26 June 2006 -1 VI DEO ENCODI NG FI ELD OF THE | NVENTI ON The present invention
relates to video encoding, and in particular to a nmethod for use in 5
encodi ng video data, a video encodi ng nodul e and a vi deo encoder.
BACKGROUND Bit rate control is inportant in video coding aEg re25@$d
applications and is normally achieved by selecting an app &me

quanti zation matrix or quantizer to encode the picture. An 8x8 quantizer
is an 8x8 matrix of integer valued step sizes that is used to divide video
10 data in the formof 8x8 matrices of ffequency coefficients produced by
the discrete cosine transformation (DCT) of input video franmes, and

t hereby reduce the amobunt of encoded video data. In the case of the
digital video (DV) standard, as described in Specifications of

Consuner-Use Digital VCRs using GNﬁﬁﬁkffﬁﬂﬁﬁ' ape, HD Digital VCR

Conf erence, Decenber 1994, the quanti zer |§&%% erm ned by three nuneric
paranet ers known as area, 15 class and quantization nunber. The area and
class are integers between 0 and 3, inclusive. For a given pixel, the area
nunmber for ' F INRNGEGNNed by the pixel's position in an 8x8

pi xel blockﬁﬁ%F?nggﬁﬁanber |§ﬁ§Qsigned to each 8x8 pixel block on the
basis of the block's content, for exanple, quantization noise and the

maxi num abs Ghe PESHH| ineention tolates | vidae ecoding, gad fip partignlar tomhmethad AeT Ys&tinon

nunmber ofs StRRdin videol diia®Hied Htbdinp Hoahieald h bed Crddpr ce of 1 mage

gquanti zation, and is assigned to a fracro consisting of four |um nance
8x8 pi xel blocks and two chrom nance 8x8 pi xel bl ocks. The conbi nati on of
the'cl ass aRd HQUND; on nunber deternines a guanti zati on vector
conprising four quantizer coefficients, one for each area nunber. An 8x8

quanti zer i BitCARSbaitfol @l ichfotaht e vided! abdihg ahd Qelaté@ Gpplicaiyns B is AgnAHEh
coefficient into ﬁorrespondi ng positions In the 25 quanti zer, aﬂgeco,rdi ng to

ar ea number achigyed DY Selp¢iing gn APRIAPTaSE quAREzAtion MATX QrmaRizsT:io; ppodss t
vi deo data aQrExBajuStier 3T BxY ik HBiafgk Ritied AfepisitRyithal isdRR Bodiddé\videsleO

segnment, consisting of five macrobl ocks, is encoded within a constant bit
budget biP 2dats ifhtheTome of 8x8 matrices of frequency coefficients produced by the discrete cosine
transformation (DCT) of input video frames, and thereby reduce the amount of encoded
video data. In the case of the digital video (DV) standard, as described in Specifications of
Consumer-Use Digital VCRs using 6.3mm magnetic tape, HD Digital VCR Conference,
December 1994, the quantizer is determined by three numeric parameters known as area,
15 class and quantization number. The area and class are integers between 0 and 3, inclusive.
For a given pixel, the area mumber for that pixel is determined by the pixel's position in an
8x8 pixel block. A class number is assigned to each 8x8 pixel block on the basis of the
block's content, for example, quantization noise and the maximum absolute value of the
block's AC coefficients, The quantization number or step is an integer that specifies the
20 degree of iinage} quantization, and is assigned to a macroblock consisting of four
luminance 8x8 pixel blocks and two chrominance 8x8 pixel blocks. The combination of
the class and quantization number determines a quantization vector comprising four
quantizer coefficients, one for each area number. An 8x8 quantizer is constructed from the
quantization vector by emtering each coefficient into corresponding positions in the
25 quantizer, according to area number. The resulting quantizer determines the quantity of
output video data generated from a given macroblock of input video data. A video
segment, consisting of five macroblocks, is encoded within a constant bit budget by



-2 selecting a suitable quantization vector for each macrobl ock to provide
a bit rate of the encoded video data is as close as possible to a constant
target value. US Patent 5,677,734, Method and Apparatus for Modifying the
Quanti zation Step of each 5 Macro-block in a Video Segnent, des B'bes a
met hod of nodifying the quantization step of each nacroblo@QJWWﬁi éideo
segnent. As shown in the acconpanying Figure 1, a video encoding system

i ncludes an activity detector 104 that detects the picture activity of each
8x8 pi xel block and cl assifies the bl ocks.by class nunber. Notw t hstandi ng
its name, a data estimation circuit 108 cal cul ates the exact nunber of
bits generated by the data in the 10 segnent nmenory 103 by quanti zati on,
run-l ength and Huf fman codi ng, given a quantization nunber. A first

quanti zati opyeafifd a 4G éﬂ&nﬁﬂh%ﬂi\ﬁecﬂapﬁor%mc%ﬁmﬁt@?ma bt 18R of the

guanti zati on nunber, and'a second quantization step décision circuit 107
nmodi fi es t hencodadamidsoxiats i as cleseine possihle oaconstattsgstyelveso that the quantity
of quantized data is below a predeterm ned bit budget. A quantization
circuit 105 quantizes the data with the resulting 15 quantizati on nunber
and a vari aUs ®ateah§ 677, iMegho@\an@)Appiaratusi for Modifidng thd GuantizativnStepsf each

run-1 ength ‘ i ?E dﬁig-m HEW, ﬁ?s't@]? Fzer
Sel ecti 0;51 C g’ﬁéw{’%"{m&%?%ﬁég%@ &?%EES Qﬁe%oggg I on grltihec%dr%‘siune? bt
El ect r oni cseacVahacrobkckNin a ideo/egméfd 7As stioswnl inshs acomperying BigutOl,devideari ni ng
the quantizatiqan and cl.ass, nunbers t.o sel a guantizer for pi xel
bl ock. A mﬁ%‘%ﬂﬁsﬁgﬁﬁﬁi@ﬁ %ﬁ@ﬂ%%ﬁ&a%%ﬁ%%&hg&mg? qua Polt?g% on
velct olr S yvaSSxdd pikélasioekeshd Aassifigireiat blydke by Qldss \wambé &Hmd'ﬁkmmmgi_ i | itkmalﬁe. a
cal cul ating,data quantjty throu uanti zation and variable_l engt.
encodi ng. W@é&?@&“&ﬁ%%ﬁ%ﬁ@&“ﬂ?‘f mﬁ&%%ﬁ‘ﬂ’?’/éheq%%nlf’iﬂieation
and cl age nieghehtS mehitRy LI by Z ghdr@iBatiodC rAh-1éngth @ad hHBRthapi deling) Sgivemak was
fine-tuned by adjusting the class nupber a cot%ioqr!]g 't(i %Be cal cul at ed data
quantity. AYSBPRAtioppumbery; 4 §rst quaniization s Siea R 100 ACBEBSS A §8TBhdi ng
and Recor di WfleRpantiZad i Adheket, lad@h b@ondBetatibdtn steplbcitiom bisat 100HRodifles@hd CUi t S
and Systens for Video 30 Technol og Vol . 6, No. 1, Feb 1996 d,e%(e:fi bes
cont r ol | i ngduaRtzagion asmben for each megroglnck go thap the AypRtity phguantized data is below 2
predetermined bit budget. A quantization circuit 105 quantizes the data with the resulting
15 quantization number and a variable length coding (VLC) circuit 110 encodes the data by

run-length and Huffman coding.

A paper by S. Rhee et al., A New Quantizer Selection Scheme for Digital VCR, IEEE
Transactions on Consumer Electronics, Vol. 43, No. 3, Aug 1997, discloses a method of

20 determining the quentization and class numbers to select a quantizer for each 8x8 pixel
block. A modified quantizer map, QID, from a reduced set of quantization vectors was
introduced. A segment-wide QID was first selected by calculating data quantity through
quantization and variable length encoding. The selected QID was then mapped to the
respective quantization and class pumbers, The quantization vector for each 8x8 pixel

25 block was fine-tuned by adjusting the class numsber according to the calculated data
quantity.

A paper by W. Ding and B. Liu, Rate Control of MPEG Video Coding and Recording by
Rate-Ouantization Modeling, IEEE transactions on Circuits and Systems for Video
30 Technology, Vol. 6, No. 1, Feb 1996, describes controlling the video bit rate by using a



-3 feedback re-encoding nethod with a rate-quantization nodel. This
rate-quanti zati on nodel was adapted with re-encoding results to choose a
suitabl e reference quantization paranmeter for neeting a target bit rate. 5
The difficulty in controlling bit rate lies in howto choose the

guanti zation paraneters to neet a target bit rate budget.zﬁJWE?mg?t

nmet hods have attenpted to solve this difficulty by trying out selected
conbi nati ons of all possible quantization paranmeters. However, these

met hods require conpl ex hardware and/or siggnificant conputational
overheads. They require a nulti-pass inplenentation of the processes of
quanti zation and variable length 10 encoding. Even rate-quantization
nodel ing i s dependent on either re-encoding or training sequences and

Wih quanti oo e Fesncodf HEREF iR MITAIRRT A Ty RiSmbaRts ' "
encodi ng, whimede} was ladspted with re-endodimgaetilisab chovse racalitabli meferehekequantization
transm ssi on EHQ ' ntrol ..In addition, the-rate- quantization nodel
has only bee use"%‘lg#%gﬁnﬁgmgat&'ﬁere may be a nodel mismatch for
finer bit estimation due to the fast changing nature of the

rat e- quant p zat,i of el at ow. bit rates, 20 It is desired, therefore, to
provi de a %e%dﬂﬁg&%?e"qnﬁc’ SR L5 dBowi &g ghoose thefugntization, PTARIEtERS &Rl o
and a video ensodedrgétitil ratd hiRlgeta PLorAREmethodd ke QftethftBd 8D Soite Misk diffeulty bes,
or at | east usef ul alatqgrn Jve to_existing nethods, nodul es_and encoders.
SUMVARY OF TREMR A RYIEeR sepm iRatigns ot ek Ressibl quntizatiop praakiers fHQMEBIEher o
is provided andilidsQeqdift cotfflet Ra@eRUinAD:r iSR! dbdputhtnbl SeitkageNahe) i NG
metric values for said video data based on a netric function and
respective emtdsirRgmpitipate mplementationcaf|the: progesses of| gantizetion aut vaisble lengilhdi ng
par arreter;;oor&nédaglgbasi s of a desired quantity of encoded video data and a

predeterm ned relationship between netric values and respective quantities
of encoded video data 26 June 2006 -4 Preferably, said netric function is

based on AC gRgf {d&h@iiSatith rg&ﬁ:ﬁﬁffs%eﬁ&ﬁgﬂeon either re-encoding or training sequences
and classification schemes. The former has the disadvantage of local adaptation with
quantization parameter and the requirement of two to three-pass encoding, while the latter
15  is impractical for real-time video transmission and quality control. In addition, the rate-
quantization model] has only been used on a frame-basis. There may be a model mismatch
for finer bit estimation due to the fast changing nature of the rate-quantization model at
low bit rates.

20 It is desired, therefore, to provide a method for use in encoding video dats, a video
encoding module and & video encoder that alleviate one or more of the above difficulties,
or at Jeast a useful alternative to existing methods, modules and encoders.

