;e3ev6T\oT s WO ..1 Met hod And Apparatus For Video Buffer Verifier @
Underf | ow And Overflow Control Technical Field to The present invention

rel ates toobseeopuf fer Verifier (VBV) control of a video pRei#¢henand in
particular, to the efficient prevention of VBV underflow and overfl ow
during NPEGZ vi deo encodi ng. Backgr oILjndd Ark is VBV constraints in MPEG 2
The MPEG 2 coded bitstreans are required to neet the constraints inposed by
the Video Buffer Verifier (VBV}. The VBV is provided with an input buffer
20 known as the VBV buffer which is conceptually used to si-mul ate the
entering and rermw of c&ds& dat a to and rom codeg ffer
"ot the cod Mﬁ : h Eﬁabff t ft by low
o] e codeg._da ,so e uf fer no over 0 erflow.
These 2s co @I‘a néﬁr aAﬁldemert ll'éﬁ(ﬂ(ejr will not
» over fd ow or underf low . A virtual VBV buffer is mai nt ained in the encoder.
and its buffer-fullness is updated to enulate the buffer-fullness in the
decoder (refer to figure 1). Buffer 30 overflow arises when a picture
consunmes too few bits while the decoder IS\“[MWIHMHIIMW“M'II The bits which
arrive at the decoder during the next pict WO (12/f1SB-101
PCT/ SC(11 / I(11119 t hen .cause an overfl owseid@t e that this overflow
const r.ai hec HM‘F émy to the constant bit-rate application. Buffer

underfl ow occurs when a picture generates too many bits. The constraints of
under f | ow and overf |l ow are considered separately. 5 VBV buffer-fullness,

VBV, uII gr & t h P I ifNg one
oi o1 U e DB PrstaRasapulsh telfpRAEVIAS BREHER YenifiebREBVG S praligits
encoder, and in particular, to the efficient prevention of VBV underflow and

overflow during MPEG-2 video encoding.

Background Art

s R

VBV constraints in MPEG-2 *G00002*

The MPEG-2 coded bitstreams are required to meet the constraints imposed by
the Video Buffer Verifier (VBV). The VBV is provided with an input buffer .
20 known as the VBV buffer which is conceptually used to simulate the entering

and removing of coded data to and from a decoder’s buffer.

Typically, constraints are imposed which require the entering and removing of
the coded data so that the VBV buffer does not overflow or underflow. These
25 constraints are used to guarantee that the decoder buffer will not overflow or

underflow.

A virtual VBV buffer is maintained in the encoder and its buffer-fullness is
updated to emulate the buffer-fullness in the decoder (refer to figure 1). Buffer
30 overflow arises when a picture consumes too few bits while the decoder is

nearly full. The bits which arrive at the decoder during the next picture period



where S is the nunber of bits used for the encoded picture. At this point,
the MPEG 2 underflow constraint states that after the above buffer-full ness
update, tih dafskai-ful l ness shall not be less than zero: RNt oWlbnessr >
=0 (?) The VBV buffer is then filled with the average nunber of bits per
picture, Bpp, which is Bit rate divided by fra~tte rate (for variable
bit-rate operation, the 20 maxi mum bit“rate is used to cal cul ate Bpp):

VBV, f zcl L 1E$8en catise=ary %Verﬂ'd)\lvn@@o?te thatBRRs A rAbwt &b SstR@hiNdpplidieoRyerd | ow
constraint specifies that for a constant bit-rate 25 operation thée VBV

buf f er sthal comgantheéigraat epplidriont hBulBY budédlovei eecuryBWhenl knpssung < =
. VBV buffer size .

( Detail s, of the VBV sp ions_can found in
Annex C BRCTHES alpodbichin (0% FROERORS (rdriafand” fegdioy e
di scl oswgs; fred\ﬁgé@}agy herein incorporated by reference. VI -
. 112/ 0i 8-4111 _3 PE TM5 rate control PCI/SA 1 | /f1(1019 Inthe
MPEG 2 Test I\/bdel 5 (TM5) of an' MPEG 2 vi deo encoder, "virtual

e YR\ 5a BB BLFAR, B L SR Tt o
appropr'?ﬁ%lé’ﬂcrohé&?ﬂpogygﬁrﬁﬁré 2s fdl I’B%EEd d~' do’ + B~ - 1- T, (j-1) | M8

cnt or to Tp()-1) / I\/B~cnt or deb:do+B~- 1 -
Tb(j-1) | MB cnt dependi ng on the pi cture type, 15 where, do', dop, dob are

initial fullnes f virtu rs- ne for each picture type; Bx.is the
nunber of bit S/ef%ﬂf’%?%d_%gn}d‘y% 1 macr obl ocks in the pictur &) up to
and iidu;l uding j; 20 MB cnt is the nunber of macrobl ocks in the picture; and

where S is the number of bits used for the encoded picture.

At this point, the MPEG-2 underflow constraint states that after the above
buffer-fullness update, the buffer-fullness shall not be less than zero:
15 -
VBV fullness, > = 0 (2)

The VBV buffer is then filled with the average number of bits per picture, Bpp,

which is Bit_rate divided by frame rate (for variable bit-rate operation, the

20 maximum bit-rate is used to calculate Bpp):

VBV fullness,,, = VBV fullness, + Bpp (3)

and at this point, the overflow constraint specifies that for a constant bit-rate

25  operation the VBV buffer shall not be greater than the VBV buffer size:
VBV _fullness,,, <= VBV_buffer_size : (4)
Details of the VBV specifications can be- found in Annex C of the

30 Recommendation ITU-T H.262 (ISO 13818-2 MPEG-2) the disclosures of which

are herein incorporated by reference.



d~', d~P, deb are the fullness of virtual buffers at nmacroblock j - one for
each picture type. The final fullness of the virtual buffer (d~', d~P, die:
j =MB, cntivd msesd as do', 25 doP, dob for encoding the nextrqikltgie of the
sane type. The reference quantization paranmeter Q- for macroblock j is then
conputed as follows 30 Q- _ (d~*31)/r ere the "reaction paranmeter” r is
given by WO 02/0S8-4U1 r = 2 * bit"rate / picture rate and d~ is the
ful | nessy@rpdhermppraridoal®ivirtual buffer. 5 The initial value for the

vi rtual %utff‘e'r—f‘tn‘t-nm— doi =10 * r/31dpp- K dOib doi = Kb do to

PCT/ SG111 /11(11119 where KP and Kb are "universal" constants dependent on
. the quangizati o ces 15 i e note

fol | owi n%l rSP?cM F%tMﬁ’&ng @&%ﬁfoﬁe"’rﬂ M%#"?‘POVW Py Sqa ?‘rf | ov rt‘lﬁ‘ﬁt rol

al gorit Y s8N t ypi e r i cture,
.and aft 21?% ?ﬁéq{l}é@éébuf ;f’i (Seira‘k%tc}l ?((ge(g%urllxlsde}s rﬂgé) r%%g?ﬂzéoq%ﬁﬁg%%ngﬁd%%%ﬁé? I n
typi cal BBibrenemrddimyyncendblokk js@ch =aly, tthatfuﬂh&sl of ¢k iappUSPaeentrtidd. 5,
650, 860 %V\D | evel s of control are perfornmed. First, the picture |evel,
and t henDUHAE iEeMBBiedck | evel . 25 To control buffer underflow in pi cture

| evel, the target bit T for the nest picture is adjusted when necessary
such that it does not lead to underflow. VBV fullness - T > =0 (5) 30 In

addition to tle Bidgt & Br 4 @veT, (el evaviBi oy of buffer underflow, macrobl ock
(TZB) IeveI control is utilised by neans of defining a | evel above the

10 4

dy + B;- 1 - T,(-1) / MB_cnt
or

dp

J

do® + B; - 1 - T,(-1) / MB_cat

depending on the picture type,
15
where,
d,’, do?, d,° are initial fullness of virtual buffers - one for each picture type;
B, is the number of bits generated by encoding all macroblocks in the picture, up
to and including j;
20 MB_cnt is the number of macroblocks in the picture; and
d/, 47, 4 are the fullness of virtual buffers at macroblock j - one for each

picture type.

