglaﬁéﬁbsec.’mﬁsuﬁ%bq% Oro%‘inétappwq i?pklﬁébor?f’i &h IR LTS r?@v%o%%

I naccus atgediols lcheedisinein®sisefEhivanatle hlerBppREatibhs.5 are addressed by
correcting the picture conplexity value that Is used to estinate 15 the
bit allocation for the next picture, or that it at |east provides a useful

al ternatiygen thignt BRELYIREYrs PO 6D ARRkE 8Stel the BRNE WRaDRBILEREAIY be
P-pictures that follows the scene chahnge as both of these P-picturés have

i naccur at &ffpéudt orancednpidewilt yeedabare dita Seckusopf thsdiiraipiade carlingoagiitnd. B-
assi gnment... By adi usLng. 4 16, PhCLUNE GO th"«h{ MBL Li.‘?nétf’c{n' e%%ﬂ% i hgSsgene
change detéction t0 give a nore accurate Bit @l ocation to & tW0

P- pi ctlor el addigen,theease einee2f) iahtha Fepictnkd siltrptdpadate ain ibenpaet tomisndader

bit-rate control, for. both c tant_bit-rate and also variable bit-rate
schenes. ﬁ‘?%ﬁ’@ﬁl?ﬁorb A%F‘é’&%ﬁ%ﬁ“?%@%@ h&561f “aftSScati on for ot her

pictures to conpensate for the increase in bit allocation for scene change
's not neft?ss gnaggj ec’gc oofrﬂ'n'\éailrrni/e%?ilor? thgit Eﬂera%%\(?e i%ggcluirgtgtbiitoarlllsobation estimation problems
of TM-5 are addressed by correcting the picture complexity value that is used to estimate
15 the bit allocation for the next picture, or that it at least provides a useful alternative. This
inaccuracy problem applies to the two subsequent P-pictures that follows the scene change
as both of these P-pictures have inaccurate picture complexity values used for their bit
allocation assignment. By adjusting the picture complexity value following the sééne
change detection td give a more accurate bit allocation to the two P-pictures after the scene
20 change, this method can be used for encoder bit-rate control for both constant bit-rate and
also variable bit-rate schemes. It should be noted that reducing the'bit allocation for other
pictures to compensate for the increase in bit allocation for scene change is not necessary

. for variable bit-rate applications.

25 Itis noted that for multiple scene changes close together, for example scene changes which
occur every 2 to 3 frames, the increased target bit allocation for every scene change is not
realistic in constant bit-rate applications. Also, human visual acuity is generally not able to

sensibly interpret such an apparently ‘continuous’ scene change.



25 It is noted that for multiple scene changes cl ose together, for exanple
scene changes which occur every 2 to 3 franes, the increased target bit

al | ocati owg@roeery scene change is not realistic in congtidoobissr ate
applications. Also, human visual acuity is generally not able to sensibly
i nterpret such an apparently "continuous' scene change. 30 WO 02/ 30126

PCT/ S0/ 00175 . -5- SURY OF THE | NVENTI ON The present invention provides a
met hod of bit allocation for use in a video encoding system adapted to
encode video data representing a group of pictures (GOP), the nethod 5

i ncluding the steps of: processing sai'd 'vi deo data to detect a scene change
within the GOP; increasing a first picture conplexity value of a first
P-picture in the GOP to be encoded follow ng detection of the scene change
by a pre@&@idMARMIOFAEHEINVISY EIONni ng a first target bit allocation for -
encoding the first P-picture based on the 10 increased first picture
conplexity value; and allocating a first nunber of bits for encoding the
first P-piketpreserhdseshtion malidesf 4 methodt aff ftallocdtical fovcstiionn videe gquredegt

invention further provides a,video encoding system adapte ncod i deo
15 data iSHelFEdidRgtes tﬁreéﬁ‘ﬁjseo 1dgg) ‘g%t%l F@%esf‘@%%g a tg%:célpséys 18%?'%&(%% ﬁﬁ: maﬁg‘gene
changes det&GhingMndRep & for detecting a scene change within the GOP; a