SUMMARY OF THE INVENTION

25 In accordance with the present invention there is provided a method for use in encoding
video data, including generating metric values for said video data based on a metric
function and respective encoding parameters, and selecting at least one of said encoding
parameters on the basis of a desired quantity of encoded video data and a predetermined
relationship betwsen metric values and respective quantities of encoded video data.



transformati on data generated fromsaid video data. Advantageously, the
metric function may be a spatial activity netric based on a sumof 5
wei ghted AC di screte cosine transformation coefficients. Advantageously,
the netric function may be based on the nunber of non-zero AC di ete
cosine transformation coefficients after quantization. 10 Phev F@g nt

i nvention al so provides a video encodi ng nodul e havi ng conponents for
executing the steps of any one of the preceding nmethods. The present

i nvention al so provides a video encodi ng -odul e, including a predictor
nodul e for determ ning estimates for the quantity of encoded video data

usi ng respective quantization vectors, and a selector nodule for selecting
at | east one of said quantization 15 vectors on the basis of said

estimat es. Thiyeferablyonsaid nuerit i fofctidns @s Haed @AS AT \Co&lFRicRIAC Ofli difLrétP Jatkite

i ncluding a rec}ctor nndulg@%gr determning estimates for bit rate val ues
representing OFpEton;dae Bsperated Somsaid videe ta using respective

guanti zation vectors, a selector nodule for selecting two of said

quanti zation v§ctors on the basis of said estimates, first quantization and
variabl e 20 INGDReRYslynihe Feritie Bucien mg be -patia) aptivitn metiehaeed on elswn 9kt a
usi ng a fi§stwaihtehhd diRic@SidiRle tandthiaAah LaARAGRL Or S, second quantization
and variabl e I ength codi ng nodul es for generating second encoded vi deo
data using a second of said selected quantization vectors, and an out put
deci si on mMOdA &, A i ' l.de . said
second encoded _\?‘f]%%eg%gg’tqgé %cﬁ%ﬁ%%ﬁgﬁg&%}?igw °¥2§‘§?ﬂg%‘t§a%’$‘9#%e
bit rate val (fésip¢ tragformetignicopffisientsraftetipuintization data and the bit rate val ue
of said second encoded video data The present invention also provides a

vi deo encoder, including any one of the above video encoding nodules. 26
June 20061Q 5 Theepresents imventionvalsit prowides sovigem vncddingamaduié thaving icdmporiehits) for

encoder, i nclygdi bhove..vi de ncodi ng nodul es. The
present i nver???éé‘ﬁ'g%ﬁ‘gé“’gfgfvﬁ%&e"ép§%‘h§/ﬁ§&‘%’?&‘88‘§?‘%i ncl udi ng any one of the
above video _encodi ng nodul es.

The present invention also provides a video encoding module, including a predictor

module for determining estimates for the quantity of encoded video data using respective
. quantization vectors, and a selector module for selecting at least one of said quantization
15 vectors on the basis of said estimates. | |

+

The present invention also provides a video encoding module, including a predictor
module for determining estimates for bit rate values representing the quantity of encoded
video data using respective quantization vectors, a selector module for selecting two of
said quantization vectors on the basis of said estimates, first quantization and variable
20  length coding modules for generating first encoded video data using a first of said selected
quantization vectors, second quantization and variable length coding modules for
generating second encoded video data using a second of said selected quantization vectors,
and an output decision module for selecting one of said first encoded video data and said
second encoded video data for output on the basis of at least one of the bit rate value of
25 . said first encoded video data and the bit rate value of said second encoded video data.

The present invention also provides a video encoder, including any one of the above video
encoding modules.



5 Instead of calculating the data quantity to be generated by actually
encodi ng the video data, preferred enbodi nents of the invention use a
predictor to estimate the data quantity. The predictor uses a netric for
t he process of quantization, run-length and Huffman codi ng, Eo @ dict an
output bit rate or data quantity. 10 BRI EF DESCRI PTI ON OF 7 NGS
Preferred enbodi nents of the present invention are hereinafter described,
by way of exanple only, with reference to the acconpanyi ng draw ngs,
wherein: Figure | is a block diagramof part of a prior art DV encoder;
Figure 2 is a block diagramof a first preferred enbodi nent of a video
encoder; 15 Figure 3 is a block diagramof a first preferred enbodi nent of
a predictor of the encoder; Figure 4 is a flow diagramof a process
execut ed by tH& PEFseRiinyastion alsqiprovides mdigital videb(DV) eftolE, Peudingeint iogé 6MNths ;
Figure 5 is ape¥ ; w function used by the predictor to
represent the é%ﬁggﬁg??%ﬁgﬁgéﬂggtmeen the nunber of bits generated by
quantization]%gd variable length coding and s act, the sum of spati al
activity mnet ri’€ RiefeRemventioy iso rgovidesaanMBEG eticadprpinrlafing a¢ @ne df iecitore ed
enbodi ment Ohﬂﬁogﬁéaﬁégﬂﬁﬂ. . the encoder; Figure 7 is a flow diagramof a
nmet hod executed by t predictor for determning 25 sym the nunber of
non-zero AC coefficients after quantization; Figure 8 is a schematic
di agr am of” a IRFRE&F salenlating thedatyquantity tobs gaxsmikdihy actaliviéreoding Ghebiideofdamy f Or

deter m ni N9 SyeidrredGniiR . El : LS8 schenati.c. di.agram. :
i Il ustrati ng%t he additi Sincr 68 il Soc's b °6°§|§%8%%%‘h{’ﬁ§mt& ket or
a sel ect ed qREAitorasesommetictionthe piogess ef §Gantizatibngrundéngtif amd Hafiean tadihg, to

function use re@ét&ﬁ‘&n?ﬁt ' LepEesent the relationship between the
nunber of bi ?s genera eﬁ'ﬁ%gﬁ‘éﬁgﬂ e process of quantization and 5
vari abl e | ength codi ng and sym A S ’

10 BRIEF DESCRIPTION OF THE DRAWINGS
et e
Preferred embodiments of the present invention are hereinafter described, by way of
example only, with reference to the accpmpgnying drawings, whe.rcm ) | .
Figure 1 is a block diagram of part of a prior art DV’erncc;derh;' | _
Figure 2 is a block diagram of a first preferred embodiment of a video encoder:
15 Figure 3 is a block diagram of a first preferred embodiment of a predictor of the
encoder;
Figure 4 is a flow diagram of a process executed by the predictor to determine
s_actp from AC DCT coefficients; . - - - - -
Figure 5 is a graph of a power law: furiction used by the predictor to represent the
20 relationship between the number of bits generatéd by quantization and variable length
coding and s_act, the sum of spatial activity metric values;
Figure 6 is a block diagram of a second preferred embodiment of a predictor of the
encoder; ” .
Figure 7 is a flow diagram of a method executsd by the predictor for determining
25  sym, the number of non-zero AC DCT coefficients after quantization;
Figure 8 is a schematic diagram of a comparator of the predictor, used to compute a

6 bit flag for determining sym;



Figure 11 is a block diagram of a second preferred enbodi nent of a video
encoder, including feedback control; Figure 12 is a block diagramof 'd
third preferred enbodi nrent of a video encoder, including two-pass
encodi ng predictive rate control with or wthout frane-basggﬂfe%ﬁﬁﬁck 10
control; Figure 13 is a block diagramof fourth preferred Y t of a
vi deo encoder, based on symvalues and wth feedback control; and Figure
14 is a schematic diagramillustrating a finite inpul se response nodul e of
t he encoder of Figure 13. 15 DETAILED DESERI PTI ON OF THE PREFERRED

EMBODI MENTS Bit rate control involves determning a suitable set of
encodi ng paraneters for generating encoded video data with a desired bit
rate frominput video data. Encoders of the preferred enbodinents

descri bed bel ow e Vj rﬁg%ﬁﬁ }F&ﬁmﬁ | 2 ntdt S e fusiat a
produced by encodi g glf/gedn&ﬁ?\%ﬁ% Vi eoﬁr at a Eﬁed%‘fﬂncdgl ty of %lf:%]ilce}vi ng
this i s apparethe pdictordon a sedectedspantizationrvectbrnt t he rel ati onshi p between the

gquantity of encod afa. ' ' Xy =T ' | ent
macr obl ocks, - di F%E&e%‘f‘s\%[%aé’é‘%ﬁg}ﬁ%@”. di H’er en@%ﬁ 1s %?it{)g%r%gﬁrtrew
sequence and relwtizmshdp betveen thekiuntder affbits genesatedthrough iseproeass bf/quantization and

preferred gnmhodi nent ravide, netric functions,, as -described below, to
determ ne gmﬁbﬁ%&&gﬁf*‘?ﬂ’put video data that correlate with the

actual quantity oFigard MUk a\bictk disgrantlof ssegtidarefeeet aybodiment iofig videe encngdans
video data. An.e titgacie -for the -quantity of data is then determ ned from
a predet er ni ﬁ‘?&“ﬁ%ﬁ P8 FMYObet ween metric val ues and bit counts. The
rel ationship is dpigardt DRt Blsaedingimtollaltiird prefeired ieubodifit bfta fides tncoderand
reference video,data. The predictQr generate netrjc value fr l,nput

vi deo data ué‘i"i\}j’“iﬂw‘é"onﬁa@? PRodioE PERiFtiyb Ot ConpL i op Moyt framechse AT | e
metric vajge chitrgdy Pit count estimate using the predetermned relationship.
To determ ne suitable netric functions, the three processes_ o

f.
quanti zati on, runFiggrgihis sblesle diastag effeuriyprefrmed smbeefrgt o4 WidpR gppoder,
consi dered. Al Q5% YRGSVt bedfe dAHESE

Figure 14 is a schematic diagram illustrating a finite impulse response module of
the encoder of Figure 13.

15 DETAILED DESCRIPTiON OF THE PREFERRED EMBODIMENTS

Bit rate contro! involves determmmg a suitable set-of encoding parameters for generating
encoded video data with a desired bit rate from input video data. Encoders of the preferred
embodiments described below each provide a prediétor to estimate the quantity of data
produced by encoding given input video data. The difficulty of achieving this is apparent
20 from the observation that the relationship between the quantity of encoded data and
quantization parameters varies for “different macroblocks, - different video scgments,
different parts of the same sequence and even different kinds of sequences. Consequently,
the preferred embodiments provide metric functions, as' described: below, to- determine
metric values from input video data that correlate with the actual quantity of output video
25 data generated by encoding the input video-data. -An estimate for the -quantity of data is
then determined from a predetcrmmed relationship between metric values and bit counts.
The relationship is determined experimcntalljr for a given metric function and reference
video data. The predictor generates a metric value from input video data using the metric



tabl e reveals that | onger codewords are associated with |onger run |engths
and also with larger anplitudes. The reason for this is that |long run

| engt hs and hi gh anplitudes occur wth |ower probabilities. Consequently,
an 8x8 pixel block wth many | ow anplitude and short run %?ges %ﬁg
generate a total codeword of conparable I ength to another e PRAt 10 has
few high anplitude and | ong run codes. Hence the spatial activity of the
block is a good neasure of the codel ength. A conventional nmetric function
for analysing the contents of a pixel blogk using the AC energy or

vari ance, f(u,v)2, where f(u,v) is the DCT coefficient of the AC bl ock-15
el ement with coordinates (u,v), is, insufficient. However, a slightly

nodi fied spatial activity netric, described by ~+' u,v IV WUWUV) Ecan be

used to esti ' tr . . ' et&nin
coefficient S%Fﬁo%%@%@gf?@%@g&ﬁ ‘{%u(éértég\ﬁ/\% EMK@)‘: %%ﬁfﬁm%gﬁtgs app?ldi ed
to the ' AC coddtionshimnts 'in DV 20 systens, can be correlated with the
guantity of data generated by variable |ength codi.ng. By dividing this
metric by the quantization step size used, a block spatial activity netric

t hat al so i nTordeeemaine suithiste intdtfic) netoms{ tieputhree i pradesses df quatitizations dun-Fngth

bl ock spatj al acgiivi tric,.,act="> & v>. 2 rovides a.li n
quant i zat igone%ﬁ?gmgﬁ%‘sﬁﬂﬁﬁ’&e ‘f"dﬁ‘igﬁ’@v%tfeeﬁﬁ%ﬁlﬁgdgt ?“M%’F‘gmafm‘%fe ers to
t he quant Lzaﬁbméa@mﬁﬂblbﬁ%dt%aﬁemdﬁm mgia(ed mm)-llon@ertrhmemgmsland laao jﬁhe
2006 -8 The petric may be_turther, extended to include t at |. I nfl uence
of the AC colfrser @mgHtudes. | The pqasop,forthis “Tﬂ’ét‘ll"ﬂg %pngﬁ%a%?/ﬁgﬁgpp@fignqws
fromthe DC ea&fibéipRéYabilities, eCHEselentlyin Sk BEENbIGAENIE manh fovb afnblitudd dre
chances of a | onger ‘run, given the characteristics of t;gge d"ti;gr;eltg% 0si ne
transform HEMELRR cpdnsgan eeraundrteral odewyrd of sRmpypble iengts ©ABP b ar 5
fromthe fgC aaefly Bhe Bhplithls Sndiong PELELAER! Hefice! the SpatRlastivity of the block is a

good measure of the codelength. A C ‘

A conventional metric function for analysing the contents of a pixel block using the AC
energy or variance, Y f(u,v)’, where fuv) is the DCT coefficient of the AC block