The final fullness of the virtual buffer (4}, df, d°: j=MB_cnt) is used as d,,

25 dy?, do° for encoding the next picture of the same type.

The reference quantization parameter Q; for macroblock j is then computed as

follows:
30 Qj=(dj*31)/r

where the “reaction parameter” r is given by



WO (12/058-4U1 PCT/SGUL/1111UL9 -5"VBV full ness=0" | evel naned the "panic

| evel". If the VBV-fullness should fall below this |evel, then the encoder
w | entegyo @aRkfpmode” . In this node, only the m ni num nRbgata to
maintain the integrity of the bitstreamw || be transmtted. In the panic

node all DCT coefficients and all notion vectors 5 are set to zero, thereby
generating a mniml anount of confori™ng encoded data. To detect this

pani c | evel, macroblock (MB) |evel updating of VBV bufferfullness is
therefore required. The VBV fullness is updated after encodi ng each to MB:
- VBV_f ul | ness = 2VB¥it, fatkl/ndesmre 18ie-b (6a) if ( VBV~ ullness < panic-I|evel)
.is > Eater Panic node coding (6b) where Snb is the nunber of bits used to
encode the macrobl ock The encoder will enter the panic node codi ng when VBV

buffer-f e [ ol rflow control As disclosed
.in US Pa edn?j ﬁgth bg}lggg%%%@@t@%g%%@&g{}uggg}lﬁggw addi ng zero "stuffing

bi t s"s5 t oThéénivial saheafori the widthilsedfervfutineMBié:over f | ow occurs after encoding
a picture. However, instead of sinply stuffing bits to the bitstream 25
which is considered a waste, the encoder may first determne, prior to
encodi ng a pi gtiuce,g kf/4here are "extra bits", and add a value extra bits
to the target bits, T, to increase the bits used for the current picture
that is to bed(en@oldgd@i which is given by: 30 extra bits = VBV-fullness - T
+ Bpp - VBV buytfer_size (7) If (extra_bits > 0) then T =T + extra_bits ($)
V10 02| (15811% -8 Pctisall/ (1 (11119 After encoding the current picture,
only,the necessary nunber of filling bits are added to the bitstream s It
has been found that the picture-level overflow control is unable to prevent
VBV buf f eheov eKf | owl & f ecti VeliyershEn cdnseqte nizpesddrnt chedtifer agmaatizaghnl evel
of notion (having lots of scene-changes) to a |low | evel of notion. One of

t he reasBY&IIf&S -t hat the assunption used in equation (7) is not true nost of
the tine.

VBV control
It is to be noted that the following prior art relating to VBV buffer overflow and
underflow control algorithm descriptions are typically performed prior to

encoding a picture, and after the VBV buffer-fullness rises by Bpp.

20 Underflow control

In typical VBV underflow control, such as that disclosed in US Patent No.
5,650,860, two levels of control are performed. First, the picture level, and

then, the macroblock level.

25
To control buffer underflow in picture level, the target bit T for the next picture
is adjusted when necessary such that it does not lead to underflow:
VBV fullness -T >= 0 (3)
30 '

In addition to the picture-level preventing of buffer underflow, macroblock

(MB) level control is utilised by means of defining a level above the



to Equation (7) assunes that the bits used for coding the current picture
is equal to the target bits allocated T to forecast t he anbunt of extra
bits requwm?_m,g]ms assunption is generally not 'true whi ¢brisgoytis he
prediction of overflow at picture level is quite poor. 1s Another reason is
that the quant| zation-step which is CI%I te high during a "fast" sequence:
does not "react" or reduce fast enough"when there is a sudden change to a
'Sl ow' segiiengy newﬂgeﬁ@g@l HEREE Ahk NGanlS We ¢l BnihOMEy Andineashaaat he VBY
buffer to over I'f a sequence of pictures are to difficult to encode
at a gi el telowrthiie I¢viedy tissati enchudert wilh eumry“musyn@iﬂj’ alat thos-peddked

. sequence or a synthetic se ue e wth |ots tgl .scen ngg}s&qﬁoded a? a |l ow
bi t - r at ORLY WAt ALBIBH 3RO PG IR ISR ﬁlgieéﬁl o1l T ' coul d

not be Sd‘ésfr%h%ﬂﬁﬁﬁit Ihhﬁlegbé’lﬁe hoUe bhi D@t %efﬁlﬁer\@va@faﬁeﬁm%h' véR@&h the
pani c | eve prior~art prevention nethod of adjusting the target
bi t s sal |;geadet ab Ferat tbexceﬁ)yrgeﬂeemhgusmnntmaalbhmount of tandbribings engodede VBV
buf fer when encoding a difficult sequence at a low bit-rate. Using the
target biaa allocated T to judge the potential of underflowis also not
effective. 30 VI'O W2/11~S. TU _7_ PCT/SGJL/11UUL9 In panic node encoding
all DCT coefficients are set to zero, the intra-coded nmacrobl ocks w ||
aﬁpeﬁr chl) dcgarg@x iy ejahidlloeds mmm@mMKMB)}‘ wivebwadatipg BoaidB ¥ pilffgtrr esf

Ich cou e quite irritating ve to ser. s This identifies
a need figdingsniswheypforereqpigeh Emﬁgl’ﬁyéﬁlme?%;s ’(‘W%%?g@gﬁ'trr%’lco ’fngae?i‘/q’d
encoger I?fﬂCh overcones the problens inherent in the prior art. Disclosure
O Invention 1o In a preferred enbodi ment, the present invention seeks to
provi de i nproved prevention of pani ¢ node encodi ng, inproved underfl ow and
overfl ow prevent| on, and i uality of video. This is sought
achi eved- by | W%g'é%; ﬁﬁ%ﬂ pteture and slice |evel contrcﬁss V\/m ch
i nclude: 1) Vi rtual buffer fullness control (do); ~5 2) Quantization-step
range control (linear/non-linear quantization); and/or 3) Optional
quanti zation jetvBvesdiness K ganimhevebs-warr BhfeoRanievweldeconting| i £6b)
generally required in the panic node detection and this control has higher
i npl &hentation costs, it is also sought to be provided 20 by the present
i nventio t \? el the' BRUESH oY, THENehcoldeee
| evel co% gﬁatsi"”ngl‘t%e% ’HB]\IEE%E Xg\(}féts E%ér?tcfag%%lghe&pr esent invention further
seeks t owpliloatitetetize peticoshofie rcodinige oviduf V&V \puffet ifaHugssBis) 1ess ihaB| Paghc g

vi deo enfo%?r, wher eby picture and/or slice |evel
EVEL.

