WD 03/ 056839 PCT/ SG01/00261 -1 VIDEO ENCODI NG FIELD OF THE | NVENTI ON The
present invention relates to video encoding, and in particular to a nethod
for use i wo @/se3edi ng video data, a video encodi ng nodul eec@amsm@/0vicdeo
encoder. BACKGROUND Bit rate control is inmportant in video coding and

rel ated applications and is normally achieved by selecting an appropriate
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 frequency coefficients produced by
the discrete cosine transformation (DCT) of input video franmes, and

t hereby reduce the anpbunt of encoded video data. In the case of the
digital video (DV) standard, as described in Specifications of
Consumer-Use Digital VCRs using 6.3nm nagnetic tape, HD Digital VCR

Conf erence, Decenber 1994, the q&HPﬁK%Eg“?QDﬂﬁﬁbrnined by three numeric
paraneters 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
nunber. for that pixel is determ ned by the pixel's position in an 8x8

pi xel Dbl ocKIERDEIHRBINVENTKONssi gned to each 8x8 pi xel block on the
basis of the block's content, for exanple, quantization noise and the

maxi num a ute val ue of th bl ock's AC coefficients. The quantjization
number or brgﬁéeBr%S%malﬁv?nﬁ%é%lP‘%ts ﬁ%t"KgﬂBeeé‘iC? 188 FHein Fete %fn%ﬂ??ag%r use in
quant i zat i @todigtridéd @%E MRS dnlodingRdal fek waRséebagy of four |um nance
8x8 pi xel blocks and two chrom nance 8x8 pi xel bl ocks. The conbi nati on of

the class and_guanti zation nunmber determ nes a quantization vector
conpri si ngPASIGROEND; zer coefficients, one for each area number. An 8x8
quantizer is constructed fromthe quantization vector by entering each

coef fi ci engjii BEOGRFSI &S Hﬂg&?ﬁé}ﬂ ROiES gﬂéin'g ”axfdhxeela%%d %{g@%itiéﬁg an@% Aoph g, to
area nunber. The resulting quantizer determnes the guantity of = outpu
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10 data in the form 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 number 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 image 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 entering 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
t arget vameeos/os&sbat ent 5,677, 734, Method and Apparat us f acmdhifopieng t he
Quanti zation Step of each 5 Macro-block in a Video Segnent, describes a
met hod of nodifying the quantization step of each macroblock in a video
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 classifies the blocks by class nunmber. Notwi thstanding
its nane, 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-length and Huffrman coding, given a quantization nunber. A first

guant i zati%ﬁ st ep deci f?don circuit 106 determ nes a segnment wd
quant i zat | Fretigtiesutablfiquanigationdvestrinior £agh awcgqb@ﬁkd@dqrgmﬁ acbnt é%FP tof the

modi f1 €St B%oqaafakh 3hIiON: ab%ba%gge@ae%@%gﬁ%&{t?%gg%@o that the quantity

of quantized data I's ow a pr erm ne A quanti zation
circuit 105 quantl zes the data with the resulting 15 guanti zati on nunber

and a vari g oding (VLCO) circuit 110 encodes the data by
run-1ength gﬁéﬁ féj'oé‘{e ‘%é‘iﬁé’r’ atyy &, Alloﬂf@é‘”%f ea@”"”fﬂaﬂ@wg@éﬁteﬂilér
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El ectroni cs, Vol 3, Aug 1997, discloses a net
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each 8x8 pixel.. bl ock. A d fie omare uced

quanti zati 8 931&56’?@% Phit 8 hvgté'(]‘i]ette,&% léﬁ‘g t%ted%s {aelfl%ﬁge LY Q é’la%lbt ed
by cal cul agx$gixdpbRcRUARdlsYiffed HRUBIRCkABR RIS AlinBEr. aNEtwWitstalll e ashs a
encodi ng. The selected QD was then nmapped to the respective quanti zation
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and Systens CIor Vi.deo 30 _Technol ogy,. Vol , No. 1, Feb_ 1996 descrlbes
cont roI | i nYiqerfdapiigpiongumben aad Bye%ﬂ@aglv@onsm@e@@gnmﬂms&i sigep the

quantization number for each macroblock so that the quantity of quantized data is below a
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., 4 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 quantization 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 numbers. The quantization vector for each 8x8 pixel
25 block was fine-tuned by adjusting the class number according to the calculated data

quantity.

A paper by W. Ding and B. Liu, Rate Control of MPEG Video Coding and Recording by
Rate-Quantization 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
sui t abl e wef @®rose83e¢ quanti zati on paranmeter for neeting a tmomgsdoibnicirate. 5
The difficulty in controlling bit rate lies in howto choose the

guanti zation paraneters to neet a target bit rate budget. Prior art

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 significant conputationa
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

cl assi fi caty nes. .. The forner. has the disadvantage of |ocal adaptation
uh quantSBiaC TR e e tne B St A sl viEd oo Mt ¢ Bt R G pgption

encodi ng, whideb waberdaptioll QFitH Pe-bfcodfRr REUICR) cliddse heRitable B rfdflE Yuantization
transm ssion and quality control. In addition, t%e rate- quanti zation nodel

has only b&@éRmetEdonmesing aimesdihgirgte. There may be a nodel nismatch for
finer bit estimation due to the fast, changing nature of the
rate-quanti zation nodel at low bit rates. 20 It is desired, therefore, to

provi de S (it kibifictiby insentrsllieg badauedieyiifl @owit choofe HelfiRntiSNeAHahadndyb e
and a video encoder that alleviate one or nmore of the above difficulties,
or at | easteqt fdape bisrate budesty Rrigrprbmiethods gavie etiwpted o dolve thisdiffiewitsobier s.

SUMVARY OF s i i ti th
s provi ded DS RERCHa ormindoRs CPRE 306 AR e R Rt KE e iett ng
netric val osghddsrreguirel comphiex Hatievateasmelorosi gaifivRit EempitbiGial @ReBss. They

respecti vereencodi n]g Ear anet ir s, .and scefhecti ng at |east one of said encoding
par anet er s "GP FeMEHE PSS Jplemgndation i e proqesses fof aiapiragioniaad yarahle length o
predet enm Bsbdidgel ati onshi p between nmetric val ues and respective quantities
of encoded video data. WO 03/056839 PCT/ SG01/00261 -4 Preferably, said
metric function is based on AC coefficients of discrete cosine

Even rate-quantization modeling is dependent on 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 data, a video
encoding module and a video encoder that alleviate one or more of the above difficulties,

or at least 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 between 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 ght ed WO @bioses3et e cosine transformation coefficients. Adwscagemus!y,
the netric function may be based on the nunber of non-zero AC discrete
cosine transformation coefficients after quantization. 10 The present

i nvention also provides a video encodi ng nodul e havi ng conponents for
executing the steps of any one of the preceding nmethods. The present
invention also provides a video encodi ng-4mwmdul 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

esti mat es. pibRraBlesS j td,00: al i des Vi . encodi dul e,

i ncluding a predi[y(?:t%?(tl %% E?éh@%FRHZ$é$%g¥i%b‘%@tF%%%§§anfgbggmg§i§°§§Pues
repr esent i iignsioenaficardata genefatehfromesdid widetedatslat a usi ng respecti ve

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

guanti zation vectors on the basis of said estimates, first quantization and
vari abl e 2Q\dvan@bdbusigdk Uk Bst Jd e vi deq dat.a
using a first ofgsafgdgg?%%?ed g%%ﬁ??gggﬁ% f@@%?%?ég;%gﬁgﬁgggﬁgﬁfﬁ§%?f%n
and var iPabMeighiehfR dissasta gosineiuansforbmtion gesficizhisng second encoded vi deo
data using a second of said selected quantization vectors, and an out put
deci sion nodul e for selecting one of said first encoded video data and said
second encadisdniugsbaglygiteandt FQI6BH A iRedas % Almbl: dr B LoRRCHiscld

bit rate valye of 25 said first encoded video data and the bit rate value
of said seEOHEF EHsbuRgLon aefTigignts aftPheuaptisatiomt i nvention al so provides a

vi deo encoder, including any one of the above video encoding nodules. WO
03/ 056839 PCT/ SX1/00261 -5 The present invention also provides a. digital
vi deo (10V) Teaquetent, iriventiardialig proyidepe ofdes RRicodR® RodtlSRvRBCAShRBARIY! €S-
The present_invention al so provides an MPEG encoder, including any one of
the above SXAHBBE BGSkHS ﬁga‘i*?g%ﬂ Qigthe preceding methods.