picture conplexity nodul e for increasing a first picture conplexity value
of a first P-pprocessiagispidtvideodar tpgelset asreneieringd Wigiw Hg @eFecti on of the
scene, change b iRE ' 1ué B 2Pl ghhec Al howdpdule for
determ ning a %????HFgggéﬁkﬁ%?%g?%%gg??%ﬁ ?grfencd@ing t he firsteP-picture
based on dokedé¢difiloasegiddtéation opihetseare chargslterd prydstaimigedfatioral | ocating a
I Ia; ;;t B:J{rb Slr | g%cgl,%!}%%gfa 1rst Qr%gtqgip glc;[cta}t(laorlc %orr %;.ICOFC)HIPgI t%te ?irrs% IQSI%EQG BLe3 3k qlef I rst

10 increased first picture complexity value; and

allocating a first number of bits for encoding the first P-picture based on said first

target bit allocation.

The present invention further provides a video encoding system adapted to encode video
15 data including a group of pictures (GOP) the system including:
a scene change detection module for detecting a scene change within the GOP;
a picture complexity module for increasing a first picture complexity Value_ of a
" first P-picture in the GOP to be encoded following detection of the scene change by a
predetermined faétor;
20 a bit allocation module for determining a first target bit allocation for encoding the
first P;pichlre based on the increased first picture complexity value and'allocating a first

number of bits for encoding the first P-picture based on said first target bit allocation.

Preferably, operation of the picture complexity measurements and the bit allocation

Yl
[94]

estimation is similar to the MPEG-2 TM-5 when there is no scene change detected, yet
when a scene change is detected, the picture complexity that is to be used to compute the
bit allocation of the subsequent two P-pictures after the scene change is adjusted so that

their bit allocation is more accurately estimated.

30 It is considered that an increased target bit allocation for every scene change in a close



Preferably, operation of the picture conplexity neasurenents and the bit
allocation 25 estimation is simlar to the MPEG2 TM5 when there is no
scene chawgpdeigct ed, yet when a scene change is det ect ggr/$dweopizet ure
conplexity that is to be used to conpute the bit allocation of the
subsequent two P-pictures after the scene change is adjusted so that their
bit allocation is nore accurately estimated. 30 It is considered that an

i ncreased target bit allocation for every scene change in a close WO

02/ 30126 PCT/ S@0/ 00175 -6 nultiple scene change situation is unnecessary
and inefficient for constant bit-rate '6a“ppl ication, so preferably the above
picture conplexity adjustnent is only applied to scene changes that are at
| east a certain period of tinme apart. For exanple, if the nunber of franes
in bet weenultiple scereclHngngetaiion |iegmnetrasarn ineffisient fed opaste, bithals t he

picture- 5 conplexity_.adjustnent is _not done. B
PRAW NS PETERIRE: 10 PETEEY Beeh b PaRs ST BT 80 e G Ly B ST
Figure 2 dpgngdy thhi wetdtatdson @ftaid griodmfoimpiaphitir eRori axamiples hf teemenbes &

scene change adjustnent; Figure 3 is a flow diagramo conpl exi t
measur e d@jTRST REITWRRIOTESSCR RS S BRFS glanlasprﬁr‘%g n&@?%%ﬁﬁﬂ%‘ﬁene nt
modul ec of tn%ﬁeﬁ £BusReRds G Byst em DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBODI ?\/El\f‘lo vi deo”encoder system as shown in Figure 1, includes a

conpl exity conputation nodule 20 101, a conplexity adjustnent nodul e 102,

a bit all ' trgﬂ @ﬂg‘ﬁ'lflﬁ 4, an encoder 105, a video data
i nput souggzﬁﬁ@g%gglgﬁs(ggg(gﬁc an]g)e de eg’g%r' nodul e 103. The scene change
detector 103 is adapted to anal yse the video input data from video input

source 106. to det eﬁt scene c%an‘ggs Wi t(?ig t hat video input data and to
provi de af €8EhE LHHGEEEIT U CigracodBe e Bonpl exi ty adj ust ment nodul e
102 upgn detection of a scene