20 Overflow control

As disclosed in US Patent No. 5,650,860, to avoid VBV overflow, adding zero
“stuffing bits” to the bitstream is utilised, when VBV overflow occurs after
encoding a picture. However, instead of simply stuffing bits to the bitstream
25  which is considered a waste, the encoder may first determine, prior to encoding
a picture, if there are “extra bits”, and add a value extra_bits to the target bits,

T to increase the bits used for the current picture that is to be encoded, which

is given by:
30 extra_bits = VBV fullness - T + Bpp - VBV _buffer_size (7)

If (extra_bits > 0) then T = T + extra_bits (8)



25 controls are inplenented in the nmethod, said picture and/or slice |evel
controls including: virtual buffer fullness control for increasing the

sensi ti vi{w @losgyof> St ep; and/ or quanti zation-step range ce@tfselor e
i ncreasing the range of the Qstep . 30 WO 02/(1;8-4111 -s

PCT/ SG111/1111111") The present invention also seeks to provide a nethod
wherein, ,the nmethod additionally i ncPudes quanti zation matrices

nodi fication for the prevention of panic node coding. 5 Preferably, slice

| evel control is used in place of an MB | evel control. In a broad form the
pr esent Affresddodigptevivdesntt fiaturt henhyetironkdeesuny trarnreri efpfiblimgl bpisearent i on

. of an underflow or an overflow. 1o In a further broad form the present

i nvent i 8AdeR &9 thFeBItFERAM -t he met hod results in inproved encoding at a | ow
bit-rate. Preferably, the video encoding is MPEG 2 video encoding. is The

. present invention according to one aspect seeks to provide a nmethod which

i ncl sdest the Beeh! uindgihat ehs piaduré-Hevedi eterflowl evehok dntunable upgatverg t he

VBV buffer-fullness in at_ | east one VBV Update npdul e before aﬁ | ea one
Pot ent i &f BB/RHEsIow ecflewieffemiinedy et & §aahHge Sidtchef iram § sk @‘feglci ness

and incr ' t Job o [ [ r Vbh t of the
Buf f er - Eﬁ‘?ﬁé}%&lﬁgﬁﬁé ?’?\%r%gagsughgﬂh a%%cﬁiao%%gﬁ? e?gﬁﬁo%[%%r ﬁes anth
under f | Qeagmaiseisithat the abamnpitemuskdon equathat (riseof kow postent ihgl tilnevel :
reducing a target bit T in a Decrease Bit Allocation nodule; increasing
guanti zation range in an Increase Quantizati on Range nodul e; and/or 25

modi fyi ng the q L AAdd | gr LEGUGI 10 hbfenyipidddd is equal to
buf flér-;%qagggs@r%gg&%d@%% k}g?ﬁ%g@g f’;md creacse \Illi tlual Buf fer - Ful | ness
nodul e; @k dabgetshitcellbened Taentfootcaseshe matdung dfhexruB\bibuié@rirddil Thisss in a
VBV Estimation nodul e; 30 checking for an %verf | ow cExot_ent ifal i & Pof ent i al
Overfl ngsgq@@kmmug@erally not ‘true ~which 1s why the prediction of overflow at

picture level is quite poor.

15  Another reason is that the quantization-step which is quite high during a “fast”
sequence does not “react” or reduce fast enough when there is a sudden change
to a “slow” sequence, therefore generating insufficient bits and causing the VBV

buffer to overflow.

20 If a sequence of pictures are to difficult to encode at a given bit-rate (for
example due to a very noisy and action-packed sequence or a synthetic sequence
with lots of scene-changes coded at a low bit-rate), when even the maximum
quantization-step is used and still could not be sustained at the given low bit-
rate, the VBV buffer will reach the panic level.

25
The prior art prevention method of adjusting the target bits allocation T at
picture level is not able to control bits in the VBV buffer when encoding a
difficult sequence at a low bit-rate. Using the target bits allocated T to judge the
potential of underflow is also not effective.

30



if an overflow potential is found, decreasing the virtual buffer-fullness
in a Decrease Virtual Buffer-Fullness nodul e; WO 112/ 11S8-4111 PCT/ SCl)
111(1019 w@ pofiRgsopnderflow control, updating the slice | eyl édVododo @a VBV
Updat e nodul e; perform ng a potential underflow check in a Potenti al
Underfl ow Check nodul e; s after deterpgination of the underfl ow potenti al

| evel : increasing the virtual buffer-fullness in an Increase Virtual

Buf f er - diAR PG LddificidiEs RAIsEr MD0R604hdUnird-cbdeat Pani ¢
Mode Cog#r#ga%ﬁgéﬁﬁgglégﬁ%dlgﬁcggi ng a sli ge isn an SEncodera Sli-ce nodule. to In

a furthefachowdk§ ovith afpethes piresetrvel hbdocksosubseqentlye 8w be iagd al so

. Seeks to provide that the nmethod assists in arii c,node codi ng prevention by
addi ti oF BictyrepeRiehcrpld haAyith qrbtagngapldll@[ecﬁyq & fR&BFTT. In anot her
preferred formof the invention it is sought to provide that, a variable ~5
. panic level may be used. The present invention according to another aspect
seeks t ok Quénierias aviebddomharesi typef of Vides Badffer Werifiet 6VBYJisugtradtoff he
picture level: . 20 overflow prediction_is rendered re.sensitive by

i ncor porayidag cacpden Whideperaenes Bie PHPIERE JBRHE b Hﬁgaﬁré?r aHd reducing the
virtual buffer-fullness when a factor extra-bits is greater than 0; at the
slice level: 25 estimating the VBV buffer-fullness in each slice and

reduci nD{do¥irbUBH Mifditiohul | ness if required. Al so preferably, -
specified |l evels of buffer-fullness are experinentally determ ned for each

picture type. 30 In a specific enbodi nent of the present invention, values
of Thl, Tla2 and Tla3 are 200 Q00, 150 000 and 10 Or ctj or a
PAL Wi ctlar 8. prefeared 1%’2?"2@81—6%1161@@@?7 é@’ﬁﬁtﬂ?’} 1S %90?% Pa{%?’ E‘fet F‘mfé‘:f’?éé%%odi ment
of the om MHENLLAR THEEE LScdiRY) dRfpRveAPRATSIUSW f aindVi eafldu f er
Verifi e%r%mo%oéﬁrkkﬁgf a v?deo er%c‘(’)’delr?d,;pv\her‘eby t he apparatus contains

i nt egr at@@vphGény andnddpoved iquelityewd| vident s is saightpite ther eckicypd/ By sl ice

| evel controls including: a.virtua uffer-full ness, contrpl, for increasin
t he sensii“ﬁl\‘?mteytiﬁg aéldéj(gl}aélgicture anc{ slice Ievel control% whlcg 1ncf%1de: 9

1) Virtual buffer fullness control (d);
15 2) Quantization-step range control (linear/non-linear quantization); and/or

3) Optional quantization matrices modification.

As macroblock level control is generally required in the panic mode detection
and this control has higher implementation costs, it is also sought to be provided
20 by the present invention that the complexity of VBV control is reduced by using

slice level control instead of MB level control.

The present invention further seeks to provide a method for Video Buffer
Verifier (VBY) control of a video encoder, wheréby picture and/or slice level
25 controls are implemented in the method, said picture and/or slice level controls
including:
virtual buffer fullness control for increasing the sensitivity of a Q-step;
and/or
quantization-step range control for increasing the range of the Q-step.

30



and/or a quantization-step range control for increasing the range of the

Q step. 1o Broadly, the apparatus additionally includes quantization

mat ri ces gaslyisgani on for the prevention of panic node codidi@goh/Mon19
accordance with a specific enbodi nent of the present invention there is
provi ded apparatus which at the picture |evel includes: is at |east one VBV
Updat e nodul e; at | east one Potenti al"SOver f1 ow Check rodul e; a Decrease

Virtual gL elehtih D8RR 1eLRase. Holid lORRkhon WRALLE: 1R [Rakedse Bt

Al l ocati'on ; ncrease antization Range nodul e; and 20 a Mdify
Q Mat ri eegitrndllPeniobadzs YoaitivakioBufrhatceBumodésatod Gbe tharpfewentidre ofl i ce
. level said apparatus includes: a VBV Estimation nodule; a VBV Update
nodul e; Panipokedt c8Aingver f | ow Check nodul e; 25 a Potential Underfl ow Check
nodul e; a Decrease Virtual Buffer-Fullness nodule; an |Increase Virtual
Buf f er- Ful | ness nodul e; a Set Pani ¢ Mbde Codi ng nodul e; and an Encode a
Sl i ce nugdefeRably? sliBe anal hontiol ¢f esedemh placenobfantMB levekpentodl.t here i s
provi ded a net Zod for Video Buffer Verifier (VBV) control of a video
encoder, substantially according to the WO (12/0; 8A11 -11 PCT/ SGO

L 1111013 ey had ggr%ﬁr'tl?eegsﬂe?%&thﬁlvéﬁﬁghfﬂx&@ﬁd&”tﬂ!tt e’ efREENGEsUISs tiRe
acconpa §}| ﬁg ’flgures.’ I'n” @nother preferred formof the invention there is
provi dedngrosanpraleatiohat M VadiedloBubf ax overfidwer (VBV) control of a video
encoder, substantially according to the enbodi nent -described in the
specification with reference to and as

10 In a further broad form, the present invention provides that the method results in

improved encoding at a low bit-rate.
Preferably, the video encoding is MPEG-2 video encoding.

