13 July 2005 -1 Method And Apparatus For Video Buffer Verifier Underfl ow
And Overflow Control 5 Technical Field . io The present |nvenj| E el ates
to Video Buffer Verifier (VBV) control of a video encoder, !

particular, to the efficient prevention of VBV underflow and overflow
during NPEGZ vi deo encodi ng. Background Art' 15 VBV constraints in MPEG 2
The MPEG 2 coded bitstreans are requjjced to meet 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 sinulate the
entering and renoving of coded data to and from a decoder's buffer.
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overfl ow or virtual VBV buffer is maintained 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
consunes too few bits while the decoder is nearly full. The bits which
arrive at the decoder during the next picture period 13 July 2005 -2- wll

t hen cau n.overflow Note that this overflow constraint applies only to
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10 The present invention relates to Video Buffer Verifier (VBV) control of a video
encoder, and in particular, to the efficient prevention of VBY u_nderﬂow and

overflow during MPEG-2 video encoding.

Background Art

15
VBV constraints in MPEG-2

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 nat qvcrﬂow 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




the constant bit-rate application. Buffer underflow occurs when a picture

generates too many bits. The constraints of underfl ow and ovegflg&stare
consi dered separately. 5 VBV buffer-fullness, VBV full ness,1,3 is the

picture period, is updated after encoding one picture as follows: VBV
full ness, = VBVJullness, - S . (1) 10 where S is the nunber of bits used
for the encoded picture. At this pointa. the MPEG 2 underfl ow constraint
states that after the above buffer-fullness update, the byffer-fuyllness
shal | not will thes cawseasn pyerflow.oNYB\thay thip @ysrilow copstrynt .le\s/é\?l%g?f er is

then fill w t . a r [ pi ewhBppa pietiireh is Bit
rate divi gged cl??‘qr}fﬁrlgqrr)é%}r{ag% e%%lfiﬂ%r ngﬁeg %ﬁbgrﬁg‘{ve og%lg?at I on, t%e 20

maxi num bigendrates tod> usary ttdtscallbel eonstrpts) :of vBudarfiofe aad + overflos/ ATE| ness, +
Bpp (3) . and.at ,this int, the overflow constraint specifies that for a
const ant [5PBsifered se%a% ration the VBV buffer shall not be greater than

the VBV buffer size: VBVJullness,+t < = VBV buffer size (4) Details of the
VBV specifications can be found in Annex of .the. 30 i.an | TU-T
262 () SORY gaetea-foieesss) VB HoRuingt, JURE S B e PISTS AL R 1, peeted
inCOfpC_’rata‘%ﬂr%ﬁcéﬁﬂfbﬁgi,ﬁ:tuﬁ%s%iww@% -3 MPE& TM5 rate control

VBV fullness, = VBV _fullness, - S . : .. (1)
10 | _
where § is the pumber of bits used for the encoded picture.

At this point, the MPEG-2 underflow consiraint 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 inaximum 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 Anmex C cif the
30 Recommendation ITU-T H.262 (ISO 13818-2 MPEG-2) the disclosures of which

are herein incorporated by reference.




In the MPEG 2 Test Mddel -5 (TM5) of an MPEG 2 video encoder, "virtual
buffer-fullness", is used to determ ne the reference quanti zation
paranmeter. 5 Before encoding nacroblock j (j> = 1), the ful 1hads2080 ¢ he
appropriate virtual Dbuffer is conputed: di' =do" + B - 1- Ti(j-1) I M
cnt or 10 djP = doP + Bf - 1 - Tp(j-1) / MB.cut or dj" =dob + B - 1 -
Tb(j-1) / MB_cnt depending on the pictgre type, 15 where, do', doP, don
are initial fullness of virtual buffers - one for each picture type; B; is
t he nunber i 450~ by encoding all nacroblocks in the picture, up
to and including j; 20 MB cnt is the nunber of macrobl ocks in the picture;

and dj', dj', djb are the fullness of virtual buffers at macroblock j - one

for each Ipi tieuMPRGBeTesTHEoMelrRI(TM ) eéstn MPRGr2 videe (RAcoer.f eYirel | o/,
dj: j =MB,cnt) 4s_used. ' " gfeleYa REaTa PP btepl Ct ure
of the sa?’Pé1 'E%’pf?.ﬁmfﬁe’ rlgfsuesrg'gn%)e dé%éjn &éﬁo 5ﬁéeg%F§1n§?%Pa%}$§ggd}%crobl ock |
i s then c@afytedneniing aldcrotdock3) (f3>=¢ 1), *tBd )fhilnash exf cthe happropriete vintual

araneter" r_is given 13 July 2005 -4 F = 2 * bit rate / picture ra+
P buffer is omputeg}/ y p _

dj‘ = doL + Bj = 1 = Tl(j'l) l’ MB__CIIt
or

10 df = dFf + B;- 1 - Ty(j-1) / MB_cat
or

4 = d?" + B;-1- T,,(j-l) / MB_cnt

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, d° are the fullness of virtual buffers at macroblock j - ome for each

picture type.

_ The final fullness of the virtual buffer (d,, df, d’: j=MB_cnt) is used as do,
25  dP, d° for encoding the next picture of the same type.

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

follows:

where the “reaction parameter” r is given by




and dj is the fullness of the appropriate virtual buffer. 5 The initial
value for the virtual buffer-fullness is: do' =10 * r/31 do = %) do dob =
Kb do, 10 where KD and Kb are "universal" constants dependeﬁd'{% e
quantization matrices. VBV control 15 It is to be noted that the foll ow ng
prior art relating to VBV buffer overflow and wunderflow control algorithm
descriptions are typically performed pgior to encoding a picture, and
after the VBV buffer-fullness rises by Bpp. 20 Underfl ow control In typical
VBV underfl ow control, such as that disclosed in US Patent No. 5, 650,

860, two | evels of ntrql ,at e rmed. First, the picture level, and

t hen, the nacrd'b'l'&ﬁ%llte&ag?f%ﬁuﬁé%%ntroI buf fer underflow in picture

| evel, the target bit T for the next picture is adjusted when necessary

such that it dges n | ead, fo underflow. VBVJullness - T > =0 30 (5) In
addi tion t39tthds Hieci?":gv“@ﬁsl f 2ppIOpEALS Tt er underflow, macrobl ock
(MB) | avelTieonihfll vahse thrithé sRthabyufBARAImREs fiefi ning a | evel above the 13
July 2005 -5-

dy = 10 * r/31
4 = K, &
dy’ = K, dy

10
where K, and K, are “universal” constants dependent on the quantization

matrices.