Figure 2 is an illustration of a group of pictures in which there is a scene change

adjustment;

Figure 3 is a flow diagram of a complexity measure adjustment process executed by a

15 picture complexity adjustment module of the video encoding system.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A video encoder system, as shown in Figure 1, includes a complexity computation module
20 ° 101, a complexity adjustment module 102, a bit allocation and rate control module 104, an
encodér 105, a video data input source 106 and a scene change detector module 103. The
scene change detector 103 is adapted to analyse the video input data from video input
source 106 to detect scene changes within that video input data and to provide a scene
change output signal to the complexity adjustment module 102 upon detection of a scene
25 change. The complexity computation module 101 determines a complexity computation
measure for each I, P or B-picture in a GOP based on feedback from the bit allocation and
rate control module 104. The complexity computation module 101 outputs the respective
complexity measures for the I, P and B-pictures, based on equations (1), (2) or (3), to the
complexity adjustment modules 102, whereupon if a scene change output signal has been
30 received, the complexity measure for the first P-picture detected immediately after the

scene change is increased by a factor M. If it is the second P-picture detected after the



25 change. The conplexity conputation nodule 101 determ nes a conplexity
conputation neasure for each I, P or B-picture in a GOP based on feedback
fromthe Wigox@bigcation and rate control nodul e 104. The pamdoanni’s
conput ati on nodul e 101 outputs the respective conplexity neasures for the
|, P and B-pictures, based on equations (1), (2) or (3), to the conplexity
adj ust nrent nodul es 102, whereupon if a scene change output signal has been
30 received, the conplexity nmeasure for the first P-picture detected

i medi ately after the scene change is increased by a factor M If it is

t he second P-picture detected after the/ WD 02/30126 PCT/ S@0/ 00175 -7
scene change signal was received, the conplexity neasure of the second
P-picture is decreased by the f act or M or optionally by a different

factor Kscditeclomaplstadal ywayeasdives, the Wbtripld}dmsr mdpust of the peeindr B-peaiwgl iexi ty
nmeasure, are then passed_to the bi te contr Ie 104
for bit dersasd B E Rt WQOPPWQE’U%X ?gﬁf r?r%}a&?rgl)( ree Bl)nppen( t9§1 LB
appropri atg) ﬂ{ér éd?\ﬁstéd)P | RehpdxityhBeddufd, WFthby ptahﬁdeﬂ(ﬂ@fdbi’t all6&atioRedndr r i ng

to Figure 2, he MPEG 2 TM5 nodel, the picture conplexity val Uf: Xpo of
picture Petei somtusi rmbiiyle ulélédforfdmt ellpestioat Gaﬁgprfiﬁ)é toaPgRioRt Her CofoThi® <25 Tp1)

for pigture P1 qmg?; cture conplexity Xpo is
closg o] %ET“”¥H?3E§23U%%P§Q§ ggéis aﬁgghggﬁﬁﬁggégz change PE detegteg

bet ween Po and P1. Therefore, in enbodinents of the invention, to nake the
t arget - bi | | ocati.on Pi . nor.e cour I S

i nc?eas edﬁ?%’r'mt%@ uf Fia ?%%Bfé’r%#ge“ébs Hodp 10%? lrc g%ggox{ngf‘(ex v‘éﬁe%@bﬁ? %s of

al l ocat i Oﬁﬁctu}r@?() iy ﬁbm&ll@fusé@forl Glaiiegttae té:rge’rhﬁmlﬂbeg lof dire (ﬁ'px)tfbﬁpmné’ 1>
change, and it would not. be accurate to use jt fo t tion of t

target bi basgfogdht pFEHTEHOR ﬁ@t @6@%6#%?&%%5% 205§ 8° 3 ?Tq?a \Lyﬁfsuaésm& 'GF xp1
|'s reqgced fosE?fa tQnt '3@3:&9 E’@j&gt@cttéd)ﬁbt@faen-rp@and: 3¢ Ul“li'éréfoﬁé" anembhEmedetsaif g