15~ The present invention according to one aspect seeks to provide a method which
includes the following steps:
at the picture level control:
updating the VBV buffer-fullness in at least one VBV Update module
before at least one Potential Overflow Check module; _
20 reducing the virtual buffer-fullness and increasing the target bit allocation
in a Decrease Virtual Buffer-Fullness and Increase Bit Allocation module;
if there is an underflow pofential, then according to that underflow
potential level: reducing a target bit T in a Decrease Bit Allocation module;
increasing quantization range in an Increase Quantization Range module; and/or
25 modifying the quantization matrices and reducing the virtual buffer-fullness in a

Modify Q-Matrices and Decrease Virtual Buffer-Fullness module;

at the slice level control:
estimating the VBV buffer-fullness in a VBV Estimation module; )
30 checking for an overflow potential in a Potential Overflow Check module;
if an overflow potential is found, decreasing the virtual buffer-fullness in

a Decrease Virtual Buffer-Fullness module;




illustrated in the acconpanying figures. Brief Deseription O Figures io
The present i nventi on will becone apparent fromthe follow ng description,
which is Wy Way of exanple only, of a preferred but ngisd i mdbng
enbodi nent t er eo described in connection with the acconpanyi ng figures,
wherein: 15 Fi gure 1 illustrates a preferred enmbodi ment of the present -

i nvention wherein, the fi gure shows ary- | |1 ustratr on of how a VBV buffer is

updat ed. e 21 Iustr efe
i nvention 209@5&%% Vhedh f ur”kp d’ll%egE Zg?gm%ijil u?% ?ng pi cture

and sliggohgeel VBV control. Figure 3 [ I lustrates a preferred enbodr ment
_of the present invention wherein, the fi gure shows a detailed flow di agram
the picture apetfeimiog 2Boteaviel uvBeribowfeheckndes MosentialdUsderIaw i lasit r ol .
Modes Fox g}z rying Qut The Invention 30 In a particul ar enbodi ment, the
~present PR ionis directed to the prevention of VBV underflow and

over fsl ow duri ﬁ%er'\/fe'%&n%nxhéﬁ%fftﬁé%'cteﬁtow bleDlaD 24Fdll SErdrbsibipdge fliauaicont r ol
Pi ct ure | evel : /111]?1‘ 119 The basic step in underfl ow

and pammﬂﬁmdﬁumm oy aprtmmam élhrtusl Bméfméaumes@nmduﬂmeamcb(ﬂgé@ttm& gheT when

necessary. .-The farget bits T r aced by (T+PM where
PMis defdHednoge ¢ n%t%@e%ﬁ ngt 8?%&% uigr gg%f the additional bits

that m ght beefrb%%%% 9sﬁ8€@@%ntﬂ}§:oﬁ%>ﬁt S]Fit:&}dé)laﬁle Apart from adjusting the
target bits T, additional picture | evel prevention steps can be used. A

further preventive step is to increase the range of the quantization-step

(lest to. be. us for.exanpl e t.he MPEG guant.| L on

Schelfe alT biFERE DERAor et Bt e g b 6 Ploen Ty i asbakel

potent i ato Stoﬂag'tﬁam%@%ﬁr i@ﬁ(’iﬁ ih ?aﬂ&t Qﬁﬁ@d“,odﬂlgsbté\lenftwhttbly?radﬁttmdent | ve
oye

step which " may be optionally enpl is to use 20 custom sed quanti zation
mat r i cesof\aiprhventeveohatgighier tasgaidyts fagirrthe default Q

In another preferred form of the invention it is sought to provide that a variable

15  panic level may be used.

The present invention according to another aspect seeks to provide a method
wherein, for constant bit-rate coding:
at the picture level: _

20 overflow prediction is rendered more sensitive by incorporating a factor
dependent on the encoding bit-rate; anct

reducing the virtual buffer-fullness when a factor extra-bits is greater

than O;
at the slice level:

25 estimating the VBV buffer-fullness in each slice and reducing the virtual

buffer-fullness if required.

Also preferably, - specified levels of buffer-fullness are experimentally
determined for each picture type.

30
In a specific embodiment of the present invention, values of Thl, Th2 and Th3

are 200 000, 150 000 and 100 000 respectively for a PAL picture.



. rate-con

matri x, when a higher potential of panic node encoding is detected. Slice

| evel : 25 Instead of using the MB Level of updating and checki ng panic

| evel encei Pssselice level is used to reduce conputati onpp@gidhf/eents and
t he potenti al o*f; pani ¢ node codi ng of individual MB. Slice | evel underflow
control for panic node detection and evention is 30 performed after
encodi ng each slice of a picture. A Vafiable Panic Level {VPL) may be used.
The VPL varies according to the nunber of remaining slices (j) to be coded.
The slice panic level is made variable depending on the remaining WO

02/ (1S814 1l furtidr PEboSEhdnt Iof(thé Iredent inuerérn dliers|is gagvidet anoapparetwsoded t o

. further optimse _the VBV contr uch that .the encoder does ,not go.into the
pani ¢ ndgk }fi%tﬁﬂfg?ry.%el”rﬁeéd@?#i ngon&r& iofed | BideP SRS ratRETEPY ¢ His

vi rtual a?k!g{aecg' f%\%{t&éﬂ%%ﬁ%gteédﬁ%ﬁfr% bggh/ar @il nhel Aoatdnd iat PRiure

E I's perforned when necessary. \Wen there is a
pot ent i alndddr place tevebdenteolsddelnding:he val ue of do (one for each

pi cture-type) is increased to ensure fhat the, quantizatian-step~(wiich is
conput ed based vRL#hRierr{ydingss gantrely rr@ﬁﬁ?ﬂ‘%e%%“ﬁﬂfﬁ@a? & Q'@ shor t er
time intey glll to Overflow Control (for constant bitrate coding only)
Picture Tevel: 15 As hereinbefore di scussed, the picture |level overflow
predi cti on desquihhgthtion-aepaingensontiol fandndri8psing thotrargd etthev@-st&p. r ender
the prediction nore sensitive, the value of T in equation (8) is replaced
by a val ue P which depends on the encoding bit-rate of the encoder. 20 In

addi {o! OMgrg fcﬁf, Yild faggéram—éf { &bl 889udss (Sah@AHERImANGEE sexbaiBitid | N
equati on (§) s greater than O, in an attenpt to reduce the Q step nore
rapi dl y fdwrthagprehentéor oflpagc aiodeesdipg.cture. Slice |evel:

In accordance with a specific embodiment of the present invention there is
provided apparatus which at the picture level includes:
15 at least one VBV Update module;
at least one Potential Overflow Check module;
a Decrease Virtual Buffer Fullness and Increase Bit Allocation module;
a Decrease Bit Allocation module;
an Increase Quantization Range module; and
20 a Modify Q-Matrices and Decrease Virtual Buffer-Fullness module;
and at the slice level said apparatus includes:
a VBV Estimation module;
a VBV Update module;
a Potential Overflow Check module;
25 a Potential Underflow Check module;
' a Decfease Virtual Buffer-Fullness module;
an Increase Virtual Buffer-Fullness module;
a Set Panic Mode Coding module; and

an Encode a Slice module.