VBV control

15
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 ()
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




"VBV_ful | ness=0" | evel naned the "panic level". If the VBV_fuliness should
fall belowthis level, then the encoder will enter "panic " b this
node, only the nininum amount of data to maintain the intgggﬁwyz $5the
bitstreamw |l be transmtted. In the panic node all DCT coefficients and
all notion vectors 5 are set to zero, thereby generating a m ni mal anount
of conform ng encoded data. To detectsthis panic |evel, .nmacroblock (MB)

| evel updatln of VBV buffer- fullness is there i.r
VBV_f ul | neS8BY sfulipeisredf Wbﬂa@ﬁédb? ngausdRve Eilf:Lah(\)/ﬁ‘ W—&ﬁ‘?‘?@% sm&d
VBV_ful | neg 1&&39{56@;‘31' {ipd/ B cibdRE AL wcht e ¥lde™: In Andsninode,Pani ¢

mode codlng 6 wher e’ nunber of bits used to, encode i
macr obl ockonl¥fhike mwmim amgihd oéd@tertotm%}nmm intagaity odithe) DHREFRREY}

buf fer-full ness | s fhan panig f Jea 1§ QRGtEGH véstogk scl osed
in US Pat efft IQIBs Sné%?)lmiu 13\9 31\/E@ ove??&égv& adding zero "stuffing
bits" to the must:reeamheseuyt gémaetlng whminivBY amesnf (06 \gopferming socaded

encodi ng a_picture. However, instead of sinply stuffing bits to the

bi t st ream #2uwhi ch is consi dered a waste, the encoder may first determ ne,

prior to encoding a picture, if there are "extra bits", and add a value
extra-bits to the target bits,

T, I ncr e bj.t s r
current pl'EOlﬁ@CCttHé!S panig olewel., eTHE‘Ef&BH’Ck ﬁ}je‘"’i d\?@ﬂ b#seg\{ ﬁ’a |ts =

VBV, ful I ne f £RE VAV Fufidess iS@ hitedaxﬁef antiding xa€) then T
= T + ext rg'ﬁ%mf EJ% Hg%o’tﬁ e P
10 :
- VBV fullness = VBV _.fulln.ess - S (6a)

if ( VBV fullness < panic-level) -—-> Enter Panic mode coding (6b}

15 | |
where S,, is the number of bits used to encode the macroblock. The encoder
will enter the panic mode coding when VBV buffer-fullness is less than panic

level.

20 Qverflow conirol

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-uscd for the current picture that is to be encoded, which

is given by:

30 extra_bits = VBV faliness - T -+ Bpp - VBV _buffer_size (7

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




-6 After encoding the current picture, only the necessary nunber of filling
bits are added to the bitstream 5 It has been found that

h
pi cture-level overflow control is unable to prevent VBV bu#af'&]y R £ 1 ow
effectively when a sequence switched froma high level of notion (having
| ots of scene-changes) to a low | evel of notion. One of the reasons is
that the assunption used in equation g7) is not true nost of the tine. 1lo
Equation (7) assunes that the bits used for coding the current picture is
equal to the target bits allocated T to forecast the amount of extra-bits

required. sHa %gcgr?%' WY Lif2Ped HIGGRE Y ?ihe.“i_i’éc«»:s&a!i-gtJ SuidBLL£ Bf FRLNGBith e

prediction o v ow at pi‘cture level i1s quite poor. 15 Another reason

is that taddegumrthe bastream.step which is quite high during a "fast" sequence
does not "react" or reduce fast enough when there is a sudden change to a
"sl ow' sequence, therefore generating insufficient bits and causing the VBV
buf f ers t oIy be@wfowid thit shes piptdrecievelfl oyirfiowr esntenleistunadle fo gueYento encode

at a givep hit-rate (for xanpl e due to a very.ngi ' cked
sequence P 5 PUffsE Hé‘?rﬂews'efgiféﬂg{? w&ﬂ‘ﬁ 5I°8‘f¢§‘°8fs¥’§%gﬁ‘£¥rcoﬁg%g}§gﬁ (Il:%ég?at a | ow
bi t - rat e) motean (Ve 1di€ offteckhdliharkesiNtd Zaldwonewl] egf idtionedmendfsthel | coul d
not be sustained at the given low bit- rate, the VBV buf{ef] w Ll reach the
pani c | evetasopsisrisat theiasfumption et 4R eABAIoRCTH A% 0ok trug MOst PHEPS Rt ar get
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. Usi ng t he
t ar get1o bi Esuation Bt aseurest thay thegeits weed fopceHng she SRIEHIRIFTITS WP Faual |8 not

effecti Vethesgar%gt Q)HL ')éllgga%sd T to forecast the amount of extra_bits required. This
éssumption is generally mot true which is 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 gustained 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 Jevel is not able to control bits in the VBY 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




-7- In panic node encoding all DCT coefficients are set to zero, the

I ntra-coded macroblocks will appear as "grey-level" bl ocks shlqssgbgant |y
followed by B and P pictures which could be quite irritatihy 4y
subjectively, to a user. 5 This identifies a need for a new type of Video
Buffer Verifier (VBV) control of a video encoder which overcones the
probl ens inherent in the prior art. Digclosure O Invention to In a
preferred enbodi nent, the present invention seeks to provide inproved

pr event i ofinqfaniomaienentedingcddliDfgl dosfficicnts arpdet e (?\ﬁF‘hnHleplPéVf‘nﬁP

prevention, a i pr oyed | id v, O Me! ThitSed a3l eved by
i npl enent i"?chfQ‘glaFﬁ)B’h Iapﬁfaagﬁaﬁrg?ﬁ%véil ig@c e\%qie%%#?l?;ilggbﬁi@cbﬁe?ncl ude: 1)
Virtual buf hReurks e soutdde qaite (mtixxting, SubjecQuely kz absem- st ep range contr ol
(l'inear/non-linear quantization); and/or 3) Optional quantization matrices
nodi fication. As macrobl ock | evel control is generally required in the

pani ¢ rEDdeI‘]ﬂﬁTi@éﬁdff&@ a 36k fobiaSnesORipe Af Viso Budfee rvdrifdre(MBW Rtomtrolcalt s, it
is al so sought to be provided 20 by the ]Eres,e t in.vetrﬂtion thfat t he

conpl exi t 2 videyBycedsstwhich peerceaec @ BIQLIFTSIGReERs WUE REOT &knt r ol i nst ead
of MB | evel control. The present invention further seeks to provide a

nmet hod for Video Buffer Verifier (VBV) control of a video encoder, whereby
pi cture arDigvloshi€©f Ewekntidbn. controls are inplenented in the nethod,
said picture and/or slice level controls including: virtual buffer

full ness control for increasing the sensitivity of a Qstep; and/or

guant i Za QN Sh e &' oA teOprdsBf RRERAGH Idbeks engeoviie tinprarad ep. 30
13 July 2

prevention of panic mode encoding, improved underflow and overflow
prevention, and improved quality of video. This is sought to be achieved by
implementing additional picture and slice level controls which include:
1) Virtual buffer fullness control (dg);
15 2) Quantization-step range control (linear/non-linear quantization); and/ox

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 VBY 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 (VBV) control of a video encoder, wheréby picture and/or slice level
25 controls are implemented in the method, said picture and/or slice level controlg
including:
virtual buffer fullness control for increasing the semsitivity of a Q-step;
and/or

quantization-step range control for increasing the range of the Q-step.