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
predi ct or wiooosasssspat e t he data quantity. The predictor useEs/sGomebréic for
the process of quantization, run-length and Huf fman coding, to predict an
output bit rate or data quantity. 10 BRI EF DESCRI PTI ON OF THE DRAW 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 1 is a block diagram of p&rt 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 diagram of a process

execut ed byheheesneiivedtn 440 $6¢ %Eé‘%. El itaPvidEd g%gfﬁ gg?zo@%% El)rgcllé(ﬁﬁg fta%iz %{‘1%9 e

i
Figure 5 is_a graph of a power |aw ction u
repr esent @h%ve@éeQ@lC@ﬂmgﬁsfbﬂqbeSbet ween the nunber of bits generated by
guanti zation and variable length coding and s_act, the sum of spati al

activity mgi cElgure 6.hs a di agram of a second preferred
enbodi ment o% ﬁge%?%egﬁfg?%@ gl 0?5%“*6%%%&@ pcugding mYoWQnggwaathOUﬁ a
met hod exesideedntyditdhmopnlesdi ctor for determining 25 sym the nunber of
non-zero AC DCT coefficients after quantization; Figure 8 is a schematic

di agramcof ;a, c arator. of the predictor, used to conpute a 6 bit flag for
det er mi Ri nHlsgeg?a]%?%cblép%ﬁﬁﬁtaﬁ@'ﬁﬂ’swgl/b@(Ezﬁqxatedfkwﬁcg!aﬂy efcddéngaths ovivoaiat L

di agram i | besdrtctt drhiSodien@ddiild ; Lator cell val.ue in the

predi ct or ?or. a sel ectledn'quan}%e: lgg%lﬁ%ﬁq%g%{%?&c@f&%lrﬁ%e the ‘%t@ﬂ‘éfﬁﬁl%f The
pover | aw Pigieteromsesis anbtity fartike proesisadfauahtzatien) Radeieth A8 Hihild QY. Ro

between th er of hit eperat ed through the process of quantization
and 5 var ? réegi%gg? 83@%&65%? grg&]aé?lﬂluaé??ﬁ-

10 BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are hereinafter described, by way of
example only, with reference to the accompanying drawings, wherein:
Figure 1 is a block diagram of part of a prior art DV encoder;
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 function used by the predictor to represent the
20  relationship between the number of bits generated 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 executed 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 a
third pretweroadessabodi nent of a video encoder, includi ng rROWS@ass26encodi ng
predictive rate control with or w thout frane-based feedback 10 control;
Figure 13 is a block diagramof fourth preferred enbodi nent of a video
encoder, based on symvalues and with feedback control; and Figure 14 is a
schematic diagramillustrating a finite inmpul se response nodule of the
encoder of Figure 13. 15 DETAI LED DESCRI.RTJ ON OF THE PREFERRED EMBODI MENTS
Bit rate control involves determining a suitable set of encoding paraneters
for generating encoded video data with a desired bit rate frominput video
data. Encoders of the preferred enbodinments described bel ow each provide a

predictor to estimate.the guantity of .data. produced by.encodjn j.ve

Phput vi deo dat LU it prs it itrn deing fapiaw SR BRI S BRI he
observat i oy iRhreditbr fRladklepRaubnibalivE s e quantity of encoded data and
quanti zation parameters varies for differenf macrobl ocks, different video

segnents, diff &igwme 1pas & graph aflaeposeembavs &peting asethbly theamedictor & represkitrtie of
sequences. nseguent | the preferred e L men rovide tric..

Funct i ons, SO SEATRbun b ARRES O ulaF Al R DRSS A ter 20 deo
data that @@ﬁmémlgthvud‘dmgtméﬁmg ual quantity of output video 25 data

gener ated by encodlgn? the input video data. An estimate for the quantity of
data is then d&iswenl héisde bloskndingmne abe secand prefesechembemiept et videmeneedes ¢
val ues andi@él#diﬁ%ﬁ%ﬁﬁael{c Hgor.el ationship is determ ned experinentally for a
given nmetric tu Ion and reference video data. The predictor generates a
metric val ue fr @igureptis ditlek dagamusi HthiddhsreferiediembdBidit@5a8d8eco encoder,

PCT/ S@G01/ 00261, -7 function,, and then converts the netric_val ye to.a_bi
m?@ne& P PRTeensP &g PEgdiqiive date cantsel Wik or pithept 8@%1%

count esti atedefeedhachnl e
metric lfdm%ﬁtﬁﬂ& the three processes of quantization, run-length 5

encodi ng and Huf f man encodi ng have been considered. A close inspection of

t he Huf f man Figure 13 is a block diagram of fourth preferred embodiment of a video encoder,

based on sym values and with feedback control; and
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 control involves determining 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 predictor 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 segments,
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 predetermined relationship between metric values and bit counts.
The relationship is determined experimentally 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 awa dsiogbs3anpl i t udes occur with | ower probabiliti ecT/SGngenuent |y,
an 8x8 pixel block wth many | ow anplitude and short run codes can
generate a total codeword of conparable I ength to another block that 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 blegck using the AC energy or

vari ance, uvf(u,v)2 , where f(u,v) is the DCT coefficient of the AC bl ock
15 elenent with coordinates (u, v), is insufficient. However, a slightly
nodi fied spatial activity nmetric, described by 1ul, = u,v u, V) can be

used to estimate codel ength., This netric, the sumof the weighted AC,
coeffici en{:”?"tl?lh gt aﬁogv%ﬂ tﬁsw&&% ViR ioer Wi eoups estieate pengdicgredoterprngded
to the AC gogifighents in DV 20 systens, can be correlated with the
guantity of data generated by variable length coding. By dividing this
metric by the quantization step size used, a block spatial activity netric

that al so i.ncor porates e influence of quantization is obtained. This
bl ock spat FAICRTIHR fyablfomeie Mfons md R Scess Qb pimats. suptinalls o
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g(u,v) refers to the quantization step size used on elenent (u, v) of th

bl ock. WO @blorsedy trCiyrgen todyreds aregasTomiatad withclongsr e lengthhend alke avithed

to include, the spatial fluence of .the, AC coeffjicients..in the.block. The
fort hor TPt oBREGE, U HERE Folthid MR Ta ORI 1o e blel AR b
| engt h codinitll, lowbeproBibtikfiest NEobARGES, & 8:88 PiREIOAbC With HinyEBw &ifplitude and
characteristics of the discrete cosine transform Hence a | onger codeword

i s expect ethorrunfedesceasogsuerais arietak epdewsrd phermprsaiphe lensglt £q ancthar blagk; tat
extendgy MBI feG hiﬁh%ﬁiﬁf@uc@' and long run codes. Hence the spatial activity of the block is a

good measure of the codelength.

e

A conventional metric function for analysing the contents of a pixel block using the AC

energy or variance, zuv f(u,v)*, where f{u,v) 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

|f @)

“ w(u,v) ’
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can be used to estimate codelength. This metric, the sum of the weighted AC coefficients

in an 8x8 pixel block, where w(,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,
act = Z —————lfw (u,v)l ,
" q(,v)
25 provides a link between quantization and the number of bits of encoded data, where g(u,v)

refers to the quantization step size used on element (%) of the block.



actp _ If,, (u, v) * h(u, v)I u v g(u,v) where h(u,v) is a spati al

wei ghting on the AC coefficients and is determined 10 experinentally. The
spati al awtoosiosys3aetri c functions act and actp descri bed awavscuaamdbe

i ndependently wused to generate a netric value frominput video data and a
gi ven quanti zation vector that correlates with the actual quantity 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 generag-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. Although this
relationship is determned fromreference video data, it can be applied in

a quasi - unimger : i .video,data. to deternm.ne an 20 .
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guanti zati gn and g.ari g}bl e length encoding steps to generate encode
data havi née iCPdngy thecpefiss e chapgesiqledl longer ran.egiverriihe ghateterigtits of the

enbodi nment g o i I ) | ation. to the DV standard
25 o derciis SPLMERKLAN AL PROEERhE e 3bi ok Soude et B
mai nt ai P a fwonded) € coifficientt Ehis brerdedrmetiic ingivén B¢ appreci ated that the
invention can be applied in a nore general sense to select encoding
paranmeters to provide the closest match to any (e.g., variable) target bit

rate or data quantity. WO 03/ 056839 PCT1 @@%ép&%q}é, -9 The choice of an

appropriate quantizer is inportaazp;:fgr excess bits that are
generated through the quantization and’vari#b@ | ength codi ng processes are
dropped. The DV encoder therefore ensures that the nunber of bits of
encoded data representing the AC coefficients of each five-macrobl ock

;/i (raleot s _etgrrmhfere( Vi, v) Sisk@pkpdiRl owemhBhed6h el NRY Bidficien@UdPtis AeRidhfied <
argety S’ekpserimentally.