15 element with coordinates (u,v), is insufficient. However, a slightly modified spatial
activity metric, described by
IO B A N
can be used to estimate codelength. This metric, the sum of the weighted AC coefficients
in an 8x8 pixel block, where w(i,v) are the weights applied to the' AC coefficients in DV
20  systems, can be correlated with the quantity of data generated by variable length coding.
By dividing this metric by the quantization step size used, a block spatial activity metric
that also incorporates the influence of quantization is obtained. This block spatial activity
metric,

25 provides a link between quantization and the mumber of bits of encoded data, where gfi,v)
refers to the quantization step size used on element (, v of the block. o



actp jf. (u,.v) h(u;.v) -, .q(u,v) . . where h(u,v) is a spatial

wei ghting ;on--the ,AC coefficients and is determined 10 experinentally.
The spatial activity netric functions act and actp described above, can be
i ndependently wused to generate a nmetric value frominput video data and a
gi ven quantization vector that correlates with the actual §U¥3% of data
generated by encoding the input video data using 15 the sanme quantization
vector, and hence the bit rate. By generating a series of these values for
respective quantization vectors, a generalg.relationship can be determ ned
between the quantity of encoded video data and either one of the spati al
activity netrics, using reference input video data Al though this
relationship is. determ ned fromreference video data it can be appI i ed

in a quasi- um&abfﬁ?ﬁewe%ﬂdﬁ?@iﬁkmné

ﬁ!:g%
accurate estimate fo he quantit encode ata or t e b|t rate

estimate enabfdae biogk The, fusther SetAC cesiBieient is GomdheDichcasffigiens mMng@fpmss
quanti zati on jagdn a4 g t e deo
data having a bit rat%b%?(ygga?%@a IQE%% lgﬁ%&\%‘?’ &v%ﬁ Q}eafaeCrre &tﬁé
enbodi ment s dﬁsmcqsmérwsfoma}bn@%bngdn eddeword islexpeted foo an A€ @efficieantiar d

in 25 order I ?ﬁ{ﬁgﬁ ‘ 8 pi xel. blocks so as to
maintain a coﬁr‘lésa%gﬁtlﬁgé% rate. %%wgﬂ\a/%aréﬁ%c\%sﬂwe%e appreci ated that the

i nvention can be applied in a nore general .sense to select encoding
paranmeters to provide the cl osest natch to any 0., variable). target bit
rate or data quantity. 26 June 20QR8 < &)bf an approprlate

quanti zer is inportant for DV, becau éxceg@gﬁlts 't hat are. -generated

t hrough the quanti zation and vari abl e Iength codi ng processes are dropped.
The DV encoder therefore ensures that the nunber of bits of encoded data
representing wieee Ay vcoeld | pagdlt sve@hn@g&cd% fthé’%@é‘%c@ﬁ’&é)ﬁk hdde0 FeRamREd

(vs) is k%)t beelnomvv ?all redeterm ned bit 5 budget

The spatial activity metric functions act and actp described above.can be independently -
used to generate a metric value from input videp data and a given quantization vector that
correlates with the actual quantity of data generated by encoding the input video data using
15  the same quantization vector, and hence the bit rate. By gmmaﬁng a series of these values
for respective quantization vectors, a general relationship can be determined between the
quantity of encoded video data and either one of the spatial activity metrics, using
reference input video data. Although this relationship is determined from reference video
data, it can be applied in a quasi-lmivcrsai manner to any input video data to determine an
20 accurate estimate for the quanhty of encoded data or the bit rate. The estimate enables
input video data to be encoded wnh sxmplc smgle-pass quannzauon and vanablc length
encoding steps to generate encoded wdeo data havmg a bit rate close toa d&en‘ed b1t rate.

The preferred embodiments of the invention are described in relation to the DV standard in

25 order to select quantization vectors for 8x8 pixel blocks 50 as to maintain a constant bit
rate. However, it will be appreciated that the invention can be applied in a more general
sense to select encoding parametefs to provide the closest match to any (e.g., variable)
target bit rate or data quantity.



bits, 5 targetbitsw bits, = f(QV,) where bits, is the nunber of bits
generated fromthe variable I ength coding of the im macrobl ock of the

vi deo segnment, and targetbits. is a predeterm ned bit budget for the video
segnent. For exanple, the bit budget may be 2560. A set of five
quantization 10 vectors is to be found for the video segrren?t6,J“B‘?1%00160r each
macr obl ock, and QV; refers to the quantization vector used for macrobl ock
i. The quantization problemin DV is conplicated by the use of different
qguantization steps for each of the four _different areas of an 8x8 pi xel

bl ock. For -application of the actp 15 nefric to DV, the sumof the spati al
activity netrics for a macroblock can be witten as s act 6 3 EIAC _p,
_~~ ~h(1) k.1,-U _ 4f where i, j, k denote, respectively, the index of the

I macrobl ock 40 the videg se nt, t.he. index o 1c 8x8 niXx kK in
hat ot obl o0k, OF AE SamSEA mseheF is WEHhntor S cobeobA r s S Bu
coef Li cients gblmrxl-ae@gn‘bﬂgguga%ua&ﬁ?ﬁoh knd¥ariable 1€hgth wdimlprdﬁdmkam[(dmmdrrfhh and
20 the sumi en diyi t common. quant.i zation .S i se

Chat ar oa Y SAAE nEfiry s fatite pumotkan o o s e repls o fig AL
enphasi s of tcheffiéients of bichdivedhdtradock Radeo sPgfidnit (vs) Bkept tddow E@redetennipedhit t he
wei ght's fg &)hggert_espective areas may be in the ratio of {1,2,4,8} for
respective ar83%0,1,2,3}. 25 Adigital video (DV) encoder, as shown in
Figure 2, includes a discrete cosin transformati on (DCT) nobde deci sion
nodul e 402, a wei ghted forward DCT Stargasbitsl.e 401, a segnent menory
403, a predictor nodul e 406, a sel e€tor nodul e 405, a 26 June 2006 -10
quanti zation nodul e 404, and a vari & efi{@Hdt h encodi ng nodul e 407. The DCT

or i nt er -1 erETRoPHs HorBRET 5h Diagetuue sty RN R e 5
Adaptive | nt mekrobhek ofrthe sfdes segundt, n@d rarigeltitslels Sp@detreninddhbit bpdged Garrthal  of
Research, Vo lvicieodéggmcl\lll(%.' Jr%’xarggle,ség_b%teﬁddgﬁ\tpﬁmyl %g %’SG(S.OA set of five quantization
10  vectors is to be found for the video segment, one for each macroblock, and QV; refers to
the quantization vector used for macroblock i. .. .

D e

The quantization problem in DV is complicated by the use of different quantization steps

for each of the four different areas of an 8x8 pixel block. For-application of the actp
15 metric to DV, the sum of the spatial activity metrics for a macroblock can be written as

PR 5 2
b g - -

where i, j, k denote, respectively, the index of the it macroblo¢k in thé video segment, the

index of the £ 8x8 pixel block in that macroblock, and the area number j. The magnitudes

|4C | of the AC cocfficients in 2 particular area jk of an'8x8 pixel block ere summed and
20  the sum is then divided by the common quantization step g used for that area. The result

is multiplied by a weight h(j) relating to the emphasis of the AC coefficients of that

particular area. For example, the weights for the respective arcas may be in the ratio of

{1,2,4,8} for respective areas {0,1,2,3}. N

25 A digital video (DV) encoder, as shown in Figure 2, includes a discrete cosine
transformation (DCT) mode decision module 402, & weighted forward DCT (¥DCT)
module 401, a segment memory 403, a predictor module 406, a selector module 405, a



5 select a suitable DCT node, either 8x8 or 2x4x8. The wei ghted FDCT nodul e
401 perforns a two-dinensional discrete cosine transform followed by a
weighting multiplier. A video segnent of data, consisting of five
macr obl ocks fromdifferent |ocations of a franme, is stored iq@%& segnent
menory 403 for further processing. Each macrobl ock of t he %0i'8 gggnent
consists of four |um nance 8x8 , pi xel bl ocks and two chrom nance 8x8 10
pi xel blocks. | The video encoder controls the bit rate of -an encoded data
vi deo segment, by determi ning predicted.ypl ues or estimates for the
gquantity of encoded data for each macroblock within the segnent for
different quantization vectors, and selecting a quantization vector for
each 15 macroblock to obtain the closest bit rate to a desired target bit

rate. In the Jahﬁz%ﬁoﬂ? dﬁferﬁﬂ, gﬁpglcy fengfdf &b&hE Tddule 4N ThE DCE mode

determ ned b%/ net hods base ock spatial actrvity and executed py the
predi ct or 40@cisianmaodaie 402ahalyses dachrisd pixekbblock haged ox edge apdoxintsefeldimptioh; ch

the predi ot o606, SYQELES: A BRI WIS AR losé Dl Colling

function actp. ed enbodi nent 1s then described in which the
predi ct or 406 KidesSighuds, Phitips doursg) af Reseambs Voli 84, Na. 2% pp 345364, ARtsi 989, to

I ndi cat ed,. Hoyever, . hec t.he ' L i fel: ¥t of
t he spati gl %@‘% 3is}‘9§ﬁ%ﬁ¢§qo&ﬁt?llﬁlggﬁgggé%ﬂn%cﬁm%fﬁ{l e descri %italﬁ%l%qgg]l ow
appl i es equapdrferthoa bed-Hinseakioni] disotets, cosine tramsifarad, €xllowed bpe whghting imnltpligtir e 3,

the predictor 406 includes.an absol ut | ock 261 b £ 203,
an accunul at OrV1&045cemeEt of €818, JORFIStRg; ¢ Yeymﬁ%f)ﬁf’(c:kspre iaﬂcl.i%rffﬁt%ggogtg)lr&tahe
?—ﬁt p rre;_r ic, ﬁ'a.tii%gs ab@diiﬁtctil%s_eéﬂsntahaﬂorgmﬁ etefarthergnodessing. e Bpdharacsotioakodf 202.

e predictor is a dedjcat ar dwar e, Gi r.cyi as Ccrl. |h& Q4 or
a processor @ﬁmca?%ﬁ%‘?ﬁgﬁ’ ?eb@és%ﬁ’t’i %%P%% ur %ﬂéE Ey &y
STM cr oeligct pi@aitdseks.n Whi ch case the blocks 201 to 205 are 30 software

nodul es executed by the processor. The other conponents of the encoder are
26 June 2006 -11 standard DV conponents known in ‘the art,” such as those of

a Di vi of m NARlyial el Bads VoBtrol Bleliit rafeif aflefctided Qita itk segrhy bynidebminipe
process of quantization and variable |ength codi n%{nﬂS u5|€ thg al(‘:%‘ﬁ netric
function. | tpredicted valueson ¢stimgtes forshe graghity of snepdsd e JOF <45 &*S’“ oBlogi Pt
the segment for different quantization vectors, and selecting a quantization vector for each
15 macroblock to obtain the closest bit rate to a desired target bit rate.