30




-8- The present invention also seeks to provide a method wherein, the
nmethod additionally includes quantization matrices nodifi cat ilon_for the
prevention of panic node coding. 5 Preferably, slice |evel T34t 241° i s used
in place of an MB level control. In a broad form the present invention
provi des that the nethod results in inproved prevention of an underfl ow or
an overflow. to In a further broad form the present invention provides
that the nmethod results in inproved @ncodi ng at a low bit-rate.

71 ef erabl ipe [gscht qﬁ@eﬁﬂﬁpms'agséeis'\fe odidél demetiodinetrin,Lshe Feehqir esent
I nvention ac Ing to one aspect seeks to provide ﬁﬁgé%hod whi ch I ncl udes

the foll owldlgomlb'pmclwdest oeantizetien anateses| medification i IGVENe

buffer-full ness dl n_at_ | east one VBV Update nodul e before at Ieast one
Pot ent i al PEEAIES° k modul e; 20 reducing the virtual buffer-full ness
and increasing the target bit allocation in a Decrease Vi rt ual

Buf f er- Ful | ness_and I ncrease

o .
under f Fow ﬁf?’@ﬁ’%é?“cetlﬁ@ﬁ °8838ir ’(fi"’f‘“f@‘5 ?Igpa]%#g?f gﬁg}ﬂbﬁf ow I[ﬁt!(%ltglreﬁt : ZI aInevel

reducing a target bit T in a Decrease Bit Allocation nodule; increasing

quantization range in an Increase Quanti zatjon 25
modi fyi ngln He bgersh fozmy it PResePt dRYSLAR RTINS n@gpﬂ‘g \ﬁlg#h(glmglﬂfy Bl

e - [UehAR8a peonbRiTah (dobidw 6Pt Bhekrlgecr ease Vi ual

Buf f er - Ful at the slice level control: estimating the. VBV
buf fer-ful I ness in a VBV Estimation nodul e; 30 checking for an overf | ow

potent] al nel f ??;?\Fe VAdes {bat 8t @y@6d heswipdhent i al
is fou‘ﬁd ﬁgg ﬁfgn&’ﬁ ué{%x%)n Kugppﬁles% in a Decrease Virtual
Buf f er - FU|1in§ﬁﬁ&d rmdudhﬁg at a low bit-rate.

' Preferably, the video encoding is MPEG-2 video encoding.

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

Modify Q-Matrices and Decrease Virtual Buffeq:—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 Overfiow Check module,
if an overflow potential is found, decreasing the virtual buffer-fullness in

a Decrease Virtual Buffer-Fullpess module;



13 July 2005 -9- for underflow control, updating the slice level VBV in a
VBV Update nodule; performng a potential underflow check in a Potenti al
Under fl ow Check nodule; 5 after determination of the undert #y g%nti al

| evel : increasing the virtual buffer-fullness in an Increase Virtual
Buf f er- Ful | ness nodul e; and/or setting the panic node coding in a Set

Pani ¢ Mbde Codi ng nodul e; and encodingP-a slice in an Encode a Slice nodul e.
o In a furth r t {s [ t afyent i on
al'so secks 1 aChRBGRION? cEhtol, UBRKASFHL liby TeL P, BF VI pade
prevent i anodulepddition of a preventive margin to a target bits factor T.

I n another preferred formof . the jnyention it i ought. .t Qyi hat a
variabl e 15 JEFOFmINg, &) PoigRigiu .owTﬂéccbr’é‘s%ﬁP%#%EnVFg%%or%lcfr(lg to
anot her g3p&ak. seeks to provide a method wherein, for constant bit-rate
coding: at the picture level: 20 overflow prediction is rendered nore
sensi 6i ve by iafteordsterminatipnaof thet wnderflowapniential develh incEpruing M Bifualat e;

areat or it Bfinkle dr pibask! olstha Witerliiilhel WY, GHUOESVAD 98| o
in each Sjdnéenfodd dodiiigCinng SetPanit Mode Collingfmodile) hmbss if required. Al so

preferably, - specjified, |levels of buffar-fullness are experinentally
det er mi ned f ore™EaEREA g{"&r’é‘ ”t’S/EB‘.“"{% 8 Eﬁce module

10 Ina further broad form of the present invention, the present invention also seeks
to provide that the method assists in panic mode coding prevention by addition

of a preventive margin to a target bits factor T.

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; anq

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

than G;
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, mz and Th3
are 200 000, 150 000 and 100 000 respectively for a PAL picture.




30 In a specific enbodi nent of the present invention, values of T11l, Th2
and Th3 are 200 000, 150 000 and 100 000 respectively for 12,‘}r1\l:>AL | cture.
13 July 2005 -10 In a further enbodi mrent of the present inv Uhet0%here is
provi ded an apparatus for Video Buffer Verifier (VBV) control of a video
encoder, ‘whereby the apparatus contains integrated picture and/or slice.

| evel controls, said picture 5 and/or-X-ice |level controls including: a
virtual buffer-fullness control for increasing the sensitivity of a Q step;
and/or a quantization-step range control for increasing the range of the
Q step. 10pP,h0RdiNky difdBROR G HE prektint iRVGition ihefd Uipfvideid appisatus
matrices nodification for the prévention of panic node coding. In

accor dancefon Wideo sPeffer i VerifiesotVB¥ht casftralhef pr ediden enpodast i‘@geltehﬁr thej s

provi ded appar.at us ich at the.pi.ciure level ...ncludes. at,,.4 e VBV
Updat e rmdgﬁg) ,raéﬁs F%\rgtg{nso egﬁ%ﬁ%rﬁ‘f’ edPéi? 13 g\lfxllcgﬁlgg% ?r%néé(ﬁg’; t‘%‘“ﬁ@?‘%“éﬁge

Vi r t ual 5 Bufhdyor Uik Newd cafokrif¢laame:Bit Al location nodule; a Decrease Bit
Al l ocation nmodul e;, an | ncrease Quanti zati on Range dul e;. and_.20_a Mdify
Q Matrices and padrakbuier-fullaesspeanteql_fog ipsrea ¢ semsitivity) of @ Q¥eR) j ce

| evel sai dE)&PIB?r atus includes: a VBV Estimation nodule; a VBV Update

nodul e; a Potential Overflow Check nodule; 25 a Potential Underfl ow Check
nodul e; a quantization-step range control for increasing the range of the Q-step.