The spatial activity metric functions act and actp described above can be independently
used to generate a metric value from input video 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 generating 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-universal manner to any input video data to determine an
20 accurate estimate for the quantity of encoded data or the bit rate. The estimate enables
input video data to be encoded with simple single-pass quantization and variable length

encoding steps to generate encoded video data having a bit rate close to a desired bit 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 so 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 parameters to provide the closest match to any (e.g., variable)

target bit rate or data quantity.



bits; =f (QY ) where bits; is the nunber of bits generated fromthe

vari able length coding of the ith nacroblock of the video segnent, and

t ar get bi t w0 ®/05683a predeterm ned bit budget for the videecrsgsmwnd261For
exanple, the bit budget may be 2560. A set of five quantization 10 vectors
is to be found for the video segnent, one for each macrobl ock, and Qv;
refers to the quantization vector used for macrobl ock i. The quantization
problemin DV is conplicated 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 netric to DV, the sumof the spatial activity netrics for a
macr obl ock can be witten as 6 s_actp; ~YIAC-k *h(j) , k=1 j=0q jk where
i, J, k denote, respectively, the index of the ith nacrobl ock in the video
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{O 1,253 budgeh A d| gital video (DV) encoder, as shown in Fi gure 2,

i ncludes a discrete cosine transfor mat i on (DCT) node deci si on rmdul e 402,
a weighted forward DCT (FDCT) no 4% g segnent menory 403, a

predi ctor nodul e 406, a selector ‘8’§ 4°%\0 03/ 056839 PCT/ SG01/ 00261
-10 quanti zati on nodul e 404, and ar |ﬁ§cr/e Iength encodi ng nodul e 407. The
DCT node deci sion nodul e 402 anaIaZ§/ ) 8x8 pi xel bl ock based on edge

and or int i | r . . !
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sui tabl e DCT node, either 8x8_ or 4x8. The wej g modul e 401 |
performs a {5RSeehetsi berarxennie rté? itcbradesk mayabs %&h 4 é‘FtI ¥e |gpangization

vei ghtiing Paekdrs B the found for the video segment, one for each macroblock, and QVi; refers to

the quantization vector used for macroblock i.

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
s_aap =33 2%y
k=1 j=0 9y
where i, j, k denote, respectively, the index of the i macroblock in the video segment, the

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

lAC jk] of the AC coefficients in a particular area jk of an 8x8 pixel block are summed and

20 the sum is then divided by the common quantization step gy used for that area. The result
is multiplied by a weight k(j) relating to the emphasis of the AC coefficients of that
particular area. For example, the weights for the respective areas may be in the ratio of

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

25 A digital video (DV) encoder, as shown in Figure 2, includes a discrete cosine
transformation (DCT) mode decision module 402, a weighted forward DCT (FDCT)

module 401, a segment memory 403, a predictor module 406, a selector module 405, a



A video segment of data, consisting of five macrobl ocks fromdifferent

| ocations of a franme, is stored in the segnent nenory 403 for further

pr ocessi ngo Basbs3macr obl ock of the video segment consi st afsdomn2e1

| um nance 8x8 pi xel blocks and two chrom nance 8x8 10 pixel bl ocks. The

vi deo encoder controls the bit rate of an encoded data vi deo segnment by
determ ning predicted values or estimates for the quantity of encoded data
for each macroblock within the segment for different quantization vectors,
and selecting a quantization vector for.gpch 15 macroblock to obtain the
closest bit rate to a desired target bit rate. In the first preferred
enbodi nents, predicted bit counts are determ ned by nmethods based on bl ock
spatial activity and executed by the predictor 406. A first preferred

enbodi ment __is first cribed, in ich the predictor, 40 C a
et hod basditzidreinfSE A4 360 4 able i eRbimacitulk et aRs BT Bete
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spatial activity function acCt, as indicated. However, because these
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spatial activity nmetric predictor 205. For the actp netric,  the predjctor
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dedi cat ed . r i1 Clu a i b 3 r n
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The ot her conponents of the encoder are WO 03/056839 PCT/ SG1/00261 -
standard DReCHHDGTFEHIER RTINS Phiauh drapRce S PiRe] lﬁlﬁmt"‘éﬁ’ %IWHW 1
singlelghigxe . The predictor nodule 406 nodels the process of
guanti zation and variable length coding 5 using the actp netric function.
It calculates the s actp val ues as descri bed above, and then predicts the

nunmber of hjts. generated fram.a nacroblock for ,al ssi bl e antj zati.on
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bit count, prdicted values or estimates for the quantity of encoded data for each macroblock within

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 described 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 applies equally to both embodiments, 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 spatial activity metric predictor 205. For the actp metric,
the predictor 406 also includes a spatial emphasis block 202. The predictor 406 is a
dedicated hardware circuit, as described below, or a processor such as an ST100 or ST200
processor manufactured by STMicroelectronics, in which case the blocks 201 to 205 are

30 software modules executed by the processor. The other components of the encoder are



described below. 10 For a given set of quantization paraneters, the bit
count contribution froman 8x8 pixel block is estimted by the predictor
406 of Fivw®/36as foll ows. The absol ute bl ock 201 reads raT/8dva/oDXsT
coefficients for the block sequentially and then outputs their magnitudes.
For the actp netric, where spatial influence is taken into account, the
spatial enphasis block 202 nmultiplies each coefficient by a weight based
on the position of the coefficient in 15 the pixel block. The quanti zer

bl ock 203 then quantizes the coefficientsimith respect to the quantization
step size. However, the quantization and spatial enphasis steps can
alternatively be conbi ned and reduced to shift operations, as described
bel ow. The accunul ator 204 suns the quantized, weighted coefficients to

ceterrm e, SRR DO Rer T8 05, 500 AR 5 BRG] e iong

t he act/act@OD&Cues of i ts SI x constituent pixel blocks. The spati al
activity metric predictor 205 derives an estinmated bit count for the
macr obl ock based on the summed act/actp values and an enpirically

det erm ned iRl dﬁ%&l@ﬁ? Bl Rl ﬁh%%dgﬁttﬁé ﬁr%:ggsl ﬂmﬁﬂ? Rhtar O nlngIe lﬁgétﬁicpding

rel ati onshi 0] term nes e conversi o rcy

counts, Sandlsrr@rthbectp mmﬂtncrﬁmoedni it dabvalsgahe alacactdlvdstag dé@ctrﬂjed aPb@giafid Hen205
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for each quanti zation vec wever, he repetition imse
even el i m rigsaibedypelosent i fyi ng a basic set of quanti zatl on vect ors
determ ning act/actp values for these basic quantization vectors and
deriving the remai ni ng WO 03/ 056839 PCT/ SG01/00261 -12 act/actp val ues

from t hB) bawr & @otd 8@tdf Mahleion fafaridibds! tHRART &Sdn@ Q%nﬁﬂ%%ﬁ@l?ffron’i"ﬁn 48 Gikded
below. Different conbinations of ‘paraneters such as the quantization an

cl ass nunmbeteckcigreshmated hysthe Erédlg@mé@ét@ Biguieridex dellovet T shsekidblock 201
i Ui pros PSR ER DETRRL AR, 1o eiBof foasptRlS i oo BE0S A1 ERER OB . o
four groupgoruhé bephaetierogkese fatiepiflugh@uR tkdd thtoNakédudh, ede (Piitid BisBsiof
block 202 multiplies each coefficient by a weight based on 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 acip
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 vectors,

determining act/actp values for these basic quantization vectors and deriving the remaining



2) of a common quantization unit vector q,, for the group, as shown in
Table 2. A set of four basic quantization vectors b , can then be defined
for the rexpeamsesse groups, as shown 10 in Table 2, as the n@ETsG@n/o060ti ent s
of a weight vector wrepresenting the weights h(') applied to different
areas of an 8x8 pixel block, as described above, and the four quantization
unit vectors qu . Table 1 Index Quantization Vector 0 1111 1 1112 2 1122
3 2222 4 2224 5 2244 6 2448 7 4488 8 48816 9 881616 10 8 16 16 32 11
16 16 32 32 15 WD 03/056839 PCT/ SG01/00261 - 13 Table 2 Quantization
Vector Quantization Shift Value Basic Vector Unit Vector x b =w/ q., qu
w=[ 1248] 1111 1111 0 1248 2222 1 1112 1112 0 1244

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 g, for the group, as shown in Table 2. A set of

four basic quantization vectors 4 , can then be defined for the respective groups, as shown
10 in Table 2, as the vector quotients of a weight vector W representing the weights #(j)
applied to different areas of an 8x8 pixel block, as described above, and the four

quantization unit vectors g, .