In the first preferred embodiments, predicted bit counts are determined by methods based
on block spatial activity and executed by the predictor 406. A first preferred embodiment
is first described, in which the predictor 406 executes a method "based on the spatial

20 activity function actp. A second preferred embodiment is then dcsc;ibed in which the
predictor 406 uses the simpler spatial activity function act, as indicated. However, because
these embodiments differ only in the form of the spatial activity metric function used,
much of the description below appIiFS equauy to both embodimenfcs_, as indicated.

25 As shown in Figure 3, the predictor 406 includes an absolute block 201, a quantizer block
203, an accumulator 204, and a spatxalactmty metric predictor 205. For the actp metric,
the predictor 406 also includes a spatial emphasis block 202. The predictor 406 is 2
dedicated hardware circuit, as described below, or a processor such as an ST100 or ST200
processor manufactured by STL/Iicfoelébt'onics: in which case the blocks 201 to 205 are
30  software modules executed by the processor. The other components of the encoder are



predi cts the nunber of bits generated froma macroblock for all possible
quanti zation vectors, using an enpirically determ ned relationshi p between
s_actp and bit count, as described below. ' 10 For a given set of

guanti zati on paranmeters, the bit count contribution froman_8x8 pixe

block is estimated by the predictor 406 of Figure 3 as fol

absol ute block 201 reads in the DCT coefficients for the bl ock
sequentially and then outputs their nagnitudes. For the actp netric, where
spatial influence is taken into account, -the spatial enphasis block 202
mul tiplies each coefficient by a weight based on the position of the
coefficient in 15 the pixel block The quantizer block 203 then quanti zes
the coefficients with respect to the quantization step size. However, the

quanti zation gilafPBVicBmpERaRka&hSm ﬁﬁ%n?ﬁi&ha@{hbmﬁm%mmopm%@aq and

reduced to shift operations as described below. The accunul ator 4 suns
t he quantlzed?oﬂg hted coefficients to determ ne the act or actp netric
value for the pixel block, as appropriate. The netric value for a

macrobl ock is 20 determ ned by sunmm ng t he act/actp values of its six

const it uent pmpreémcm@dulmﬁ spuiels ke proeess of qqanmuoncané vaviahie &ﬁng@@dmg
d b
et e a’ﬁh{m&%ﬂ&o 05“%&? gite et Jzé?ﬁ%l I ons élagb%é%b% én netric

act/actp vaI ues and enpiricall erm ned rel atl
val ues and bi prediotsrthe numhérsofi bitsageaneratedi fooml et macrdblesk ' fdreall possibies feantigationeen

et ity mot 1R ik el e Rl TR e P B R 21

descri bed bel descrited bekw. | nprove efficiency, as.a, non-linear |ook-up t abl e.
The process of Figure 2 is repeated for all quantization vectors to
determine a bit count estimate for each quantization vector. However, the
repetiti on0Onelor dgiven ﬁ&trasfq&ihmuoav;ﬁmﬁtérﬁ;immdoﬁm cofiibirtidnyfrog =m Dx8Spixel set

Quant 2at  on D8tk B eSaF B8 b PROSKASOR G IhFnS oo re 1oe 8BS as WK 2L,
val ues from tiegdsa HeDET toeFHéibnty fir Aeshblydkt tidlly LK dubits thbie htghitndes
descri bed be éﬂi\&/heg fferent conbinati or&s of, paraneters sut%] %Q
quanti zati on 0518 Justtigswhere spatialinfl 9“3§%&*@6“§%ﬁ@?&?% Sophegis; of
possi bl e quanglbaeio2GRuINIfes @hch codicRBONY R WilgthPRseA oh the position of the coefficient in
15  the pixel block. The quantizer block 203 then quantizes the coefficients with respect to the
quantization step size. However, the quantization and spatial emphasis steps can
alternatively be combined and reduced, to, shift. operations, as described below. The
accumulator 204 sums the quantized, weighted coefficients to determine the act or actp
metric value for the pixel block, as appropriate. The metric value for a macroblock is
20 determined by summing the act/actp values of its six constituent pixel blocks. The spatial
activity metric predictor 205 derives an estimated bit count for the macroblock based on
the summed act/actp values and an empirically determined relationship between metric
values and bit counts. This relationship determines the conversion between metric values
and bit counts, and can be implemented in the spatial activity metric predictor 205 by
25 calculating a mathematical function, as described below, or, to improve efficiency, as a
non-linear look-up table. The process of Figure 2 is repeated for all quantization vectors to
determine a bit count estimate for each quantization vector. However, the repetition may
be minimised or even eliminated by identifying a basic set of quantization vectofs,
determining act/actp values for these basic quantization vectors and deriving the remaining




Several of these vectors are nultiples of other vectors in the set;
allowing themto be classified into four groups, with the nenbers of each
group being nultiples (by powers of 2) of a conmon quantization uni t
vector g'" for the group, as shown in Table 2. A set of

guanti zation vectors b , can then be defined for the respe %*%ups as
shown 10 in Table 2, as the vector quotients of a weight vector J w' the
wei ghts hO) applied to different areas of an 8x8 pixel block, as described
above, and the four quantization unit vegtors q" . Table 1 15

| ndexQuanti zati on Vector 01111 11112 21122 32222 42224 52244 62448 74488
848816 9881616 10" 8.61632 1116 16 32 32 | 26 June 2006 - 13 Table 2
Quanti zation Shift Val ue Basic Vector

act/actp values from the basic act/actp values with shift operations thereof, as described
below.

Different combinations of parameters such as the quantization and class numbers can be
5 used to generate an indexed set of possible quantization vectors, as shown in Table 1,
Several of these vectors are multiples of other vectors in the set; allowing them to be
classified into four groups, with the members of each group being multiples (by powers of
2) of a common quantization unit vector §, for the ~group, as shown in Table 2, A set of

four basic quantization vectors 5 , can then be defined for the respcct:we groups, as shown
10 in Table 2, as the vector quotients ‘ofa wc:ght vector W ‘representing the weights k()
applied to different areas of an 8x8 pixel block, as descnbed above, and the four

quantization unit vectors 7, .

. Table 1

=)

zsmmqo\ux&ml\)-—-o%
s

Quantization Vector |-
1111 .
1112

1122
2222 |
2224
2244
2448
4488 :
48816

881616

. 8161632
16 16 32 32

15



Quanti zation VectorUnit Vector xb = */qg." g"w=1 2 4 8 1111111101248 22221
1112111201244 22241 11221122' 01224 22441 44882 881616 16 16 32 324

2448 1' 2241"' 1' 122 488162 8 1616 323 The steps of a process executed by the
predi ctor 406 for predicting bits at the macroblock |evel using_ the basic
vectors b are shown in Table 3. The actp val ues of an 8x8 pﬁ%@Pegnﬁlock for
all four basic quantization vectors b are first determ ned, as descri bed
bel ow. Then the actp values for all quantization vectors, QVs, are derived
fromthe basic values through shift and gddition operations, as described
bel ow. The actp values for a nacroblock are then determ ned by summ ng the
correspondi ng actp values of the six constituent pixel blocks. The
correspondi ng bit count estimtes are then determ ned at the 10 macrobl ock
| evel fromthe predeterm ned relationshﬁgkmgtmeen s actp and bit count.

Table 3 StepDescriptionNo. of outputs 1Calculate act/actp at block |evel
for basic Qvsng. ofQuantizatiolVecter 6 2Déduavtization / pc Shiftv¥alues | f BasicaY¢ctqsossi bl e
Qvsno. of Qvs 4 6 3Sum adk/actp for| aUnit¥eaot ockno. xof Qv$ [etd/i§ine
corresponding hit rate fromrel ati onshi pg, #=[1248]
1111 1111 0 1248
2222 : SO -1
1112 1112 0 1244
2224 1
1122 1122 0 1224
2244 B 1
4488 2
881616 I ok L3
1616 32 32 4
2448 14224 . T l‘i,lj N 11122
48816 o e . 2 ‘
8161632 3

The steps of a process executed by the predictor 406 for predicting bits at the macroblock
level using the basic vectors 5 are shown in Table 3. The actp values of an 8x8 pixel
5 block for all four basic quantization vectors b are first determined, as described below.
Then the actp values for all quantization vectors, QVs, are derived from the basic values
through shift and addition operations, as described below. The acfp values for a
macroblock are then determined by summing the corresponding actp values of the six
constituent pixel blocks. The corresponding bit count estimates are then determined at the
10 macroblock level from the predetermined relationship between s_actp and bit count.

Table 3
Step | Description No. of outputs
1 Calculate gct/actp at block level for basic QVs po. of basic QVs * 6
2 Derive act/actp values for all possible QVs . no.ofQVs* 6
3 Sum act/actp for a macroblock no. of QVs
4 Determine corresponding bit rate from relationship | no. of QVs

between metric and data quantity values at the

macroblock level




4dbetween netric and data quantity values at the no. O QVs nacrobl ock | evel
26 June 2006 -14 The predictor 406 includes a sinple and efficient hardware
circuit to determne s actg. A process executed by the hardware circuit
for determning s_actp for all possible quantization vecto of 8x8

pi xel block is shown in Figure 4. At step 501, the magnitu %mB?&phe AC
coefficients are summed separately according to area nunber to 5 form four
val ues suno. 3. At step 502, each of the four sunms is shifted |left by a
respective elenment of the basic vector 9Q4.and the four resulting val ues
are stored in tnpo.3. For exanple, if the quantization vector is [8 16 16
32], the quantization unit vector g'wis [1 2 2 4] and the correspondi ng
basic vector fromTable 2 is then [1 12 2], or [2, 2, 2", 2']. The sum

for area 0, b Rorld08 incidet heBni1eEdd Bicibht HaRRvaPd OPouit 30 BRernfiféls LS WIB
are shifted by 0, 1, and 1 bits, respectively. These shifted suns are added
together to Ryeqsss sxesutsdsby the deardware | ainsyit ofor sdetgsmipimg sTREP sfopcall \passihls f or
an 8x8 pi xel : : : D v skt ftd bgt'btps e
right fromth asfg{geéﬁﬁ&fv%%gg’%%i%%&?ﬁe%ﬂvﬁgi S v _ia\g/eﬁti n Tg?alﬁetﬁéz].

The final valmoagnitides ofi¢hep AlocoeHfionnty arb|spmknei sepheately ndc Wio aseaoruEnber f) si x

such pi xel £ bl ng q,{g }?qj( ) %Eﬂtc?l dliGe SEt
of bit cousnt tgs ?Onug?%gés?%g"@'actt%nﬁép%b oc eﬁgﬁrﬁfeg y %%E%gélégtore 406
are processefenidyt bitheSilsiRCictfor N0 Jardethd @ourtresultiposstuganare ptoredhin tppaat iFpat i on
vector fur each nmacroblock, such that the sum of the predicted nunmbers of

bits for the sHeEPlBLIf shk quasttizetion, yagtop is Byt 32, theswaptizaion et jrdfeferi ned
0§ DUoct 3 kR B0, g HHRCE e 5P R
of AC coeffi q2bat, !, 2MheTiuani fotakdacn) sumgus thed Qéifleli deft by O ik sam, hemzA@ad
SRR RN T I B RVRE T A E O
generate basic s_actp values at step 503. The s_actp values for an 8x8 pixel block are then
found at step 504 by shifting x bits to the right from the basic s_acfp values using the x
values given in Table 2. The final value of 5_actp for a macroblock is determined by
processing six such pixel blocks and summing the s_actp values for each block.
15 | o
The set of bit count estimates for each iﬁabrgbioci; determmed by the predictor 406 are
processed by the selector module 405 to choose an opt:mal q;iantizaﬁon vector for each
macroblock, such that the sum of the predicted mumbers of bits for the macroblocks of &
video segment is less than the predetermined bit budget. A slightly lower bit budget can be
20 used for this purpose to accommodate prediction errors that might otherwise result in the
dropping of AC coefficients. - o |

The quantization module 404 then quantizes the AC coefficients of the video segment
stored in the segment memory 403 using the selected macroblock quantization vectors.