In another preferred form of the invention there is provided a method for Video

Buffer Verifier (VBV) control of a video encoder, substantially according to the



25 The VBV buffer-fullness is estimated in each slice to check if the VBV
buffer is going to be filled up, and do is further reduced if necessary.

More Det aploagReer i ption ~o A preferred, but non-limti ngCTg@Qngq@nt of
the present invention is shown in figure 2. This figure shows the bl ock

di agram of the apparatus in accordance VWO 112/U; 8111 -14 PCT/ SGOL
/11U1119 with the picture and slice I-blrel VBV control of the pr esent

t t I
vent | ApbR! SeliBlec T T EARLAb! Sy BPREERLRY: 9B Yo fcbRlaRlne O
buf fer - frudregss is updated in the VBV 5 Update nodul es 201 and 204 before

~the pot ential overflow and underfl ow check nodul es 202 and 20S
respectively. The virtual buffer-fullness do |s reduced and the

targeeerflow ot ent r gi ne or
. nore actllno'?%o B?‘n’i: |Pf8h’%§éd2 moglfgtn a‘?"%&%ﬁg H‘%%( g’w?wa%g%d %*, %%:rgglgsjs F%IS

- quants zayiden BafFee Verriksl WY):ont@ﬂdomdhiﬁcyd Bfcddee, quisnantidly atcording ces
and reducing the virtual buffer fullness (nmodule 208) are carried out. 15
At sliceol élwelenelzpdlmn@f degeyibed hia By SpeeHisatiog) Wds Jeferensy ithafBY th
nodul e 249. verfl ow is found in nodule 210, virtual

buf fer- f‘(]JII FH&@B 8:|e acggg}pgggglg%%lﬁmdm e 211. For underflow control, the
slice level VBV update is perforned in nodul e 212 and the potenti al
underfl ow check is performed in module 213. 20 Dependi ng on the underflow
potential level, actions are taken in nodule 214 to increase the virtual
buf fer fBriefeBesdription Ofddgneeo15 to set the panic node codi ng. 25
Figure 3 shows an exanple of the detailed flow diagram of the picture and
slic& | evel underflow and overflow control. The rate control in nodule 2|7

ot or m rsk? oRfeatotg ERYRT PN Sroas atmreat i pht dRERRs debringon ¢y ure
llevel coghi@ 'is given by way of example only, of a preferred but non-limiting
embodiment thereof, described in connection with the accompanying figures,
wherein: |
15
. Figure 1 illustrates a preferred embodiment of the present invention

wherein, the figure shows an illustration of how a VBV buffer is updated.

. Figure 2 illustrates a preferred embodiment of the present invention
20 wherein, the figure shows a block diagram illustrating picture and slice

level VBV control.
. Figure 3 illustrates a preferred embodiment of the present invention

wherein, the figure shows a detailed flow diagram the picture and slice

25 level VBV buffer underflow and overflow control.

Modes For Carrying Out The Invention

30  In a particular embodiment, the present invention is directed to the prevention of

VBV underflow and overflow during MPEG-2 video encoding.



V1''O 02/(18.101 -15 PCT/ SCul J(N~0ol1!) For picture |evel overflow control,
bef ore encodi ng each picture, possible extra bits is conputed in nodule 320
and checkgd dnsgm@dul e 321 as to whether the target bits Tpagadol/ope
increased in nodule 322:° 5 extra bits = VBV _,fullness - P + Bpp - VBV
buffersize (9) The value of Pis set_gﬁpending on the encoding bit-rate,
for' exanple, 1/4*Bpp. If the target Drts are required to be increased by
extra bits, which indicates that the VBV buffer is about to overflow, the
value of do is reduced by a value d2 in nodule 324 if it is found to be
great er Yrdarflowhpemirgl i n nodul e 323. This is to allow the Qstep to reduce
. fast enough when an overflowis likely in a situation such as sudden
changes in notion activities fromvery fast to very slow. 15 In picture

| evel ungefdrkquygontrol, the target bits T is first adjusted if necessary
., 1n nodule 326: if ( (T+PM > VBV_,fullness) then T = VBV, full ness - PM (10)
20 Sétting a small PMval ue m ght not be enough to take care of the

bits-us di scr epanc nd setting .a high PMm qQver-reaction” or
onmecosethdbifF SREnBndroRT bid BEnd o0k sadlyd M beRiRUT R dRiRERRCL O
exper i mapkahtget dgiser A& nef QsaBX M GargevVBit e Bfléghation Bppates réfluesd f ound
to be suitable. 25 If a sequence of pictures are to difficult to encode at

a gi ven Wi t7TrdtMd) wihese BVeis defénethss ihenpyeativeatpbnstoe RREAFRIR=8D theor
MPEG- 2 | i hear antj.zati.o che .S use n i coul d not be sustai ned
at the gﬁ@éﬁoﬁr‘g\%lgﬁ '!Ih-afﬁ%lgﬂt ﬁ'ﬁéls%{[f Bﬁ?‘%%rt%\% Cgt ?’Eedatjé Y'the panic level. 30 To

prevgnt this from happeni ng, the non-linear quantization (NLQ schene which
allows the Q value to reach a hi gher nmaxi mum val ue (Amax_non~linear=112 in
MPEG 2) Apamisizem( adigsiieg 3p8)argehdigeli addHopt! pictve leyel P1egAtion. steps

PCT/ SCI | /1&1111 "l when to use NLQ (nmodul e 327) can be nade by neans of
checki ngcainf T H&*VBV buffer-full ness reaches a specified low level, T)zX

A further preventive step is to increase the range of the quantization-step (Q-
15  step) to be used, for example the MPEG-2 non-linear quantization scheme allows
the quantization-step to go up to 112. This is used when a potential of panic

mode occurrence is detected.

A still further preventive step which may be optionally employed is to use
20 customised quantization matrices which are of higher values than the default Q

matrix, when a higher potential of panic mode encoding is detected.
Slice level:

25 Instead of using the MB level of updating and checking panic level encoding,
slice level is used to reduce computation requirements and the potential of panic

mode coding of individual MB.

Slice level underflow control for pamic mode detection and prevention is
30 performed after encoding each slice of a picture. A Variable Panic Level (VPL)
may be used. The VPL varies according to the number of remaining slices (/) to

be coded. The slice panic level is made variable depending on the remaining



L - > Tise

if (VBV_,fullness < TJrl) ----- > use non-linear quantization scltenze 5
else ------ > use |linear quantization scheme O , by neans of checking
whet her t (g @yRrsage Q step of the picture has reached its pgpddidbnbo if

(Qrean > = Qnax linear) ----- > use non-linear quantization sclzetne el se

------ > use |inear quantization schege If using this NLQis still not

enough to cause the buffer-fullness to drop further, the optional

custom %ﬁ%m%éli sl?d‘éﬁgﬂemd Be QHandd Z 83 remnembptiviseVik ofBYiausikar geh that val ues

than the defau trix) are then used in an effort to prevent the buffer

full nesshbee\nebdélrdwnsermt@mmgotthfepmlmwe@eﬂtmamn@l}’dem sion of when to use

. the customsed Qmatrix (CQVM in nodule 329 can be nmade by neans of

checking if the buffer-fullness reaches an even lower |level at TJt2: 20 if

(VBV-T uldngssiis a%%)cﬂeva ARG HrARE SEAubNbeferddlliess, &, nﬁie&tﬁssd el se
Pa Qmatrices O, by neans of checking whet her t he

aver age | 1matdbetﬁmr af@l smemeofrateheorptmlt wf e MRIEG 22 8l -3t 85 nppaifoamed 28hen

(Qrean==Qmax- non -mee> onmi sed i.nter ces
el'se - - -DECESSafye ‘&h?%aﬁ%mdsn%tpp 538 WABEY ERAF ceﬁ’icﬂé nlgr’nt&ﬁ th%qugﬁ §

Q matrix t £ e ¢ , thhf1€hy mmfau@@-sts
reduced Otn% E‘%ﬁl E%ﬁﬂ?gﬁ@%%”ﬁsg 1g§re§ag&ghbosv§s%ﬁe Q stepgdlto have sorr% room
for adj u@;t/mehhs compmed)ﬁﬂmﬂsomthe YZLecTE-d) ornasech e magimbar valiceitbddi ment
of the present invention, the values of Thl, Tla2 and Tl a3 are

exper i ne?ﬁcﬁltfffyu%t@?eﬁi’ﬂed as 200 000, 150 000 and 100 000 respectively for
PAL Qicture The optional custom sed Q natrices are scaled 5 versions of
the default Q matrices. The scaling factor used is 1.25 for Intra-Qmatrix

and 1.5 OoerflotveCofpromdfor gonstantshiouatel chbéingpmiki ated that these val ues may
be varied if desired.