10  Broadly, the apparaius additionally includes quantizatidn matrices modification

for the prevention of panic mode coding.

In accordance with a specific embodiment of the present inveniion 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 modulie;
' a Decfease Virtual Buffer-Fullness module;
an Increase Virtual Buffer-Fullness module;
a Set Panic Mode Coding module; and
an Encode a Slice module.
30

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




a Decrease Virtual Buffer-Fullness nodule; an Increase Virtual

Buf fer-Ful | ness nodule; a Set Panic Myde Codi ng nodul e; and an Encode a
Slice nodule. 30 In another preferred formof the i nvent i onld

provi ded a method for Video Buffer Verifier (VBV) control of a video
encoder, ‘substantially according to the 13 July 2005 -11- nethod descri bed
in the specification with reference to-lhe accorrpanyi ng figures. In another
preferred for f the_ invent] onth €.l s % paratus for .5 Video
Bt for | ver MSBRE (dAsd0ERn Bt he cpentipetion it dEiEretin, 3f oiE, AP EANAE ng
to the enbggypent -described in the specification with reference to and as
illustrated 1 n the, acconpanying figures. Brief Description O Figures 10
The present invention will beconme apparent fromthe follow ng description,
vvhichisgie I | of: f : AN
enbodi nent %{h"{e}Pg'X?‘ng‘nggxﬁ o %n%é’%ﬁ‘%ﬁ e B h@é@%%%%?@%’%&% iﬂgﬁres,
wher ei nis 15/ideo gilrfﬁarl’Vehﬁuﬁ(VBM)&oatror ef erviésb endaiei marbstantiailp @cposkiogt

i nvention wherein, the f ures nillystration.,o ow a VBV uffer S
updated. AP gthte egibodiment, %F%‘é"b& $ r@&cﬁ Han it 5?£f??§e pt%

i nvention 1ﬁ95t‘£ﬂ%&%ﬁh¢h@& \}5 .a block diagramillustrati ng
picture and slice |evel contro

Brief Description Of Figures

¢
The present invention will become apparent from the following description,
which is given by way of example only, of a preferred but non-limiting
embodiment thereof, described in connection with the accompanying f{igures,
wherein: J

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 VBY 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.



Figure 3 illustrates a preferred enbodi nrent of the present invention
wherein, the figure shows a detailed flow diagramthe picture, an lice 25
| evel VBV buffer underflow and overflow control. Mdes For 1@ Qut The
Invention 30 ' In a particul ar enbodi nent, the present invention is
directed to the prevention of VBV underflow and overflow during MPEG 2

vi deo encodi ng. 13 July 2005 -12 Under 1%w control Picture level: 5 The
basic step in underfl ow and pani c node coding prevention is the reducing of
the target bits T when necessary. The target bits T in equation (5) are
repl aced [ipdeffiewicomttote PM i s defined as the preventive margin to take
care of the additional bits that m ght be used to encode the next picture.
10 Apart fromadjusting the target bits T, additional picture |evel

prevent i onpsdigRsSlevepnN be used. A further preventive step is to increase the
range of the quantization-step (Q 15 step) to be used, for exanple the
MPEG- 2 Aon-linear quantization schenme allows the quantization-step to go up
to 112. Thig,,i S L.al. ' K '

det oot ed. ADgRrit Rl HERad el £R b RhodPRldips BRAVRRRBRLL BN AR ML of e
is to use tiRDtarpst bits Jewhemantéssaty. dPhermrgetciiss Fhincéyuationdf) laremeplaged ues

than the defaylt tri when.a higher potential of panigc e odi ng
is detect egy_ &'ﬁ'@%l% F:ﬁ%q ﬁ%@%ﬁ]a@&w&? DHKS %gf%g%lqalfﬁ E%%dﬁf?ﬁ% and
checki ng pafk#ion8yBits @M MiighObe used to encode the next picture.

10

Apart from adjusting the target bits 7, additional picture level prevention steps

can be used.

A further preventive step is to increase the range of the quantization-step (Q-
18 step) to be used, for example the MPEG-2 non-linear quantization schcme_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 pamic 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 panic 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 (f) to

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




slice level is used to reduce conputation requirenents and the potential of

pani ¢ node coding of individual MB. Slice |evel underflow gogﬁ rg%f or
pani ¢ node detection and prevention is 30 perforned after each
slice of a picture. A Variable Panic Level (VPL) may be used. The VPL

vari es according to the nunber of remaining slices ()) to be coded. The-
slice panic level is made variabl e depehtting on the remaining 13 July 2005
-13- nunber of slices ye e 0,.f {RPYBW esuéB\fheont r ol
such that npw&e ﬁtBﬁ%ers ycf%)éésgﬁ% °‘§‘iﬁ)ﬁ1§‘. e pani gé node ggﬁlﬁtﬁlr ely. In

addi tion, ghesbpcodel QY& nAdolintareiy pafictohiedepremagreliuf f er - f ul | ness, do,
(described 5 hereinbefore and in the rate-control of MPEG 2 TM5) is
performed when necessary. Wien there is a potential of panic node encodi ng,
t he val ue s (oneqfar Y] sl buffer gaBeeks| d, o(descrbedat

t he quantig‘gta?glnqunf'gp““?v%ﬁ?%ﬁ’%‘%%ﬁ%%g@ggse% on the val ueoof G\Fij& can
reach the herdinbeformland im the ratestandrolt ofreMPRGRy IM-3) ois Operipry he? ol

(for constant bhitr cadi ng. onl Pi Gt evel s, | efisd Rhmkosed

di scussed, Wﬁ@sﬁyc%nﬁgvgﬁsoﬁﬁﬁ%%qpﬁg?%ﬁi%lr)ldedgg%ri ée]’d&i?dn_ equat i ons

(7) and (8)ohé fopteshl plehirktypeloiy enciensddeo pemurec thasntheo quaniezationrsie? ¢ he

value of T 'in equation (8% I's repl aced b%d& val ue E[‘ﬁ/m ch . CRER ﬁ#eo&ghe

encodi ng bi(whick i empyied bagedaen theyalug } £R Aeach g THENEY “But Tt er

full ness d%%i?&#%i&c%qe%n extra bits in equation (8) is greater than O,
ed g

in an atte o reduce e Qstep nore rapidly during the encoding of
next piwture. Slice |evel:

Overflow Control (for constant bitrate coding only)