25 These QVs are then mapped back to the corresponding quantization step size (QNO) and
class number (CNO) using standard DV relationships, as shown in Table 4, to provide
these parameters in the output bit stream, as required by the DV stendard.



25 These Qvs are then mapped back to the correspondi ng quanti zation step
size (ONO and class nunber (CNO wusing standard DV rel ati onshi ps, as
shown in Table 4, to provide these paraneters in the output bit stream as
required by the DV standard. 26 June 2006 -15 Table 4 C ass Ar ea
Number CNOANO 01230123 151111 1411 .11 131111 12151111 111 f&eﬁ?%lsllll
91215- 141111 8111413.1112 71013121122 i 6912111122 i Quant zat
5811101.224 on b

-15-
Table 4

Class Number Area Number

CNO . . ANO
0 1 [ 23] o 1 2 | 3
15 1 1 1 1
14 \ 1 1 11 1
13 1 | 1 1 |1
12 | 15 1 1 1 |1
11 | 14 1 |1 1 1
10 | 13 15 | 1 1 1 1
9 f12]1s]Twwl 1711 1 1
g |1l 11172
7 10131211 1 2 2
" 6 o |l 1 212
Qumm 5 | 8 |11 10 1 [ 2 | 2| 4
QNO 4 ] 7]10]9 711 2 [ 2] 4
3|l e[ 9o 82121 47 4
2 15 8] 72121414
1 [ 4171621 4] 4718
0] 3] 6] 5 1 214 41738
2 [ 57 4| 4| 4 8 | 8
1 1 4] 3] 47 4 8 | 8
0 [ 3 214] 88116
2] 1-147 8 [+8]16
1] 0] 8] 8. ]16] 16
0 8 8 | 16 | 16

T

The variable length encoding module 407 scans the quantized data in zigzag order
5 according to the selected DCT mode of each 8x8 pixel block. The data is then run-length
coded and the run-length codes are tranélate_d to varigble length codes using a standard
Huffman table. The encoded data is combined with the DC coefficients and its respective
headers. The data is then re-arranged in & paruculaf format’ speclﬁed by the DV
specifications for output. Pt ' '
10



num er 471091224 ONO 36982244 2587. 2244 14762448 03652448 2544488 1434488
032F-4- 18' 816 21',48,816' 10. 88.1616 0881616 The variable |length
encodi ng nodul e 407 scans the quantized data in zigzag order 5 according
to the selected DCT node of each 8x8 pixel block. The data is_then run

| engt h coded and the run-length codes are translated to var?%ﬁ@@zp@%gth
codes using a standard Huffman table. The encoded data is conbined with
the DC coefficients and its respective headers. The data is then

re-arranged in a particular fornmat specith§g by the DV specifications for
output. 10 26 June 2006 -16 In an alternative enbodi nent, the video
encoder can be inplenented using the sinpler act nmetric described above.
The sum of spatial activity netric for a nmacroblock is then defined as:

s_act, =ZI ACl 1ok adernQifl énbodimeut, the video encoder can be implemented using the simpler act
metric described above. The sum of spatial activity metric for a macroblock is then
defined as:
' k=l Dp
5 where i, j, k denotes specifically the / macroblock in the video segment, the k™ 8x8 pixel
block in that macroblock and the area number j. The magnitude of the AC cocfficientsina
particular area of an 8x8 pixel block is summed and then divided by the common
quantization step used in that area. In this embodiment, the predictor module 406 models
the process of quantization and variable length coding using the s_act metric. It calculates
10 the s_act values and then predicts the number of bits generated for all possible quantization
vectors for a macroblock using an empirically determined relationship between s_act end
the number of bits, as described below. S _act can be determined using a set of basic
quantization vectors derived through a method similar to that described above for
determining s_actp, but by considering only the quantization vectors. '
15 .
As described above, the relationship between metric values and the numbers of bits of
encoded data can be implemented as a mathematical function or as 2 non-linear lookup
table. The predictor 406 determines a bit count estimate from a metric value using a
mathematical power law function. For example, the relationship between bifs, the number
20 of bits of encoded data, and s_act, the sum of spatial activity metrics of act, is represented
by the equation:

bits+d =a*(s_act+c)* ,

25 where a, b, c and d are adjustable parameters, with b<l, as shown in Figure 3. Example
values are a=195, b=0,35, ¢=160 and d=1152.

Similarly, the relationship of the actp metric and the number of bits is represented by the
equation:



5 where i, j, k denotes specifically the ia rmacroblock in the video
segnent, the t 8x8 pixel block in that macrobl ock and the area nunber j.
The magnitude of the AC coefficients in a particular area of an 8x8 pixel
bl ock is summed and then divided by the conmon quantization ste sed in
that area. In this enbodiment, the predictor module 406 nod gneﬁw process
of quantization and vari abl e Iength coding using the s -act netric.
calculates 10 the s -act values and then predicts the nunber of blts
generated for all possible quantization _yeactors for a macrobl ock using an
enpirically determned rel ationship between s -act and the nunber of bits,
as described below S act can be determ ned using a set of basic

guanti zati on vectors derived through a nethod simlar to that described
above for determning s_actp, bu Idecogsldeh,lr}gbonly t he quanti zation
vectors. 15 As descri bed above, t reTgt ot &R I'p“between netric val ues and
t he nunbers of bits of encoded data can be inplenented as a nat hemati cal

function or as a non-linear |ookup table, The predictor 40 rmnes a
bit count estwhfﬁwaﬁ?mtﬁ&qs@ma@la@%n&m%égw%ﬁ%m ﬁawg#mi‘eéb\?

funct i on. Forpaftfehh 85t Bftici! e B bR1 D BSHARD vilndSoorieBSbnRisge tneAfeighs bi LS

of encoded data and s -act, the sumof spatial activity netrics of act, is
represent ell  By2d.Hcare atid8, 6r0.5Bi 3 3.4 and s 38t +c) , 25 where a, b, ¢ and d
are adjustable parameters, with b<l, as shown in Figure 5. Exanple values
are a=195, b-0.35, c=160 and d=1152. Simlarly, ‘the relationship of the
actp metric aFhe rarametenion eithdr eqpationiage iisisiy delameivehexperimenteliy Somohgenstic June
2006 -17 bits, s Mhet pat.iad
activity met ri e Ao b s oAy B The AbMor R85 if plsuat
optimal curvédy wcal&bm sy@camﬂiatawadstumt obtheevaqimndnmgert Jhe glibsetieph systenn

Cauat i on 10C nARE8 aibrorads & e seB bl pofog P BERRRnd B ofpd P!

of the calibration process. The equation parameters determined by the calibration process
are stored in memory of the predictor 406 during manufacture.

The steps of the calibration process are as follows:

15 (i) The weighted DCT coefficients of each macroblock in a single picture frame of
the sequence are quantized by all possible quantization step sizes.

(i)  The quantized data is variable length encoded to find the actual numbers of bits
generated from the video ﬁ'ame for cach quanuzanon step size. ‘

(iii)  The quantization step size for the bit ratq closest to a target bit rate is selected.

20 (iv) © The sum of the metric values generated from the blocks quanuzed by that
selected step size is calculated to determine a data point comprising the number
of bits generated and the corresponding metric value for the selected frame.

v) Further data points are determined by repeating steps (jii) — (iv), for a range of
different target bit rates.

25 (vi) The best-fit curve that minimises the thean squarc error between the date points
and the curve is found, ignoring outlying data points. A slight overestimation
is employed. For example, the best fit curve can be offset so that it lies above
80% of the data points.



or reference video sequence by a calibration process. The calibration
process is executed by a calibration systemthat is not part of the video
encoder. The calibration system 10 i ncl udes a processor and associ at ed

sof tware nodul es having code for executing the steps of the calibration
process. The equation paraneters determ ned by the calibrat?%hm5?%¥bss are
stored in nenory of the predictor 406 during manufacture. The steps of the
calibration process are. as follows: 15(i) (ii) 20(iii) (iv) 25(v) (vi) The
wei ghted DCT coefficients of each macroblegk in a single picture franme of

t he sequence are quantized by all possiblé quantization step sizes. The
quanti zed data is variable length encoded to find the actual nunbers of
bits generated fromthe video frame for each quantization step size. The

guanti zati on step.si for the bit, rate .closes Q targe ek L |
selected. The zﬁf% of h@esﬁétt Fﬁ“ge\}ﬁllﬁg‘g tae?@ﬁ{ceﬁmf@gngftﬁétﬁg‘érkga%ﬁegﬂﬁgi zed
by that sel ected st efaciibioak bfthe aéfershaiwdkotdatader a) possivle qusinizatiquostaptsizes.
conprising the nunber of bits generated and the corresponding netric val ue
for the sel ect edvifiy anestep $izer it betéctalih abmbi ahisrate cdoselst teea targeeblit bage.r epeat i ng
steps (iii) - (iv), for a range of different target bit rates. The
best-fit curve fixpt rTheiqamtiesd dateis verdableslangh encededor bet ween the data points
and the curve is found, ignoring outlying data points. A slight

over esti mabi on (%)s ergupe\yeii)-(ixfare repeutgdl for ali acilobletksfinta shomt wiglec asqusacepfo set
so that it |ies above 8@0/ g([ t he data points. 26 June 2006 -18 (vii) The
best-fit curve is usEdAPRed {8t the bits generated for a sel ected

(xi)  The signal-to noise ratio (SNR) of the frames is calculated. For example, a
peak SNR (pSNR) for an MxN frame is given by: ' 7
i 2 *M*N . PR
PSNR=10%10g10 7175 25,,5 -
> 2 UEyn-fx P
=0 ye0

10 where 255 is the gray scale range, f(x,y) is the pixel (x,y) value of the criginal
frame and f' (x,) is the pixel (x,y) value of the encoded and then decoded

frame,

]

For a sequence of N frames, the average of the pSNR values for ell frames can
15 be used as the SNR value. |

(xii)  The process from step (vii)-(xi) is repeated by adjusting the curve parameters
to maximise the SNR of the video sequence.

The embodiments described above exploit block spahal actmty metrics to determine a
20 predicted value for the number of bits gen‘erﬁted by video coding. However, these are not
the only metrics suitable for this purpose. For example, the process of Huffinan encoding
was considered. Huffman coding is a form of entropy coding and is dependent on the
occurrence probabilities for the different run-length symbols that are generated by run
length encoding. It was observed that, through statistical averaging, the total codeword
25 length converges, given a sufficient number of run-length symbols present. The number of



macr obl ock of the reference video data for all possible quantization step
sizes. (viii) A step size is selected to obtain a bit rate closest to a
target bit rate. (ix) The quantized data is variable |Iength encoded. 5 (x)
Steps (vii)-(ix) are repeated for all nmacroblocks in a shor£6yied%b
sequence, for exanple 120 franes. (xi) The signal-to noise Fatt o (68NR) of
the frames is calculated. For exanple, a peak SNR (pSNR) for an MN frane,
is gi ven by: pSNR=10*loglo U-t NI 255* MM* N (f(x,Y)-f(x,Y)I, X-0OY-0
10 where 255 is the gray scale range, f(xgy) is the pixel (x,y) value of
the original frame and , f (x, y) is the pixel (x,y) value of the encoded
and then decoded frane. 15 For a sequence of N franes, the average of the
pPSNR val ues for all frames can be used as the SNR value. (xii) The process

fromstep (v'h'! Hﬁ‘ L ) exrbnBin Y4 ﬁgiu“!_sr%' WIS o)= akion,
maxi m se the %41 Sméo%/i%glggggée{buﬁence. detﬁgrgggg? E@Ets descri bed above
expl oi t bl oclengthxtodinly end tpantial Hufimen cogling, oThbepagtialHvéman cpding hengirefeesdto gl ue
for the nunber.of bit ener.at.ed hy.yideo coding, . Ay Hot
the only net PRiL n%?ﬁﬂ@ﬁ‘gﬁpgﬁldgnﬁoggﬁh\‘# %g%%{lg&lg&%e%a%: é yﬁ%‘?%ﬁes@ of
Huf f man encodimgd amRgslitedenwischeot dotnd Ha e Hoffmenl itable. | Howeveny the eétuslproesss of
coding and. i s _dependent on the .occurrence probabilities for the different
run- | engt s%?@qmwpéngﬁﬂépﬁ%%ﬁwlfﬂﬁ&sﬁr%%t h encoding. It was
observed that, through statistical averagi'ng, the total codeword 25 |ength
converges, giLven syfficjent pumber .af run-|en syabols pre Yizatibie
nunber of 26hJW?'Ra?°2'GgéI‘a-tl.°Pﬂﬁg?rg%ﬁﬂ&g?%%'@ﬁﬁéﬁggﬁgﬁﬁ% aﬁ?o?n&%he §§’tput
of d_t he prT ﬁce&?asecp&_ | % fséaaaaelegﬁela&ﬁmmlmafgﬁlbb&mldaﬁ bits Gheqpatid by ehdollingan
codi ng. e partia man coding here refers to .the oes

' Hte reason bei%gthatthe Huffmen table was des?gnsed for low occurrence of splitting (run,

10 amplitude) codes, and that the relative difference between the numbers of run-length
symbols and non-zero AC coefficients would be small, given a sufficient number of run-
length symbols used. The number of weighted non-zero AC coefficients can be
determined by counting the number of AC coefficients equal or greater than the

quantization step size, the actual prdcess of quantization is not necessary.