Table 1
Index | Quantization Vector
0 1111
1 1112
2 1122
3 2222
4 2224
5 2244
6 2448
7 4488
8 48816
9 881616
10 8161632
11 16 16 32 32

15



2224 1 1122 1122 0 1224 2244 1 4488 2 881616 3 16 16 32 32 4 2448 1224
1 1122 48816 2 8 16 16 32 3 The steps of a process executed by the

predi ct or wAD@/05es39pr edi cting bits at the macrobl ock | evelpaazsaig/odise basi c
vectors b are shown in Table 3. The actp values of an 8x8 pixel 5 block
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 addition operations,
as described below. The aetp val ues for-a3.-.nmacroblock are then determ ned
by sunmm ng the corresponding actp values of the six constituent pixel

bl ocks. The corresponding bit count estinates are then determ ned at the
10 macrobl ock level fromthe predeternm ned rel ationship between s_actp and
bit count. Table 3 Step Description NoT L £utputs 1 Cal cul ate act/actp at
bl ock I evel for basic Q/s no. of basic é%e 6 2 Derive act/actp val ues

for all possible ddatinRionVekdfs ™ 6 Guanumtamt /|acspfiieiu@ Magagbheetornp. of
Qvs 4 Determine correspondi ng bit) rghg dm rlel ati gnshipnogz =ot/%s
between netric and data quantity vial ues.at the macrobl ock | 8vel’
03/ 056839 PC[/SE01/00261 -14 The predigtor 406 includes a 3iTpl 248d
efficient hatdware citddit to determriel $ lactd. A frocess exé@# &d by the
hardware cir¢uit for 2etexrm ning s actp for aljl posdible
1112 1112 0 1244
2224 1
1122 1122 0 1224
2244 1
4488 2
881616 3
161632 32 4
2448 1224 1 1122
48816 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 acip 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 actp 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_acip and bit count.

Table 3
Step | Description No. of outputs
1 Calculate act/actp at block level for basic QVs no. of basic QVs * 6
2 Derive act/actp values for all possible QVs no.of QVs * 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




guanti zation vectors of a 8x8 pixel block is showmn in Figure 4. At step
501, the nmagnitudes of the AC coefficients are sunmed separately according
to area nwib®erosts395 form four values sunD_3. At step 502, rausGofooiche four
suns is shifted left by a respective elenent of the basic vector b, and
the four resulting values are stored in tnp0_3. For exanple, if the
quanti zation vector is [8 16 16 32], the quantization unit vector g=, IS
[1 2 2 4] and the correspondi ng basic vector fromTable 2 is then [1 1 2
2], or [20, 20, 21, 2'] The sumfor area O, suno, is then shifted left by
0, and sum, sun, and 10 sunB are shifted by 0, 1, and 1 bits,
respectively. These shifted suns are added together to generate basic
s_actp values at step 503. The s actp val ues for an 8x8 pixel block are

then foun h|ft| t.he ri.ght. fr t he basjc
actp val ved "EErRls TR imeaR A st PlioRal RatDed N R RAEC GRS Aet p
for a macr phjcegk ekét:uﬁbﬂt &y e thaltyvar®r EERHS Y dete¥mBtied) Phypl f& abkpositle
sunmi ng the s_actp values for each block. 15 The set of "hit count estinates

for each nHB#BBEK vedes: af fe8xbypixdieblpeleds shownaoeFiguee 4pr atlesise Yy thee
|
rmcr obl ock Hegnylty orife HOBErRMb APk Min iR R E RN AR AL ftp R o

macr obl 6cksoref foar valekemmseg ninitep $02,ea8h bhehie foluesypiedashiftad Iaf byl tespucdget .
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back to the c€or espon ng q |on step Size ss nu

(CNO usi nfp’%2%pHarld D semaol arall, Bamoais théoviified leFabl @, 4nd tsompy awhdand
t hese paraneters jn the output bit stream_ as reqU|r d by the ndard
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generate basic s_acip 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_actp values using the x
values given in Table 2. The final value of s_actp for a macroblock is determined by
processing six such pixel blocks and summing the s_actp values for each block.
15
The set of bit count estimates for each macroblock determined by the predictor 406 are
processed by the selector module 405 to choose an optimal quantization vector for each
macroblock, such that the sum of the predicted numbers of bits for the macroblocks of a
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.

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 standard.



01230123 151111 141111 131111 12151111 11 141
111 10183151111 91215141111 81114131112 7 10 13 12
1122 wem3lBesBE 1 1 2 2 Quantization 5 8 11 10 1 2 2 4 panwsdyanozs17 10 9
1224 ONO3698224425872244 14762448 036524
482544488 1434488 032488162148816 1088 16

16 0 8 8 16 16 The variable I ength encodi ng nodul e 407 scans the quanti zed
data in zigzag order 5 according to the selected DCT node of each 8x8

pi xel block. The data is then run-1ength lxoded and the run-1length codes
are translated to variable | ength codes using a standard Huffinan table.
The encoded data is conbined with the DC coefficients and its respective
headers. The data is then re-arranged in a particular fornmat specified by

the DV specifications for output. Table 4
Class Number Area Number
CNO ANO

0 1 2 3 0 1 2 3

15 1 1 1 1

14 1 1 1 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 12 | 15 | 14 1 1 1 1

8 11 14 | 13 1 1 1 2

7 10 | 13 | 12 1 1 2 2

Quantization 6 2 12 | 11 L L 2 2
number 5 8 11 10 1 2 2 4
QNO 4 7 10 9 1 2 2 4
3 6 9 8 2 2 4 4

2 5 8 7 2 2 4 4

1 4 7 6 2 4 4 8

0 3 6 5 2 4 4 8

2 5 4 4 4 8 8

1 4 3 4 4 8 8
0 3 2 4 8 8 16

2 1 4 8 8 16
1 0 8 8 16 | 16
0 8 8 16 | 16

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 translated to variable 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 a particular format specified by the DV
specifications for output.
10



10 WO 03/ 056839 PCT/ SA01/00261 -16 In an alternative enbodi nent, the video
encoder can be inplenented using the sinpler act netric described above.
The sum oWwospaisesab activity nmetric for a macrobl ock is thacT/dfionsd as: 6
31 Akl s act; |ly k=1 J=O0q jk 5 where i, j, k denotes specifically the
ith macrobl ock in the video segnent, the kth 8x8 pixel block in that
macr obl ock and the area nunber j. The magni tude of the AC coefficients in a
particul ar area of an 8x8 pixel block is sumred and then divided by the
common quantization step used in that anga. In this enbodi nent, the

predi ctor nodul e 406 nodels the process of quantization and vari abl e

| ength coding using the s _act netric. It calculates 10 the s -act val ues
and then predicts the number of bits generated for all possible

quantlzath ct or.
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through a nethod simlar to that described abové for determning s_actp,
but by consieiBed ¢y only the quantization vectors. 15 As descri bed above,
the relationship between netric val ues and e n nbers of bits of encoded
data can be inplenented as a mat hema Irﬁgﬁﬂ n or as a non-linear

| ookup table. The predictor 406 * > a,bit ‘count estimate froma
metric value using a nmathemati cal pomer'TaM/’ﬁnctlon For exanple, the

rel ati orsshivhebet, WeeleddtdsSs e&ﬁ@al[}“ﬂﬁ@‘?tr‘ nerd¥lodh 1h§h@(fld%8%9£ﬂ§1t Ctﬁé %ﬂ’ 8%9(1‘)1}&@“

t he sum of spatial activi {( nmetrics of act, is represented
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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 and
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 deécribed 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 a 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 bits, 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, ¢ and d are adjustable parameters, with b<l, as shown in Figure 5. Example

values are a=195, b=0.35, ¢c=160 and d=1152.