fl ow diagram of a preferred nethod _ﬂg}&cture conpl exity ad%ustmants in
the conpl exetyomdp mmhﬁtar@abﬁeuqmon APiteE | idneastivals, thsrvadich

picture in a GOk A L e inSeRt 30Q MRl PRE Ure
is to be é%@&?gsdﬁdzt? TsY e&-ﬁé}gi@h ?ﬁ?p’d?c’stggn(ggﬁcgetsmen t%e current scene
change angalBefpiR\s exikcidenbe highndje, toithe scene change, and it would not be accurate

to use it for estimation of the target bit allocation of the second P-picture, Tpp, so the value

15 of Xp is reduced prior to the computation of Tpa.

Figure 3 shows the detailed flow diagram of a preferred method for picture cqmplgxity

- adjustments in the complexity adjustment module 102. The method is executed for each
picture in a GOP .' If a scene change is detected at step 300 and a P-picture is to be encoded

20 (step 301), the distance between the current scene change and the previous scene change, is
checked at step 303, to see if it is greater than a threshold D. If the'distance is greater than

D, the picture complexity Xp of the P-picture before the scene change (computed in
complexity computation module 10 after it is encoded) is increased at step 304 by a factor

M before the target bit allocation is computed. A previous scene change flag

25 (prev_SC_flag) is then set at step 305 so that in the subsequent P-picture, the picture
complexity is reduced (step 311) by the factor M before the target bit allocation is
computed. If scene change occurs before an I-picture and after the last P-picture of the
GOP is checked at step 302, the picture complexity of the P-picture after the scene change

is not adjusted as it is not necessary. A scene change flag (scene_change_flag) is set by

30 the scene change detector 103 whenever a scene change is detected and it is only reset by

the complexity adjustment module 102, in step 306. Once the scene change flag is reset,



checked at step 303, to see if it is greater than a threshold D. If

the' distaAce is greater than D, the picture conplexity Xp of the P-picture
bef ore t hgggsesageschange (conputed in conplexity conputat ipginysagduhes10
after it is encoded) is increased at step 304 by a factor M before the
target bit allocation is conputed. A previous scene change flag 25 (prev_SC
flag) is then set at step 305 so that in the subsequent P-picture, the
picture conplexity is reduced (step 311) by the factor M before the target
bit allocation is conputed. If scene change occurs before an |-picture and
after the last P-picture of the GOP i-$checked at step 302, the picture
conplexity of the P-picture after the scene change is not adjusted as it
is not necessary. A scene change flag (scene_change flag) is set by 30 the
scene chapgeisthatecthafterllD3s wheneeest Bes8enelficihanieuress dB-prtwd oaritk sdenks
only reset by _the conplexity adjustnent nodule 102, |nostep 306. Once the
scene ch&Rgeeriiagys pet yebdas fhs%ecf'?/‘lgﬁi IS pReFPiaeRiet 80T%5°0%: 8 t he di st ance
counter Brjig REROHR8SHafls B &R b3Pthe drlvibiesRASERHBe 8 & Rt Pité 309, Qkent he
scene change flag i 8 not set, the distance counter Dis increnented at

st ep 308.if the pitersisenB-pitiamdees PAQY, s erorpledty matsurhorghaiigus sdedicedhange
flag is set . dhen . it e pi. I L€ 10), the
compl i 1 HeSECR A e i abe S anBLbt St e MR M A ST K ot
step 311 and the previous scene change flag is reset at step 312. The

val ues-of _M and K can of an experi nental eterm ned. fixed. val ue,, for
exanpl e V4l ‘éeso‘?fcg a&ﬁ?{f&%%e ?ﬁ@g ﬂfig?rgﬂ%rgﬂh%fl%g%f‘%g 5%?‘{1?153’2{% cganple
predet er njaned ofal 4@ 1S8ICIThagistahbe Bfeshdld WuAUVRANHAGEREE ymitdtevdiesehtas
invention is able to correct the inaccurate bit allocation of the TM5
nodel whelP & Scene change occurs, such that the corrected bit allocation
for the two subsequent P-pictures results in a better picture quality. The