Picture level:

15  As hereinbefore discussed, the picture level overflow prediction described in
equations (7) and (8) is not effective. To render the prediction more sensitive,
the value of T in equation (8) is replaced by a value P which depends on the

encoding bit-rate of the encoder.

20  In addition, the virtual buffer fullness d, is reduced when extra_bits in equation
(8) is greater than 0, in an attempt to reduce the Q-step more rapidly during the

encoding of next picture.

Slice level:
25
The VBV buffer-fullness is estimated in each slice to check if the VBV buffer is

going to be filled up, and d, is further reduced if necessary.

More Detailed Description

A preferred, but non-limiting, embodiment of the present invention is shown in

figure 2. This figure shows the block diagram of the apparatus in accordance



Slice level control: to To ensure that no overflow bits are wastefully
stuffed, slice level VBV buffer fullness estimation is perforned. Before

encodi Ng {RegMiskfent picture, the estimted VBV fullness ipgriddoshonro
initialised 1n nodule 319. After encoding each slice, the estinmated VBV
fullness is updated in nodule 303: 15,estirnated-VBV_, fullnes,r =

esti naat ed- VBV, ful l ness - Ssr;~e + BP1E (11a) where Ss,,~e i's the nunber of

bits usqdil ehepsadee hfke sEbd tevaandB BPSiitsolt biethrvresge invehiton oNobé tlatper
slice (Bpp | nunaber of slice~er_picture). The value do is 20 further

r educed ovarfiweuloatsi-is geneshllgeonlarried opt forscanstand biraie¢oredi®ga t hat the
. estimated VBV full ness exceeds the buffer size, VBV buffer size, so as to
further increase the bits used in encoding the next slice. if

(estimatsg qdﬁﬁpﬂmtﬁ% l1BeSScontMBY e f e YufR)-fddnessd®s updatelin ble 26BFor
. underfl ow control, the estimafed VBV buffer-fullness |s updat ed i n nodul e

306: 5VBWpddtt mesdules YBY apﬂ@%absf@re tf potegoial DYy e pad SyldesBopsCREE nunber
of bits us&ﬁ 5I’[he cy nt slice. Note that Ss~; ~e includes the
bits us&BOFHFs Hcoadﬁdrgo Wépfﬁ ¥e header for the first slice. If the WO
U2/11S8~111 PCT/SE 11/ (I (1U19 -1 S VBV buffer-fullness is found in nodul e

307 to be lower than threshold Th3, the value of do is increased in dul e
309 by armmeuamuf@creﬁmmp@ @m@tquhée‘h@aﬁttbfzaaefgé‘hb’sf;taélé’céﬁﬁnrléé’é‘ffeﬁ

maxi mum val ue qui s foun t. tw €ach

its uppeP PROfHe dﬁﬁh‘f %‘eﬁ \}ﬁr?%bcfvtfrﬂgm (?nFeen\lglélF ?8%&%;%;50 d:qﬁ ned as:

VPL 7 ] "plikfifalTBXc@rdln to ShCanf®pfldwnpaehtal 18jel, one or more actions
including reducing target bit T (module 206); increasing quantization range
(module 207); and modifying the quantization matrices and reducing the virtual

buffer fullness (module 208) are carried out.

15 At slice level (a rdw of MB), the. VBV buffer-fullness is estimated in module
209. If an overflow potential is found in module 210, virtual buffer-fullness d,
is decreased in module 211. For underflow control, the slice level VBV update
is performed in module 212 and the potential underflow check is performed in

module 213.

Depending on the underflow potential level, actions are taken in module 214 to
increase the virtual buffer fullness d, and in module 215 to set the panic mode

coding.

25  Figure 3 shows an example of the detailed flow diagram of the picture and slice
level underﬂbw and overflow control. The rate control in module 217 is a rate
control which uses the virtual buffer-fullpess d, for determination of

]

quantization-step, such as in the MPEG-2 TM-5.

30 Picture level control:




to is conputed in nodule 310. The VPL varies according to the nunber of
remai ning slices, j, to be coded. The Slice naxJpanac i s the nmaxi mum nunber
of bits rﬁ,q)quy"ggmho encode a slice in the panic node and ppgcehiffi9

max- nonpani c 1S the maxi num nunber of bits required to encode a slice in
t he non-pani c node but at the maxi num guanti zation-step. 15 The slice panic
| evel is nade variabl e dependi ng on the r emai ni ng nunber of slices yet to
be enco e n no t] - SAIC hat does
not go iciﬁ%otpﬁﬁ{é@%alr?}’gler?o?eﬁ %?e%rgll%crﬂél 9&02\%%1151@5 ur?%d%cgn?gc&ﬁ% ?} nggf\e'rs set

i n nodul &rd diasisaconpided & nordulle 3R0eamihclogtked infmodules3Xloundo iwhatbeul e 20
. 311 that the. VBV-fullness goes below the VPL. The values of dl, d2 and

dhi gh ar@edspgstibisnt aped/tqe énciered @n@oduiet 3R e val ues are 50 000, 100 000
and 500 000 respectively. 25 The val ues of ‘Slice nmax' nonpanic and Slice
. max_panic are chosen carefully to guarantee that no underflow w || occur.
The val ues ar gyexpafs SeVBWI fuyinded ePmirnBgp ards webufar yizaccor di ng to(%he
picture type and picture size. An exanple value for Slice_nmax nonpanic is
10 000, and exanple values for Slice nax_paiaic are 2000 for |-picture and
150 for B p} at.ur ft e I . i ; ff is
comput ed Th aba P LI s aep s B i EnBlhe oGt FRERRS DI, LRy
bits-stuffing nodule 316 is required. Rate control V10 02/058.1111 19
PCT/SGA 11 /0(l (119 and bit-allocation is then perfaornmed .in ,rT&_duI e éé? and
the VBV Hutheetargetl hitears Tequirpé fo RSIRCERRSEH Dyp@iil . D3fg WhirR Ipdicaess, B8t

enbodi ment i.avent | g 4 piEtMr e
qual I'ty Q‘r?dgg}% ?’ gﬁ% gﬁsﬁﬁ&euststgcog’%%?o?? Q%&Q%?q\?"oiﬁaﬁeag%ﬁ u eaog?l%esélii l(i:lg | evel
over f | ownadidindarifliow ¢anid @ bpravawe thapdaveréninsmodele 8h2. Fhiods &0t
especially in ternms of panic node prevention and_overf| 0?\31 prevention. Panic
mode encadpwgtheaQ-Herie asdicadastesnareiorherap Qerflpw s likedy Bt 8B Rg at

very | ow bif _ggﬁgdenst%ﬁaﬁgeg ﬁlvﬁlloti%gqc}%rﬁfvlit%(g £OR1 LAY fa8t 56 okl ace of MB
| evel controf 0 an e conplexity requirenments are reduced as well as
i ndi vi dual MB pani c node codi ng avoi ded. VBV buffer overflowis also