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

equation:



Simlarly, the relationship of the actp netric and the nunber of bits is
represented by the equation: WO 03/056839 PCT/ SG01/00261 -17 bits+d
=a*(s_actprx)3msedsere s actp refers to the sum of spatial aati/SGouyorsetrics
of actp, and a, b, ¢ and d are the paranmeters of the optinmal curve, with
b<l1l. Exanple val ues corresponding to the weights 5 {1,2,4,8} are a=20. 8§,
b=0.53, ¢=15.5 and d=88.9. The paraneters for either equation are initially
determ ned experinentally froma generic or reference video sequence by a
calibration process. The calibration progess is executed by a calibration
systemthat is not part of the video encoder. The calibration system 10

i ncl udes a processor and associ ated software nodul es having code for
executing the steps of the calibration process. The equation paraneters
determined by the calibration process are stored in nenory of the

predi ctor 406 during nanufactureb“ﬁh@=§fﬁﬁsaﬁﬁ+ﬂhe,caIibration 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

quanti zati Qfhesd LRl réfgs td the)su 6 GHANACASEY HRbrfsi of A, 1aAdlach | Eaat dagngoded
to find the actual nunbers of bits™ generated fromthe video frane for each
quant i zat i daragietgys of the. optimal cuiee witharitli Zntangle stlegs sirraspémding trethbiweighes e

cl osest &o tagget bit.rate is_selected,, 20 (iv) The sumof the nmetric
val ues gsené(r’iléfzfégéd} ?r%n?({}'ﬁegb(ﬁécl&igée?ﬁ‘fl%zgﬁ'gby that selected step size is
calculated to determ ne a data point conprising the nunber of bits

generated and the corresponding netric value for the selected frane. (v)
Furt her datl&eparameters i@ eithee eavaioa a5 Hibybadsterginekpeperimanyally from ) gemgyic g

range of @hfréf@feﬁ&t vid@s gg&uegbé b{; t c%ﬁbra%gfl I(%:\f&%ss;r %ebc%ﬁkafaﬁiioﬁ rP?&c{e%se it &%Euted
m ni m ses the nean square”error- between e data points and e curve'is
found, ignbyiangalthration sgstelatthapis ndtsparA of | thg hideov eicedtd. MEid ealibratbonesysteny ed.
For exa1 l e, .the best fit cur ve_cac{1 be offset so that it |ies above 80% of
t he dat g)ppbt'ilqllltl s a processor and associated software modules having code for executing the steps

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 @A) The weighted DCT coefficients of each macroblock in a single picture frame of

the sequence are quantized by all possible quantization step sizes.

(ii) The quantized data is variable length encoded to find the actual numbers of bits

generated from the video frame for each quantization step size.
(iii)  The quantization step size for the bit rate closest to a target bit rate is selected.

20 (iv) ~ The sum of the metric values generated from the blocks quantized 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.

) Further data points are determined by repeating steps (iii) — (iv), for a range of

different target bit rates.

25 (vi)  The best-fit curve that minimises the mean square error between the data 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.



WO 03/ 056839 PCT/ S&1/00261 - 18 (vii) The best-fit curve is used to
estimate the bits generated for a selected nmacroblock of the reference

vi deo dat wd @vosed3b possi bl e quantization step sizes. (viiRQU/ScE0e®1Si Zze 1S
selected to obtain a bit rate closest to a target bit rate. (ix) The

guanti zed data is variable I ength encoded. 5 (x) Steps (vii)-(ix) are
repeated for all macrobl ocks in a short video sequence, for exanple 120
frames. (xi) The signal-to noise ratio (SNR) of the frames is cal cul at ed.
For exanple, a peak SNR (pSNR) for an Myll.frane is given by: pSNR=10*| ogl o
M1 N12552* M* NI | [.f (x, y) - .f (x, y)]2 x=0 y=0 10 where 255 is
the gray scale range, f(x,y) is the pixel (x,y) value of the original

frame and f (x, y) is the pixel (x,y) value of the encoded and t hen decoded

f . F f N, f th the pSNR val f |1
franes can 160 disbess b PR visridd ERRTe The HRolovatd ofif & offect
(vii)-(xi) is repe%ﬁ@@bﬂ?&ck&fﬂtﬁ@i&f&%&eh@dé&ﬂé{@f&%H%ﬂgstiﬁé%luaﬁt?za{l@ff kb Elﬁeé.he

SNR of the video sequence. The enbodi nents descri bed above expl oit ock

spatial acti Véavttii drr%gt%}l?%éé f £§Ef%’d% Bbtath agl{t)ra%f%@ﬂg&ttﬁ)da%g%éf%itfr%. the nunber

of bits gener 0 codi ng. However, ese are the only netrics

sui table for {#}} auﬁ?ﬁﬁﬁﬁ@ﬁiozaffﬁéta?ég%%%l&ﬁ%@ PLOKYSS of Huf f man encodi ng

was consi dere entropy coding and i s dependent

on he 2oC UG SESRARLILeSel i LSRR AN Rl R

statistical averagicR@mplengot@hak. codeword 25 [ ength converges, given a
sufficient nunber of run-length synbols present. The number of WD 03/ 056839

PCT/ SQ01/ 0026(];(1) - 19he signal-to noise ratio (SNR) of the frames is calculated. For example, a
peak SNR (pSNR) for an MxN frame is given by:

552 M* N
PSNR=10*log10 755 25A5
> 3@y fENT

x=0 y=0

10 where 255 is the gray scale range, f(x,y) is the pixel (x,y) value of the original
frame and /} (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 all 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 spatial activity metrics to determine a
20 predicted value for the number of bits generated by video coding. However, these are not
the only metrics suitable for this purpose. For example, the process of Huffman 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



run-| ength synbols can be found fromthe output of the processes of

quanti zation, run- length coding and partial Huffman coding. The parti al
Huf f man cou osgsésspe refers to the splitting of a (run, amdr/saxd@)eode
into two or nore run-length synbols when an entry of run and anplitude was
not found in the Huffman table. However, the actual process of 5 repeated
quanti zation and run-length coding is undesirable. It was found that the
nunber of wei ghted non-zero AC coefficients after quantization, referred
to as sym can be correlated with the nwyer of data bits generated by
encodi ng, the reason being that the Huf fman table was designed for |ow
occurrence of splitting (run, 10 anplitude) codes, and that the relative
di fference between the nunbers of run-length synbols and non-zero AC

coefficients vvoul d be small iven a sufficienf nunmber of fun- |ength
synbol s us@d-lengil si @rcaafb%gwgﬁtfw moﬂ@PBOfA@%H@F?SSES fleantizatiqn, run-
determ ne an
the  quantoapruile 8 ey Mgk Aladl IRShukEl Bkt A ia eI Te o
necessary.spliftingnofaa frumn,tdneplitedd) edierbmg two be npredincleagth4@bofs when ari ety of

d f Fi ) d s th tizati d iabl e | th
codi ng. usiH B EitEls e ePbip el Tadte P Bhin APVEEt PSR AT
data. The jppefl b RidffutalruhMrth soile ¥ahlagapRd then  determ nes

estimates for th nbers of bits of encoded data generated for al
possi bl e 20 quantlzatlon vectors for a nacroblock using an enpirically

determ ned_rel ati ons bet S or
F05 1 hen® dsogstanBl e JRiSRE B IRART sl et Mot b etipihtscytiel el
count estiRRrRAGbASEPH:, t4h Be B6:8d14t8€ viHh! the Abiiber off Bta e @@actaltalty moﬂmg,n
generated by a single-pass Icl]@ anti zation and variable length encodin

process. 2bereason IbIBmB aiphaFefimanrable trie desispesBor Ao oseyrEes A SHITHAE ?1}‘3{ i on
,Par ametls r Sanr’l 1t8§@a<l:&ie gS 'tﬁe&qhe qgﬁtl(’? f&%ﬁ({}.gb%:t%er? ychg' ntdﬁ;b fs of %ux?!éﬂgh‘f"r
o the pr oc sCribed above usrn S act

Consequent dyynbodnhnd h&ezérbgmfcbeﬁmtend;l Wéﬁdmleﬁﬂenb@sﬁﬁsmm mﬂﬂbdrejfcmn WO

03/ 056839 PCT/ SQ01/ 00261 - 20
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 process of quantization is not necessary.

15
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

20 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.