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

30

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




25 30 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 |

necessary. More Detail ed Description A preferred, but non- 14 yl#é?,s

enbodi nent of the present invention is shown in figure 2. This figure
shows the bl ock diagram of the apparatus in accordance 13 July 2005 -14-.
with the picture and slice level VBV cdétrol of the present invention. Note

that overf) control i engr a nl ' { t k-rate
encodi ng. %&tg;,{lh% Pb‘ft!'}f%f“é‘f F&’/ee evE m"glcPXFﬁgE’f/B%dB&%%%{ - vﬁ'ﬁﬁ%%sge}t’csm&%dat ed
in the VB\bvedfibdain®rdras gbmsally bnhncar?éd darffor constanthit-eate ieabodivgr f | ow and
underfl ow check nodules 202 and 205 respectively. The virtual

buffer-fullness do is redueced and the target bit allocation is increased

in modul e.Kf,%hé Ipibdigd Glg]%tioz?o b O QB PObER Minels 1 hpRerelSiAtaiVEY {1 ow

I 0o potenti-al, accordin the un ow potential |evel, one_or nore

actions iUphatdimodulesi2ol ngd 28k deetfote theTpatentind| ayerfdoy  andiendesHpwcheck
guanti zati on ran e 207);.and nodi fying the quantization matrices
and reduci‘Had?ﬁé&%?tﬁ%go{w??p‘ﬂﬂ‘l ness (nodul e 208) are carried out. 15
At slice level (a row of MB), the VBV buffer-fullness is estimated in
nmodul e 209. 1f an overflow potential is fo';nd in got?fmfgr’%m” Vi rﬁj%l
buf f er - f ul The gircad bufferdutlinessshdsiTadygsd and the fargep pi PR SRFEISE t he
slice |eve] VB i BefC{ QBlet b Oglthtidl Arailided g _oRtBMek b
under f | ow %’hﬁ?(ddligd%ﬁesref%r%%% ?sfnqmgg)gﬁ#fgb 213. 20 Depending on the underflow
pot ent k@l pereatial,aatdordingate thekemderflomo goteatial deve), 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 rn;w 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.

20 _

Depending on the underflow potential level, actions are taken in module 214 to
increase the v.irtual 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
Jevel underflow and overflow control. The rate control in module 217 is a rate
control which uses the virtual buffer-fullness d; for determination of

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

30 Picture level control:




I ncrease the virtual buffer fullness do and in nodule 215 to set the panic
node coding. 25 Figure 3 shows an exanple of the detailed flmﬁj@?ram of
the picture and slice |I|evel underflow and overfl ow cont rol13

control in nodule 217 is a rate control which uses the virtual
buffer-fullness dj for determnation of quantization-step, such as in the
MPEG 2 TM5. 30 Picture |evel control: -18 July 2005 -15- For picture IeveI

overfl ow cgntro] enc di ng each ture, .055| bl.e a

conput ed i °FmBlﬂ“é‘°35‘U’ ‘é?fk el nﬁﬁ{?ﬂe ‘??29 FﬁcWﬁéé @ﬁhﬁ far get

bits T neegdytn By weslﬁﬁ@e@l zh rhaaaﬁulaqom clecRed iR nitidute 32VRY thukheteas - P
+ Bpp - VBV buffer size (9) The value of P is set depending on the encodi ng

bit-rate, ﬂmwggahlputse!‘n_e.pdmspe ingrpaseddnimedde 382t s are required to be
i ncreased by extra bits, which indicates that 1o the VBV buffer is about
to overflow, the value of do is reduced by a value d2 in nodule 324 if it

is foung to be gxeatBits EhABVARIlesL- Pn+nBgp+ ¥BI2 BuffEhisizeé s to al | offX he
Q step to reduce fast enough when an overflow is likely in a situation
such as sudden changes in notion activities fromvery fast to veryslow 15

I'n picturehfvel U%@?ﬁsls@i"’d?ﬁé?ﬁﬁr% on Eﬁ?eﬁ&'ﬂﬂ&t bRirh&, For 8x ]_El_ﬁi 1pa%Bipt ed i f

necessary in m) ul e 326 VBV full ness) t hen = VBV full ness
- PM (10) 20 Setting a small PM val ue mght not be enough to take care of

the bits-u anc and tt| t whithSfdicates that
"over-r eac?fglﬁ ad.-lge{jﬁﬁ e}’ge Edstg ;?"gn%e%tspd gptégﬂa Q,E F T. T (la val ue of PM
used i Sao]E yﬁh@}g.*mvdwfmgs rxramtatblb?fverﬂeiwem nelde dfaf, 1e>radm:|ed by valalne éiml to
B t t t
PP 1s © Snodule 324 if it is found to be greater than dhigh/2 in module 323. This is to
allow the Q-step to reduce fast enough when an overflow is likely in a situation

such as sudden changes in motion activities from very fast to very slow.

15 In picture level underflow control, the target bits T is first adjusted if necessary
in module 326:

if ( (T+PM) > VBV fullness) then T = VBV fullness - PM (10)

20 Setting a small PM value might not be enough to take care of the bits-used
discrepancy, and setting a high PM might cause “over-reaction” or unnecessary
adjustment 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 quantization-step (Qmax=62 for MPEG-2 linear quantization
scheme) is used and still could pot be sustained at the given low bit-rate, the

VBYV buffer will reach the panic level.

30 To prevent this from happening, the non-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




25 If a sequence of pictures are to difficult to encode at a given
bit-rate, when even the maxi mum quanti zation-step (Qmax=62 for MPEG 2

| i near quantization schene) is used and still could not bd 35t 200%ed at
the given low bit-rate, the VBV buffer will reach the panic level. 30 To
prevent this from happening, the non-linear quantization (NLQ schene
which allows the Q value to reach a higlger maxi num val ue

(Qrax_non_linear=112 in MPEG 2) is used (nmpdul e 328). The .decisjo0 13
July 2005 wiish tavees NIgQ modnle)32 Hoean ke Zoade by, megas ﬁéc?l‘e nﬁégﬁt" W

checking if r}?_fuﬁBq}e/?s butfe 53@%&5@?%"5?@&&1‘3?"?‘- specified 1ow level, Thi: if

(VvBV, ful | ness=<"Thr)” ==--=- non-11 near quanti zation scheme 5 else
------ > use linear quantization scheme O, by neans of checking whether the

average Qstep of the picture b reached its maxinmu | an > =
Qe i noar) F-SHVBYLBRingsh < AALhr - darket 2aBTRIRIE KB dcheme = 2] 7 2
linear guantizationggghene o f,cbgingk &.mﬁizahgglisghﬁﬁé Il not enough to cause
the bufter-fullness to drop further, ™ the optional custonm sed inter and

intra quantization matrix (which have | arger 15 values than the default
Qmatrix) are then used.in .an f.ort t B¢ i pREureltik| reastred evel
from enter6ﬁgb¥Iﬁeaﬂﬁrﬂ%&hﬁgw.%@&d@tgﬁﬁgﬁéﬁ Wen to Ese the custom sed
Q matrix ({FMaximufpdul e 329 can be nmade by neans of checking if the

buffer-full ness reaches an even lower |evel at Th2: 20 if (VBWrfullness <
Th2) ----> use customsed inter & intra Qmatrices else ----- > use defaul t