In a further embodiment, the predictor 406 of the video encoder of Figure 2 models the
process of quantization and variable length coding using a metric function to determine
sym values from input video data. The predictor 406 calculates sym values and then
determines estimates for the numbers of bits of encoded data generated for all possible
quantization vectors for a macroblock using an empirically determined relationship
between sym and the number of bits. ' The selector 405 then determines suitable
quantization parameters by selecting the bit count estimate closest to a desired bit count.
The encoded data is then generated by a single-pass quantization and variable length
encoding process. e ’ |

It will be apparent that the process for selecting quantization parameters to obtain a desired
bit rate using the sym metric is similar to the process described above using the spatial
activity metrics. Consequently, only the significant differences will be described below.




splitting of a (run, anplitude) code into two or nore run-|length synbols
when an entry of run and anplitude was not found in the Huffrman table.
However, the actual process of 5 repeated quantization and run-|ength
coding is undesirable. It was found that the nunber of meigggfd E@g—zero AC
coefficients after quantization, referred to as sym can be” ¢Bf at ed
with the nunber of data bits generated by encoding, the reason being that
the Huf fman tabl e was designed for | ow occurrence of splitting (run, 10
anplitude) codes, and that the relative dpgference between the nunbers of
run-length synbols and non-zero AC coefficients would be small, given a
sufficient nunber of run- |length synbols used. The nunber of weighted
non-zero AC coefficients can be determ ned by counting the nunber of AC

coefficients | Ol ep L hag T@Eil'uu? | fsd-ual
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sel ecting quantization paraneters to obtain a desired bit ,{_@egggﬁﬁrhe
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| gctor

of this enbodpavemeters.nEhis denyversionafadem yaluniq kit count estimatedn thesympredictor §0 ge,
coef fi ci ent cQUYShR0PmtedNiing o SYHBmRIGARRER 0Bunifi Bolhy eble, ie. with
one bit rate value for each of the possible sym values. This process is then repeated for all
quantization parameters to determine corresponding bit count estimates. However, this
15 implementation can be modified such that minimal repetition is needed, as described

below.

A summary of the process of predicting bits at the macroblock level in the predictor 406 is
given in Table 5. The numbers of non-zero AC coefficients after quantization are first

20 counted for different step sizes and areas. The sym values for each macroblock for all
quantization vectors (QVs) are then derived from these intermediate values, as described
below. The macroblock sym is then determined by summing the six constituent block
values. The corresponding bit count estimate is then determined from the macroblock sym
value using a predetermined relationship between sym values and bit counts.



set of quantization paraneters, the bit rate of , an 8x8 pixel block is
estimated by the predictor 406 as follows. The pseudo quantizer bl ock 801
reads in'" the pixel block 5 coefficients sequentially and pseudo-quanti zes
them according to the quantizati on paramneters. Pseudo-quan%%fat' , in the
form of conparisons of the AC coefficients with quantizati ‘@?éﬁ%sizes,
is inplenmented rather than actual quantization. The non-zero coefficient
counter 802 then processes the output of pseudo-quantization, and counts
the nunber of non-zero quantized AC cog%&[cients to determine sym The sym
predi ctor 10 nodul e 803 then generates afi"estimate for the bit count using
the respective quanti zation paraneters. This conversion of a symval ue
tote bit count estimate in the sympredictor 803 can be inplenmented using
a mat hematical function or a uniformlook-up table, i.e., with one bit
rate value for each of the possible symvalues; This process is then
repeated for all quantization paranetgfé tg determ ne corresponding bit
count estinmates. However, this 15 i npl tion can be nodified such that
m ni mal repetition i s -needed —as—deserbed—below——A-—stumrary—of—thejprocess
of predicti hgeBi[Resa#Pt%Re macr obl ock | evel in thd X&HPYPES 406 is |given
in Tabl e 5. [TNe [TCHREHS no] of HOR-z&1d' AC Dbethibienth fér AN, af tskp sireartt neadfiion are
first 20 copntedq for different step sizes and areas. The sym val ues |f or
each macrob| ock |ftdeckain a maerableelyat i on vectors (QVA®&r & t hen derived from
t hese i nt er frgdigt i : 3 ' CLON il M. weBlg0OCKk sym i|s t hen
det er m ned )?/ sun;rfﬁnﬁg #ﬁg vsal?l?( %gﬁlsgﬁg?gde]rﬁcigb%gégkm"r% ggg. "The correspgondi ng
bit count e$ti nHtrespestivelaggasdet er mi ned from t he crobl ock sym val ug using
a predet er ntgetHrel-ationsht—bety ymTvatrues 1 Ounts. 26 June
2006 -21 Tabfe o SFLurLed ﬁsﬁ?’iao‘ﬁﬁ%‘f’ﬁ% out puts 1 ‘(:8 Fg no. of nor-zero
AC coefficients |Insteridihe the.cofréspahdifg bitmt’bsﬁtnates;’(ondobﬁQWs ina

<

macr obl ockafeas ¥, 6 2Deri ve Srm val ue K cccf“%v%'i‘ng to step sizes in

from the sym mo the macroblo:

The predictor 406 uses a simple and efficient hardware circuit to determine sym values. A
5 method for processing each 8x8 pixel block to determine sym values for all quantization
_ vectors is shown in Figure 7. At step 506, each of the 64 AC coefficients of a DCT block
is passed through a comparator comprising a series of OR gates, as shown in Figure 8, to
" compute a respective 6-bit fleg. The resulting flag bits fi-fi-f2-f3-f4-fs represent Boolean
values indicating whether the corresponding 9-bit AC coefficient bg~bg is greater than or
10 equal to the quantization coefficients 1-2-4-8-16-32, respectively. At step 508, each bit f;
of all the flags for one area number (ANO) is counted and the resulting sum is stored in
accumulator cells, For every quantization vector q0-ql-q2-q3, the corresponding
accumulator cells are summed, as shown in Figure 9. The value of sym for the macroblock
is accumulated through processing six 8x8 pixel blocks.
15 |
For example, Table 6 shows a typical 8x8 pixel block after forward discrete cosine
transform and weighting.



no. of QUs * 6 respective areas 3Sum sym val ues for a macrobl ockno. of Qs
4Determ ne the corresponding bit count estimates no. of QvVs fromthe sym
nodel at the nacrobl ock | evel The predictor 406 uses a sinple and efficient
hardware circuit to determne symvalues. A 5 nethod for roceigkpg each
8x8 pixel block to determ ne symval ues for all quantizatio S is
shown in Figure 7. At step 506, .each of the 64 AC coefficients of a DCT

bl ock is passed through a conparator conprising a series of OR gates, as
shown in Figure 8, to conpute a respectiyge 6-bit flag. The resulting flag
bits fo-fl-frf3-f4-fs represent Bool ean val ues indicating whether the
corresponding 9-bit AC coefficient bo-b9 is greater than or 10 equal to the
guanti zation coefficients 1-2-4-8-16-32, respectively. At step 508, each
bit f; of all the flags for one area nunber (ANO is counted and the
resulting sumis stored in accunulator cells. For every quantization
vector g0 ql-q2-93, the corresponding ®Tasblkul ator cells are sunmed, as

shown in Figure 9 __The“‘vall_ ,e,,‘Ofm symfor the macroblock is accunulated

t hr ough pr G R AR - et Oy - o&k{sﬁ:t-—_S For exanple, Table 6 shows a
typi cal 8xgEBephy; vl .'ar—@l “idilsgret e mpﬁ” ansform and
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The processing of this block generatcé the accumulator cell values shown in Table 7 and
gives the output sym values shown in Table 8 for each quantization vector.
Table 7
15
Table 8
Quantization vector Output
1111 5+13+19+12=49
1112 5+13+19+0=37
1122 5+13+8+0=26
2222 5+13+8+0=26
2224 5+13+8+0=26
2244 5413+3+0=21
2448 5+9+3+0=17
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The processing of this block generat es t he accunul ator cel |

c...oail 10

val ues shown in

Table 7 and gives the output symval ues shown in Table 8 for each
quantlzatlon vector. Table 7 tlzer~A1 ~10 1f ox~e~. 3vkr. v;

ckKr.' Y, "~ 2 fi or Ilp.~~"" aaw.' tr i' yr, Y ~ s~ 4f2 8f326&’8ﬁ?(%% > =

.., S 32fs 15 Table 8 Quantization vectoroutput 1 1 1 15+13+19+12=49
11125+13+19+0=37 ‘

10

15

20

25

-23.

4488 54+9+2+0=16
48816 5+5+2+0=12
881616 4+5+2+0=11

8161632 4+2+2+0=8
16 163232 24242+0=6

The predictor 406 determines an estimate for the number of bits of encoded data from the
number of non-zero AC coefficients after quantization (sym) using the equation

bits+d=a¥(gm+c) . ..

where a, b, ¢ and d are the parameters of the optimal curve, with b>1, as shown in
Figure 10. Example values are a=1.05, b=1.28, ¢=80 and d=286.6. The parameters are
determined empirically using a process similar to that described above for the spatial

activity metrics.

In ﬁnther alternative embodinl:ents, the use of any of the metrics described above is
adapted with feedback to further enhance the performance of the encoder. In one of these
embodiments, the error between the actual bit generation and the predicted bits for a
macroblock with its associated quantization vector is fed back into a feedback module 408,
as shown in Figure 11. A predictor module 706 is the same as the predictor 406 of Figure
2, except that it receives and uses feedback data from the feedback module 408. Similarly,
the quantization module 1104 is the same as the quantization module 404, but optionally
receives feedback data from the feedback module 408. A selector 1105 is the same as the
selector 405, but outputs the selected data quantity estimate to a difference module 1100,
The difference module 1100 determines an error value representing the difference between
this estimate and the corresponding actual quntity of encoded data from the VLC module
407. This is used by the feedback module 408 to determine a feedback error for each
output macroblock. The feedback module 408 can be frame-based, video segment-based
and/or macroblock-based. In a frame-based feedback module, the errors made in a frame



11225+13+8+0=26 22225+13+8+06 22245+13+8+0=26 22445+13+3+0=21
24485+9+3+0=17 26 June 2006 - 23 4 4 8 85+9+2+0=16 4 8 8 165+5+2+0=12 8 8
16 164+5+2+0=11 8 16 16 324+2+2+0wW8 F 16 16 32 322+2+2+0=6 The predictor
406 determ nes an estimate for the nunmber of bits of encode(hgg fron1the
nunber of non-zero AC coefficients after quantization (sym

equation 5 bits+d=a-, (symt-ct , where a, b, ¢ and d are the paraneters of
the optimal curve, with b>1, as shown in Figure 10. Exanple val ues are
a=1.05, b=1.28, c¢=80 and d=286.6. The pagjaneters are determ ned
enpirically using a process simlar to that described above for the spati al
10 activity netrics. In further alternative enbodi nents, the use of any of
the netrics described above is adapted with feedback to further enhance
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estimate to a erence nodul'e 1100. The difference nodul e 1100
det ermines dmsi@rror val ue representing the difference between

In addition, the feedback module 408 can be used to provide feedback for each video
10 segment. The errors made in a video segment are accumulated, averaged and stored as a
local adjustment for the next segment prediction, according to:
NextSegmentPrediction = CurrentSegmentPrediction+6 *err,, ,

where & refers to the weight of the error of the previous video segment on the current video
segment, and errys is the mean eror value of a previous video segment. An example is

15 &=1.0.