25
Tt 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.



As shown in Figure 6, the predictor 406 of this enbodi nent includes a
pseudo quantizer block 801, a non-zero AC coefficient counter 802, and a
sym pr edi wtoo3/086839 For a given set of quantization paramscarsGoitohsibi t
rate of an 8x8 pixel block is estimated by the predictor 406 as foll ows.
The pseudo quantizer block 801 reads in the pixel block 5 coefficients
sequential ly and pseudo-quanti zes them according to the quantization
paranmeters. Pseudo-quantization, in the form of conparisons of the AC
coefficients wwth quantization step sizeg, is inplenmented rather than
actual quantization. The non-zero coefficient counter 802 then processes
t he out put of pseudo-quantization, and counts the nunber of non-zero
guanti zed AC coefficients to deternine sym The sym predictor 10 nodul e 803

t hen generates an .est.imate for th t C t he ective
quant igzat | ?hs ShORPAReiEys O i Bred Qfe @ %ﬁtﬁb‘f ngb‘%i}]‘%‘f’ @E?ga ¢de quapiger
estimate i fblédk%Oﬁ%’éThBﬁ-%foCA@f cRBieRaduler B(ﬁ"a‘%ﬁ%éﬁﬁ' wi&ter 8o3Tak fegal

function or a uniform|ook-up table, i.e. with one bit rate value for
each of théebO%QUM@atsumms, thiai it paztecufs@ Bx8 tpivesd blecpieast estirhased &l the

Fovover .t Breiaa” TEb A RAET ot et MERPRL S BB cROT AR pn g ne) Block

repetitison cbéfﬁﬂ%ﬁtée(éequ%ﬁu 8185 Caridb e edflﬁmlzeé Wdéoﬂflng h@ e cRisstiAtion
predicting bits at the macroblock |evel in the predictor 406 is _given_in

Tabl e 5. Tiwarameiser BseydorpygntizationAg the dor @f epipRarigppe pf a@a‘?ﬁiuczafﬁcmwaw@h
first 20 _ d 7
e:aE:?l Macro Bébﬁg ﬁOJ s él&%én??@g [ onte\%;llec of s %b%&ﬁagls e igﬁg%erzrlhéed&hséergor

t hese int elcnefdilc&h'eCmmlth&2 fen pesaesideahle olxpliove péléladonpammho@ karglydouhss theen
det er m ned b ng the six, constituent block values. The corresggndln
bit count ﬁ’hto nP§'Z€’F€bﬂuEl§%7éF1n4\ﬁe%P HEents AR Jeermdn suk syhs vl RIedigor ng

a pred r | i
03] 056355 p%é%h%%c%% B4 2850005 B AR T Sl Mo e EBLFve bzation

Cal cul at e mperanmternobhiz epwvetos ofh kit ivelnt $o 4 bit calint estimatefin shcesp»nsprzésto’r 80%.

*
of blocks c!arrxl be im n‘Bl%gnong[ %C1§<51r?gr gaﬁathergatlcal function or a uniform look-up table, i.e., 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.



2 Derive symval ue according to step sizes in no. of Q/s * 6 respective
areas 3 Sum sym val ues for a macroblock no. of Qs 4 Determ ne the

cor r espondiong@/dsed3ocount estimates no. of Qvs fromthe symamsi@ii/oateit he
macr obl ock | evel The predictor 406 uses a sinple and efficient hardware
circuit to determne symvalues. A 5 nethod for processing each 8x8 pi xel
bl ock to determ ne symvalues for all quantization vectors is shown in
Figure 7. At step 506, each of the 64 AC coefficients of a DCT block is
passed t hrough a conpar at or conprising_élgeries of OR gates, as shown in
Figure 8, to conpute a respective 6-bit 'flag. The resulting flag bits
fo-fl-f2-f3-f4-f5 represent Bool ean val ues indicating whether the
corresponding 9-bit AC coefficient bo-b9 is greater than or 10 equal to the
qguanti 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 accunmulator cells. For every quantization
vector O ql-qg2-93, the correspondi ng Tadefnul ator cells are sumed, as
shown in Figure 9. The value of synz for the macroblock is accumulated

t hrough prowges Peb@imion 8x8 pi xel blocks. 15 For eXapfeutpliabl e 6 shoyws a
typical 8§x8 pixel block after forward di screte cosine—t+ranstoefrm

Aand
wei ght i ng.1 WO| 62lobasso Fioxnsana A)gestficiepts fonpll § ng. of 4P192¢5. 1 10 9h| -8 6

no 1 0400 BGtahataReBoeRes 1) ] 2T 3 ol oo 3 8a L 1]1 o 1
-11-102 Derive sym value according to step sizes in |no.of QVs*6
respective areas
3 Sum sym values for a macroblock no. of QVs
4 Determine the corresponding bit count estimates | no. of QVs

from the sym model at the macroblock level

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 flag. The resulting flag bits fy-f1-fo-f3-f4-f5 represent Boolean
values indicating whether the corresponding 9-bit AC coefficient bo~bo is greater than or
10 equal to the quantization coefficients 1-2-4-8-16-32, respectively. At step 508, each bit
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.



55', -1 1 -11 -10 0 10 The processing of this block generates the
accunul ator cell values shown in Table 7 and gives the output sy n val ues
shown in Wabi3@s&3bor each quantization vector. Table 7 QrwsSGan/?shO 0 1 1
fo513 1912 2fl 5i380 4f25930 8f3450222p 16 f4 32 fs
15 Table 8 Quantization vector output 1 1 1 1 5+13+19+12=49 1 1 1 2
5+13+19+0=37 1 122, 5+13+8+0=26 2222 5+13+8+0=26 2 2 2 4 5+13+8+0=26 2
2 4 4 5+13+3+0=21 2 4 4 8 5+9+3+0=17 WD 03/ 056839 PCT/ SG01/00261 - 23 4
4 8 8 5+9+2+0=16 488 16 5+5+2+0=12 8 8246 16 4+5+2+0=11 8 16 16 32
4+2+2+0=8

Table 6

10
The processing of this block generates the accumulator cell values shown in Table 7 and
gives the output sym values shown in Table 8 for each quantization vector.
Table 7
Quantizer/ANO 0. A1
-1 fo
2 f)
.4 f
8 3
16 fy
32 fs
15
Table 8
Quantization vector Output
1111 5+13+19+12=49
1112 5+13+19+0=37
1122 5+13+8+0=26
22212 5+13+8+0=26
2224 5+13+8+0=26
2244 5+13+3+0=21
2448 5+9+3+0=17




16 16 32 32 2+2+2+0=6 The predictor 406 determ nes an estimte for the
nunber of bits of encoded data fromthe nunber of non-zero AC coefficients
after quawto @ases3m (syin) using the equation 5 bits +d=a *PqESGmmseIch |,
where a, b, ¢ and d are the paranmeters of the optinmal curve, with b>1, as
shown in Figure 10. Exanple values are a=1.05, b=1.28, c¢=80 and d=286. 6.
The paraneters are determned enpirically using a process simlar to that
descri bed above for the spatial 10 activity netrics. In further
alternative enbodi nents, the use of any-gf the nmetrics described above is
adapted with feedback to further enhance the performance of the encoder. In
one of these enbodinents, the error between the actual bit generation and
the predicted bits for a 15 nmacroblock with its associated quanti zation
vector is fed back into afeedback -nmodule-408 as—shewnin Figure 11. A
predictor module 706 is fthe safé &% the pred?t¥@r 0768 of |Figure 2, except
that it receives and uses feedpggkdata fromrLdigfegsback nodul e 408.
Simlarly, the quantization %ggﬁﬁg 1104 is”?t%@ggngﬂas tthe quanti zati on
nodul e 404, but optionally regeiaes feedback+sh@d=fitom the feedback nodul e
408. A selector 1105 is the sane as the 20 selector 405 —-but outputs the
sel ected data quantity elstined 864633 diffleredce™#dif e 1100. The

di fference nodul e 1100 determizx ETTOT Val esenting the

di fference between thisrestﬁggﬁ;%ﬁ% t he co??gf%%n Ing actual quantity of
encoded data fromthe VLC nodule 407. This is used by the feedback nodul e

408 to determ ne a feedback error for each output_ pnacroblo kd Th%fe%dback
modul e 408 heapredistor AQPrdetsamings ayiestimats defnibanupReeal bt ofhepcgped data from the

macr obl ock- bas I n fr -has . : L £y ok I made in a
rame wo OHoBeaseBedy 4G FGBERTR e AR e e e

(dependi ng upon which netric is being used) are received from the feedback
modul e 408 and stored. At the enlg(_ of each frame;encoding, these errors are
averagedl. The nean error for each’s" 954 QBW'gghr val ue is used to adjust
the predictive nodel (i.e., the |look-up table or the equation paraneters
stored in nmenory associated with S the predictor 406) in_the predictor,
nodul e 706whdfera, dxanphd d tectheemmarsetensrofcthe ¢pinaaldeve, 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

10  activity metrics.