S tren s R = PNg-WBeyhehokNmear guanyizanion-dchemear
Q step Igf t he gfc@%ﬁm Qﬁaﬁbﬁ%'ﬁ o eay g ‘

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 guantization matrix (which have larger
1s  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 (Omean==Qmax_non_linear} —-> use customised inter & intra Q-

matrices _
else —-—- > use default Q-matrices

30 When switching from the defanit Q-matrix to the customised Q-matrix (module
333), the value of 4, is reduced in module 334 by a value d2 to allow the Q-

steps to have some room for adjustment.



has reach its maximum if (Qrean==Qrax_non_linear) ---> use custom sed
inter &intra Q matrices else ----- > use default Qmatrice%‘ﬁﬁ) %&3
switching fromthe default Qnmatrix to the custom sed Qmat1 el | e
333), the value of do is reduced in nodule 334 by a value d2 to allow the
Q steps to have sonme roomfor adjustnment. 13 July 2005 -17 In a preferred
enbodi ment of the present invention, t#& values of Thl, Th2 and Th3 are
experinmental ly determ ned as 200 000, 150 000 and 100 000 respectively for
PAL picture. The optional custom sed Q matrices are scaled 5 versions of
the def aulfy Qpetbres mbokimencaf thropfesaitonvetiah,ithe vabh@siaf Thint T2 epd mat r i x

d 1.5 f I nter- trix. It, shoyld b |.at t
be.var i od Th dissi ranermerialy| delTust (o 2000 008° 1350, 0 o P FOYTOREE T
bits are mﬁ%éegtf%w 15+ g”%}g%[l firé C Tk YtlondP\ubleitiesd Q-tatriesss arstscaiedi on i s

per f or med. or e “encodi e current picture, the esti matgg_ BV bul | ness
is firsg ivirkioakicfatleidefamit@-magigs. Aheescaling Sagtay usetis 143 Q- -

timated VBV full i s, updat ed, i 3. st tnt ' =
cat i mat od WY dpinpgorer WIBEQ Sy FPufa KeapSEbiplil e sk Hallthel

bits used ﬁl?y%@qpaq;édtihqegﬁé@_e and Bp, is the average nunber of bits per
slice (Bpp nunmber of slice_perj)icture). The value do is 20 further
reduced in nodule 305 at slice level if it is found in nodule 304 that the

esti mat ed_g{E{\:/e_{e%l Qggébﬁxceeds t he buffe_r size, VBV buffer_size, so as to

10
To ensure that no overflow bits are wastefully stuffed, slice level VBV buffer-

fullness estimation is performed. Before encoding the current picture, the
estimated VBV _fullness is first initialised in module 319. After encoding each
slice, the estimated VBV _fullness is updated in module 303:
15
estimated_VBYV _fullness = estimated_VBY " fullness - Sy + By (11a)

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_fullpess 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) do = dy- dl (11b)
25
' For underflow control, the estimated VBV buffer-fullness is updated in module
- 306:
VBV fullness = VBV_fuliness - Ssice (12)
30

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

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




further increase the bits used in encoding the next slice. if

(estimted VBVJul | ness > VBV buffer_size) 25 do = do- dl (1] ttzl) For

underfl ow control, the estinmated VBV buffer-fullness is upd§ Uty 4995 odul e
306: VBVjullness = VBV fullness - 5,,,,, 30 (12) where S, 11" is the nunber
of bits used to encode the current slice. Note that S ,u" includes the bits

used for encoding the picture header f9f-the first slice. If the 13 July

2005 - 18- A B8Rl BORe 1307 T vl Ak tligsu S, iBe

t hreshol d ue o I's 1ncreased in nodule 309 by a value d2 to
ensure t hatalschef dydst incaedsed-int syodoten 308aby 2 healnendnim casute that dher, if

it is found in npdule 308 that, it has not.reach,l L jgh. 5 A
vari abl e pHRIPHZ3UQIEFLCP\A3D) IE\WH} i:br? xR ﬁé&‘ea%}lcwtggﬁrgg%éae?ﬁn%{ﬁgiani c +
Sl'i ce_max_su@nig@nitchdslidt rhlch Bs apparUliet duighodul e 310. The VPL varies
according to the nunber of remaining slices, j, to be coded. The

Slice max_panic is the maxi num nunber of bits required to encode a slice .

in the pan%%gglgggeeg ctlg@elw%&@&mdcwi s the maxi mum nunber of bits

required t a‘slrce he "non- pani ¢ node but at the maxi mum
guanti zati on-step. 15 The slice panic level is nade variable dependi ng on

the remaining n}y}quﬂr j%lice__max _panic + Slice_max_nonpanic (13)

10 is computed in module 310. The VPL varies according 'to the pumber 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 maximum quantization-step.

15
The slice panic level is made variable depending on the remaining number of

© glices yet to be encoded to make the VBV control more optimal such that the
encoder does mot 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.

23 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. i

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



slices yet to be encoded to make the VBV control nore optinmal such that the
encoder does not go into the panic node prematurely. A panic d codi ng
flag is set in nodule 312 as an indication to the' encoder, 1:1“3{?0(% f ound
in module 20 311 that the VBV _full ness goes below the VPL. The val ues of

dl, d2 and dhigh are experinentally determ ned and suitable values are 50
000, 100 000 and 500 000 respectivel y.-126 The val ues of Slice_nmax_nonpanic

and Slice- x .Pani c are, chosen carefull | ow
will occura11 aﬁﬁ?‘ﬁb%n Lr ‘E“"E)Pﬁé ﬂr%ﬁtlﬁl‘i{?/‘&uqﬁe’tqga zﬂﬁ@fegﬁga E?rxayé?rviélﬁrujﬁeEg
accor di ng ik ehdEpditéd W ModduRe3 Ad picture size. An exanple value for
Slice_max_nonpanic is 10 000, and exanple values for Slice_max_panic are
2000 for | -picture and 150 for P and B pictures. 30 After the picture is
encoded, ts_st d g @f 315,

| f there a l?ae Bﬁtguggu IPlér)ngné"e%F 3@9&?‘?@%%1@39%3%??0%{ E%I 13 July
2005 - 19- piemirdiquakty mbuﬁar-ﬁamebe powtes. arneezudmomicmcmre and glige denel VBV
buffer-fullness is then 1Ltglgdat ed P nody) e .318. The re‘}‘eer F{EFO%”EM of
the preserfverlgwnangn updsrfigm Copiol provi H’é‘pﬁ?ve%e c? Fehh ATy *&nd