avoi ded when encodi ng vi deo sequences whi ch sw tcg, fro(gl a Hlnlgh Level of
noti & (Fapicyre devel ondediate cendpldls REeed Biw PR gt AGUSEAH NGRS A ch
demnstrﬁgﬁo&lﬂgﬁj Lhe quantization-step is able to respond quickly enough
to the changes. %u's, t here has been provided in accordance with the
present invention, a Video Buffer Verifier (VBV) control of a video encoder

whi ch satisfies the advant ages 20 set fo bove. The i nvention al so
be said Br 6&AMPMY ke delinessk Hgrpark § R’@R’eﬁ’é{?ﬂeﬁ éngﬁ!f eatures r e?@b ed to
or indicated in the specification of the .application, individually or
collectively, in any or all conbinations of two or nore of said 25 parts,

el ement s Sertifigat ymal, PAhdaleengghipaot fhiecenoutghyér sake eanemfi diseditharseiin

whi ch have known equival ents in t art to which the j.nvention rel ates,
such knoﬁ‘ﬁcéﬁﬁ?f%%’l’gﬂfisse&l“ég Hé@ﬁ}éﬁdn’c?é‘ticﬁ%er pBY i EdCHBP ei 4 HERGOFs5ary

I ndi vi duglfderiht in target bit T. The value of PM used is typically experimentally

determined, for example a value equal to Bpp is often found to be suitable.

25 If a sequence of pictures are to difficult to encode at a given bit-rate, when even
the maximum gquantization-step (Qmax=62 for MPEG-2 linear quantization
scheme) is used and still could not be sustained at the given low bit-rate, the

VBV buffer will reach the panic level.

30 To prevent this from happening, the nop-linear quantization (NLQ) scheme
which allows the Q value to reach a higher maximum value

(Qmax_non linear=112 in MPEG-2) is used (module 328). The decision of



forth. 30 Although the preferred enbodi nent has been described in detail,
it should be understood that various changes, substitutions, and

alterati o @aRgHe Mmde WO (12/ O R-(11 -? 0 PCT/ SA I I/ (lpchrkEbPokigs €i n by
one of ordinary skill in the art w thout departing fromthe scope of the

present invention as hereinbefore described and as hereinafter clai ned.
WO U2/ US8.1 UL -? 1 The clains defi ni'h@‘ the invention are as follows:
PCT/ SGU /UUL1119

P o) oo b0 @ oA Bad) bk o 880 BT E8End/ok Ichbblink Y Yhe dpBr ol of

Yy pi ctur evel controfs are

i npl emenfuggtrifilinBes peichesia spatidied lﬁwclthéE @dl or slice level controls
cincluding: virtual buffer fullness control for increasing the sensitivity

of a Q step; and/or quantization-step range control for increasing the

range of the t hoc c in, the

met hod addi tléQ %?}pyﬁflh%elsﬂ %}gﬁant?ﬁgl?l o'jﬁéa'1 q?lga} Qu%t%émfol;lc}gl?}él% for t he
prevention of panigennde. sogieNthead quéntiBitindsdened ai med in either claim1l
or claim2 wherein, the slice level control is used in place of an MB |evel

control. 15 4. A rrethod as claimed in any one of the clainms 1 to 3 wherein,

t he net dresultsm oV f u f r | ow.
5. A et Hod e e eTR i iR H HeP Q By B P R o P e o
20 resul ksSmakihiRy:oved encodl ng at a low bit=rate. 6. A nmethod as cl ai ned
in any one of the clains 1 to 5 wherein, the video encoding is MPEG 2 video
encoding. 25 7. A nethod as clained in any one of the clains 1 to 6

V\/nerel n, sal d r?@tmean > = Qmax_linear) ----- > use non-linear quantization scheme

else -——--- > use linear quantization scheme

If using this NLQ is still not enough to cause the buffer-fullness to drop further,
the optional customised inter and intra quantization matrix (which have larger
15 values than the default Q-matrix) are then used in an effort to prevent the buffer
fullness level from entering the panic level. The decision of when to use the
customised Q-matrix (CQM) in module 329 can be made by means of checking

if the buffer-fullness reaches an even lower level at Th2:

20 if (VBV fullness < Th2) ----- > use customised inter & intra Q-matrices

else —---- > use default Q-matrices

Or, by means of checking whether the average non-linear Q-step of the picture
has reach its maximum:
25
if (Qrﬁeanrz=Qmax_non__linear) ----> use customised inter & intra Q-
matrices

else ----—- > use default Q-matrices

30 When switching from the default Q-matrix to the customised Q-matrix (module
333), the value of d, is reduced in module 334 by a value d2 to allow the Q-

steps to have some room for adjustment.



includes the following steps: at the picture |level control: updating the
VBV buffer-fullness in at | east one VBV Update nodul e before at | east one
Pot ent i al w@v@lks@y Check modul e; 3o reducing the virtual lp@fr)‘sgm/{,dél](} ness
and increasing the target bit allocation in a Decrease Virtual

Buf fer-Ful I ness and I ncrease Bit Allogation nodul e; V1''O U2/11; 8-4(11
-?2 PCT/SE I | 111111119 if there is dn underfl ow potential, then according
to that underflow potential |evel: reducing a target bit T in a Decrease
Bit Allocation nodule; ' increasing quantization range in an |ncrease
Quant i zah iaoprePernd enmuuiinent aﬁdibie)pr&sadt ﬁxywermglomhéh«qwames 2dtT/h Hed endes and

Vit ual e e - Fapeesiaga et net s 2pBe OBy el SEMT orSE elf rabBng T he
VB bUT ek ACRS: IPAR MBS ThERbb APndIod: Binithe okl o soweat | ow

_ potentla R5a tentl nodul e; 10 if an overfl ow potenti al
i s foeunderdess edshaglefhat Q-ntatrtesh FHeescdling faesw nsedaisDeSetogelniia-Qiral

Buf f er - Ful | dul f derf| dat | th I I | VBV
n o VBRI 8R roduls! IEr-ComsG & SBORK PaiTBRCGr RO BRI (AL

Pot enti q,+a Q‘i‘/raheﬁ"i’fgéﬁ?gd 1 s nodule; after determ nation of the underflow
potential “l evel: 1 ncreasing the virtual buffer-fullness in an |Increase
Virtual Buffer-Fullness nodul e; and/or setting the panic node coding in a

Set Pani ¢ _Mde Coding nodul e; and encoding a slice in an Encode a Slice
nmodul e. &(E.&L_@_‘Eﬂii_b%de ev t as clainmed in any one of the clains 1 to 7 wherein,
t he thod assists in panic node coding prevention by addition of a
preventive margin to a target bits factor T. ?s 9. A nethod as clainmed in
any one T ehberecthat mp dvérdlodv biteraze nyaste fudlyi abffedpahcﬂz 1¢\@&eVBWa?uﬁérvsed
10. A nethod as clalrredlnagone% t he C|A ]h ere;[ fﬁ{
const antfullnCSS estimation 1is perf rmed efore enco ing the current pic ure,

estimated VBV _fullness is first initialised in module 319. After encoding each

slice, the estimated VBV _fullness is updated in module 303:

15

estimated VBV fullness = estimated_VBV_fullness - S, + By, (I11a)

where S, is the number of bits used to encode the slice and B, is the average
number of bits per slice (Bpp / nu..mber_of_slice_per_picture). The value d, is
20 -further reduced in module 305 at slice level if it is found in module 304 that the
estimated VBV_fullness exceeds the buffer size, VBV_buffer_size, so as to

further increase the bits used in encoding the next slice.