In further alternative embodirﬁents, 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
15 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
20 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 quantity 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

75 and/or macroblock-based. In a frame-based feedback module, the errors made in a frame



to the equation paraneter d. This ensures that the predictive nodel is
adapted on a frane basis. In addition, the feedback nodul e 408 can be used
to provi ded®adbesek for each video 10 segnent. The error Pamsi®iiomeéa vi deo
segnent are accunul ated, averaged and stored as a |ocal adjustnent for the
next segment prediction, according to: NextSegnentPrediction =
Current Segi nentPrediction + 6 * err,, where 6 refers to the weight of the
error of the previous video segnent on the current video segnent, and
err,,, is the nean error value of a pregious video segnent. An exanple is
15 5=1.0. Macrobl ock-based feedback can be used together with frame-I|evel
f eedback. Macrobl ock- | evel feedback provides finer control of error in
prediction for a video segnment. In operation, the current macroblock i is
coded, ang t he. nunber of ex ted . bits for.the video. 20 ment . i
cal cul at edonEach feAdf BEFRENL P%dl%gp%{b%{éﬁc e & beane %%?Bg FLEESVE
Actual Bit gye fe@dﬁécﬁ%cﬁf@@@é Snd stoted® Afthélend bf b RubehSo Mg, eNRECHO bt S

0

are above a thres val ue, a coarser quantization vector is 25 used for
t he renmi nverggerhc Thbhwek srion foeeashdedcd (or tshe) salve is asaeior adigsiche Rredihizeds

can be used nd th uantj zati.on vector can, be .incr. E an
one for dfdst &rﬁ’ tﬁft’ ﬁﬁpg'suri’oﬁa 'orflﬁeeeqqqflgg RYPGSteAy %t%e@tlg ;ﬁﬁé}%cgrg agﬁjpcg%?écggftpy.
For examlgs pfeﬂ@t&rh{(}\%ﬁﬁﬁh@ r&icto@B8ula md6 2 §0Pexmyplbethel BRen ewot bari becadziednt al
val ues of 1 and 2. 03/ 056839 PCT/ S@1/00261 -25 Ine%et anot her

enbodi mentty themsiuptiers pennet iy This erseestthati the pedictive aneded inadapisd g s Bamgy j o
(SNR) of \{)ideo frames. As shown in Figure 12, the video encoder of this
embodi nent”®ncl udes addi ti onal guanti zation 704 and VLC 707 nodul es, and
an out put decision nodule 709. The encoder includes a selector nodule 705

that is the sane as the selector. 5 nodule 1105, but . wth. t ets .of.
out puts, dneddiionethenfesdbaski mgdpaAd8 gaRobs Yessh focﬁlfo‘“# #eF@]?a\é\%c I fRe video

1100, 9010256@%81&(.1 Bl Hor¥ &8 Sn bQided SEARACK . REUhBlatEdBatddaded dd Hired 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 ertys is the mean error value of a previous video segment. An example is

15 6=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 7 is coded, and the number of expected bits for the video

20 segment is calculated by the feedback module 408 according to:

i o5
ExpectedBits,; = ZAcz‘ualBitsMB + ZPredz’cz‘edBitsm .

Jj=0 J=i+l

If the numbers of expected bits are above a threshold value, a coarser quantization 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 determined empirically. For example, two thresholds of
2560 and 2600 may be used, with incremental values of 1 and 2.



sane as the feedback nodul e 408, but has two error data inputs. In this
enbodi nent, the selector nodule 705 selects the two optimal quantization
vect ors swahotosedsot he bit budget is not exceeded. 10 The HdWS301/00261
guanti zati on nodul e 404 and vari abl e | ength codi ng nodul e 407 encode the
segnent data by the coarser selected quantization vector to generate
macr obl ock output bits {len' }5. The second quantization nodule 704 and
vari abl e I ength codi ng nodul e 707 encode the segnent data by the finer
sel ected quanti zation vector to generatepgmcrobl ock 15 output bits {lent

}51 . The steps executed by the output decision nodule 709 are as foll ows.
If the total nunber of output bits fromthe first quantization nodul e 404
and variable length coding nodule 407, tts = len; , exceeds the bit

budget, then the bits ,are output. O herw se, t 20 macr.obl.oc are sqrted

e e | o ysh Aot Sttt R oS anCdhg % vkl o SRaMRE K 185 Se hbte Mg

t he quant i GNROSE Vided ﬁfaﬁxes.!:ﬁé sh&®n fih Béur8aer ofak Qg ded enc!bH@r 6'1' i eempsBmeht t he

bits of the two guantlzatlon vectors, d ent -len'i , is added to tvs.
a

="
| f the add@gludesmaddisiond qeapsizatiom 791heandbl|VLOoGa§em9dulcﬁenandhen pRdtRYL cdfcEsion
macr obl ock nti,ge y_finer st sjze.isS NSRl d, .and ti__ 4 ed.
The quanti %lgg]?lgﬁog‘ngﬂhg |ngg@eﬁd@%§e§ % eéecé%fj naé#ue%%g%té}%aﬁas‘i F\hge I Sffn C&Sﬁlég%éigcg?} t he

25 macr Sbl mebuldi 11051 he wRRTHBIsetUeMbutpdt] ot fo3 datiaREE0dihEBassT hEwpridasral i s
repeated for_the renminder of the four macrobl ocks until the _entire video

segnent i sdiffersmeainadales MB0031 0% 6889 eporvalas 1o e Xeadback gnoduie 7% thaf ds fhe t he
error betwgen Skdl S r C . i
by two step séi@e?és:édp %‘g( %ggﬁfe %ﬁﬁﬁgﬂsgwgdﬁ%#id\?{eahﬁ%g%l II?{SHISS J‘agc%i%gl?ﬂ, %}ge?
exanpl e, usilevtpranodula® edsegtht ewd batmahgpuintieatddSecibhe suchahgtaks bt bndgpis can
be further extended for three-pass encoding if necessary. 5 As an
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The first quantization module 404 and variable length coding module 407 encode the

segment data by the coarser selected quantization vector to generate macroblock output

bits {Zenl };. 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 {Zen2 }; :

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

5
407, t, =Y len;, exceeds the bit budget, then the bits are output. Otherwise, the
j=1

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; = lenjz. —Zen} , is added to tys. If the added sum sy is less than the

bit budget, then the particular macroblock quantized by finer step size is transmitted, and t;
is updated. The quantization and class numbers are adjusted accordingly. Otherwise, the
25 macroblock with the coarser quantization is transmitted. The process is repeated for the

remainder of the four macroblocks until the entire video segment is transmitted.



fromthe relationship between netric values and bit counts. The process of
selecting a bit count estimate closest to a target bit count then becones
a processwafozsbssgting a netric 10 (e.g., syn val ue cl osaxiT/SGhimoiear get
nmetric value. This nmethod is enpl oyed, for exanple, by the sym based video
encoder shown in Figure 13. A sym anal yzer 1006 cal cul ates sym values for
different quantization vectors. The symvalues are then transmtted to a
selector 1005. The ratios of the actual nunbers of bits generated fromthe
out put of the variable |ength encoding.# ock 40.7 and the correspondi ng
sym val ues are determ ned and stored for 15 a nunber n of video segnents by
rati o nodul es 1004, 1006. A finite inpul se response (FIR) nodul e 1008, as
shown in Figure 14, then determnes a ratio for an incom ng video segnent
as the sumof the weighted ratios for the n prevjaus. video s nts. .Th
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val ue. The,data is then .encoded using the sel ected quantization vector by
the quant TEFPISF SR BRFSTNE variabl e | ength encoder 407. A two- pass

topol ogy, as described above, can be adapted here al so. 25 The enbodi ments
descri bed above relate to digital video, wherein the total_ nunber of bits
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enpl oyed to estimate e bit rate for a target quantization step such that,
gi ven sonelength encoding block 407 and the corresponding sym values are determined and stored for

15 a number # of video segments by ratio modules 1004, 1006. A finite impulse response
(FIR) module 1008, as shown in Figure 14, then determines a ratio for an incoming video
segment as the sum of the weighted ratios for the » previous video segments. The current
target sym value corresponding to the target bit count is then determined by dividing the
latter by the FIR ratio and fed as an input to the selector 1005. The selector 1005 selects a

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.