invention can be applied to both constant bit-rate and variable bit-rate
control afdvantegeeudls, the pregtmdneyentien istabifotescomset the Snacepgier it dinsekomgr thet ur e

pictures '}“191—’5:1 %Eo%%m;vﬂgn X\@getng %ﬁan%e So%?x'ﬂr?, S%Qﬁlﬂga? 1R WeBted bit allocation for the two

subsequent P-pictures results in a better picture quality. The invention can be applied to

both constant bit-rate and variable bit-rate control and there is no latency as it does not

15 require checking future pictures to determine whether a scene change occurs.

Advantageously, the invention avoids the situation of unnecessarily allocating extra bits
because of multiple scene changes that are close together and the chance of panic-mode

encoding due to potential VBV underflow is reduced.



Advant ageously, the invention avoids the situation of unnecessarily
allocating extra bits because of nultiple scene changes that are cl ose

t oget her wwhisoeechance of pani c-nmode encodi ng due to potpgitdcuoyBY
underflow i s reduced. 20 WD 02/30126 PCT/SGE00/00175 -9- CLAIMS: 1. A

met hod of bit allocation for use in a video encoding system adapted to
encode video data representing a group of pictures (GOP), the nethod
including the steps 5 of: processing said video data to detect a scene
change within the GOP; increasing a first picture conplexity value of a
first P-picture in the GOP to be encoded fol |l owi ng detection of the scene
change by a predeterm ned factor; determning a first target bit allocation
for encoding the first P-picture based 10 on the increased first picture
conpl exi tgLABMSe; and allocating a first nunber of bits for encoding the
first P-picture based on said first target bit allocation. 2. A nethod
according to claiml1l, wherein the nmethod of bit allocation is for use in a

15 constant bi thdtBbE oV b @No@MERFhNEseSHSE @lfleo 3ncAlinetyiedn adaseditmgniéddec! ai m
2, wherein the nmethod further includes the st%fs &%. gg{or sai%[e

i ncreasi ng st epdeidate reArPREAER B2 TP ECHERS US Graphs oFRat Irredine terdeps
distan§e bet we the detected scene change and a previously detected scene

20 change; and performing said increasing step only if the distance' valite'
is greater than a poedeingsailvattodiabt arictect hewshohahgeatithen the, GAPet hod

ggcg: gipgg 012 O claim 1Jflcroerasi%g|g S‘iﬁ?%t%icu‘i‘r@%%ipﬁ‘eﬁt@%ﬂ% oqoadﬁrfsyf’-tpri]c?t‘[lrei 1HCdléJé@)§3 ttohe
be encoded following detection of the scene change by a predetermined factor;
determining a first target bit allocation for encoding the first P-picture based
10 - on the increased first picture complexity value; and
allocating a first number of bits for encoding the first P-picture based on

said first target bit allocation.

[\

A method according to claim 1, wherein the method of bit allocation is for use in a

15 constant bit-rate video encoding system.

O]

A method according to claim 2, wherein the method further includes the steps of;
before said increasing step, determining a distance value representative of

the distance between the detected scene change and a previously detected scene

20 change; and

performing said increasing step only if the distance'value is greater than a

predetermined distance threshold value.