if (estimated VBV fullness > VBV_buffer_size) d, = do- dl (11b)
25
For underflow control, the estimated VBV buffer-fullness is updated in module
306:
VBV fullness = VBV fullness - Sgic. (12)
30

where S, is the number of bits used to encode the current slice. Note that Sitice

includes the bits used for encoding the picture header for the first slice. If the



bit-rate coding: .o at the picture level: overflow prediction is rendered
nore sensitive by incorporating a factor dependent on the encodi ng
bit-rate; way\ssdp 02~0; H ~0~ -23 PcT~scooouom reduci ng t hpidot Mého
buffer-full ness when a factor extra-bits is greater than 0; at the slice

| evel : estimating the VBV buffer-fullngess in each slice and reducing the
virtual s buffer-fullness if required.” 11. A nethod as clained in any one
of the cIBWVrEiffert nlli@syhief@ind, icspediulel 307 kevel ®wek thad tigfeshidlli| Frexsthar e
experinmental |y determ ned for each picture type. 10 12. A nethod as cl ai ned
in clai Mg whefleiln, incapaRed bt module THED B THduard? Joocmuoe Hgd B0 and

- 100,000 fue3RERId S L AR BLGSHIE: v AMORLALHR Yol 6 SaBLer

Verifier a video encoder, aratus cont ai ns

i nt egrat®d RhCitWiL woidleath $tkivppet Bwat depi.rol s, 15 said picture and/or
. slice level controls including: a virtual buffer-fullness control for
incréasing the sensitivity of a Qstep; andlor a quantization-step range

control for_.increasi t nge. of. t.h step. 7?0 14. Apparatus as clai ned
in clai fﬁ”ﬁﬁ%r%?rﬂ? q?ﬁ%h@g&gr‘gﬁﬁg 1588f1{1%ﬁagl |y includes quantization
matrices nodification for the prevention of panic node coding. 15. °
Apparatus as clained in either claim13 or claim14 wherein, at the 25

pi cture | evelVRaizw /ipibes anars punic| td¥éce_atax saaparnife VBV Update noddle; at

| east one Potential Overflow Check nodul e; a Decrease Virtual Buffer

Ful | ness and Increase Bit Allocation nodule; a Decrease Bit Allocation
modujee; is computed in module 310. The VPL varies according to the number of

remaining slices, j, to be coded. The Slice_max_panic is the maximum number
of bits required to encode a slice in the panic mode and the Slice_max_nonpanic
is the maximum number of bits required to encode a slice in the non-panic mode
but at the haximum quantization-step.
15

The slice panic level is made variable depending on the remaining number of
slices yet to be encoded to make the VBV control more optimal such that the
encoder does not go into the panic mode prematurely. A panic mode encoding
flag is set in module 312 as an indication to thé€ encoder, if it is found in module

20 311 that the VBV _fullness goes below the VPL.

- The values of dI, d2 and dhigh are experimentally determined and suitable

values are 50 000, 100 000 and 500 000 respectively.

25  The values of Slice_max_nonpanic and Slice_max_panic are chosen carefully to
guarantee that no underflow will occur. The values are experimentally
determined and may vary according to the picture type and picture size. An
example value for Slice max_nonpanic is 10 000, and example values for
Slice_max_panic are 2000 for I-picture and 150 for P and B pictures.

30
After the picture is encoded, bits stuff is computed in module 314 and checked

in module 315, if there are bits-stuffing module 316 is required. Rate control



0 an Increase Quantization Range nodule; and a Modify Q Matrices and
Decrease Virtual Buffer-Fullness nodule; and at the slice | evel said

appar at uswig\Rldgles WO 02/ US8. 1f 11 -24 a VBV Esti mati opchRew B0 VBV
Updat e nodul e; a Potenti al O/erflow Check nodul e; a Potential Underflow
Check nodul e; s a Decrease Virtual fer-Ful l ness nodul e; an Increase -
Virtual Buffer-Fullness nodule; a Se Pani ¢ Mbde Codi ng nodul e; and an

Encode ﬁqubit\clrﬂilcmﬂﬁ'éhexs tﬁg oYY rgtgd&lg 367 afd TRE Rl firtreYlplemeBuf f er

Verifier (VBV) control eo encoder, substantially according to the
net hod detﬁenlulpédteldmmmedslpeﬂa‘lcatlon with reference to the acconpanyi ng
. figures. 17. An apparatus for Video Buffer Verifier (VBV) control of a

vi deo encoder, 1s substantially according to the enbodi ment described in

]Ehe speghi E\g?%e'rgéh ‘@&ﬁdbd‘i{ﬁfeﬁtr %Pctﬁe tﬁe@éﬁ@ 1ﬁ§eﬂt|1$ﬂ’§%fﬁ)trﬁlg Wt MeteRfFoFpanyi ng
I gur es. Asr.A9 A{sr.As .A . As_.A
S. A SpJA?urA quahitg. a@ndAbuifereﬁlImkdEMf@ Tlher a@h}mpehpma]rcaq@aﬂ}@alevel

o) e e | SetAbuksalar SR Gahedelseal oslarl&el srisl ofl kel cal e
especially in terms of panic mode prevention and overflow prevention. Panic
mode encoding has been avoided even for very difficult sequence coding at very
low bit-rate. Slice level underflow control is used in place of MB level control
10 and the complexity requirements are reduced as well as individual MB panic

mode coding avoided.

VBV buffer overflow is also avoided when encoding video sequences which
switch from a high level of motion (having lots of scenme-changes) to a low level
15 of motion, which demonstrates that the quantization-step is able to respond

quickly enough to the changes.

Thus, there has been provided in accordance with the present invention, a Video
Buffer Verifier (VBV) control of a video encoder which satisfies the advantages

20 set forth above.

The invention may also be said broadly to consist in the parts, elements and
features referred to or indicated in the specification of the application,
individually or collectively, in any or all combinations of two or more of said
25  parts, elements or features, and where specific integers are mentioned herein
which have known equivalents in the art to which the invention relates, such
known equivalents are deemed to be incorporated herein as if individually set

forth.

30  Although the preferred embodiment has been described in detail, it should be

understood that various changes, substitutions, and alterations can be made
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10 2. A method as claimed in claim 1 wherein, the method additionally includes

quantization matrices modification for the prevention of panic mode coding.

3. A method as claimed in either claim 1 or claim 2 wherein, the slice level
control is used in place of an MB level control.

15 |
4. A method as claimed in any one of the claims 1 to 3 wherein, the method

results in improved prevention of an underflow or an overflow.

5. A method as claimed in any one of the claims 1 to 4 wherein, the_method

20 results in improved encoding at a low bit-rate.

6. A method as claimed in any one of the claims 1 to 5 wherein, the video

encoding is MPEG-2 video encoding.

25 7. A method as claimed in any one of the claims 1 to 6 wherein, said method
includes the following steps:
at the picture level control:
updating the VBV buffer-fullness in at least one VBV Update module
before at least one Potential Overflow Check module;
30 reducing the virtual buffer-fullness and increasing the target bit allocation

in a Decrease Virtual Buffer-Fullness and Increase Bit Allocation module;
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25 9. A method as claimed in any one of the claims 1 to 8 wherein, a variable

panic level rriay be used.

10. A method as claimed in any one of the claims 1 to 9 wherein, for constant
bit-rate coding:
30  at the picture level:
overflow prediction is rendered more sensitive by incorporating a factor

dependent on the encoding bit-rate; and
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20 14. Apparatus as claimed in claim 13 wherein, the apparatus additionally

includes quantization matrices modification for the prevention of panic mode

coding.

15. Apparatus as claimed in either claim 13 or claim 14 wherein, at the
25  picture level said apparatus includes:
at 1ea§t one VBV Update module;
at least one Potential Overflow Check module;
a Decrease Virtual Buffer Fullness and Increase Bit Allocation module;
a Decrease Bit Allocation module;
30 an Increase Quantization Range module; and
a Modify Q-Matrices and Decrease Virtual Buffer-Fullness module;

and at the slice level said apparatus includes:
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