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/JTC1/SC29/SC29/WG11, "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 a frame



constraints on the bit rate, for exanple maxi num m ni num or average bit
rate, the target quantization steps with the |east deviation fromthese
const r ai WO @ascd3e generated. Many nodifications will be amseniooise t hose
skilled in the art without departing fromthe 10 scope of the present
invention as herein described with reference to the acconpanying figures.
WO 03/ 056839 PCT/ SG01/00261 -28- CLAIMS: 1. A nethod for use in encoding
vi deo data, including generating netric values for said video data based
on a nmetric function and respective encoglyng paraneters, and selecting at

| east one of said encoding parameters on the basis of a desired quantity of
5 encoded video data and a predeterm ned rel ati onship between netric val ues
and respective quantities of encoded video data. 2. A nethod as clainmed in

claiml1, c di n ermnin timate for, the quantit f n ed
i oo gt alBsah BB B Anned T rime b e Jhre o8GR,
par ameter, @aﬁ'ﬁ%&'ﬂid]ﬂsté 'sf%eé/ irﬂx%ﬁreﬁatﬁéJéﬁtﬁﬂaltéfl% Sedseot ek ﬁ{acxlo%ﬁ)‘éks Qf¥echosen
encodlng paraneter determning an error between said estinate and the

quantity ofuchribaidbel dmffeeb@@e Hettveeen ghredtargstipnd estimpteshhitiuseds minimal h Adtematwhlé

basis of said e din aid e

e dot er m ot gl g roea B A O ferfnttire iy s B B bl Bk St

vi deo dat aemployéd 1B teh@EaRSthe | kit fRel foi aChiieMgdantbRB6RistepSaicH BT, PivdnSsome
determ ned for franmes and 15 macrobl ocks of video data. 5. A met hod as

cl ai med i ncqusERiRfs1on thediigien forcerBmpiy ARG R WMiniEE: QTGVSFHAg bitrigte, the target
pIurallty v t d netric
val ues %?%#nedlé%gﬁﬁgglgléﬂgg$§&cﬁﬁ%Iﬁgﬁgggﬁ%ﬁﬁgﬂ§sm é??é%gTues and
sai d netrlc values being deternmned for a respective coding paranmeter. 20
6. A nethod as c |ned in._any one of the preceding cla erein said

rel ati onshis® 1icatiges wﬂé\kﬁ rEPHERtdAdhess. skitled an fhg %m@@%w PeHEg from b
one of lbheso%ﬂag(‘tﬁqhg'%ré‘slsﬂﬂ RentMiLhe hBreRPlhcRBL] With| HRGEAQN 0 the accompanying

figures.



is based on AC coefficients of discrete cosine transformation data
generated fromsaid video data. WO 03/056839 PCT/S&1/00261 -29 8. A

met hod aswal @iosesd39i n any one of clainms 1 to 7, wherein saimmsamios2siuncti on
is a spatial activity nmetric function based on a sum of wei ghted AC

di screte cosine transformation coefficients. 9. A nmethod as clained in
claim8, wherein said netric function is of the form q(v)lu, v) , where f
(u, v) is a discrete cosine transformation coefficient of a 5 lu Wlu, If
v() (u, block elenent with coordinates (28-v), WMu, v) is a weight for said
coefficient, and qg(u, v) is a quantization paraneter for said coefficient.
10. A method as clained in claim8, wherein said netric function is of the
form If (u, v) * h(u, v)I Uu, v) g(u, v) , where f (u, v) is a discrete
cosine transformation coefficient wW 10 of a block element with
coordinateélgﬂmag), w(u, v) is a weight for said coefficient, qg(u, v) is a
guanti zati on parameter for said coefficient, and h(u, v) is a spatial

wei ghting factor for said coefficient. 11. A nmethod as clained in any one

of clains 8 tAnidhod\feenst in emdoding vidtd €stapineludidgt goneianied rheafic eaties $xBsaid xel
bl ock of sai d,%{i deo data using said metric function. 15 12. A nmethod as
claimed in clfsp fata pasefl (o gl AMGioRgand AePRStEVey SRGRding Parmeiersr 88 ock

by summ ng masrefe.bﬁn%?tl lf[éﬁsz ohObf Eegc? ﬁg&ﬁ%ﬁa% %&Bf%kte%x&l Rl 'smf(ﬁcﬁireéﬁ%al@i%f hod

as clainmed in any prece , I'ncluding determning basic
metri ¢ §al uesntodah salied dad rnd 4 ymedetarmimmdd rddatginshipnbadicay metriametlesss andnd
deriving netric val ues .{.rorPﬁaai basic, metric values. 20 14. A nethod as

claimed in cl'SAYFHYS TUREIGALSGCARE WIS 2%ERi d netric val ues from said basic

metric values using shift and add operations. 15. A nethod as clainmed in
any one of2clRimBhod 4skclimedhgCRim 1S dtudiRg Heterrhfaifp! drOsktinfatd B¥qBe quantity of

encoded video data from said relationship and the selected at least one encoding
parameter, encoding said video data using the selected at least one encoding parameter,
10 determining an error between said estimate and the quantity of encoded video data, and

adjusting said relationship on the basis of said error.

3. A method as claimed in claim 2, wherein said error is determined for at least one of

frames, segments, and macroblocks of video data.

4. A method as claimed in claim 2, wherein said error is determined for frames and

15 macroblocks of video data.

5. A method as claimed in claim 1, including determining said relationship from a
plurality of quantity values and metric values of video data, said metric values
determined from said metric function, each of said bit values and said metric values

being determined for a respective coding parameter.

20 6. A method as claimed in any one of the preceding claims, wherein said relationship is a

power law relationship.

7. A method as claimed in any one of the preceding claims, wherein said metric function
is based on AC coefficients of discrete cosine transformation data generated from said

video data.



on the nunber of non-zero AC discrete cosine transformation coefficients
after quantization. WO 03/056839 PCT/ S&1/00261 -30 16. A nethod as

cl ai med i wood3aises3d5, wherein said netric function i s used RI/StEADIGINE
metric values for a nmacrobl ock of six 8x8 pixel blocks. 17. A video
encodi ng nodul e havi ng conponents for executing the steps of any one of the
preceding clainms. 5 18. A video encodi ng nodul e, including a predictor
nodul e for determning estimates for the quantity of encoded video data
usi ng respective quantization paraneters,29and a selector nodul e for
selecting at |east one of said quantization paraneters on the basis of
said estimates. 19. A video encodi ng nodul e, including a predictor nodul e
for determning estimates for 10 bit counts representing the quantity of

vi deo dat a ¢en : v 0 tio a selec .
nodul e for 8§e e%tg?lr?usalts\/\r}'galglga %&c?glgn'tfaczéé ginltoch }égrg} onﬁ? ﬁ%et%%g‘“% 18f1 B d&aid
estimates, fi | smnahlaamftyz atdtn fandionabisell| én laenigh hoft a@ighgedroall| &Bscrétor cosine
generati ng i rst. encoded video data using a first of said selected

quanti zation V@Eﬁﬁﬁ?‘°§€83ﬁ6wnﬁuantlzatlon and vari able | ength coding
nodul es for generating second encoded video 15 data u5|ng a second of said
sel ected quanhi zREARIN 2y REiRES in?Bdird™s Oﬁkpﬂéfn dggl ﬁl'e gﬂé s| OF %€ &‘fﬁ' ng
one of said first encoded video data and said secon enco vi deo

for output on he bagi,®)of at |east one of the bit count value of sald
first code @o %( B0, 17 A2t hE(hr ) ic diferelapemnsiransioration oretlsirab e

vi deo data. 20. A d% Rcodlng nodul e as clainmed in claim19, wherein

sai d out put dgeieipdindRdiiie CO&QII%@BS @tn $).eM¢29h a RAY; Sr3id Qbeffl gﬁg'éﬁg

video data on the basis of at |east e“error” between an estimate

count and a cq(«,epRengiantzdiioh pa@ditter félsaidcsdifiéibml vi deo (DV) encoder,

i ncluding a video encoding nodule as clainmed in any one of clains 17 to
20. 22. An MPEG encoder, including a video encoding nodule as clainmed in
any one of 1028 wvletliads a&zlmme@(ln claim 8, wherein said metric function is of the form,

=, where f(u,v) is a discrete cosine transformation coefficient

lf(u v) * h(u, v)[
Z’” w(u,v) g(u,v)

10 of a block element with coordinates (u, v), w(u,v)is a weight for said coefficient,
g(u,v)is a quantization parameter for said coefficient, and A(u,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 pixel block of said video data using said metric function.

15 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 claimed in any of the preceding claims, including determining basic
metric values from said metric function and basic encoding parameters, and deriving

metric values from said basic metric values.

20 14. A method as claimed in claim 13, including deriving said metric values from said basic

metric values using shift and add operations.

15. A method as claimed in any one of claims 1 to 7, wherein said metric function is based
on the number of non-zero AC discrete cosine transformation coefficients after

quantization.
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A method as claimed in claim 15, wherein said metric function is used to determine

metric values for a macroblock of six 8x8 pixel blocks.

A video encoding module having components for executing the steps of any one of the

preceding claims.

A video encoding module, including a predictor module for determining estimates for
the quantity of encoded video data using respective quantization parameters, and a
selector module for selecting at least one of said quantization parameters on the basis

of said estimates.

A video encoding module, including a predictor module for determining estimates for
bit counts representing the quantity of video data encoded using respective quantization
vectors, a selector module for selecting two of said quantization vectors on the basis of
said estimates, first quantization and variable 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 count value of said first

encoded video data and the bit count value of said second encoded video data.

A video encoding module as 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.

A digital video (DV) encoder, including a video encoding module as claimed in any

one of claims 17 to 20.

An MPEG encoder, including a video encoding module as claimed in any one of

claims 17 to 20.