=

A method according to claim 1 or claim 3, wherein the method further includes the
25 steps of:
decreasing a second picture complexity value of a second P-picture in the
GOP to be encoded following detection of the scene change by the predetermined
factor;
determining a second target bit allocation for encoding the second P-picture
30 based on the decreased second picture complexity value; and

allocating a second number of bits for encoding the second P-picture based



decreasing a second picture conplexity value of a second P-picture in the
GOP to be encoded followi ng detection of the scene change by the

pr edet er myigegd/z0ict or; determ ning a second target bit al lpgagddoanofer
encodi ng the second P-picture 30 based on the decreased second picture
conpl exity value; and allocating a second nunber of bits for encoding the
second P-picture based WO 02/ 30126 PCT/ S&0/00175 -10 on said second
target bit allocation. 5. A nethod according to any one of the preceding
clainms, wherein the nethod of bit allogcation is perforned in an

i npl enentation. of the MPEG 2 Test ModéP -5 bit 5 allocation schene. 6. A
vi deo encodi ng system adapted to encode video data including a group of
pictures (GOP) the systemincluding: a scene change detection nodule for
detecting a scene omasaifbsevpriditarget bi¢ alld@ti@DP; a pi cture conpl exity nodul e
for increasing a first picture conplexity value of a first P-picture in
the GOP to be encoded followi ng detection of the scene change by a
predet er rg.ned AagdBsd akoRiiig @l dngaaikicdthemdcdding drintke twérendinithegmathbil o bit
target bit allocation for _ 15 encoding the first P-pi r.e.b d,gn. t he

i ncreased fi r st1q5pEeN FSePEEFHES P 137 %iﬁiféem%tr"ﬂf' 8{ pg&h%%%ﬁ%ﬁ@@ﬁ@%& of
bits for encodijpg.tfiesdhimst P-picture based on said first target bit

allocation. 7. A systemaccording to claim®6, wherein the systemis a
constant bit-rate video 20 encoding system 8. A systemaccording to claim

G ther 8, heoPUEHYTSEAI Lk & Ly durier gadpploshd @ gekgranne 2
pictures (GOP) the system including:
a scene change detection module for detecting a scene change within the
10 GOP;
a picture complexity module for increasing a first picture complexity value
of a first P-picture in the GOP to be encoded following detection of the scene
change by a predetermined factor;
a bit allocation module for determining a first target bit allocation for
15 encoding the first P-picture based on the increased first picture complexity value
and allocating a first number of bits for encoding the first P-picture based on said

first target bit allocation.

7. A system according to claim 6, wherein the system is a constant bit-rate video
20 encoding system.
8. A system according to claim 7, wherein the picture complexity module is further

adapted to determine a distance value representative of the distance between the
detected scene change and a previously detected scene change, and adapted to
25 make a comparison of the distance value and a predetermined distance threshold
value whereby the complexity value of the first P-picture is only increased if the

distance value is greater than the predetermined distance threshold value.

9. A system according to claim 6 or claim 8, wherein the picture complexity module is
30 further adapted to decrease a second picture complexity value of a second P-picture

in the GOP to be encoded following detection of the scene change by the



detect ed scene change and a previously detected scene change, and adapted
to 25 make a conparison of the distance value and a predeterm ned di stance
t hr eshol dwov@lseeewher eby the conpl exity value of the firstpdy§gosjobr7€ i S.
only increased if the distance value is greater than the predeterm ned

di stance threshold value. 9. A systemaccording to claim6 or claimS8,
wherein the picture conplexity nodule is 30 further adapted to decrease a
second picture conplexity value of a second P-picture in the GOP to be
encoded foll ow ng detection of the scene change by the WD 02/ 30126

PCT/ SG00/ 00175 -11 predeternined factékt: and the bit allocation module is
further adapted to determne a second target bit allocation for encoding
t he second P-picture based on the decreased second picture conplexity

val ue and to akddetainined faetogrdd mumbierllafatibn neodufeis farbodidapted fie dstenaing

P-picture based on said second target bit .allgcation, & t
accordi ng to &ny*°GH tgrfgetéﬁgi ﬂgoc t“frg?‘g, SNREFS ﬁ“et %eé:%g?/slfg#g‘}rg%g %(tdsptogd to
i mpl enent t he dVEEEsed stesdd Hored completitaldlecaid onalkehenesecdfd number of bits

for encoding the second P-picture based on said second target bit allocation.

W

10. A system according to any one of claims 6 to 9, wherein the system is adapted to

implement the MPEG-2 Test Model 5 bit allocation scheme.
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