but et {ul &BESaG O flbns I GadlCirbe bl iR mmbwcﬁemtwn opi | ow

and under f rovi rovenments over _the prior ar es C|aIIy
in terms oﬁo@anmdmsélaprbemnwldnﬂ &ien MWWOWF‘&MH‘F@HG cpding at

encodi ng en,av@i.de FA |5 Nébité 1very
| ow bi t-ra°§’ g é‘ffe%vgﬁggﬁr?{)w coﬁéf(Si { ‘?%Hulseﬂgw%m‘ggegéfl | evel
cont r ok i Oar@Nehd t@gn@mmgemqmwmus mesreeducedr & rwd!h@edndgldmﬂlMﬁsPamc

e

i ndi vi dual MB pani c codi ng avoi ded. VBV buffer overflow is al so
avoi ded \Ah@ﬁd%ﬁ@%gn‘g"%‘?%o sequences whi ch

VBV buffer overflow is also avoided when encoding video sequences which
switch from a high level of motion (having lots of scene-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 preseat invention, a Video
Buffer Verifier (VBV) control of a video encoder which satisfies the adv_antages

20 . set forth above.

The invention may also be said broadly to comsist 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
xnown 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




switch froma high level of notion (having |ots of scene-changes) to a | ow
| evel 15 of notion, which denonstrates that the quantization-step is able
to respond quickly enough to the changes. Thus, there has? gxghided in
accordance with the present invention, a Video Buffer Verifier (VBY)
control of a video encoder which satisfies the advantages 20 set forth .

above. The invention may also be said-fi6oadly to consist in the parts,
elements and  features referred _to or indjcated in.the specificati of the
appl i cat i direinibydeng atigrdipasy; S%llPég? ALty ,°1Frfij°8ﬁ‘;'}“t% ?’é’l"f) ﬁ}:eo.; °§§a&tf?‘gﬁs of
two or morge o %@ée@xti%g R SinbBfRERBICHIHE dnfiods Hepeinatiat cllimed. speci fic
integers are nentioned herein which have known equivalents in the art to

which the invention relates, such known equival ents are deened to be
incorporated herein as if individually set forth. 30 Al though the

preferred enbodi nent has been described in detail, it should be understood
that various changes, substitutions, and alterations can be made 13 July
2005 -20- herein by one of ordinary skill in the art without departing from

the scope of the present invention as hereinbefore described and as
hereinafter clainmed. 13 July 2005 -21 The clains defining the invention are
as follows: 1. A method for Video Buffer Verifier (VBV) control of a video
encoder, whereby picture and/or slice level controls are inplenmented in
the met hod, said picture and/or slice 5 level controls including: virtual
buffer fullness control for increasing the, sensitivity of a
quanti zati on-step; and/or quantization-step range 'control fof increasing
the range of the quantization-step,;




and quantization matrices nodification for the prevention of pani c node
coding. 10 ' 2. A nethod as clained in claim1 wherein, ﬁ d“i’sfv l.evel
control is used in place of an MB level control. 3. A met UYLP4i ed i n
any one of the clainms | or 2 wherein, the nmethod results in 15 inproved
prevention of an underflow or an overflow. 4. A nethod as clained in any
one of the clains | to 3 wherein, the nethod results in inproved encodi ng
at alowhbit-rate. 20 S. A nethod as clainmed in any one of the clains | to
4 wherein, the video encoding is MEG 2 video encoding. 6. A nethod as
claimed in any one of the clains 1 to S wherejn, said nethod includes the
follow ng steps: 25 at the picture | evel con't?lo‘l updating the VBV
buffer-fullness in at |east one VBV Update nodul e before at |east -one
Potential Overfl ow Check nodul e; reducing the virtual buffer-fullness and
i ncreasi ng .t hdhealams defining the dandntioniare as fdlomsase Virtual Buffer-Ful | ness
and Increase Bit Allocation nodule; if there is an underflow potential,
then according to that underflow 30 potential |evel: reducing a target bi t
T in a Decreale BitA fhdtbed foroVideadBliffer t 7
"”'WS"B” el oo Ay fyReoy

I ncrease Quantj zati on, Range, nodul e; .and/ or
July 2005 - 22PKaXAEndorshice layel conttols are mg@m\tg gwmpth@m said picturs and/or slice

buf fer-ful kne B Maghi 9’1?'&!3 ! &ﬁ Virtual,
Buf f er - Ful ?n_e%?drmcc’im?ol atlﬁ‘%ﬁﬂ sl cig}lmpru%]ﬁ%ro ; lgﬂ "P&%%i Sh fty of 2
buf f er - f ul | neguanitisation/BepFakd/orat i on nodul e;

' quantization-step range control for increasing th: range of the quantxzanon-stcp;

and
quantization matrices modification for the prevention of panic mode coding.
10 ‘ o | |
2. Amethod as claimed in claim 1 wherein, the slice level control is used in place of
an MB level control.

3. A method as claimed in any one of the claims 1 or 2 wherein, the method results in
15 improved prevention of an underflow or an overflow -

4. A method as claimed in any one of the claims 1 to 3 wherem the method results in

improved cncodmg at a low bit-rate.

' 20 5. A method as claimed in any one of the clauns 1 to 4 wherein, the video encodmg is
MPEG-2Z video encodmg
- A miethod as claimed in any one of the claims 1 to 5 wherein, said methed includes _
the following steps: -
25 at the picture leve! control: ¢

updating the VBV buffer-fullness in at least one VBV Update module before at

least ope Potential Overflow Check module; reducing the virtual buffer-fullness an&
increasing the target bit allocation in a Decrease Virtual Buffer-Fullness and Increase Bit

P Allocation module; if there is an underflow potential, then according to that underflow
30 potcnﬁal level: reducing a target bit 7 in a Decrease Bit Allocation module; increasing
quantization rahge in an Increase ng.ntization Range module; and/or modifying the
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checking for an overflow potential in a Potential Overflow Check nodule; if

an overflow potential is found, decreasing the virtual buffﬁtwuéd ess in a
Decrease Virtual Buffer-Fullness nodule; . for underfl ow cd pdati ng,

the slice level VBV in a VBV Update nodule; 10 .perform ng a potenti al
underfl ow check in a Potential Underflow Check nodul e; after determ nation
of the underflow potential level: increasing the virtual buffer. fullness
in an Increase Virtual Buffer-Fullness nodule; and/or setting the- panic
node Is coding in a Set Panic Mdde Codi ng nodul e; and encoding a slice in
an Encode a Slice nmodule. 7. A nethod as clajped in anyone of the clains 1
to 6 wherein; the method assists in panic npbde codlng prevention by
addition of a preventlve margin to a target bits factor T. S. A nethod as

claimed in any one of the.clai to 7.wherei | abl g evel
maybe used. FiURRUARIGR,HaECss) %qraéﬂj“lc??aa% nl?”‘&‘ffeg‘ilp gi%&@' ‘m'
for constant Nafidedbfd [FeReHa08 Vidha I ETRLIGHMESR hedk: 25 overf l"'ow predicti on