Macroblock-based feedback can be used together with frame-level feedback. Macroblock-

level feedback provides finer control of error in prediction for a video segment. In

operation, the current macroblock # is coded, and the number of expected bits for the video
20 segment is calculated by the feedbatk module 408 according to: o

ExpectedBits,g -EActuaIthsm ZPredtctedBitsm :

Jmi+l

If the numbers of expected bits are above a threshold value, a coarser quanhzatlon vector is

25 used for the remaining macroblocks to be coded in the same segment. Two thresholds can
be used, and the quantization vector can be incremented by more than one for different
thresholds. The thresholds are determinéd empirically. For example, two thresholds of
2560 and 2600 may be used, with incremental values of 1 and 2.



this estimate and the correspondi ng actual quantity of encoded data from
the VLC nodule 407. This is used by the feedback nodule 408 to determ ne a
feedback error for each output nacrobl ock. The feedback nodul e 408 can be
frame- based, video segnent-based 25 and/or nacrobl ock-based, In a

franme- based feedback nodule, the errors made in a frame 26 Hulyae 25096 - 24
for each s -act or symval ue (dependi ng upon which netric is being used)
are received from the feedback nodul e 408 and stored. At the end of each
frame encoding, these errors are averaged.. The nean error for each s_act
(or sym value is used to adjust the predictive nodel (i.e., the | ook-up
table or the equation paraneters stored in nenory associated with 5 the
predi ctor 406) in the predictor nodule 706. For exanple, the nmean error can
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video 20 segnent 1s calculated by the feedback nodul e 408 according to: t

3 Expect edBi petexgeeded. Act ual Bitsl~ + E-PredictedBitsia , J-o J-1+1 If the
nunbers ofg expected bits are above a threshold value, a coarser

guanti zation vector is 25 used for the remai ni ng macrobl ocks to be coded
in the same Jbegfestquantigetiorhmediis| 40¢ andnvariable length coding module 407 encode the

segment data by the coarser selected quantization vector to generate macroblock output
bits {lenl },s_,. The second quantization module 704 and variable length coding module 707
encode the segment data by the finer selected quantization vector to generate macroblock

15 output bits {Ien’},s,_,.

The steps executed by the output decision module 709 are as follows. If the total number
of output bits from the first quantization module 404 and variable length coding module

s ‘ .
407, t,, =) len|, exceeds the bit budget, then the bits are output. Otherwise, the
=] ‘ ' )

20 macroblocks are sorted in order of priority; for example, in order of descending coarseness
of the quantization vectors. For the first macroblock j, the difference of the bits of the two

quantization vectors, d, =len] —len), is added to tvs. If the added sum sps is less than the
bit budget, then the particular macroblock quantized by finer step size is transmitted, and t;
is updated. The quantization and classinumbers are adjusted accordingly. Otherwise, tl;e

25  macroblock with the coarser quantization is transmitted. The process is repeated for the
remainder of the four macroblocks wntil the eatire video segment is transmitted.



be used, and the quantization vector can be increnented by nore than one
for different thresholds. The thresholds are determned "enpirically."' For
exanple, two thresholds of 2560 and 2600 may be used, with increnental
values of 1 and 2. 26 June 2006 -25 In yet another enbodi ment t\/\&fﬁpass
encoding. is used to inprove the signal-to-noise ratio (SI\IIZQJ"ES‘T"2 deo
frames. As shown in Figure 12, the video encoder of this enbodi nent

i ncl udes additional quantization 704 and VLC 707 nodul es, and an out put
deci sion nodule 709. The encoder includeg.a selector nodule 705 that is
the sane as the selector 5 nodule 1105, but with two sets of outputs, one
for each encodi ng pass. Two identical difference nodules 1100, 1102, send
error values to a feedback nodule 708 that is the sane as the feedback
nodul e 408, b i b BieSfP ali NRRS :
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the bit budgdly twe stepodizessic fedcback, ahd thHehpredicti et mofleh ix 4djustedo forrazgmple. UWE Bind

vari abl e | engt h codi dul e 7 code S ser
sel ect ed qua%&*gﬂ%gﬁn?dﬁ%g‘é@e]r Zﬁ%%@?%lfﬁg@?%ﬂ?%t %f:egﬁf%% }.
The second qulet-passtencodingifndcess®4 and vari abl e I-ength codi ng nodul e 707
encode the_segnent data by the finer selected quantization vector to

generate macrobl ock 15 out put bits ~en2 115 1 . The steps executed by the

out put deci SianBiftbriaBive BPgeRERHAS bit Qbird WEtimdtés fob diffefenbtep sz » targét matiput
bits fromthe first quantization podul e 404 '

. .and variahl e | engtth codin
modul e 5  407alue\(e.8., Bedssired pmcvag c?wpmden&ot?o‘g%fafg? %&foﬁtecagitbfs&ﬁ: f“‘gd
out put. O herfyn$ fhe rblBonshid béRvedR GleRf Ales afd Bit SQints (THeprocedest lectig obit t y;
for exanple, in order of descendi ng _coarseness of the gﬁggtlzatlon

vectors. For °opet estimate cipsestdpp duget bit eoymt fiep bejamps @ Hpe FrlecEng @ EIC ¢
g“a”.t |z f‘t ol (%gs P Pvalih closelt@h % tade@tetrik $aldeldThis infetliodSis ehipidyed; foflel@ehpleyim
ys is less thant he_ ol tbudget, "then the particul ar macr obl6%(;{<cuﬁyegnt i zed
by finer stepysheem-based sideorpncoder, shawn in Figure 13. A sym analyzer 100 sym
values for different quantization vectors. The sym values are then transmitted to a selector
1005. The ratios of the actual numbers of bits generated from the output of the variable
length encoding block 407 and the corresponding sym values are determined and stored for
15 a number n of video segments by ratio fnodules 1004, 1006. A finite impulse response
(FIR) module 1008, as shown in Figure 14, then determines a ratio for an incomipg video
segment as the sum of the weighted ratios for the n previous video segments. The current
target sym value corresponding to the target bit count is then determined by dividing the
Jatter by the FIR ratio and fed as an input to the selector 1005. The selector 1005 selects 2
20 quantization vector such that the sym value for the video segment is less than the target
sym value. The data is then encoded using the selected quantization vector by the
quantizer block 404 and the variable length encoder 407. A two-pass topology, as
described above, can be adapted here also. - k

O

25 The embodiments described above relate to digital video, wherein the total number of bits
generated by encoding the macroblocks of a video segment are within a predetermined bit
budget. For the case of MPEG-2 [ISO—IEC/JTCI/SC29/SC29IWGI 1, "Test Model 5",
Draft, Apr 1993] rate control, it will be readily be appreciated that embodiments of the
invention can be applied to select an appropriate macroblock reference quantization

30 parameter such that the actual encoded bits follow the allocated target bits of & frame



i s updated. The quantization and class nunbers are adjusted accordingly.
O herwi se, the 25 macroblock with the coarser quantization is transmtted.
The process is repeated for the remainder of the four macrobl ocks until
the entire video segnent is transmtted. 26 June 2006 -26 Alternatively,
the error between the actual and estimated bits for the nactobmngéis
quantized by two step sizes is fed back, and the predictive nodel is
adj usted; for exanple, using a frame-based feedback nodul e 408. The
two- pass concept can be further extended_ 4or three-pass encoding if
necessary. 5 As an alternative to generating bit count estimates for
different step sizes, a target netric value (e.g., a desired sym val ue)
corresponding'to the target bit count can be determned fromthe

rel ati onshi p betwee tri.c.val ues d bit coun h dERkEt | NG
a bit count C%SF]inra?'ng:\‘tﬁstgsqe St gl?yggté%ﬁ pf?{cl)l?ﬁlta;];t EM?)‘%E@I a pr ogess
of I sel ec:} i ng cfilaﬁ(ﬁah dﬁb:c stép) silfzes iﬁ:jrolv?cy rfIhd/qitiniml Gtepg'ﬂsﬂ fdrahamangbgksrmc chasen

val ue. This net S 0 , for exa . e sym.b. i

encoder shomﬁ“f‘hn&ﬁ‘bﬁ#ﬁg@.cg%@%ﬂ Wﬁegg'ﬁfésﬁ'@ﬁ%d %gﬁﬁg@gy%ﬂ@%& f or
di fferent quanivhisdld EifrataoiBE whert tonsiytét pidhite §ualityeis ehwseted) the inventioacta be a
sel ect or 005. . The ratios o he actual nunber f bits r.a f t he
out put of %hé"i‘PA‘M P SSUpgih Lgﬁé%oéoﬁé 1Bt AUaRHZEHoR FIFR ﬂ‘ggrcl@% é@g%r%élgérrg
sym val ues ar@néRifs oh HR$iA8E, fot exsplé Mexikiing ribifiver oavefegy bileate shetagget s by
rati o nodul es 1004, 1006. A finite inmpul se response, Flﬁ%dpnduli 1008, as

shown in Fi giuantization iens vith the lepst devigtionfrquy thegsyco iy segnent

as the sumof the weighted ratios for the n previous video segnents. The
current target symvalue corresponding to the target hit count, is then
det er ni ned b?M@nwmqqhﬁgattonewﬂlbmmcgytwth@eﬁhﬂwm%ﬂ%mthp%d%ﬁmﬁ%&g? to
the sel ec{@r E]lnteiﬁ{r%rﬁ : , YteiRhéeZ Al the hcddSgasfing UCh
that the g@msé%%ﬁ%fiﬁg?r% e Vi egﬁggglrer%gﬂt'&%ﬁ es%ﬁ% han t he target syjr}rl1né
val ue. The ddigurdéss t hen encoded using the sel ected quantization vector by
the quantizer block 404 and the variable | ength encoder 407. A two-pass

t opol ogy, as described above, can be adapted here al so. 25 The enbodi nents
descri bed above relate to digital video, wherein the total nunber of bits




generated by encodi ng the macrobl ocks of a video segnent are within a
predeterm ned bit budget. For the case of MPEG 2

[1SO I EClIJTC / SC29/ SC29/ W&L1, "Test Model 5", Draft, Apr 1993] rate
control, it will be readily be appreciated that enbodi ments 85 tgﬁ

I nvention can be applied to sel ect aﬁgappropr[ate.nacrobloc% Bf hee -
quantization 30 paraneter such that the actual encoded bits followthe

al l.ocated target bits of a frane 26 June 2006 -27 closely. The bits to be
.generated by a frane picture are estimated for all different quantization
step sizes involved. The optimal step sizes for the macrobl.ocks are chosen
such'that%#pggﬂifference between the target and estimated bit use is

m ni mal . atively, in variable bit-rate coding where consi stent
picture quality is expected, the invention can be 5 enployed to estimate
the bit Fatdenfethodfor usedecnepdingivideadesninsludingsising ametric fanolion te gensrate

constrai nt e ¥rdm kRS %ﬂ%\#é.wﬁi ?'agi'mﬂ ! ‘bi t
rate, the %@g%t&hgquan?fsgg'?fdgfﬁasé%eps tPl t gﬂ{ﬁggg devi ét.l%% rog]qfhese
const r ai nt deastipnehef said encading pamstenyoa the dasis ofig desined grantipypef endoded. t hose
skilled in j t belhiobl R&een QRfies E&Eﬁ nt