" is-rendered nore sensitive by incorporating a factor dependent on the.
encodi ng bit-rate; and reducing the virtual buffer-fullness when a factor
extra-bits i an 0:, at the slice |evel: est.j mati ng the VBV

reater t
buffer-full n@ég ﬂ‘{cgéﬁ? §P'i“3‘('§l and reduci-ng ‘the virtual buffer- 30 fuljl ness
If requiregd. Do ANstiithng!de-VEN bdfeifil (385 in a2BBV Estimation module; !

checkmg for an overflow potential in 2 Potential Overflow Check module
if an overflow potential is found, decreasing the vutual buffcr—:&xl]ness in a

Decrease Virtual Buffer-Fullness module;

-10 perforzmng a potential underflow check ina Potenua.l Underflow Check module;
aftcr determma.non of the undcrﬂow potentxal level: mcreasmg the vu'tua! buffer-
fullness in an Increase Virtual Buffer-Fuliness modu.lc andlor setting the’ pa.mc mode
codmg ina Set Panic Mode Codmg module; '
a.nd cncodmg a slice in zn Encode a Shce module
15 : . . .
- 7 A method asclalmcdmanyoneofﬂm cla:m.slto&whcrem themethodassxstsm_
pamc mode coding prcv:nnon by addmon of a preventive marg:n to a ta:cgct bits factor T

8. A method as claimed in any one of the claims 1 to 7 wherein, 2 vana‘ble pamc leve|

20 maybeused :

&

for underflow control, updating the slice level VBV in a2 VBV Update module, _

9, A methaod as claimed in any one of the claims 1 to § wherein, for constant bit-rate
coding: = . . L ' - '
at the picture lévcl ‘
25 | overflow prediction rs rcndered more sensitive by i mcorporatmg a factor dependent

- on the encoding bit-rate; and
" reducing the virtual buffer—fu]]ness when a factor extra-bits is greater than 0;
‘atthe slice level: : o .
estimating the VBV buffer-fullness in each slice and reducing the virtual buffer-
| 30 fulhl;-.ss if required.
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10. A method as clained in any one of the clains | to 9 wherein, specified

| evel s of buffer-fullness are experinentally determ ned for each picture 0C

type. O( 11. A nethod as claimed in claim10 wherein, val ueks B4y 395 112

and Th3 are 200 000, 5 150 000 and 100 000 respectively for a PAL picture.

12. Apparatus for Video Buffer Verifier (VBV) control of a video encoder,

whereby the apparatus contains integrated picture and/or slice |evel

controls, said picture and/or slice level controls including: '10 a

virtual buffer-fullness control for increasing the sensitivity of a

guanti zati on-step; and/or a quantization-step range control for increasing

the range.of the quantization-step; and n qq@@t_i zation matrices

nodi fication for the prevention of panic nodé coding. 15 13. Apparatus as

claimed in claim12 wherein, at the picture |level said apparatus includes:

at | east one VvV Up, dul e:. at .l east on ot enti gl Overfl Qqw Check

nodul e; 20 a.ggbredggﬁ%ﬁ)ﬁ%f’%éé? %ﬁl@ﬁ@géﬁ)ﬁﬁg‘@ﬁir o Fherein, goeeidised;lewels of

nodul e; a Decb%ﬁﬂlﬁcsﬁﬁc&&ﬁhﬁ@@nﬂﬂ%ﬁmﬁﬁd'ﬁ%&ﬁ%ﬁc%&zat i on Range

nodul e; -and a Modify quanti zati on-Matrices and Decrease Virtual

Buf fer-Full ness nodule; and at the slice |level said apparatus includes: a

V13V Esti mati no " ; . : ' rfl.ow C

nodul e; a Po'%) Ie]'nt i glyf:%%ogf% %ﬁ%@gﬁ%?uﬁﬂ%& v@hﬁﬁ’to? %}’%2%8 ih-?o ae %8 000,
5 150000 and 100 000 respectively for a PAL, picture. ’

12.  Apparatus for Video Buffer Verifier (VBV) control of a video encoder, whereby
the apparatus contains integrated picture and/or slice level cootrols, said picture and/or
slice level controls including: _ l

‘10 a virtual buffer-fullness control for increasing the sensitivity of a quantization-step;
and/or ' | .

a quantization-step range control for increasiﬁg the range of the quantization-step;
quantization matrices meodification for the prevention of panic mode coding.
15 . ) -
13, Apparatus as claimed in claim 12 wherein, at the picture level said apparatus
includes: '

at least one VBV Update modulc;

at least one Potential Overflow Check module;
20 2 Decrease Virtual Buffer Fullness and Increase Bit Allocation module;

a Decrease Bit Allocation module; an Iucrease Quantization Range modu'ie; and

8 Modify quantization-Matrices and Decreasc Virtual Buffer-Fullngss module; and

-

| at the slice leyél said apparatus includes:
a VBV Estimation module;
- 25 a VBV Update module;
‘a Potential Overflow Check module;
a Potential Underflow Check module; _
a Decreasc Virtual Buffer-Fullness module; an Increase Virtual Buffer-Fullness
. module;
30 a Set Panic Mode Coding module; and -
~ an Encode a Slice module.
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a Decrease Virtual Buffer-Fullness nodul e; an Increase Virtual
Buf fer-Ful Il ness nodule; .30 a Set Panic Mdde Codi ng nodul e; and an Encode
a Slice modul e. AVENDED SHEET 13 July 2005 o( 24 5 14. A metdhitly 205 i deo
Buffer Verifier (VBV) control of a video encoder, substantlally accordi ng
to the nmethod described in the specification with reference to the
acconpanying figures. 15. An apparatus for Video Buffer Verifier (VBV)
control of a video encoder, substantially according to the enbodi nent
described in the specification with reference to and as illustrated in the
acconpanying figures. 10 AVMENDED SHEET
: o . : C .24 -

14. © A method for Video Buffer Verifier (VBVJ control of a video encod‘c.r

o(

substantially according to the method described in the specxﬁcanon with rcference to the

mmoumamwngﬁgmms
-15. An appamms for Video Buffer Verifier (VBV) control of a ‘video encoder,’
._ substanna.lly a.ccordmg to the embodlmem described in the spcc1ﬁcanon with refcrence to '
: and as ﬂhrsu-ated in the accompanmg figures - '
10
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