I nvention z;’ié&lﬁp%trat% rﬂ%cﬁg%%?lg’?gﬁévﬁth ré?g?edﬁce t(])Ig%tﬁg accoﬁ'ﬁg%la g §fi gures. -
28 .26 Jun@QuZoiies of sucheed videodatret hod for use in encoding video data,
including using a netric function to generate netric values fromsaid

vi deo dag.a AREthbe 35 efiha®inUha A, bl PdRbSifing o0 dstiRdte fdri the qadntity 8ast one
of said en%%%ggvp ragqet ﬁ{ﬂ%‘on th&a.basLs of a desired E]uant-l ty of encoded
vi deo data b‘?’@d 12 Std Telatonsbip; and, thre felershdl A 4ast one; PRRSnG
respect i ve paiiidl, dncGlin®bii® videsiada viiniete dalbdted ardeas o énitoding pastatrdteared i N
claim1l, includi png determ.ning "estimate for the quantity of encoded

vi deo dat a“FFORPIEW %F%V&?&W@“&W%@%“@E?Q&fg?%W%%%di ng
par amet er , agiasingisiid rehaticnshipdehelbdsi orshidenbile sel ected at | east -one

encodi ng paraneter, - determning an error. between said estimte and the .

uaot ! Y. 2% GRBRYEH ctbASP Ak 2, Wikl Td ol BALSanS B PRI e} 1
frames, segments, and macroblocks of video data. .

4. A method as claimed in claim 2, wherein said error is dctermined for frames and
macroblocks of video data. ’ |

3. A method for use in encoding input video dara, including determining a relationship
between metric values generated from reference video data using a metric function and
respective first encoding parameters, and quantities of encoded video data generated by
encoding said reference video data using seid respective first encoding parameters;
using said metric function to generate metric values from seid input video data and _
respective second encoding parameters; and selecting at Ieast one of said second
encoding parameters on the basis of a desired quantity of encoded video data and said
relationship.

6. A method as claimed in any one of the preceding claims, wherein said relationship is a
power law relationship. '
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3. Anethod as clained in claim2, wherein said error is determ ned for at
| east one of frames, segnents, and nacrobiotics of video data 4. A nethod
as claimed in claim 2, wherein said error is determned for frames and
macr obl ocks of video data. 5. A nmethqod for use in encoding inFut g'deo
data, including determning a relatiaﬁship bet ween netric 3%‘ﬁ@§ ener at ed
fromreference video data using a netric function and respective first
encodi ng paraneters, and quantities of encoded video data generated by .
encodi ng said reference video data using said respective first encoding
parameters; using said nmetric functjon to, generate netrig valu fromsaid
i nput vi dde Adnethedes c'i“é?ﬂé‘?:HW@%H°W&'&§H§’%‘§PWFW%§&§%°@ct i ng
at | east Oneisq;aséﬁégfjAE%QHﬁienﬁwqﬁkf& QRfrRRhSHAndion dea geherated fodm aaidesi r ed
quantity.of encoded video data and said relationship. 6. A nethod as

clai med in amde@d#aof -t he preceding clainms, wherein“said relationshipis a
power | aw rel ati onshi p. AMENDED SHEET (M 1 i CLE 29 26 June 2006 7. A nethod
as clai neqg,i & REtho®RE cRimdd@ Ayemedfrdaink di tar], wiseie said yadtric Meation 1§ nct i on

i s based on AC coefficients of discrete.cosine transfo | on ta .
gener at ed friﬂ?P%laPﬂMWi’H@chﬁf‘%@“B!’” % AL St ﬁ%‘&% ‘gﬁeﬂgn%a??
claims 1 to densfdraiaBbilcoetficentt ri c function is a spatial activity netric
function based on a sum of weighted AC--discrete cosine transfornmation
coefficients, 9. A.nmetho S. cl.ai i aj L4 SAl N
function jrbs &U’Fmgdfgr %m%ﬁ%f m( ﬁ%ﬁﬁe‘f@“ﬁ%%%@pgﬁ | sgrgtgf ggés?éfgn’
transformati cogf{u,ef ent of ~ - u,y) u.v) block el egent wpth
coor di nat es ﬁ.W)V?ﬁ%mea%éﬁﬁm,”ﬁm&e &) is
a ‘quanti zation pa 2Adter’ for said coefficient. 10. A met hod as clained in
clai m 8, wheploii efeitieflt Withrdodrdinatsst (upv),i w(mi)is hewkighnfor safdi codffitient, wndv

g(u,v) is a quantization parameter for said coefficient.

10. A method as claimed in claim 8, wherein said metric function is of the form,

E.; Lf,f(mﬂ;;:(u, ‘;)I =, where f(u,v) 5 a discrete cosine transformation coefficient
‘ i,V Y : .

of a block element with coordinates (1, v), w(&,V)is a weight for said coefficient,
-g(u,v)is a quantization paramci:cr for said coefficient, and A(x,v)is a spatial
weighting factor for said coefficient, '

11. A method as claimed in any one of claims 8 to 10, wherein metric values are
determined for each 8x8 pixcl block of said video data using sald metric function.

12. A method as claimed in claim 11, including determining a metric value for a
macroblock by summing metric values for the constituent 8x8 pixel blocks.

13. A method as clamed in any of the preceding claims, including determining besic
metric values from said metric funcﬁ_on and basic encoding parametars, and deriving
metric values from said basic metric valucs.

14. A method as clsimed in claim 13, including deriving said metric values from said besic
metric values using shift and add operations.

5

s _ AMENGED SHEET (ARTIGLE 15



~ where f (u,v) is a discrete cosine transformation coefficient wu, y) q(w
v) W( of a block elenment with coordinates (u, v), wW(u,v)is a weight for
said coefficient, q(u,v)is a quantization paraneter for said coefficient,
and h(u,v)is a spatial weighting fagjor for said coefficiept. .A met hod
as claimed in any one of clains 8 togéo, wherein metric vaﬁ%@@n%%QG ,
deternined for each 8x8 pixel block of said wideo data using said nmetric
function. 12. A nethod as clainmed in claim1l, including determning a

metric value, fo crahl ock b ' tric values for the constituent
BB pi xel- 1517 Bekrod ps TEin Riyioml o R 1o Frivherin Bt e, RBERRl 1 50ERel e,
i ncl udi ng demneth nimberbals nen-zeret AGC digarbidecosine O forati®ii rcosfricientt sy and
basi ¢ encodi ngm%%{iameters, and deriving netrikc values from,said basic .
metric val ué¥® _.°‘h met hod as clainmed in claim13, including deriving said
metric values fromsaid basic metric values using shift and add -

oper at i on$6. AAnENOERs SHEET | claiml 1§ )Gvkersin shid3Netd6 fulction 200&d thstspminet hod ' as

clained in TN f ' ot er ei aid netric function is based
on -the nunber %@%%r@%’r%%&@@kﬂ éj:bp?@Esfr ansformation coefficients

after quantization. 16. A nethod as clainmed in claim15,- wherein said
netric fulibth ¥ides enogding maguigdmvingicomponratsrforexeaitingshd stepsofrangronkbbthe of sj x

8x8 pi xel bhﬁ&k&in clhiffns. A Vi deo encodi ng nodul e havi ng conponents for
executing the ste%s of any one of the preceding clains. 18. A-video

encodi ng i ncl ydi ng, a predictor nodul e for generating metric val ues

dul e, ’ . , ;
fromi npuw\ﬁ‘d’@ﬁ" gagedingspodule, ipainding a pradiatergnodple for Esperating, metrisayaluezat i on
parameters, froifhpdt HELCEHRhsiNPE Welrid fif t'%awe .@ﬂgﬁi' a ,,g.ﬁmﬁgg d
quanti zation par grret ers on ?iri?e) basi sngt?&isgﬁf. tri _cd va ugggg’n a
pr edet er mi n&BY PEFISEIPOMEHIpfas selaring atdeast enealiseid Auantization prrmetersconythant i t i es
of encoded \GafiE6f saRf Metric values and & predetermined relationship between metric values and

respective quantities of encodegi video data.

19. A video encoding module, including a predictor module for determining estimates f;:r
bit counts representing the quantity of video data encoded using respective quantization
vectors, a selector module for selecting two of said quantizartion vectors on the basis of |
said estimates, first quantization and variable length coding modules for gencrating
first encoded: vidco data using a first of said selected quantization vectors, second

_ qunntization‘ and varigble length coding modules for generating second encoded video
datz using a second of sald selected quantization.vectors, and an output decision

- module for selecting one of sald first encoded video data and said second encoded
video data for output on the basis of at least one of the bit count value of said first
encoded video data and the bit count value of said second encoded video duta.

20. A video encoding module a5 claimed in claim 19, wherein said output decision module
adjusts encoding parameters for encoding video data on the basis of at least one error
between an estimated bit count and a corresponding bit count.

21. A digital video (DV) encoder, including a video en.coding module as claimed in any
one of claims 17 to 20, '
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19. A video encodi ng nodul e, including a predictor nodule for determning
estimates for bit counts representing the quantity of video data encoded
usi ng respective quantization vectors, a selector nodule for selecting two
of said quantization vectors on the basis of said estimateg, first

guanti zation and variable | ength codFHg nodul es for generat?ﬁ&me?PWEt
encoded vi deo data using a first of said selected quantization vectors,
second quantization.and variable length coding nodul es for generating

second engedgd MPQG%::Q%} HiSiiR fd:ﬂf uapti zatj on.
vectors. and an out put egllnm ongaa ?%H or gs@)?ec mgﬁ%&qoﬁ 05 T f?rlr st
encoded vi de®aigstld tad@ sai d second encoded video data for out put on the
basis of at l'east one of the bit count value of said first encoded vi deo
data and uBeAbn&mmmimiﬁaMﬁcxmn ﬁ%&iuaﬁ %@:ﬁtayag.fam, vi deo
encodi ng nodul.e as clainmed in claim1l E% wher e| sal t put decis) orcllArmduI e
adj usts encodfépd 'fraw@iérpsedpemmn@muvgshm M)Sﬂmmmrvalmm frémat

| east one ergpfvidkAINES aheing s Ry bi t
count. 21. A C‘iﬂaaltal wéiueo enc?g”pbf? Flﬁgq’éﬂ‘\‘/‘ﬁ cp’g‘&‘&g&’m)dule
as clained 9 W'dﬁéméﬁcsem@amhwftcemdmm 1) 31 26 June 2006 22.
An MPEG encoder, including a video encoding nodule as clained in any one of

cl ai ns 17zammoa&scmmamm whetbiNRE dipfedeterhified reldddnsiid o1k ating
predi cted quan data fromsaid edet erm ne

f de
rel ati onshi pa '&?8 §‘3§8 H’éieqjllcep % ‘&gh&‘ﬂ?é’&“’ﬂ‘i W%Ben\mceamo and

sel écting ondasnd@Epciic En%bdnp aiieiens] a6l Apeduve Juaticed of dachdkd dat-a
cl osest to said deS|r d %1 tit of encoded \/i deo 'dat a. 24 A et as
r cﬂ's

claimed in ¢ %F%N%éﬂ’r"é!“&tW%WSm ned
on t he basisPaﬁmdmirlc val ues generated by said nmetric-function from -
reference video data and respective encodi ng paraneters, and respective:
quantities of encoded video ‘data generated by encoding said reference

vi deo data _using said respective encodi ng paraneters.
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